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Abstract

Introduction:
Aging is a major risk factor for gradual structural and functional damage to the heart and is associated
with different changes in angiogenesis and cardiac fibrosis. The present study was conducted to
determine the combined effect of swimming exercise and garlic extract on some of the factors
mediating angiogenesis and cardiac fibrosis in old rats.
Materials and Methods:
A total of 35 old Wistar rats were randomly divided into a control, a saline, an aerobic exercise, a
garlic and an aerobic exercise plus garlic group. The rats were given an exercise regimen of
swimming 60 minutes per day and three days per week for eight weeks. The aerobic exercise and the
aerobic exercise plus garlic groups were treated with 2.5 g/kg of body weight garlic extract. The preand post-intervention levels of Vascular Endothelial Growth Factor (VEGF) and Transforming
Growth Factor beta 1 (TGF-β1) were measured in all the groups. The data obtained were analyzed
using the one-way ANOVA at a significance level of P<0.05.
Results:
The results obtained showed a significant increase in VEGF and a significant reduction in TGF-β1 in
the old rats following eight weeks of swimming, garlic supplementation and their combination
(P<0.05). However, these interventions were not significantly different from each other in the effects
exerted on VEGF and TGF-β1 in the old rats (P>0.05).
Conclusion:
Each of the non-medicinal interventions of either regular exercise, garlic supplementation or their
combination is likely to reduce age-related changes in angiogenesis and cardiac fibrosis through the
positive regulation of VEGF and the reduction of TGF-β1.
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Introduction
Aging is associated with increased
incidence of cardiovascular diseases,
including heart attacks (1) and reduced
ischemia tolerance (2). Disruption of
angiogenesis frequently occurs in old cells
or tissues, such that reduced angiogenesis

in older adults is associated with increased
incidence of myocardial infarction and
other
cardiovascular
diseases
(3),
impairment in structural changes of
vascular networks with ischemic tissues
and reduced recovery in the damaged
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tissue (4, 5). Vascular endothelial growth
factor (VEGF) is the most potent
stimulator for angiogenesis (3) that
stimulates endothelial cell proliferation
and differentiation and increases vascular
permeability.
It
also
mediates
endothelium-dependent vasodilation and
supports vascular survival by inhibiting
vascular endothelial apoptosis (6).
Downregulation of VEGF is considered
one of the important factors in age-induced
angiogenesis damage (4, 5). In cardiac
myocytes, VEGF is decreased with aging
(7). On the other hand, aging of the heart is
associated
with
structural
and
morphological changes which can lead to
decreased cardiac function, left ventricular
hypertrophy (LVH), resulting in heart
failure (8); thus aging plays an important
role in cardiac fibrosis (9). In
cardiovascular system age-dependent
sedimentation and increased collagen in
vessel walls, interstitial space and cardiac
perivascular lead to decreased cardiac and
arterial compliance (8). Transforming
growth factor beta-1 (TGF-β1) is a potent
stimulus for collagen synthesis (10) and
plays
an
important
role
as
a
multifunctional cytokine in cell migration,
proliferation, differentiation, apoptosis and
extracellular matrix protein production
(11). TGF-β signaling pathway is a central
regulator in cardiac fibrogenesis and may
also positively regulate pro-angiogenesis
pathway (9). In addition, TGF-β1 has
hypertrophic effects on the heart and
modulation of inflammatory cell function
(8).
Previous
studies
reported
overexpression of TGF-β1 in the heart of
transgenic
rats
associated
with
hypertrophy and cardiac fibrosis (12) and
also considerable TGF-β1 values and atrial
fibrosis in older rats compared to younger
ones (13), thus, it is essential to find new
ways for reducing fibrosis and increasing
angiogenesis in the cardiac muscle tissue
of older adults (3).
Continuous
aerobic
exercises
are
considered the first treatment line to
reduce the risk of coronary artery disease
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along with aging, such that reduced
stiffness in large elastic arteries is
observed in middle-aged and older adults
who perform regular aerobic exercise
compared to sedentary people (14, 15).
