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Abstract

Introduction: microRNAs (miRs) play a critical role in both physiological and pathological processes.
Recent studies have shown that garlic and exercise training have many beneficial effects in different
disorders including cardiovascular disease. However, their mechanisms have not been fully understood.
This study sought to investigate the impact of garlic and voluntary training alone or together on the
miR-126 and miR-210 gene expressions and cardiac angiogenesis.

Methods: Male Wistar rats were divided into four groups (n=7): (1) Control, (2) Garlic, (3) Exercise,
and (4) Garlic+Exercise. Animals were gavaged with raw fresh garlic homogenate (250 mg/kg
body weight/day) or were subjected to voluntary training alone or together for about 6 weeks. The
expressions of miR-126 and miR-210 in the heart tissue were measured by real-time PCR and lipid
profile in serum was assessed by enzymatic kits. Angiogenesis was determined by immunostaining
detection of PECAM-1 and CD31 in the heart tissue.

Results: Garlic and exercise up-regulated myocardial miR-126 (P<0.01), miR-210 (P<0.001)
expressions, and angiogenesis (P<0.001) which was evidenced by higher CD31 expression. Besides,
combination of garlic and exercise amplified their effects on those parameters (P<0.001). Moreover,
both voluntary exercise and garlic alone (P<0.01) or together (P<0.001) markedly modulated serum
lipid profile.

Conclusion: Voluntary exercise and garlic treatment for 6 weeks enhanced myocardial angiogenesis.
These alterations were partly due to the increment of miR-126 and miR-210 expressions in the heart

tissue in relation to improvement in lipid profile.

Introduction

microRNAs (miRs) are known as a class of small
noncoding RNAs which involve in the modulation of gene
expression at RNA levels. During the last decades, growing
evidence has been reported that miRs play important
regulatory roles in many biological processes' and also,
are assumed promising preventive and therapeutic targets
for several diseases including cardiovascular disorders.?
Several studies have indicated that miRs could have been
introduced as important modulators of angiogenesis.

So it was assumed that the angiogenic response of the
vascular endothelium is regulated by miRs, suggesting a
new window in angiogenesis phenomenon.*

Among them, miR-126 and miR-210 are important
regulators, involved in neovasculogenesis. It was known
that miR-126 was considered as a pivotal endothelial-
specific miR, involved in heart angiogenesis via vascular
endothelial growth factor (VEGF) pathway as an important

angiogenic factor.’> Also, recent studies have focused on
the role of miR-210 in angiogenesis process.” miR-210,
a master hypoxamir, induces an angiogenic response in
endothelial cells and enhances microcirculation under
both physiological and pathophysiological situations.®
Exercise training is a good strategy for the cardiovascular
system in part through improved lipid profile, increased
blood flow in vessels by structural changes in vasoreactivity
of the coronary arteries.® Even so, Da Silva et al has
been demonstrated that swimming training promoted
angiogenesis in the heart of rats.’

In literature, there is some evidence about anti-
inflammatory,  antioxidant, antiviral, anti-cancer
properties of garlic in several organs.® Garlic provides
considerable health benefit that was known as a natural
component for the prevention and treatment of several
disorders including cardiovascular disease. It decreased
the risk of ischemic stroke through mitigating platelet
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aggregation, dyslipidemia, and hypertension.” Previously,
Chiang et al exhibited that garlic ingestion enhanced
neovasculogenesis in human endothelial progenitor
cells to prevent ischemic injuries.®* Moreover, our groups
documented the angiogenic effect of garlic in diabetic
heart.’

On the other hand, the effect of garlic on inhibition
neovasculogenesis for protecting organs and reducing
tumor burden has been mentioned."*!! Matsurra et al
declared that aged garlic extract could inhibit tumor
growth by blocking angiogenesis through the suppression
of proliferation, migration, and tube formation.'? Based
on the mentioned points angiogenesis response occurs
in physiological and pathological conditions. To our
knowledge, no study was designed focusing on the effect
of garlic on the angiogenesis in the healthy heart tissue.

Dyslipidemia is probably associated with the changes
of liver X receptor a expression in some tissues including
liver and intestine and also stimulation of NADP
which is contributing to eNOS inhibition and impaired
angiogenesis.’

Therefore, dyslipidemia may lead to endothelial
dysfunction by decreased nitric oxide synthesis and
increased reactive oxygen species (ROS) synthesis,
resulting in the development of coronary heart disease
and cardiac events through angiogenesis disturbances." In
this regard lipoproteins as a strong independent predictor
of cardiovascular disease has an impact on miR expression
in endothelial cells.* It was documented that, the miR-126
level is in association with LDL ( low-density lipoprotein)
in which increased LDL level results in down-regulation
of miR-126 and decreased vasculogenesis.'®

To the best of our knowledge, considering the above-
mentioned contents, there are no studies at present
reporting the combination impact of garlic and voluntary
training on miRs involved in cardiac angiogenesis. Thus,
the purpose of this study was to examine, for the first
time, the role of garlic and voluntary training alone or in
combination on both miR-126 and miR-210 levels and
also lipid profile in relation to cardiac angiogenesis in
healthy rats.

