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Introduction

Cardiovascular disease (CVDs) is a leading cause of disability and premature
mortality throughout the world [1]. The prevalent case of total CVDs was
shifted from 271 million cases in 1990 to 523 million cases in 2019. The
global trend of years lived with a disability doubled from 17.7 million to 34.4
million over that period [2]. According to WHO estimates, 17.9 million
people died from CVDs in 2019, accounting for 32% of all fatalities. Heart
attack and stroke deaths accounted for 85% of these fatalities. Hence, there
is an urgent need to focus on adopting existing low-cost public health
programs to promote healthy aging throughout the lifetime and minimize
disability and premature death from CVD [3].

Frequently cardiovascular remodeling leads to myocardial fibrosis, which
can cause heart failure disease (HFD) [4]. Myocardial fibrosis is brought on
by elevated myofibroblast activity and increased extracellular matrix
deposition. Various cells and substances are involved in this process, and
they may serve as targets for potential future medicinal therapies [5].
Proptosis is a kind of inflammation with programmed cell death, it causes
cell expansion, rupture of the plasma membrane, the release of cell contents,
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and sends pro-inflammatory signals to adjacent cells which promote
inflammatory responses [6]. According to reported literature, proptosis can
cause cardiac remodeling and myocardial dysfunction. Therefore, targeting
proptosis has a good prospect of improving cardiac remodeling in HFD [7].

Linum usitatissimum L. (flaxseed or linseed) reaches back to prehistoric
times that directly refers to historical significance and wide applications, the
generic name Linum derives from the Celtic word line, which means thread,
and the species name usitatissimum, means very useful [8, 9]. The
geographical origin of the plant has been attributed to the Mediterranean and
Southwest Asia [10]. Flaxseed is one of the oldest crops, that has been
cultivated in Egypt and Samaria since at least 5000 BC, and the ancient
Egyptians utilized plant in medicine and food [11]. The flax therapeutic
properties are observed in Hippocrates, Qantas, and Discords works [12].

According to archeological evidence, flax was initially used for fiber and
continues to be widely grown for oil [13]. The flax-based products represent
the highest potential for growth in the functional food business [14]. Since it
has been reported to assist in improving human health and alleviating
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symptoms associated with a wide range of human ailments, such as
cardiovascular, gastrointestinal, and neural disorders [15, 16]. The value of
global linseed production represented 1.8 and 8.7 million tons, worldwide in
2011 and 2016 [17]. https://www.statista.com/statistics/916996/linseed-
production-global/.

Flaxseed is the richest source of essential omega-3-fatty acid; a-linolenic
acid (ALA, 57%) and it is gaining recognition as a functional food [18, 19].
Previous reports indicated that flaxseed supplements can suppress
atherosclerosis and have a hypo cholesterol emic effect [20, 21].

The Food Directorate of Health Canada found that a claim relating the intake
of ground whole flaxseed with blood cholesterol reduction was acceptable
based on the weight of evidence from human clinical studies available prior
to 2011 [22]. Hence, clinical studies have revealed that flaxseed can lower
serum total and low-density lipoprotein cholesterol, inhibit inflammation
markers, and raise serum levels of eicosatetraenoic acid [23]. Flaxseed fiber
was also added to bread to lower cholesterol in diabetic patients [24].
Moreover, in young healthy adults, the plasma LDL cholesterol was lowered
by 8% after the consumption of 50 g flaxseed/day for four weeks [25].

Flaxseed oil increasing demand in traditional consumption as a value-added
functional food for lowering cholesterol level [26]. In a clinical trial for 50
hypercholesterolemic men, the C-reactive protein and serum amyloid A
levels were reduced after daily consumption of one tablespoon of flax oil for
12 weeks [27, 28]. A clinical trial study for 30 healthy adults taking flaxseed
oil implied that ALA could activate endogenous neuroprotective and
neurorestorative pathways in 30 healthy adults taking flaxseed oil (ALA for
500 mg/day) [29].

The raw oil is used traditionally as insecticidal and astringent [30]. It has
been aborted significant therapeutic antiulcer [31], antiarthritic [32], and
anti-inflammatory [33], antidiabetic [34] properties along with anti-
esophagitis effect [35]. By detecting the therapeutic effect of flaxseed oil, it
inhibited fat accumulation and inflammation response in HFD-induced A-6
desaturase knock-out mice. Also, suppression of inflammatory factors; TNF,
IL-6, MCP-1, VCAM-1, and NADPH oxidase were observable. According
to previous study, the flaxseed oil regulated the lipid metabolism-related
genes (HMGCR, PPARa, and SREBPs) and improved atherosclerosis in
HFD-induced rats [36].

Flaxseed oil restore autophagic flux and inhibited the production of
mitochondrial reactive oxygen species in spontaneously hypertensive and
Ang ll-induced hypertensive rats [37]. The oil with a concentration of 35%
ALA prevented hepatic steatosis in ethanol-induced mice by suppressing
fatty acid uptake and triglyceride synthesis in the liver and promoting the
expression of adiponectin and AdipoR2 [38].

The research on the impact of flaxseed oil on the health-related efficacy
against cardiac disorder and the action mechanism is still debated. A
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previous report has also suggested that more human trials are needed to
confirm the protective role of flaxseed products against coronary artery
disease [39].

Before extensive work can be undertaken in clinical populations, the
cardioprotective molecular mechanism and genetic modulation effect of
flaxseed oil need to be assessed. The current study advocates a potential
pleiotropic effect of flaxseed oil beyond the more conventional cholesterol-
lowering actions of most cardiovascular agents. The study aimed to
investigate the effect of flax oil to restore cardiac remodeling as well as
identify the related pharmacological mechanism, to verify the popular and
clinical claim of its use against cardiac disorder.

Materials and Methods
Extraction and fractionation of flaxseed oil

The flaxseed (500 g) was grounded to about 0.8 mm particle size (18-20
mesh) and macerated with dichloromethane: methanol (1:1) for 72 hours.
The filtrate was concentrated using a rotary evaporator and 250 ml oil was
collected and dried over anhydrous sodium sulfate. The fixed oil was
fractionated over the Diaion column (5x50 cm) and the methanol fraction
was transferred to amber-colored vials, sealed, and stored in a refrigerator
until required.