According to researchers, exercise
improves downregulation of angiogenic
signaling cascade in the heart and reduced
capillary density due to aging (4), such
that increased expression of protein and
VEGF mRNA in young exercised mice
(16) and decreased expression of TGF-β1,
carotid artery stiffness in old mice (17) are
observed. However, the effect of
swimming is very limited on factors
affecting the levels of fibrosis and
angiogenesis (TGF-β1 and VEGF) in old
hearts. On the other hand, garlic and its
products have been generally known as a
non-pharmacological method to prevent
and treat cardiovascular diseases (18, 19).
The results of both experimental and
clinical studies suggest that garlic has
favorable effects on cardiovascular system
(20). It has been observed that using garlic
extract is associated with reduced diastolic
dysfunction and cardiac fibrosis (21).
Thus, due to changes of cardiac fibrosis
and angiogenesis processes caused by
aging (4, 5, 8) and supportive role of
exercise (14, 15) and garlic (20, 21)
against cardiovascular diseases and also
reduction of the atherosclerosis risk, the
present study was conducted to examine
the combined effect of regular swimming
and garlic extract on the values of some
growth factors involved in angiogenesis
and cardiac fibrogenesis in old rats.
Materials and Methods
The present experimental study was
conducted with post-test research design
with a control group on 35 adult Wistar
male rats aged 48 to 50 weeks old (over a
year) weighing 250-300 g. Rats were
reared, and after they were moved to the
new environment and were first classified
with 10-gram differences in weight in
different cages. Then, a rat was randomly
selected as a sample and was placed in one
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of the control, saline, aerobic exercise,
garlic and aerobic exercise + garlic groups
(with nearly same weight values) to
determine the experimental and control
groups from the rats in each cage (seven
rats per group). During the study, the rats
were housed in cages made of transparent
polycarbonate with
dimensions
of
42×26.5×15 cm, at the temperature of 22±
2 C, with humidity 55±5% and on a 12 h
light-dark cycle with well ventilation and
freely access to water and food pellets
(produced by Behparvar Karaj). All stages
were conducted with respect to
organizational instructions regarding the
care and use of animals and with the
approval of the Ethics Committee with
License No. 20821404932013 in the
Islamic Azad University, Sari.
Training Protocol
The rats were familiarized with water in
the workout groups a week before the start
of the main protocol for five minutes a
day, five days a week. The main exercise
program was 60 minutes swimming in a
tank specific for rodents, from 10-12 am
three days per week for eight weeks (22).
Five minutes was considered for warming
and cooling the rats before and after
exercise. The water temperature was also
32±2 C. After swimming on each session,
the rats were dried by a hot air flow using
a heater specific for rodents.
Preparation of Garlic Extract
After cleaning and crushing old garlic, it
was kept at normal temperature and
humidity for three months and was
extracted by maceration. For extraction, 50
grams of crushed garlic was mixed with
methanol at a ratio of 1 to 3, and the
solution was filtrated after 24 hours by
filter paper and a Buchner funnel. Then the
filtered solution was distilled in a vacuum
distillation at a temperature of 50 C until
the residual volume reached a fifth of its
initial volume. The resulting solution was
decantated three times with chloroform (50
ml) and was dried in an oven at 50 C.
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Powdered extract was mixed with distilled
water and was gavaged at a rate of 2.5
g/kg bw to supplement and supplement
training groups (23). Saline group was
gavaged by saline with the same values as
the supplement group.
Biopsy and Homogenization
The
rats
were
anesthetized
by
intraperitoneal injection of ketamine (90
mg/kg) and xylazine (10 mg/kg) 72 hours
after the last interventions. After the
thoracic cavity was incised, the cardiac
muscle tissue was carefully separated and
stored at 70 C until laboratory studies.
After the cardiac muscle tissue was
homogenized in phosphate-buffered saline,
the levels of VEGF and TGF-ß1 were
measured by ELISA and special kits with a
sensitivity of less than 5.01 ng/l and 2.1
pg/ml.
Statistical Analysis
Shapiro-Wilk and Levene tests were used
to examine the normality of data
distribution and homogeneity of variances.
The mean data were compared by one-way
analysis of variance and in the case of
significant difference between groups,
Tukey’s test was used to determine the
difference. Statistical analysis was
performed by SPSS-20 at a significance
level of P<0.05.
