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Background. Cardiovascular disease (CVD) contributes critically to the mortality, morbidity, and economic problem of illness
globally. Exercise is a share of everyone’s life. Some evidence-based studies have frequently shown a progressive correlation
between physical activity and good health. Objective. The effects of daily exercise on cardiomyocyte size, collagen content
(fibrosis), and releasing mast cells (MCsʼ) tryptase of the model of myocardial infarction (MI) were assessed. Methods. 40 rats
were coincidentally spread into sham+inertia (control), sham+exercise, infarction+inertia, and infarction+exercise groups. An
experimental model of acute MI was induced in infarction groups. One week after surgery, exercising groups were allowed to an
aerobic exercise program for six weeks. At the endpoint of the study, all examinations were performed. Results. We found lesser
fibrosis in sham+exercise and infarction+exercise groups compared to sham+inertia and infarction+inertia groups, respectively
(p = 0:023, p = 0:001). Also, infarction groups were significantly lower than sham groups (p < 0:05) and the infarction+exercise
group was significantly lower than the infarction+inertia group (p < 0:05). The effect of exercise on MCs while increased MC
density and degranulation occur at the site of fibrosis, we demonstrated that exercise decreases both total MC density and
degranulation in both sham and infarction groups (p < 0:05). Immunohistochemistry examinations were significantly higher
expression of MCsʼ tryptase in infarction groups than sham groups (p < 0:05, p < 0:0001). Conclusion. Exercise improves fibrosis
and cardiac function in both healthy and MI rats by inhibiting released MCsʼ tryptase.

1. Introduction

Cardiovascular diseases (CVDs) continue to be the chief
source of mortality in the USA, in charge of more than
840,000 fatalities in 2016 [1]. More than 30% of CVD-
connected fatalities are ascribed to myocardial infarction
(MI) [2]. The signaling paths that are triggered subsequent
cardiomyocyte death start acute amendatory alterations in
the heart that could be fragmented into first and delayed
steps. The first step includes the substitution of necrotic cells
with fibrotic scar establishment, lengthening of cardiomyo-
cytes, and diminishing of the infarct area [3, 4]. The delayed
step will move forward indeterminately and finally happens
in heart failure [3]. Though fibrosis is a firstly positive course
of healing, continuing addition of collagen fibers conducts to

constant tissue renovation and substantial organ damage [5].
Results of many clinical trials of heart rehabilitation includ-
ing exercise after MI determined that ordinary exercise
(practice) diminishes the danger of global death and CV
death [6]. Mast cells (MC) are natural defensive cells existent
in almost all human organs with crucial actions in allergic ill-
ness and host defense. MC amounts are commonly amplified
at places of fibrosis. They are powerful, local, effector cells
creating intermediaries that control the fibrosis course. The
character of the releasing molecules created by MCs rests
on circumstance signals, and they could be both pro- and
antifibrotic. MC releasing molecules could excite fibroblast
multiplying, suggesting that fibroblasts are the main actors
in fibrosis. One MC creation, the serine protease tryptase, is
recognized to trigger protease-activated receptor 2 (PAR2)

Hindawi
BioMed Research International
Volume 2021, Article ID 5521564, 9 pages
https://doi.org/10.1155/2021/5521564

https://orcid.org/0000-0001-5214-4223
https://orcid.org/0000-0002-1067-4178
https://orcid.org/0000-0002-5796-9184
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5521564


and conduct to multiplying of fibroblasts and induce fibro-
proliferative activities in human fibroblasts [7]. MCs have
been frequently connected to the pathogenesis of fibrosis in
the heart, but these results are debatable [8]. We for the first
time will identify potential roles of MCs and the MCsʼ tryp-
tase in MI under influence of exercise and will provide
opportunities to manipulate MCs to inhibit or reduce dam-
aging fibrosis in the heart. Vital beneficial chances can rise
from a better comprehension of the impact of MCs, with
the capability to majorly change permanent fibrotic courses
in CVDs.