Analysis of essential oils (EOs)

The fixed oil fraction was analyzed by GC-MS (Shimadzu GCMS-QP 2010,
Koyoto, Japan) equipped with Rtx-5MS capillary column (30 m length x
0.25 mm i.d. x 0.25 pm film thickness) (Restek, Bellefonte, PA, USA). The
oven temperature was kept at 50 °C for 2 min (isothermal) and programmed
to 300 °C at 5 °C/min and kept constant at 300 °C for 10 min (isothermal);
the injector temperature was 280 °C. Helium was used as a carrier gas with
a constant flow rate set at 1.37 mL/min. Diluted samples (1% v/v) were
injected with a split ratio of 30:1, and the injected volume was 1 pL. lon
source temperature: 300 °C; EI mode: 70 eV; scan range: 35-500 amu. Each
sample was analyzed in triplicate. The mass spectrum of every chemical
constituent was compared with the corresponding reported spectrum (in
NIST, Wiley Mass Spectral Database — 1995, and ADAMS-2007 libraries)
for GC-MS and published references. Identification of compounds was also
confirmed by comparing their retention indices (RI) relative to n-alkanes
(C8-C20) with reported values in the literature including Adamis library.

Animal treatments and experiments

Forty mature albino rats, each weighing 160+ 10 g, were provided from
Cairo University, National cancer institute. Animals were housed in
polypropylene cages with a natural light-dark cycle and humidity levels that
were set to industry standards. Animals were given unlimited access to
regular pellets and water. As shown in Table 1, the rats were divided into
four groups of ten rats each at random.

Group Treatment description

(I) | Normal control

A typical diet over the period of four weeks

an |1so

I1SO (85 mg/kg) on day 29 and 30

(1) [ ISO + Flaxseed

I1SO (85 mg/kg) on day 29 and 30 and oil (100 mg/kg) orally for 30 days

(IV) | ISO + Omega 3

I1SO (85 mg/kg) on day 29 and 30 and Omega 3 (100 mg/kg) orally for 30 days

Table 1: Experimental design of treated groups.

According to Gorriti et al., the LD50 of flaxseed oil is above 37 g/kg of body
weight, 100 mg/kg was used as flaxseed dose (3%10— 3 of lethal dose) for in
vivo model, the same dose was used for omega 3 as standard drug [40]. The
fasted rats were decapitated 24 hours after the last ISO doses, and blood was
obtained using sodium fluoride as an anticoagulant. Fresh plasma was then
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used to estimate BNP, NT-pro-BNP, CTNI, and CTNT according to the kit
manufacturer's instructions (Abcam, Cambridge, UK).

Endothelin-1 and Topo 2B were measured using rat ELISA Kits in
accordance with the manufacturer's instructions from BG Medicine,
Waltham, Massachusetts, and Jiangsu Microplate Biotechnology Company
in Jiangsu, China, respectively. According to ELISA techniques Kangerke
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Biotech Co., Ltd., Tianjin, China, and Immunoassay, Atlanta, GA30338,
USA, respectively, at 450 nm, plasma levels of Lp-PLA2 and MMP9 were
estimated.

Quantitative real-time PCR

Following the manufacturer's recommendations, total RNA was isolated
from cardiac tissues using a Sepasol-RNA1Super (Nakarai Tesque), and
sections (10-15 g) of the obtained RNA were subjected to real-time
quantitative PCR testing. A two-step RT-PCR was used to quantify gene
expression. Quantitative real-time PCR was used to measure the levels of
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miRNA-1 and miRNA29b.PCR buffer, 1.5 mM MgCI2, 0.2 mM of each
dNTP, and 0.4 M of specific primers made up the PCR reaction mixture
(Table 2). In 50 ml of the single-plex reaction mixture, assays were carried
out. Forty cycles of 95 oC for 15 s and 60 o C for 1 min each made up the
reaction conditions, which also included a pre-incubation at 50 o C for 2 min
and 95 o C for 10 min. The measurements were automatically taken down.
Data from quantitative RT-PCR are displayed as a percentage of the control.
The internal check was done using U6 mRNA.

Gene Primer sequence Amplicon Size
miRNAL F: 5'-ACACAGAGAGGGCTCCGGCA-3’ 342 bp
R:5'-ACACGACCGTCCACCAACGC-3’
miRNA 29b F: 5'- -GCT GAG TGTGGCATCCATTT-3 141bp
R: 5'- CCACTTCACAAAGCTTTGCAC -3
U6 (internal control for gRT-PCR) | F: ‘5- GCTTCGGCAGCACATATACTAAAAT —-3’R: | 84 bp
5'- CGCTTCACGAATTTGCGTGTCAT —3°.

Table 2: Primers used in real-time PCR.

Statistical analysis

Ten independent determinations for spectrophotometric and ELISA
measurements, three separate determinations for analysis of gene expression,
and the obtained data were expressed as mean SD. One-way analysis of
variance (ANOVA) and the Bonferroni multiple comparison tests were both
used by SPSS/20 Software to evaluate the data. Statistics were considered
significant when P 0.01 was present.

Chemical composition of extracted oil

Characterization and standardization of purified oil fraction by GC-MS
analysis revealed the presence of 83 compounds (Table 3), the major
constituents were 9,12,15-octadecatrienoic acid, (Z, Z, Z)- (24.69%), oleic
acid (10.57%), 9-octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester (9.04%),
2,3-dihydroxypropyl elaidate (7.05%), n-propyl 9,12,15-octadecatrienoate
(6.05%), 9-octadecenoic acid, methyl ester (E) (4.45%), and n-hexadecanoic
acid (4.02%).