Materials and Methods

Animals and experimental design

All animal care and experimental procedure were
conducted by specific board of medical ethics in Tabriz
University of Medical Sciences and was done in an
ethical manner according to the doctrines of Laboratory
Animal welfare. The animals were kept in a room
under environmental controlled conditions including
temperature (24+2°C) and light-dark cycle (12-h) and
also allowed free access to commercially standard regular
rat normal diet for 24 h per day, including (1) carbohydrate
60% (w/w), (2) fat 2% (w/w), (3) protein 17.5% (w/w), and
(4) fiber 8% (w/w), and (5) water ad libitum. Twenty-eight
male Wistar rats 3-4 months of age and weighing 200-250

gram'® were randomly divided into four groups (n=7): (1)
Control, (2) Garlic, (3) Exercise and (4) Garlic+Exercise.
In the current study sample size was defined based on our
similar previous investigations.*'” '#

Voluntary exercise

The running-wheel apparatus and it’s set up for voluntary
training (1.00 m circumference, Tajhiz Gostar) was the
same as explained according to our previous study.”
Briefly, the rats were permitted free access to the wheel
for 6 weeks and the wheel revolutions were recorded daily.
The animals excluded from the study, in the case that the
running distance was lower than 2000 m/day.

Preparing garlic homogenate

Fresh garlic homogenate was prepared from garlic bulbs.
For this purpose, they were peeled off, cut into small
pieces, and then ground into a paste. Afterward, garlic
preparation dissolved in distilled water and gavaged orally
each day. The homogenate was prepared freshly every
morning.

Sampling

At the end of the 6th week, rats were deeply euthanized
with ketamine (60 mg/kg) and xylazine (6 mg/kg),”**'
blood was drawn from all animals by cardiac puncture for
measurement of lipid profile.

Then the hearts were quickly isolated and the left
ventricles were excised, frozen in liquid nitrogen, and
stored in deep freeze (-80°C) for later measurements. Also,
a piece of each left ventricle fixed at 10% buffered formalin
solution. Myocardial tissue was used for miR extraction
and real-time PCR study and evaluation of angiogenesis.

miR extraction and real-time PCR

miR was extracted from the heart tissue using a
miRCURYTMRNA special isolation kit (Exiqon, Vedbaek,
Denmark) in accordance with the manufacturer’s
instructions.”* The procedure was carried out
based on the spin column by a proprietary resin as a
separation matrix for RNA from other cell ingredients.
RNA content and purity was assessed with Nanodrop
1000 spectrophotometer apparatus (Thermo scientific,
Wilmington, DE 19810 USA). The expression profile of
miR-126 was performed on total RNA extracts by the
universal cDNA synthesis kit. In brief, total RNA with
miRs was polyadenylated then, cDNA was synthesized by
a poly (T) primer with a 3 degenerate anchor and also,
a 5 universal tag (Exiqon, Vedbaek, Denmark). obtained
cDNA was utilized as a template for miRs quantitative real-
time PCR by using materials namely SYBR Green master
mix in our labratory (Exiqon, Vedbaek, Denmark). LNA
(Locked Nucleic Acid) a novel artificial nucleotide analog
primer (Exiqon, Vedbaek, Denmark) for miRs has been
listed in Table 1. Real-time PCR reaction was done on a
Bio-Rad iQ5 detection device (Bio-Rad, Richmond, CA,
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Table 1. Target sequence list for miRs

Gene name  Accession number Target sequence*
rno-miR-191 MIMAT0000440 CAACGGAAUCCCAAAAGCAGCUG
hsa-miR-126 MIMAT0002957 UCGUACCGUGAGUAAUAAUGC
dme-miR-210 MIMAT0001233 UUGUGCGUGUGACAGCGGCUA

* Sequences were obtained from miRBase (http://www.mirbase.org/).

USA). The obtained PCR outputs were normalized with
housekeeping gene including rno-miR-191.2* The 244
method was used to evaluate relative quantitative contents
of miR-126 and miR-210.* The data were displayed as the
fold-difference to the relevant controls.