2. Materials and Methods

2.1. Animals and Study Design. All procedures were permit-
ted by the University Board on medical ethics of Lorestan
University of Medical Sciences (LUMS.REC.1396.257). First,
40 adult male Wistar rats were held in a standard animal
home with free access to food and water. Next, they were ran-
domized into sham+inertia (control), sham+exercise, infarc-
tion+inertia, and infarction+exercise groups. After that, an
experimental model of MI was induced in infarction groups.
One week after surgery, exercising groups were allowed to
exercise for six weeks. At the study endpoint (7 weeks after
induction of MI), all examinations were performed.

2.2. Model of Acute Myocardial Infarction. Infarction animals
were submitted to a constant tying of the anterior interven-
tricular artery (AIA). Under profound anesthesia (ketamine
(50mg/kg body wt) and xylazine (5mg/kg body wt)), the
heart was exposed through left thoracotomy in the left 5
intercostal space. In the infarction group, a 9–0 nylon suture
(SUPA, Iran) was positioned around the beginning of AIA,
and the artery was tied. Sham groups abided by the same sur-
gery, excepting that the suture around AIA was not applied.
Next, the heart was replaced with its anatomical location
and the chest instantly sealed [1].

2.3. Exercise Protocol.One week after surgery, rats from exer-
cise groups participated in a training protocol. The exercise
protocol included five sessions of interval running per week
on a treadmill (animal research veterinary treadmill 47300
Ugo Basile, Italy) for 6 following weeks. The running speed
was primarily 10m/min and was gradually increased to 22

m/min to do incremental treadmill exercise tests for 5 days
(equal to 50-90% VO2max). Following the familiarization
period, animals underwent an incremental treadmill exercise
test, whose primary speed was set at 10m/min followed by a
22m/min increase every 3min, until exhaustion (active
recovery at 22m/min, equal to 60-75% VO2max). The ani-
mals performed the exercise test without any encouragement
[2].

2.4. Echocardiography. Echocardiography assessed cardiac
function noninvasively (software: ML750 Power Lab/4sp
AD Instruments GE-Vingmed Ultrasound, USA); the ani-
mals underwent mild anesthesia with 5% isoflurane and were
evaluated by an echo device equipped with a 14-18MHz
heart probe. Echocardiographic parameters were obtained
based on the main axis of the heart. Heart failure with an
ejection fraction < 55% is clear. Calculation of cardiac output
was estimated as ðend − diastolic volume – end − systolic
volumeÞ × heart rate (ml/min) [3] (Table 1).

2.5. Examinations of Cardiomyocyte Diameter, Cardiomyocyte
Hypertrophic Index, Cardiac Fibrosis, and Total MC Density
and Degranulation (Activation). At 1 week after MI, the ani-
mals were sacrificed to collect heart tissue. The body weight
and heart of rats were measured. The hearts were fixed in
10% formalin, then sampled from the border region of myo-
cardium infarction of the left ventricle of each heart. Then, 5
μm thick sections were stainedwith the hematoxylin and eosin
method (H&E) and were examined with stereological (physi-
cal dissector method) and immunohistochemical methods.
The cardiomyocyte diameter (μm) was calculated using Image
J software (NIH, USA) in H&E stained slides. Inclusion mea-
sures for approving cardiomyocytes were as follows: (1) the
cardiomyocytes which had a nucleus, a clear cell boundary,
and around or rectangular shape (length/width ratio < 1:5%).
The cardiomyocyte diameter of 6 cells per each field of 6 fields
(totally 30 cells per each ratʼs heart) was counted. The histo-
logical sections were stained with Van Gieson’s method for
examining fibrosis, and the red-colored zones in the muscular
tissue represented collagen fibers. The degree of cardiac fibro-
sis was calculated through the below formula, using an Image J
software, based on a color histogram [4, 5].