Results

Peak | R. Time | Area% | Name Base m/z
1 6.246 0.01 Ethanol, 2-butoxy- 57.10
2 9.019 0.02 Furan, 2-pentyl- 81.05
3 9.237 0.02 3-Methyl-but-2-enoic acid, 1,7,7-trimethyl-bicyclo [2.2.1] hept-2-yl ester 83.10
4 13.112 |0.01 Octanoic acid, methyl ester 74.10
5 18.459 |0.01 Rhodium, [1,2-bis(.eta.2-ethenyl)-4-ethenylcyclohexane]di-.mu.-chlorodi- 121.10
6 18.523 |0.02 Furan, 2-hexyl- 81.05
7 20.894 |0.01 n-Caprylic acid isobutyl ester 127.15
8 21.471 ]0.03 Nonanoic acid, 9-oxo-, methyl ester 111.15
9 22.743 |0.07 Cycloheptanone, 3-butyl- 111.15
10 24,584 |0.02 Nonanedioic acid, dimethyl ester 111.15
11 25.555 |0.07 Nonanedioic acid, dimethyl ester 111.15
12 26.557 |0.03 Imidazole-5-pentanoic acid 95.10
13 27.449 ]0.05 2-n-Heptylfuran 81.05
14 28.156 |0.05 Azelaaldehydic acid, butyl ester 109.15
15 29.276 |0.01 Heptadecanoic acid, 16-methyl-, methyl ester 87.10
16 30.011 |0.02 Tetradecanoic acid 129.15
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Peak | R. Time | Area% | Name Base m/z
17 30.748 |0.02 Nonanedioic acid, dimethy! ester 125.15
18 32,569 |0.02 Imidazole-5-pentanoic acid 95.10
19 33.638 |1.50 Hexadecanoic acid, methyl ester 87.10
20 34.493 |4.02 n-Hexadecanoic acid 73.10
21 35.020 |0.01 Decanoic acid, 2,4,6-trimethyl-, methyl ester 88.10
22 36.850 |2.07 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 81.10
23 36.933 | 2.94 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,2)- 79.10
24 37.053 | 4.45 9-Octadecenoic acid, methyl ester, (E)- 97.15
25 37.126 |0.22 9-Octadecenoic acid, methyl ester, (E)- 97.15
26 37.589 |2.55 Methyl stearate 87.10
27 37.995 |24.69 |9,12,15-Octadecatrienoic acid, (Z,Z,2)- 79.10
28 38.095 |[10.57 | Oleic Acid 83.15
29 38.419 |2.63 Octadecanoic acid 43.10
30 38.734 | 271 Hexadecanoic acid, butyl ester 56.10
31 38.860 |0.05 Heptadecanoic acid, ethyl ester 88.10
32 39.985 |0.06 Ether, (2-ethyl-1-cyclodecen-1-yl)methyl methyl 125.15
33 40.138 | 0.07 (Z,2,2)-6,9,15-Octadecatrienoic acid methyl ester 95.15
34 40.216 |0.09 9-Octadecenoic acid, 12-hydroxy-, methyl ester, (Z)- 95.10
35 40.685 | 0.05 cis-Methyl 11-eicosenoate 97.15
36 40.874 | 0.27 9,12-Octadecadien-1-ol, (Z,2)- 81.10
37 40.951 |[0.42 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,2)- 79.10
38 41.026 |0.51 Octyl cis-vaccenate 97.15
39 41.140 |0.03 5,5,8a-Trimethyldecalin-1-one 111.15
40 41.209 |0.07 Eicosanoic acid, methyl ester 87.10
41 41.274 | 0.05 13-Docosenamide, (Z)- 72.10
42 41598 |3.22 9-Octadecen-1-ol, acetate, (Z)- 81.10
43 41.689 |6.05 n-Propyl 9,12,15-octadecatrienoate 79.10
44 41771 | 7.05 2,3-Dihydroxypropy! elaidate 83.10
45 41.846 |0.29 cis-9-Octadecenoic acid, propyl ester 97.15
46 42236 |1.89 Octadecanoic acid, butyl ester 56.10
47 42.689 |0.03 Cedrol 95.10
48 43.352 |[0.01 Glycidyl (Z)-9-nonadecenoate 129.10
49 43.780 |0.97 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 98.10
50 43.935 |[0.10 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 98.10
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Peak | R. Time | Area% | Name Base m/z
51 44.063 | 0.06 6-Octadecenoic acid, methyl ester, (2)- 97.15
52 44.407 |0.18 Bis(2-ethylhexyl) phthalate 149.05
53 44520 |(0.11 Heptadecanoic acid, 16-methyl-, methyl ester 87.10
54 44,606 |0.09 4H-Cyclopentacycloocten-4-one, decahydro- 95.10
55 44754 | 0.05 2-Buten-1-ol, 2-ethyl-4-(2,2,3-trimethyl-3-cyclopenten-1-yl)- 121.15
56 45.000 |0.07 cis-13-Eicosenoic acid 97.15
57 45454 |0.12 Avrachidic acid, butyl ester 56.10
58 46.641 |[9.04 9-Octadecenoic acid (2)-, 2,3-dihydroxypropy! ester 98.15
59 46.722 |[0.98 E,E,Z-1,3,12-Nonadecatriene-5,14-diol 95.15
60 47.011 |[0.64 Hexadecanedioic acid, dimethyl ester 98.15
61 47.145 |[0.09 Octadecanoic acid, 2,3-dihydroxypropyl ester 98.15
62 47.604 | 0.05 Tetracosanoic acid, methyl ester 87.10
63 48.062 |0.11 Erucic acid 97.15
64 48.460 |0.06 Docosanoic acid 56.10
65 49.033 |[0.02 2,2,4-Trimethyl-3-(3,8,12,16-tetramethyl-heptadeca-3,7,11,15-tetraenyl)-cyclohexanol | 81.10
66 49.621 |[0.03 E,E,Z-1,3,12-Nonadecatriene-5,14-diol 95.15
67 49.996 | 0.02 1-Heptacosanol 97.15
68 50.467 |0.02 Heptadecanoic acid, 16-methyl-, methyl ester 87.10
69 51.459 |0.02 (-)-Globulol 81.10
70 52.675 |0.02 5-.alpha.-Androst-2-en-17-.beta.-ol, 17-methyl- 105.10
71 53.383 |0.03 Andrographolide 109.15
72 54.152 |0.07 Retinoic acid, methyl ester 107.15
73 54.325 |1.40 Ergost-5-en-3-ol, (3.beta.)- 107.10
74 54.788 |0.48 Humulenol-I1 83.15
75 55.414 |0.03 Andrographolide 105.10
76 55.765 | 2.50 gamma.-Sitosterol 107.10
77 55.939 |0.18 Cholest-5-en-3-ol, 24-propylidene-, (3.beta.)- 105.10
78 56.238 |0.20 6.beta.Bicyclo[4.3.0]nonane,5.beta.-iodomethyl-1.beta.-isopropenyl-4.alpha.,5.alpha.- [ 109.15
79 56.601 |0.02 6.beta.Bicyclo[4.3.0]nonane,5.beta.-iodomethyl-1.beta.-isopropenyl-4.alpha.,5.alpha.- | 121.15
80 56.954 | 2.27 6.beta.Bicyclo[4.3.0]nonane,5.beta.-iodomethyl-1.beta.-isopropenyl-4.alpha.,5.alpha.- [ 95.10
81 57.344 |0.01 Azulene, 1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl)-, [LR-(1. alpha) | 107.10
82 57.936 |0.02 Pregn-4-ene-3,20-dione, (9. beta.,10.alpha.)- 124.10
83 58.060 |0.03 6.beta. Bicyclo [4.3.0]nonane, 5.beta.-iodomethyl-1.beta.-isopropenyl-4.alpha.,5.alpha.- [ 95.15

Table 3: GC-MS of purified flaxseed oil fraction.