Immunostaining for PECAM-1/ CD31

Angiogenesis evaluation in the myocardium was assayed
by PECAM-1/ CD3l1. For this purpose, a transversal
section of the left ventricles was excised and fixed at 10%
formalin buffer, dehydrated in various ascending grades
of ethanol baths then, kept the samples in paraftin. Serial
3um thick sections were provided and stayed on the
charged glass surface according to standard histological
protocols. Tissue specimen were deparaffinized by using
xylene and dehydrated in a graded series of ethanol.
Slides were incubated sequentially with proteinase K
and treated by 0.3% hydrogen peroxide for blocking
endogenous peroxidase activity. Sections were laminated
by primary antibody CD31 (Santa Cruz, USA) a marker
of angiogenesis, and incubated at +4°C overnight.
Then, tissue sections washed and then incubated with
standard avidin-biotin complex reagent (ABC; Santa
Cruz) in accordance with protocol. DAB (Diamino-
benzidine, Santa Cruz), was used for incubation the
slides as the chromagen, and counterstained with Mayer’s
hematoxylin. Ultimately, sections were cleared through
xylene, mounted with Entellan and then observed by a
precise light microscope.

Assessment of immunostaining

Three to 5 sections of 1 mm? space were obtained
randomly at magnification 400x, for quantification of
immunostaining. Staining intensity and also, the number
of positive cells was counted semi-quantitatively. So,
the intensity scoring for endothelial marker, CD31 was
detected within each area at 400x magnification. CD31
positive structures were calculated for 5 to 6 slides per rat
and 10 fields per slide.

For investigation of immunostaining as an indicator
of capillary blood vessels, the granulation tissue was
considered as a positive control, and the scores of the
staining intensity was as follows: 0 (<10%); 1 (10% to
25%);2 (25% to 50%); 3 (50% to 75%) or 4 (75% to 100%).°

Lipid profile measurement
Blood samples were collected by cardiac puncture. The
samples centrifuged at a speed of 3500 rpm at 4°C for 10

min and then, serum was isolated. Triglyceride levels were
assessed by special enzymatic kits (ZiestChem Diagnostic
kits, made in Iran) by glycerol as a standard. Furthermore,
high- density lipoprotein (HDL) and also LDL levels
were detected by quantitative enzymatic colorimetric
method by using special diagnostic Kkits, (ZiestChem,
Iran) considering cholesterol as the standard. All reactions
were evaluated by Digital UV/VIS spectrophotometer
apparatus (CE 292, series 2, Cecil Instruments, Cambridge,
England).

Statistical analysis

Normal distribution of our data was identified using
Kolmogorov-Smirnov test. Statistical analyses were
done using SPSS 16.0 for Windows (SPSS, IBM, Chicago,
USA). The statistical differences between the groups were
assessed by using one-way ANOVA and Tukey’s post
hoc test. The data are presented as the mean+SEM, and
P<0.05 is considered as statistically significant.

Results

Impacts of garlic and voluntary training on miR-126
gene expression in the myocardium

As shown in Figure 1, the myocardial miR-126 expression
level was significantly increased in Garlic and Exercise
groups alone (P<0.01) and in combination (P<0.001) in
comparison to the Control group. Moreover, treatment
with Garlic and performing voluntary exercise together
demonstrated significantly (P <0.05) higher level of miR-
126 gene expression compared with garlic treatment and
voluntary exercise alone.

Impacts of garlic and voluntary training on miR-210
gene expression in the myocardium

As shown in Figure 2, garlic (P<0.05) and voluntary
exercise alone or in combination (P<0.001) significantly
increased the expression of miR-210 compared with
the control. Treatment with both Garlic and voluntary
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Figure 1. Real-time quantitative PCR data of miR-126 gene expression in
the heart tissue of different groups. The values represent means+S.E.M for
study groups. ** P<0.01 and ***P <0.001 compared with control group, *
P <<0.05 compared with Garlic group, & P<0.05 compared with Exercise
group
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Figure 2. Real-time quantitative PCR data of miR-210 gene expression in
the heart tissue of different groups. The values represent means + SEM for
study groups. * P<0.05 and *** P<0.001 compared with control group, ¢
P <0.001 compared with Garlic group

exercise significantly enhanced miR-210 gene expression
compared to the Garlic group (P<0.001).

Impacts of garlic and voluntary training on angiogenesis
in the myocardium

To appraise angiogenesis in the obtained transversal
section of the ventricles, expression of CD31 antigen was
investigated by immunohistochemistry staining technique.
Brown stained tissues indicate CD-31 immunostained
endothelial cells (Figure 3). In Figure 4, we demonstrated
the intensity of the staining that was scored as follows: 0
(<10%), 1 (10% to 25%), 2 (25% to 50%), 3 (50% to 75%)
and 4 (75% to 100%). According to our findings, six weeks
of garlic treatment, performing the voluntary exercise,
or their combination significantly (P<0.001) increased
angiogenesis in their left ventricle in comparison to the
Control group (Figures 3 and 4). Combination of garlic
consumption and performing voluntary exercise-induced
more angiogenesis compared with garlic and exercise
alone; although it was not significant.