Results
The results of Shapiro-Wilk and Levene
tests (P=0.485 for VEGF and P=0.417 for
TGF-ß1) implied normal distribution of
data and homogeneity of variances,
respectively. Given calculated F value
(8.955 and 7.539, respectively) from oneway ANOVA, a significant difference was
observed between the mean values of
cardiac VEGF and TGF-ß1 of old rats after
eight weeks. The results of Tukey’s test
also showed that after eight weeks, the
levels of cardiac VEGF were significantly
increased in rats of workout group, garlic
and garlic + exercise (577.14 ± 48.98,
556.00 ± 40.28 and 596.14 ± 36.73 ng/g of
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protein, respectively) compared to the
control group (482.43 ± 55.94 ng/g of
protein) (19.60%, P=0.005, 15.24%,
P=0.041,
and
23.54%,
P=0.001,
respectively; Figure 1).
But, eight weeks of swimming, using
garlic
supplementation
and
the
combination of both
interventions
significantly reduced the values of TGF-ß1
(323.28±48.82, 336.71±38.95 and 305.00±
58.11 pg/mg of protein, respectively)

compared to the control group (406.43±
30.46 pg/mg of protein) in old rats
(20.46%, P=0.011, 17.15%, P=0.043, and
24.95%, P=0.001, respectively; Figure 2).
In addition, no significant difference was
observed between the effects of exercise,
garlic
supplementation
and
the
combination of both interventions on
increased VEGF or decreased TGF-ß1 in
old rats (P>0.05).

Figure 1: Comparison of cardiac VEGF in different research groups
*: Significant difference between control and saline groups. The data is based on the mean and standard
deviation.
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Figure 2: Comparison of TG-ß1 values in different research groups
*: Significant difference between control and saline groups; #: significant difference compared to the saline
group.
The data is based on the mean and standard deviation.
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Discussion
Today, access to information seems
necessary for management of age-induced
structural changes and cardiac dysfunction
(24). In this study, the effect of swimming
aerobic training on the values of VEGF
and TGF-ß1 was examined in old rats’
cardiac muscle tissue. According to the
results, eight weeks of aerobic exercise,
using garlic supplementation and the
combination of both interventions resulted
in a significant decrease in TGF-ß1 and
increase in cardiac VEGF in old rats. The
evidence shows that cardiac fibrosis and
heart muscle stiffness in mice with cardiac
defect of TGF-β1 was reduced suggesting
the effect of TGF-β intervention on the
synthesis of extracellular matrix in the
heart (25). In addition, Ahluwalia et al.
reported that aging is associated with 3.7fold reduction in angiogenesis, 3-fold
reduction in VEGF, 24-month old Fischer
rats F-344 (26). Thus, it seems that
interventions of the present study can have
protective effects on the cardiac muscle
tissue of old rats by reducing cardiac
fibrosis and suppressing possible side
effects, and also increased angiogenesis. In
this regard, Wagatsuma et al. reported
increased levels of VEGF with increasing
hypoxia-inducible factor 1-alpha in the
cardiac muscle tissue of rats trained to
swim after a 9-day period of swimming
(50 minutes daily) (27). Similarly, other
researchers reported a significant increase
in molecular expression and cardiac VEGF
in old rats (23 months old) which was
significantly lower than sedentary young
rats after swimming for eight weeks (4) or
reduction of increased TGF-ß1 in left
ventricle tissue in old rats (31 months old),
after twelve weeks training for 45 minutes
per session, five days a week (28). In
addition, Feliner et al. showed that 10 to
14 weeks of moderate-intensity physical
activity on rotating wheels resulted in
reversing the increased stiffness of carotid
artery in old rats leading to decreased
collagen I and III in the expression of
TGF-β1, while it did not affect young rats
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(17), but no change was reported by other
researchers in myocardial tissue of protein
expression of TGF-β1 in young male
Wistar rats eight weeks after running on a
treadmill (29); a possible cause of this
contradiction may be due to younger
subjects and normal distribution of
myocardial TGF-β1 values. Although, in
the present study, the values of VEGF and
myocardial tissue of TGF-ß1 in old rats
were not compared with young rats, which
is one of the limitations of this research, it
seems that some of the desired effects
caused by research interventions on the
cardiac muscle tissue of old rats can be
moderated through myocardial VEGF and
TGF-ß1 values which can lead to
improved angiogenesis and reduced
myocardial fibrosis.