Auctores Publishing LLC — Volume 5(3)-100 www.auctoresonline.org

ISSN: 2692-9759

Page 5 of 12



Cardiology Research and Reports

The result indicates that 9,12,15-octadecatrienoic acid, (Z, Z, Z); alpha-
linolenic acid (ALA) is represented as 9.8% of extracted crude oil and 4.8%
of total flaxseed weight. ALA (18:3n-3) is an 18-carbon atoms carboxylic
acid with three cis double bonds and consider an essential fatty acid
indispensable to the human body. It is characterized by anti-inflammatory,
anti-obesity, neuroprotection, anticancer, antioxidant, and anti-metabolic
syndrome. It can convert into eicosapentaenoic acid and docosahexaenoic
acid in the body. However, this conversion is limited and affected by many
factors such as gender, dose, and disease [41].

In vivo study

The synthetic catecholamine and b-adrenergic agonist isoproterenol (1SO),
also known as 1-(3, 4-dihydroxyphenyl)-2-isopropylamino ethanol
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hydrochloride, causes a large amount of oxidative stress in the myocardium
and causes infarct-like necrosis of the heart muscle [42]. Through
autooxidation, it produces highly cytotoxic free radicals that speed up the
peroxidation of membrane phospholipids and seriously damage the heart
membrane [43].

The findings indicates that group Il animals had plasma BNP and NT-pro-
BNP levels that were significantly increased to 207.34% and 372.51%,
respectively (p <0.01) compared to group I (Figure 1). Additionally, when
compared to group |1, the administration of flaxseed oil caused a significant
decrease in plasma BNP and NT-pro-BNP levels by 32.02% and 52.14%,
respectively (p <0.01). However, when compared to group II, the BNP and
NT-pro-BNP levels in group 1V significantly dropped by 42.38% and 57.3%,
respectively (p <0.01).

o

200
180

160

140

120

100

m BNP

80

B NT-pro-BNP

pg/mL

Figure 1: Effect of flaxseed oil on plasma BNP and NT-pro-BNP in isoproterenol treated rats. Data are represented as mean value (pg/mL). Data followed
by the same letter within the same parameter are not significantly different at P < 0.05.

In contrast to the group I, Group Il had significantly increased plasma levels of endothelin-1, Lp-PLA2, and MMP9 to 248.33%, 148.50%, and 179.33% as
well as significantly lower plasma levels of topo 2B by 63.9% (p <0.01) (Figure 2).
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ISO + Omega 3
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Normal control
ISO
I1SO + flaxseed oil

ISO + Omega 3

Normal control
ISO
1SO + flaxseed oil

ISO + Omega 3

1.25 2.5 3.75 5

=]

Topo 2B (ng/mL)

1

1

———  ©

0 150 300

Normal control
ISO
I1SO + flaxseed oil

I1SO + Omega 3

450 600

MMP9 (mg/mL)

a

0 5.5

11 16.5 22

Figure 2: Effect of flaxseed oil on plasma Endothelin-1, Topo 2B, Lp-PLA2 and MMP9 in isoproterenol treated rats. Data shown are mean + standard
deviation of number of observations within each treatment. The tested flaxseed oil was orally given daily for 4 weeks at 100 mg/kg. Data followed by the
same letter are not significantly different at P < 0.05.

Additionally, when compared to group I, the administration of flaxseed oil
significantly increased plasma levels of topo 2B to 206.84% (p <0.01) while
significantly decreasing plasma endothelin-1, Lp-PLA2, and MMP9 levels
by 38.05%, 18.51%, and 22.85%, respectively. In group IV endothelin-1, Lp-
PLA2, and MMP9 levels considerably decreased by 42.69, 24.20, and
30.64%, respectively, as well as a significantly increase of plasma topo 2B
level to 257.33% (p <0.01) was observed.
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According to the findings, group Il animals had plasma cTnl and cTnT levels
that were significantly higher than those of group | by 211.76 and 196.42%,
respectively (p 0.01). Additionally, when compared to group I, the
administration of flaxseed oil caused a substantial drop in plasma c¢Tnl and
cTn T levels by 43.05 and 33.63%, respectively (p <0.01). When compared
to group 11, the levels of cTnl and ¢Tn T in group 1V significantly dropped
by 47.22 and 37.30%, respectively (p 0.01) Figure 3.
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W cTnl (ng/mL)
M cTnT (ng/mL)

b

ISO + ﬂaxseed oil

ISO + Omega 3

Figure 3: Effect of flaxseed oil on cardiac troponin | (cTnl) and troponin T (cTn T) in isoproterenol treated rats. Data shown are mean + standard deviation
of number of observations within each treatment. The tested flaxseed oil was orally given daily for 4 weeks at 100 mg/kg. Data followed by the same letter
are not significantly different at P < 0.05.

In Figures 4 and 5, a significant increase in plasma miRNA1 and miRNA29b
expression levels was detected obviously in group Il animals in contrast to
the normal group | (211.81% and 379.09%, respectively). However, group
Il had a significant decrease in plasma miRNA1 and miRNA29b gene

expression levels (p<0.01), by 41.17% and 45.08%, respectively as
compared to group Il. On the other hand, miRNA1 and miRNA29b gene
expression levels decreased significantly by 47.06% and 50.6%, respectively
in group 1V compared to group II (p <0.01).

miRNAI

w
|

3
wn
t
a

N
t

=
9]
t

[
t

°
n

miRNA-1 Expression folds
Q

o

Normal control ISO (85 mg/kg )

ISO + Linseed oil (100 ISO + Omega 3 (100
mg/kg) mg/kg)

Figure 4: Effect of flaxseed oil on plasma miRNA1 gene expression in isoproterenol treated rats. Data followed by the same letter are not significantly
different.