Impacts of garlic and voluntary training on serum lipid
profile

Table 2 summarizes the effect of garlic consumption
and voluntary exercise performance on lipid profile. As
shown in Table 2, garlic and voluntary exercise alone
(P<0.05) or in combination (P<0.01) significantly
reduced serum triglyceride levels in comparison with the
Control group. In parallel, serum levels of LDL and HDL
modulated following garlic and voluntary exercise alone
(P<0.01) or together (P<0.001). Six weeks treatment
with garlic and voluntary exercise alone or in combination
significantly (P<0.001) enhanced HDL/LDL ratio versus
Control group. Furthermore, the ratio of HDL/LDL was
significantly (P<0.05) higher in the Garlic + Exercise
group as compared with the Garlic group.

Discussion
The results of the current study indicated that treatment

Figure 3. Immunohistochemical detection of CD31 in myocardial
vessels of different groups. Brown stained tissues demonstrating CD-
31 immunostained endothelial cells in groups including (A): Control, (B):
Garlic, (C): Exercise, (D): GarlictExercise. The intensity of reaction for
CD31 (arrow head) increased in the Garlic and Exercise group compared to
the control group. The combination effect of Garlic treatment and Exercise
training-induced more angiogenesis compared with garlic and exercise
alone (400x magnification). Scale bars are as indicated
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Figure 4. Impacts of garlic and voluntary training on angiogenesis in study
groups. The intensity of the staining was classified into four categories: 0
(<10%)- 1 (10-25%)- 2 (25-50%)-3 (50 -75%) and finally 4 (75-100%). The
values represent means + SEM for study groups. ***P <0.001 compared
with Control group

with garlic and performing voluntary exercise alone
or in combination for 6 weeks, increased angiogenesis,
the expressions of miR-126, and miR-210 in the rat
myocardial tissue and also, ameliorated serum lipid
profile. Moreover, we found that concomitant treatment
of garlic and voluntary training had an additive result on
the mentioned parameters.

It was reported that several miRs play a key role in
regulating heart function that may lead to the discovery
of the novel treatment strategy for vascular disorders.’
Even though, there are various miRs in the heart tissue,
little evidence is available about the cardiac angiogenic
response and special miRs that are involved in this process
following garlic and voluntary exercise interventions.
miR-126 is an endothelial-specific miR and it’s role
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Table 2. Serum lipid profile in study groups after 6 weeks treatment (Mean + SEM, n = 7)

Variants Control Garlic Exercise Garlic+Exercise
Triglyceride (mg/dL) 38.16+1.49 32.83+1.16* 32.5+1.14* 30.661+0.81%*
LDL (mg/dL) 39+1.19 34.16+0.6** 33.66+0.55** 31.83 £0.7***
HDL (mg/dL) 26.8+1.02 33.5+1.17** 35.16+0.47** 35.33+0.55%**
HDL/LDL 0.68+0.04 0.98+0.03*** 1.01£0.01%** 1.1+0.03***$

* P<0.05, ** P<0.01, *** P<0.001 compared with control group and $P <0.05 compared with Garlic group. Triglycerides = TG, High-density

lipoprotein = HDL, Low-density lipoprotein = LDL.

in angiogenesis has been established.”®* Previously, it
was reported that vascular integrity and angiogenesis
impaired when knockdown of miR-126 in animals was
occurred.? SPRED1 and PIK3R2 are targets of miR-126 for
enhancing VEGF signalling in part by phosphorylation of
ERK and AKT pathway,*® which are critical downstream
components of the angiogenic pathways led to capillary
formation. This event leads to vascular sprouting and
angiogenesis.”® So, the elevated level of miRNA-126 may
be associated with a reduction in the expression of it’s two
targets, contributing to angiogenic response.

Our finding demonstrated that angiogenesis increased
in the myocardium in response to garlic and voluntary
exercise alone or in combination. In line with our
results, studies have demonstrated that exercise training
increased cardiac angiogenesis both under healthy" and
pathological conditions,”** which indicates an important
role of physical activity as a non-pharmacological
intervention of cardiovascular disorders. However, the
precise mechanisms have not been fully defined. Little
information confirmed that voluntary exercise could
modulate miRs expression in the myocardial tissue. In
this study, we found that voluntary exercise increased the
expression of miR-126 in the healthy myocardium.

In agreement with our study, DA Silva et al showed that
swimming training enhanced cardiac miR-126 expression
in healthy rats, which was probably in association with
exercise-induced cardiac angiogenesis.®* The previous
report demonstrated that, the exercise showed an elevation
of circulating miR-126 in healthy persons.”’ Considering
the above information, cardiac angiogenesis is in part
contributed to exercise-induced miR-126 gene expression
and VEGF up-regulation, which stimulates angiogenic
pathways including the MAPK and PI3K/Akt/eNOS.?