Although the exact mechanisms of
exercise on regulating myocardial TGF-β1
and VEGF values are not well determined,
the activation of VEGF is mediated by
hypoxia-inducible factor 1-alpha. On the
other hand, it was observed that the
reduction of nuclear transfer in hypoxiainducible factor 1-alpha is likely lead to a
reduction in the activation of VEGF (most
potent stimulation of vascular endothelial
in myocardial microvascular endothelial
cells) and impaired angiogenesis in the old
heart (26). Angiogenesis response to
VEGF is also mediated to some extent by
endothelial nitric oxide synthase, such that
angiogenesis induced by VEGF was
impaired in rats with eNOS _ / _ (30).
VEGF signaling pathway is the largest
stimulating factor for physiological and
pathological angiogenesis and physical
activity leads to an increase in capillary
density, the ratio of capillaries to
myocytes, and increased myocardial
VEGF and its receptor. Increased VEGF
binding to the angiogenic receptor leads to
increased phosphorylation of endothelial
nitric oxide synthase through the activation
of AKT and ultimately increased
angiogenic process in trained old rats (4).
In addition, VEGF also stimulates the
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activation of matrix metalloproteinase-2,
which has an important role in
angiogenesis and can reduce collagen IV
in the basement membrane and abnormal
collagen type I and III (the main
components of cardiac extracellular
matrix) (31). TGF-β may also play an
important role in cardiac fibrosis
associated with aging through induced
differentiation of myofibroblasts and
increased matrix protein synthesis through
cardiac fibroblasts (32). On the other hand,
TGF-β also leads to inhibition and
stimulation of their inhibitors and
myofibroblasts. Metalloproteinase matrix
(MMPs) leads to the destruction of
collagen, while their inhibitors and
myofibroblasts inhibit destruction resulting
in increased collagen synthesis (24). On
the other hand, reactive oxygen species
(ROS) and angiotensin II may lead to the
activation of TGF-β1 signaling pathways
and positive regulation of downstream
fibrogenic effectors in the old heart (33).
Physical activities with increasing shear
stress increase the expression and activity
of endothelial nitric oxide synthase and
moderate the production of nitric oxide.
Exercise may also lead to the moderation
of TGF-β1 and VEGF in cardiac muscle
tissue of old rats by increasing antioxidant
activity, reducing oxidative stress and
inflammation.
Another important finding of this research
was reduced TGF-β1 and increased VEGF
values after using garlic extract that these
effects were significantly higher in the
combined intervention with swimming. In
this regard, Hara et al. showed that the
effect of garlic extract during 18 weeks
leads to improved performance and less
increased left ventricular mass and reduced
interstitial fibrosis in rats sensitive to salt
with a salt-rich diet (21). In reviewing
other additives, Wang et al. reported that
the oral consumption of curcumin is
associated with downregulation of TGF-β1
expression in myocardial infarction (34).
Risi et al. also observed a reduction in
increased TGF-β1 values and cardiac
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oxidative stress after eight weeks of
treatment with tempol in hypertensive rats
(35). Although no study was found on the
effect of garlic extract on the parameters in
the present study, especially in terms of
aging, which is another limitation of this
study, it was well confirmed that garlic
due to phytochemicals, such as S-allyl
mercaptocysteine (SAMC), alliin and
diallyl disulfide is an important source of
antioxidant (36, 37). Cardioprotective
effects of garlic were confirmed in
numerous studies conducted in vitro on
primary myocytes, fibroblasts and cardiac
endothelial cells cultured by reducing the
production of reactive oxygen species and
blocking
reactive
oxygen
species
extracellular
signal-regulated
kinase
dependent on nuclear factor kappa B (NFkB) (37, 38), therefore, it seems that using
garlic extract similar to swimming leads to
increased VEGF and downregulation of
myocardial TGF-ß1 in old rats by reducing
oxidative
stress,
inflammation
or
increasing the antioxidant capacity.
Conclusion
The findings suggest the favorable role of
swimming and using garlic extract in
reduced VEGF and increased TGF-ß1
values and also higher, but insignificant
changes of these variables with a
combination of the two interventions,
therefore,
the
mentioned
nonpharmaceutical interventions may be
useful to prevent increased fibrosis and
reduced cardiac angiogenesis caused by
aging due to increased VEGF and
downregulation of TGF-ß1.
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