Discussion

In the recent decade, essential fatty acids (EFAs) have become the primary
focus of scientific research with substantial research, as a crucial metabolite
in the field of cardiac medicine [44]. Despite this progress, the molecular
mechanisms of action, and their exact physiological ability that prevents
associated cardiovascular diseases are still unanswered [45].

Kaithwas et al., reported that flax oil comparable to aspirin where it exhibits
dose-dependent inhibition of protein exudation vascular permeability, and
leukocyte migration in pleural exudates [30]. As the eicosanoids, EPA
derived from linolenic acid metabolism account for the production of lets
vasodilatory (PGE3) and chemotactic (LTB5). The current study describes
the primary biological mechanisms and genetic modification of how flaxseed
oil-rich ALA, could have a cardiac protective effect against cardiac
remodeling in an 1SO-induced vivo model.

BNP and NT-proBNP are commonly used as key indicators for the clinical
diagnosis of HF and cardiac dysfunction [46, 47]. Previous studies have
demonstrated the use of BNP and NT-proBNP as postmortem biomarkers in
forensic medicine to identify cardiac dysfunction. These investigations used
comprehensive animal experiments and postmortem tissues to represent the
cardiac activity of the deceased before death [48, 49]. This result revealed
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that flaxseed oil-rich ALA inhibits BNP, and NT-pro-BNP, and reduces
apoptosis, and cardiac fibrosis.

Increased levels of endothelin-1, Lp-PLA2, and MMP9 have been linked to
different heart conditions, including hypertension, interferon-induced
chronic active myocarditis, cardiomyopathy, streptozotocin-induced diabetic
cardiomyopathy, pulmonary artery banding-induced HF in both the left (RV)
and right (LV) heart [50, 51]. In the present study, elevation levels of
Endothelin-1, Lp-PLA2, and MMP9 as well as depletion of plasma Topo 2B
have been observed in heart disease animal models after ISO administration.
Moreover, compared to controls, ISO-treated rats showed an increase in ET-
1, Lp-PLA2, and MMP9 plasma levels, which indicates that I1SO induces
cardiac tissue inflammation. It is tempting to speculate that these mediators'
increased expression is accessible to myocardial toxicity and can promote
inflammation and activation of vascular smooth muscle cells. This result is
in accordance with the Kaithwas et al., a study that reported the anti-
inflammatory activity of flaxseed oil (57.38%, ALA) [33].

According to early studies examining Top2a and Top2b's differential
expression, Kondapi, and colleagues discovered that Topo 2B lower
expression is associated with aging in an adult rat's whole brain preparation
when compared to its younger counterpart [52]. More particular, the
cerebellum and cerebellar area showed a decrease in protein expression. This
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was further supported by the observation that Top2B activity declined with
age in sheep neural cell preparation [53, 54].

Aging and sex hormone deprivation is considered the primary factor of
cardiac remodeling, while the heart “shrinking” with an increase in heart rate,
smaller ventricular volumes, and changes in LV morphology are observed
[55]. Hence, the investigation of Topo 2B levels in ISO-treated rats was
important. Our results showed a reversible correlation between Topo 2B and
cardiac inflammation while plasma Topo 2B levels were significantly
decreased in ISO-treated rats. The administration of flaxseed oil increased
the level of plasma Topo 2B with subsequent inhibition of inflammation and
improvement of cardiac tissue. Flaxseed oil delivery raises plasma levels of
cTnl and cTnT compared to the treated group with ISO. These outcomes
were consistent with the previous results that referred to the inhibition of
c¢Tnl and cTnT plasma protein expression in the CVD animal model treated
with ISO [56, 57]. Hence, the reported anti-inflammatory effect of flaxseed
oil [33] could be attributed to its biological modifying effect on c¢Tnl and
cTnT receptor cells.

The biological functions of miR-1 and miR-29 in 1SO-induced cardiac
damage are indicated in the current study. According to earlier research,
MiR-1 and miR-29 were found to be involved in heart morphogenesis in a
mouse model [58]. The upregulation of miR-29 level has been shown by
investigations on liver, lung, and kidney fibrosis disease [59]. Indeed, it has
been reported that ISO-treated groups have higher levels of miR-1 and miR-

Copy rights@ Jilan A. Nazeam, et all

29 expression than normal rats [60, 61]. Moreover, all major types of
cardiovascular cells, including vascular smooth muscle cells (VSMCs) [62],
endothelial cells [63], cardiomyocytes [64], and cardiac fibroblasts [65, 66]
have been reported to have significant levels of miR-1 and miR-29
expression. Contrary, according to the current study, ALA-rich flaxseed oil
protected the heart by decreasing the levels of miRNA-1 and miRNA-29b
genes expression.

Conclusion

The current study provides experimental evidence that the standardized
flaxseed oil fraction can improve cardiac function after 1SO-induced
cardiotoxicity. The finding clarified the molecular mechanism as well as the
benefit of oil as a cardioprotective drug candidate against cardiac remodeling
for lowering the incidence of cardiovascular risk factors and mortality. The
flaxseed oil downregulated BNP, NT-pro-BNP, endothelin-1, Lp-PLA2, and
MMP2, as well as cTnl and c¢Tn plasma levels and upregulated Topo 2B. It
also down-regulated the expression of miRNA-1 and miRNA-29b genes.
Future research for preparation proper formulation and clinical investigation
are recommended to ascertain the impact of bioavailability, dose, gender,
and other diseases on the pharmacokinetics of flaxseed-rich ALA oil.