Moreover, it was demonstrated that garlic usage in the
diet is strongly associated with cardiovascular injury and
ischemic insult. Cardioprotective effect of garlic has been
attributed to the antioxidant activities,' AMPK-regulated
AKT/GSK-3B/HIF-1a pathway,*? and Akt-eNOS signaling
pathways.® However, it’s fully mechanisms is still in
debate.

In this study, we identified that garlic treatment
increased angiogenesis and miR-126 expression in the rat
myocardium. Ejaz et al indicated that the ameliorated effect
of aged garlic solution on wound healing was mediated by

neovascularization.** Also, garlic consumption increased
angiogenesis in human endothelial progenitor cells
contribute to protecting effect against ischemic injuries
by suppressing the expression of miR-221.% Studies
reported that garlic extract induced angiogenesis partly
by up-regulation of neovasculogenic c-kit protein level
and augmentation of the PI3-K/Akt/NF-«kB signaling
pathways,® which affects e-NOS activation and NO
generation.” Additionally, garlic may serve as a donor
of hydrogen sulfide enzyme which has recently been
recognized as an angiogenesis regulator.’ In turn, it was
revealed that hydrogen sulfide could up-regulate miR-126
gene expression in various tissues.”

Therefore, it may be logical to suggest that increased
hydrogen sulfide and corresponding increased miR-
126 in garlic-treated rats might be one of the possible
mechanisms of garlic-mediated increased angiogenesis.

miR-210 has been identified as a constant feature of
the hypoxic response in various organs including cardiac
muscle. Also, miR-210 modulates VEGF expression by
targeting hypoxia-inducible factor 1-a (HIF-1a) leading
to angiogenesis response via its target gene Ephrin-A3. It
has been shown that myocardial angiogenesis enhanced
via the up-regulation of miR-210 and VEGF in acute
myocardial infarction following Huoxue Anxin Recipe.®

Recently it was demonstrated that plasma levels of
miR-210 down-regulated in chronic kidney disease in
response to acute exercise.” On the contrary, various
studies have demonstrated that miR-210 was not affected
due to acute, exhaustive exercise, continuous aerobic
exercise training,**° and swimming?® in the heart tissue.
Also, in this regard, circulating miR-210 was reduced
following 3-months basketball training in competitive
male basketball champions.' Despite the inconsistencies,
in the current study, we showed that both garlic and
voluntary exercise and their combination increased
myocardial miR-210 level. It was indicated that exercise
exerts local hypoxic conditions in the heart tissue leading
to angiogenesis in a HIF-1a dependent manner. In line, it
was reported that low Vo2max following exercise activity
significantly increased miR-210 expression.*!

Also, garlic protects the heart in ischemia-reperfusion
injury in part by HIF-la activation.®> Therefore,
considering the above information, garlic can up-regulate
the expression of miR-210 in the myocardium resulted in
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the angiogenesis process mediated by HIF-1a activation.

Angiogenesis impaired probably in order to
dyslipidemia, which even happens in healthy people.
It was possibly mediated through inhibition of eNOS
activity because of the alteration of LXRa gene expression
in some tissues including the liver and intestine
augmentation of NADPH molecules causing impaired
angiogenesis.”** Also, dyslipidemia reduced levels of
circulating miR-126.% On the other hand, it was reported
that exercise training ameliorated HDL-induced miR-126
expression.** In the present study, intervention with garlic
and voluntary raining alone or together with improved
lipid profile in serum of healthy rats, that is in line with
previous investigations.'>* Also, the combined effect of
garlic and voluntary training increased HDL/LDL in an
additive manner, which used clinically for predicting the
risk of cardiovascular disease.** Based on the mentioned
points, garlic and exercise training have possibly regulated
angiogenesis in the myocardium through modulation of
serum lipid profile and pro-angiogenic miRs expression. In
relevance to our study limitation, we did not measure the
other molecular mechanisms taking part in angiogenesis.
Further studies are warranted to evaluate these effects in
the future.

Conclusion

In conclusion, the present study indicated that garlic and
voluntary training enhanced myocardial angiogenesis,
accompanied by increased expression of miR-126 and
miR-210, and also improved serum lipid profile. Thus,
garlic and voluntary exercise alone and in combination
have been confirmed not only as a way to maintain a
healthy lifestyle but also as a powerful and safe non-
pharmacological recommendation for prevention of
vascular disturbances.

Competing interests
None declared.

Acknowledgements

This article is a part of Doctoral thesis submitted by
Roya Naderi, from Drug Applied Research Center, Tabriz
University of Medical Sciences.

Ethical approval

This study was approved by the Ethics board on Animal
Experiments of the Tabriz University of Medical Sciences
with the protocol number 91.4-2.4.

Funding

This study was supported by Drug Applied Research
Centre, Tabriz University of Medical Sciences, Tabriz,
Iran.

References
1. Al-Quraishy S, Delic D, Sies H, Wunderlich F, Abdel-Baki

10.

11.

12.

13.

14.

AA, Dkhil MA. Differential miRNA expression in the
mouse jejunum during garlic treatment of Eimeria papillata
infections. Parasitol Res 2011; 109: 387-394. doi:10.1007/
s00436-011-2266-y

Fernandes T, Barauna VG, Negrao CE, Phillips MI, Oliveira
EM. Aerobic exercise training promotes physiological
cardiac remodeling involving a set of microRNAs. Am
J Physiol Heart Circ Physiol 2015; 309: H543-552.
doi:10.1152/ajpheart.00899.2014

D. A. Silva ND J, Fernandes T, Soci UP, Monteiro AW,
Phillips MI, EM DEO. Swimming training in rats increases
cardiac MicroRNA-126 expression and angiogenesis.
Med Sci Sports Exerc 2012; 44: 1453-1462. doi:10.1249/
MSS.0b013e31824e8a36

Fish JE, Srivastava D. MicroRNAs: opening a new vein in
angiogenesis research. Sci Signal 2009; 2: pel. doi:10.1126/
scisignal.252pel

Chan YC, Banerjee ], Choi SY, Sen CK. miR-210: the
master hypoxamir. Microcirculation 2012; 19: 215-223.
doi:10.1111/j.1549-8719.2011.00154.x

Panda D, Dehury B, Sahu ], Barooah M, Sen P, Modi MK.
Computational identification and characterization of
conserved miRNAs and their target genes in garlic (Allium
sativum L.) expressed sequence tags. Gene 2014; 537: 333-
342. doi:10.1016/j.gene.2014.01.010

Sener G, Sakarcan A, Yegen BC. Role of garlic in the
prevention of ischemia-reperfusion injury. Mol Nutr Food
Res 2007; 51: 1345-1352. doi:10.1002/mnfr.200700078
Chiang EP, Chiu SC, Pai MH, Wang YC, Wang FY,
Kuo YH, et al. Organosulfur garlic compounds induce
neovasculogenesis in human endothelial progenitor cells
through a modulation of MicroRNA 221 and the PI3-K/Akt
signaling pathways. J Agric Food Chem 2013; 61: 4839-
4849. doi:10.1021/j£304951p

Naderi R, Mohaddes G, Mohammadi M, Alihemmati A,
Khamaneh A, Ghyasi R, et al. The Effect of Garlic and
Voluntary Exercise on Cardiac Angiogenesis in Diabetes:
The Role of MiR-126 and MiR-210. Arq Bras Cardiol 2019;
112: 154-162. d0i:10.5935/abc.20190002

Tag H, Kalita P, Dwivedi P, Das AK, Namsa ND. Herbal
medicines used in the treatment of diabetes mellitus in
Arunachal Himalaya, northeast, India. ] Ethnopharmacol
2012; 141: 786-795. doi:10.1016/j.jep.2012.03.007

Bayan L, Koulivand PH, Gorji A. Garlic: a review of
potential therapeutic effects. Avicenna J Phytomed 2014;
4:1-14.

Matsuura N, Miyamae Y, Yamane K, Nagao Y, Hamada Y,
KawaguchiN, etal. Aged garlic extract inhibits angiogenesis
and proliferation of colorectal carcinoma cells. ] Nutr 2006;
136: 842s-846s. doi:10.1093/jn/136.3.842S

Badalzadeh R, Shaghaghi M, Mohammadi M, Dehghan
G, Mohammadi Z. The effect of cinnamon extract and
long-term aerobic training on heart function, biochemical
alterations and lipid profile following exhaustive exercise in
male rats. Adv Pharm Bull 2014; 4: 515-520. doi:10.5681/
apb.2014.076

Riedel S, Radzanowski S, Bowen TS, Werner S, Erbs S,
Schuler G, et al. Exercise training improves high-density
lipoprotein-mediated transcription of proangiogenic
microRNA in endothelial cells. Eur J Prev Cardiol 2015;
22:899-903. doi:10.1177/2047487314541036

200 | J Cardiovasc Thorac Res, 2020, 12(3), 195-202



Garlic and exercise increase cardiac angiogenesis

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sun X, Zhang M, Sanagawa A, Mori C, Ito S, Iwaki S, et al.
Circulating microRNA-126 in patients with coronary artery
disease: correlation with LDL cholesterol. Thromb J 2012;
10: 16. doi:10.1186/1477-9560-10-16