Abbreviations

ALA Alpha-linolenic acid MCP-1 Monocyte chemoattractant protein-1

BNP Brain natriuretic peptide MMP9 Matrix metalloproteinase 9

cTnl Cardiac troponin | NADPH oxidase | Nicotinamide adenine dinucleotide phosphate
oxidases

cTnT Cardic troponin T NT-pro-BNP N-terminal pro—B-type natriuretic peptide

CVDs Cardiovascular disease PGE3 Prostaglandin E3

ELISA | Enzyme-linked immunoassay PPARa Peroxisome proliferator-activated receptor
alpha

ET-1 Endothelin 1 RT-PCR Reverse transcription polymerase chain
reaction

GC-MS | Gas chromatography mass spectrometry | SREBPs Sterol regulatory element binding proteins

HFD Heart failure disease TNF Tumor necrosis factor

HMGCR [ Hydroxy Methyl Glutaryl Coenzyme A | Top2a DNA Topoisomerase 11 Alpha

Reductase

IL-6 Interleukin — 6 Top2b Topoisomerase 2 beta

ISO Isoproterenol VCAM-1 Vascular cell adhesion molecule-1

Lp- Lipoprotein-Associated  Phospholipase | VSMCs Vascular smooth muscle cells

PLA2 A2

LTB5 Leukotrienes B5 WHO World Health Organization

Declarations
Author Contributions: S.A.B and J.A.N are equally contributed.
Funding Not applicable

Data Availability All data generated or analyzed for this study are included
in this published article.

Competing Interests: the authors declare no competing interests.

Auctores Publishing LLC — Volume 5(3)-100 www.auctoresonline.org
ISSN: 2692-9759

Ethics Approval: The study was carried out according to the guidelines
of October 6 University and approved by the Ethics Committee of the
Faculty of Applied Medical Science (protocol code: 20220301 and date of
approval: 1/3/2022).

Consents Participate: Not applicable.

Consents Publish: All authors have given consentto publish the
manuscript in Plant Foods for Human Nutrition.

Page 9 of 12



Cardiology Research and Reports

Conflict of Interest: The authors declare no conflicts of interests.

Additional Declarations

No competing interests reported.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Babu AS, Turk-Adawi K, Supervia M, Jimenez FL, Contractor
A, et al. (2020). Cardiac rehabilitation in India: results from the
international council of cardiovascular prevention and
rehabilitation's global audit of cardiac rehabilitation. Glob Heart.
15(1):28.

Roth, G.A., Mensah, G.A., Johnson, C.O., Addolorato, G.,
Ammirati, E., et al. (2020). Global burden of cardiovascular
diseases and risk factors, 1990-2019: update from the GBD 2019
study. J Am Coll Cardiol. 76(25), 2982-3021.

World Health Organization, (2021). Fact sheet: cardiovascular
diseases (CVDs). Geneva, Switzerland: World Health
Organization.

Gonzélez A, Schelbert EB, Diez J, Butler J. (2018). Myocardial
interstitial fibrosis in heart failure: biological and translational
perspectives. J Am Coll Cardiol. 17;71(15):1696-1706.
Ravassa S, Gonzélez A, Bayés-Genis A, Lup6n J, et al. (2020).
Myocardial interstitial fibrosis in the era of precision medicine.
Biomarker-based phenotyping for a personalized treatment. Rev
Esp Cardiol (Engl Ed). 73(3):248-254.

Azevedo, P.S., Polegato, B.F., Minicucci, M.F., Paiva, S.A. and
Zornoff, L.A. (2015). Cardiac remodeling: concepts, clinical
impact, pathophysiological mechanisms, and pharmacologic
treatment. Arquivos brasileiros de cardiologia. 106, 62-69.
Chai, R., Xue, W., Shi, S., Zhou, Y., Du, Y., et al. (2022).
Cardiac remodeling in heart failure: role of pyroptosis and its
therapeutic implications. Front. cardiovasc. Med.1013.
Pengilly, N.L., (2003). Traditional food and medicinal uses of
flaxseed. In Flax (264-279). CRC Press.

Zuk, M., Richter, D., Matuta, J. and Szopa, J. (2015). Linseed,
the multipurpose plant. Ind Crops Prod. 75, 165-177.

Millam, S., O. Bohus and P. Anna. (2005). Plant cell and
biotechnology studies in Linum usitatissimum - A review. Plant
Cell Tissue Organ Cult. 82, 93-103.

Berglund, D.R. (2002). Flax: New uses and demands. In:
Janick,J. and A. Whipkey (eds.), Trends in New Crops and New
Uses. ASHS Press, Alexandria, VA, USA, 358-360.

Yadaw., Pramod. (2022). A study of traditional use and
medicinal importance of flaxseed plant by tribes and non-tribals
of Jashpur district, Chhattisgarh state. IJCRT. 10 (5), 372-377.
Jhala, AJ. and Hall, L.M. (2010). Flax (Linum usitatissimum
L.): current uses and future applications. Aust. J. Basic Appl. Sci,
4(9), 4304-4312.

Morris, H.M. (2007). Flax: A health and nutrition primer. Flax
Council of Canada, Winnipeg, Canada, 140.

Parikh, M., T. G. Maddaford, J. A. Austria, M. Aliani, T.
Netticadan, et al. (2019). Dietary flaxseed as a strategy for
improving human health. Nutrients, 11 (5):1171.

Mueed, A., Shibli, S., Jahangir, M., Jabbar, S. and Deng, Z.
(2022). A comprehensive review of flaxseed (Linum
usitatissimum L.): health-affecting compounds, mechanism of
toxicity, detoxification, anticancer and potential risk. Crit Rev
Food Sci. 1-24.

FAO (Food and Agriculture Organization of the United
Nations). (2011). Flaxseed production in Canada and the world.
Palla, A.H., Khan, N.A., Bashir, S., Igbal, J. and Gilani, A.H.
(2015). Pharmacological basis for the medicinal use of Linum
usitatissimum (Flaxseed) in infectious and non-infectious
diarrhea. J Ethnopharmacol. 160, 61-68.

Auctores Publishing LLC — Volume 5(3)-100 www.auctoresonline.org
ISSN: 2692-9759

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Copy rights@ Jilan A. Nazeam, et all

Edel, A. L., Patenaude, A. F., Richard, M. N., Dibrov, E.,
Austria, J. A., et al. (2016). The effect of flaxseed dose on
circulating concentrations of alpha-linolenic acid and
secoisolariciresinol diglucoside derived enterolignans in young,
healthy adults. Eur J Nutr. 55(2), 651-663.

Prasad, K., (2009). Flaxseed and cardiovascular health. J.
Cardiovasc. Phar. 54(5), 369-377.