Shirpoor A, Gaderi R, Naderi R. Ethanol exposure in
prenatal and early postnatal induced cardiac injury in rats:
involvement of oxidative stress, Hsp70, ERK 1/2, JNK,
and apoptosis in a 3-month follow-up study. Cell Stress
Chaperones 2019; 24: 917-926. doi:10.1007/s12192-019-
01015-w

Amini M, Saboory E, Pourheydar B, Bagheri M, Naderi R.
Involvement of endocannabinoid system, inflammation
and apoptosis in diabetes induced liver injury: Role of
5-HT3 receptor antagonist. Int Immunopharmacol 2020;
79:106158. doi:10.1016/j.intimp.2019.106158

Naderi R, Shirpoor A, Samadi M, Pourheydar B, Moslehi
A. Tropisetron improves pancreas function and increases
insulin synthesis and secretion in the STZ-induced diabetic
rats: involvement of UCP2/ZnT8 pathway. J Pharm
Pharmacol 2020. doi:10.1111/jphp.13278

Ghyasi R, Mohaddes G, Naderi R. Combination effect of
voluntary exercise and garlic (Allium sativum) on oxidative
stress, cholesterol level and histopathology of heart tissue
in type 1 diabetic rats. ] Cardiovasc Thorac Res 2019; 11:
61-67. doi:10.15171/jcvtr.2019.10

Gholizadeh-Ghaleh Aziz S, Naderi R, Mahmodian N.
Ameliorative effects of tropisetron on liver injury in
streptozotocin-induced diabetic rats. Arch Physiol
Biochem 2019; 1-6. doi:10.1080/13813455.2019.1640743
Naderi R, Pourheydar B, Ghiasi R, Shafiei F. Modulatory
effect of tropisetron in the liver of streptozotocin-induced
diabetes in rats: biochemical and histological evidence.
Horm Mol Biol Clin Investig 2020. doi:10.1515/
hmbci-2020-0002

Lasser C, Eldh M, Lotvall J. Isolation and characterization
of RNA-containing exosomes. J Vis Exp 2012;(59):e3037.
doi:10.3791/3037

Karimi-Sales E, Alipour MR, Naderi R, Hosseinzadeh E,
Ghiasi R. Protective Effect of Trans-chalcone Against High-
Fat Diet-Induced Pulmonary Inflammation Is Associated
with Changes in miR-146a And pro-Inflammatory
Cytokines Expression in Male Rats. Inflammation 2019;
42:2048-2055. d0i:10.1007/s10753-019-01067-1

Biyashev D, Veliceasa D, Topczewski ], Topczewska JM,
Mizgirev I, Vinokour E, et al. miR-27b controls venous
specification and tip cell fate. Blood 2012; 119: 2679-2687.
doi:10.1182/blood-2011-07-370635

Ghiasi R, Naderi R, Sheervalilou R, Alipour MR. Swimming
training by affecting the pancreatic Sirtuinl (SIRT1) and
oxidative stress, improves insulin sensitivity in diabetic
male rats. Horm Mol Biol Clin Investig 2019; 40(3).
doi:10.1515/hmbci-2019-0011

Fish JE, Santoro MM, Morton SU, Yu S, Yeh RE Wythe JD,
et al. miR-126 regulates angiogenic signaling and vascular
integrity. Dev Cell 2008; 15: 272-284. doi:10.1016/j.
devcel.2008.07.008

Liu Y, Gao G, Yang C, Zhou K, Shen B, Liang H, et al.
The role of circulating microRNA-126 (miR-126): a novel
biomarker for screening prediabetes and newly diagnosed
type 2 diabetes mellitus. Int J Mol Sci 2014; 15: 10567-
10577. doi:10.3390/ijms150610567

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ueki K, Fruman DA, Yballe CM, Fasshauer M, Klein J,
Asano T, et al. Positive and negative roles of p85a and p853
regulatory subunits of phosphoinositide 3-kinase in insulin
signaling. J Biol Chem 2017; 292: 5608. doi:10.1074/jbc.
A117.305602

Wu G, Rana JS, Wykrzykowska ], Du Z, Ke Q, Kang P, et
al. Exercise-induced expression of VEGF and salvation of
myocardium in the early stage of myocardial infarction.
Am ] Physiol Heart Circ Physiol 2009; 296: H389-H395.
doi:10.1152/ajpheart.01393.2007

Leosco D, Rengo G, Iaccarino G, Golino L, Marchese M,
Fortunato F, et al. Exercise promotes angiogenesis and
improves beta-adrenergic receptor signalling in the post-
ischaemic failing rat heart. Cardiovasc Res 2008; 78: 385-
394. do0i:10.1093/cvr/cvm109

Uhlemann M, Mébius-Winkler S, Fikenzer S, Adam J,
Redlich M, Méhlenkamp S, etal. Circulating microRNA-126
increases after different forms of endurance exercise in
healthy adults. Eur J Prev Cardiol 2014; 21: 484-491.
doi:10.1177/2047487312467902

Yu L, Di W, Dong X, Li Z, Xue X, Zhang ], et al. Diallyl
trisulfide exerts cardioprotection against myocardial
ischemia-reperfusion injury in diabetic state, role of AMPK-
mediated AKT/GSK-3B/HIF-la activation. Oncotarget
2017; 8: 74791-74805. doi:10.18632/oncotarget.20422
Hayashida R, Kondo K, Morita S, Unno K, Shintani S,
Shimizu Y, et al. Diallyl Trisulfide Augments Ischemia-
Induced Angiogenesis via an Endothelial Nitric Oxide
Synthase-Dependent Mechanism. Circ J 2017; 81: 870-878.
doi:10.1253/circj.CJ-16-1097

Ejaz S, Chekarova I, Cho JW, Lee SY, Ashraf S, Lim CW.
Effect of aged garlic extract on wound healing: a new
frontier in wound management. Drug Chem Toxicol 2009;
32:191-203. doi:10.1080/01480540902862236

Baggish AL, Hale A, Weiner RB, Lewis GD, Systrom
D, Wang F, et al. Dynamic regulation of circulating
microRNA during acute exhaustive exercise and sustained
aerobic exercise training. J Physiol 2011; 589: 3983-3994.
doi:10.1113/jphysiol.2011.213363

Benavides GA, Squadrito GL, Mills RW, Patel HD, Isbell TS,
Patel RP, et al. Hydrogen sulfide mediates the vasoactivity
of garlic. Proc Natl Acad Sci U S A 2007; 104: 17977-17982.
doi:10.1073/pnas.0705710104

Xue WL, Chen RQ, Zhang QQ, Li XH, Cao L, Li MY, et al.
Hydrogen sulfide rescues high glucose-induced migration
dysfunction in HUVECs by upregulating miR-126-3p. Am
] Physiol Cell Physiol 2020; 318: C857-C869. doi:10.1152/
ajpcell.00406.2019

Wang J, Zhang Y, Liu YM, Guo LL, Wu P, Dong Y, et
al. Huoxue Anxin Recipe () promotes myocardium
angiogenesis of acute myocardial infarction rats by up-
regulating miR-210 and vascular endothelial growth factor.
Chin J Integr Med 2016; 22: 685-690. doi:10.1007/s11655-
016-2508-z

Van Craenenbroeck AH, Ledeganck KJ, Van Ackeren K,
Jiurgens A, Hoymans VY, Fransen E, et al. Plasma levels of
microRNA in chronic kidney disease: patterns in acute and
chronic exercise. Am J Physiol Heart Circ Physiol 2015;
309: H2008-H2016. doi:10.1152/ajpheart.00346.2015
Ramos AE, Lo C, Estephan LE, Tai YY, Tang Y, Zhao J, et
al. Specific circulating microRNAs display dose-dependent

J Cardiovasc Thorac Res, 2020, 12(3), 195-202 | 201



Ghiasi et al

41.

42.

responses to variable intensity and duration of endurance
exercise. Am J Physiol Heart Circ Physiol 2018; 315:
H273-H283. doi:10.1152/ajpheart.00741.2017

Bye A, Rosjo H, Aspenes ST, Condorelli G, Omland T,
Wisleff U. Circulating microRNAs and aerobic fitness--
the HUNT-Study. PLoS One 2013; 8: e57496. doi:10.1371/
journal.pone.0057496

Mohammadi A, Oshaghi EA. Effect of garlic on lipid
profile and expression of LXR alpha in intestine and liver of
hypercholesterolemic mice. J Diabetes Metab Disord 2014;
13:20. doi:10.1186/2251-6581-13-20

43.

44,

Kostrzewa-Nowak D, Nowak R, Jastrzebski Z, Zarebska
A, Bichowska M, Drobnik-Kozakiewicz I, et al. Effect
of 12-week-long aerobic training programme on body
composition, aerobic capacity, complete blood count and
blood lipid profile among young women. Biochem Med
(Zagreb) 2015; 25: 103-113. doi:10.11613/bm.2015.013
Madsen J, Sallis JF, Rupp JW, Senn KL, Patterson TL, Atkins
CJ, et al. Relationship between self-monitoring of diet and
exercise change and subsequent risk factor changes in
children and adults. Patient Educ Couns 1993; 21: 61-69.
doi:10.1016/0738-3991(93)90060-a

202 | J Cardiovasc Thorac Res, 2020, 12(3), 195-202