Halligudi, N., (2012). Pharmacological properties of flax seeds:
a Review. Hygeia. JD Med, 4(2), 70-77.

Health Canada. (2014). Summary of Health Canada’s
assessment of a health claim about ground whole flaxseed and
blood cholesterol lowering.

Rodriguez-Leyva, D., Bassett, C.M., McCullough, R. and
Pierce, G.N., (2010). The cardiovascular effects of flaxseed and
its omega-3 fatty acid, alpha-linolenic acid. Can J Cardiol. 26(9),
489-496.

Kristensen, M., Jensen, M.G., Aarestrup, J., Petersen, K.E.,
Sendergaard, L., et al. (2012). Flaxseed dietary fibers lower
cholesterol and increase fecal fat excretion, but magnitude of
effect depends on food type. Nutr. Metab.9(1), 1-8.

Cunnane, S. C., Hamadeh, M. J., Liede, A. C., Thompson, L. U.,
Wolever, T. M., etal. (1995). Nutritional attributes of traditional
flaxseed in healthy young adults. Am. J. Clin. Nutr. 61, 62e68.
Saleem, M.H., Ali, S., Hussain, S., Kamran, M., Chattha, M.S.,
et al. (2020). Flax (Linum usitatissimum L.): a potential
candidate for phytoremediation? Biological and economical
points of view. Plants, 9(4), p.496.

Paschos, G.K., N. Yiannakouris, L.S. Rallidis, 1. Davies and
B.A. Griffin. (2005). Apolipoprotein E genotype in dyslipidemic
patients and response of blood lipids and inflammatory markers
to alpha-linolenic acid. Angiology, 56: 49-60.

Paschos, G.K., F. Magkos, D.B. Panagiotakos, V. Votteas and
A. Zampelas. (2007). Dietary supplementation with flaxseed oil
lowers blood pressure in dyslipidaemic patients. Eur. J. Clin.
Nutr. 61, 1201-1206.

Yuan, Q., Xie, F., Huang, W., Hu, M., Yan, Q., etal. (2022). The
review of alpha-linolenic acid: Sources, metabolism, and
pharmacology. Phytother Res. 36(1), 164-188.

Kaithwas, G. and Majumdar, D.K., (2013). Effect of L.
usitatissimum (flaxseed/linseed) fixed oil against distinct phases
of inflammation. Int Sch Res Notices, 1-4.

Kaithwas, G. and Majumdar, D.K., (2010a). Evaluation of
antiulcer and antisecretory potential of Linum usitatissimum
fixed oil and possible  mechanism  of  action.
Inflammopharmacol, 18, 137-145.

Kaithwas, G. and Majumdar, D.K., (2010b). Therapeutic effect
of Linum usitatissimum (flaxseed/linseed) fixed oil on acute and
chronic arthritic models in albino rats. Inflammopharmacol, 18,
127-136.

Kaithwas, G. Mukherjee, A. Chaurasia, A.K. Majumdar, D.K.
(2011). Antiinflammatory, analgesic and antipyretic activities of
Linum usitatissimum L. (flaxseed/linseed) fixed oil. Indian J.
Exp. Biol. 49, 932 — 938.

Kaithwas, G. and Majumdar, D.K., (2012). In vitro antioxidant
and in vivo antidiabetic, antihyperlipidemic activity of linseed
oil against streptozotocin-induced toxicity in albino rats. Eur J
Lipid Sci Tec, 114(11), 1237-1245.

Renu, N., Kaithwas, G., Ramteke, P.W. and Saraf, S.A., (2012).
Effect of Linum usitatissimum (Linseed/Flaxseed) fixed oil on
experimental esophagitis in elbino rats. Acta Gastro-Enterol.
Belg, 75, 331-335.

Han, H., Yan, P., Chen, L., Luo, C., Gao, H., et al. (2015). Flax-
seed oil containing o -linolenic acid Ester of plant sterol
improved atherosclerosis in ApoE deficient mice. Oxid Med Cell
Longev. 958217.

Page 10 of 12


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://www.hc-sc.gc.ca/fn-an/label-etiquet/claims-reclam/assess-evalu/flaxseed-grainesdelineng.php
http://www.hc-sc.gc.ca/fn-an/label-etiquet/claims-reclam/assess-evalu/flaxseed-grainesdelineng.php
http://www.hc-sc.gc.ca/fn-an/label-etiquet/claims-reclam/assess-evalu/flaxseed-grainesdelineng.php

Cardiology Research and Reports

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Li, G. H., Wang, X. P., Yang, H. P., Zhang, P. F., & Li, J. (2020).
a-Linolenic acid but not linolenic acid protects against
hypertension: Critical role of SIRT3 and autophagic flux. Cell
Death & Disease. 11(2), 83-96.

Wang, M., Zhang, X. J., Feng, K., He, C., Li, P., et al. (2016).
Dietary a-linolenic acid-rich flaxseed oil prevents against
alcoholic hepatic steatosis via ameliorating lipid homeostasis at
adipose tissue-liver axis in mice. Sci. Rep. 6, 26826.

Lewinska, A., Zebrowski, J., Duda, M., Gorka, A. and Wnuk, M.
(2015). Fatty acid profile and biological activities of linseed and
rapeseed oils. Molecules. 20 (12), 22872-22880.

Gorriti, A., Arroyo, J., Quispe, F., Cisneros, B., Condorhuaman,
M., et al. (2010). Oral toxicity at 60-days of sacha inchi oil
(Plukenetia volubilis L.) and linseed (Linum usitatissimum L.),
and determination of lethal dose 50 in rodents. Rev Peru Med
Exp Salud, 27(3), 352-360.

Folino, A., Sprio, A.E., Di Scipio, F., Berta, G.N. and Rastaldo,
R. (2015). Alpha-linolenic acid protects against cardiac injury
and remodelling induced by beta-adrenergic overstimulation.
Food & function. 6(7), 2231-2239.

Sheta, N.M., Elfeky, Y.A. & Boshra, S.A. (2020).
Cardioprotective  efficacy of Silymarin liquisolid in
isoproterenol prompted myocardial infarction in rats. AAPS
PharmSciTech, 21, 81.

Boshra SA. (2020). Resveratrol modulates miR-34a in
cardiotoxicity induced by isoproterenol. J Med Food. 23(6):593-
599.

Sokota-Wysocza “nska, E., Wysocza "nski, T., Wagner, J.; Czyz,
K., Bodkowski, R., et al. (2018). Polyunsaturated fatty acids and
their potential therapeutic role in cardiovascular system
disorders—A review. Nutrients, 10, 1561.

Balta, I., Stef, L., Pet, I, lancu, T., Stef, D. et al. (2021). Essential
fatty acids as biomedicines in cardiac health. Biomedicines.
9(10), 1466.

Maalouf, R.; Bailey, S. (2016). A review on B-type natriuretic
peptide monitoring: assays and biosensors. Heart Fail. Rev. 21,
567-578.

Rubattu, S., Forte, M., Marchitti, S., Volpe, M. (2019).
Molecular implications of natriuretic peptides in the protection
from hypertension and target organ damage development. Int. J.
Mol. Sci. 20.

Chen, J.H.; Michiue, T.; Ishikawa, T.; Maeda, H. (2012).
Molecular pathology of natriuretic peptides in the myocardium
with special regard to fatal intoxication, hypothermia, and
hyperthermia. Int. J. Legal Med. 126, 747-756

Palmiere, C., Tettamanti, C., Bonsignore, A., De Stefano, F.,
Vanhaebost, J., et al. (2018). Cardiac troponins and NT-proBNP
in the forensic setting: Overview of sampling site, postmortem
interval, cardiopulmonary resuscitation, and review of the
literature. Forensic Sci. Int. 282, 211-218.

Yang L, Liu Y, Wang S, Liu T, Cong H. (2017). Association
between Lp-PLA2 and coronary heart disease in Chinese
patients. J Int Med Res. 45(1):159-169.

Shu J, Gu Y, Jin L, Wang H. (2021). Matrix metalloproteinase 3
regulates angiotensin Il-induced myocardial fibrosis cell
viability, migration and apoptosis. Mol Med Rep. 23(2):151.

Auctores Publishing LLC — Volume 5(3)-100 www.auctoresonline.org
ISSN: 2692-9759

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Copy rights@ Jilan A. Nazeam, et all

Kondapi AK, Mulpuri N, Mandraju RK, Sasikaran B, Subba Rao
K. (2004). Analysis of age dependent changes of Topoisomerase
Il alpha and beta in rat brain. Int J Dev Neurosci. 22,19-30.
Nakayama H, Nishida K, Otsu K. (2016). Macromolecular
degradation systems and cardiovascular aging. Circ Res.
118,1577-92.

Lepore G, Zedda M, Mura E, Giua S, Dedola GL, Farina V.
(2013). Brain aging and testosterone-induced neuroprotection:
studies on cultured sheep cortical neurons. Neuro Endocrinol
Lett. 34, 395-401.

Haider, A., Bengs, S., Warnock, G., Akhmedov, A., Kozerke, S.,
et al. (2020). Age-dependent cardiac remodelling-role of sex
hormones. Eur. Heart J. 41(2), 946-3194.

Maack C, Kartes T, Kilter H. (2003). Oxygen free radical release
in human failing myocardium is associated with increased
activity of racl-GTPase and represents a target for statin
treatment. Circulation. 108(13),1567-1574.

Neumann JT, Havulinna AS, Zeller T, Appelbaum S, Kunnas T,
et al. (2014). Comparison of three troponins as predictors of
future cardiovascular events--prospective results from the
FINRISK and BiomaCaRE studies. PLoS One. 9(3), 90063.
Maegdefessel, L., Azuma, J., Toh, R., Merk, D.R., Deng, A., et
al. (2012). Inhibition of microRNA-29b reduces murine
abdominal aortic aneurysm development. J. Clin. Invest, 122(2),
497-506.

Li, Z. & Rana, T. M. (2014). Therapeutic targeting of
microRNAs: current status and future challenges. Nat. Rev.
Drug Discov.13, 622—638.

Krichevsky AM, Gabriely G. (2009). miR-21: a small multi-
faceted RNA. J. Cell. Mol. Med. 13(1), 39-53.

Kapinas, K., Kessler, C., Ricks, T., Gronowicz, G. & Delany,
A.M. (2010). miR-29 modulates Wnt signaling in human
osteoblasts through a positive feedback loop. J. Biol. Chem. 285,
25221-25231.

Ji R, Cheng Y, Yue J, Yang J, Liu X, et al. (2007). MicroRNA
expression signature and antisense-mediated depletion reveal an
essential role of MicroRNA in vascular neointimal lesion
formation. Circ. Res. 100(11), 1579-1588.

Suarez Y, Fernandez-Hernando C, Pober JS, Sessa WC. (2007).
Dicer dependent microRNAs regulate gene expression and
functions in human endothelial cells. Circ. Res. 100(8), 1164—
1173.

Cheng Y, Ji R, Yue J, Yang J, Liu X, et al. (2007). MicroRNAs
are aberrantly expressed in hypertrophic heart: do they play a
role in cardiac hypertrophy? Am. J. Pathol. 170(6),1831-1840.
Oudit GY, Sun H, Kerfant BG, Crackower MA, Penninger JM,
Backx PH. (2004). The role of phosphoinositide-3 kinase and
PTEN in cardiovascular physiology and disease. J. Mol. Cell.
Cardiol. 37(2), 449-471.

Lin Y, Liu X, Cheng Y, Yang J, Huo Y, Zhang C. (2009).
Involvement of MicroRNAs in hydrogen peroxide-mediated
gene regulation and cellular injury response in vascular smooth
muscle cells. J. Biol. Chem. 284(12), 7903-7913.

Page 11 of 12



Cardiology Research and Reports Copy rights@ Jilan A. Nazeam, et all

This work is licensed under Creative
e Commons Attribution 4.0 License Ready to submit your research? Choose Auctores and benefit from:

»  fast, convenient online submission

To Submit Your Article Click Here: > rigorous peer review by experienced research in your field
> rapid publication on acceptance
> authors retain copyrights

DO[:10.31579/2692-9759/100 > unique DOI for a" artic'es
» immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/cardiology-research-and-
reports

Auctores Publishing LLC — Volume 5(3)-100 www.auctoresonline.org
ISSN: 2692-9759 Page 12 of 12


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=67
https://www.auctoresonline.org/journals/cardiology-research-and-reports
https://www.auctoresonline.org/journals/cardiology-research-and-reports