For the MCs, the sections were stained with 1% toluidine
blue. We calculated a total number of (1) intact (total MCs
density, Nv) MCs and (2) degranulated MCs (Nv of degranu-
lated MCs) according to the physical dissector method:

Nv = ∑Q
a/f × h ×〠P, ð2Þ

where “ΣQ” is the count of MCs, “a/f ” is the frame area, “h”
is the height of the dissector, and “ΣP” is the number of
frames counted in all of the fields. Next, we calculated the
total count of MCs (N) in each rat:

N = numerical density NVð Þ × total volume Vð Þ: ð3Þ

Percentage of fibrosis area = the fibrosis connective tissueð Þ surface area μm2� �
/total area of the cardiomyocytes μmð Þ × 100:

ð1Þ
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Degranulated MCs were diagnosed by released granules.
The presence of degranulation allowed us to discriminate
between intact and activated MCs, which represent two types
of MC. Inactivated MCs have an intact cell membrane with-
out any granules. Inactivated MCs (degranulated MC), they
released some granules.

2.6. Immunohistochemistry Analyses. Immunohistochemis-
try analysis was performed as previously described. Briefly,
anti-MC tryptase antibody (AA1) (ab2378, Abcam, USA)
and rabbit anti-mouse IgG-TRITC (Santa Cruz, USA) were
used to detect positive tryptase MCs in the hearts. The sec-
tions were observed using fluorescence microscopy [4]. The
Image J software was used for quantitative analysis of cell
density of the tryptase-positive MCs. Four sections from four
rats in each group were examined. Besides, probable densities
of the fluorescent protein including low expression and high
expression of positive tryptase MCs in each section were cal-
culated as a percentage of the immunopositivity through the
following formula [5]:

Percentage of immunopositivity = selected pixels × 100
total pixels :

ð4Þ

2.7. Statistical Analysis. The data are presented as the
mean ± standard error of the mean (SEM), and they were
examined by using a 3-way analysis of variance (ANOVA),
followed by the Tukey test. A p value < 0.05 was statistically
significant. Relationships among variables were analyzed by
linear regression and Pearson correlation coefficient methods.

3. Results

3.1. Echocardiographic and Anatomical Data. All rats toler-
ated surgery, and there was no infection or exudate at the site

of surgery. Table 1 shows themean ± SEM of anatomical data
in the studied groups. There were no significant differences in
systolic and diastolic blood pressures among the studied
groups. We observed significant differences in heart weight,
body weight, and the ratio of heart weight to body weight,
and cardiomyocyte diameter among studied groups. Cardio-
myocyte diameter of infarction groups was significantly
higher than sham groups (p < 0:05). At the same time,
the cardiomyocyte diameter of the infarction+exercise
group was significantly lower than the infarction+inertia
group (p < 0:05).

3.2. Effect of Exercise on Cardiac Fibrosis. Figure 1(a) shows
histological slides of cardiac fibrosis in (i) sham+inertia, (ii)
sham+exercise, (iii) infarction+inertia, and (iiii) infarction
+exercise groups which stained with Van Gieson’s staining
method. Figure 1(b) represents significant decreases in car-
diac fibrosis of exercise groups, compared to inertia groups.
In detail, the Tukey test showed significant decreases in car-
diac fibrosis of sham+exercise and infarction+exercise
groups, compared to sham+inertia and infarction+inertia
groups (p = 0:0001, p = 0:004).

3.3. Effect of Exercise on the Total MC Density and
Degranulated MCs. Figure 2(a) shows histological slides of
MCs in sham+inertia, sham+exercise, infarction+inertia,
infarction+exercise, and infarction groups. Figure 2(b) shows
mean ± SEM of total MC density and degranulated MCs of
studied groups compared with three-way ANOVA and
Tukey tests. While myocardial infarction significantly
increased total and activity MC density, exercise significantly
decreased the activity of mast cells in all groups (except
infarction+inertia) that were trained in exercise. In detail,
the infarction+inertia group significantly increased total
MC density compared to sham+inertia and infarction+exer-
cise groups (Tukey test, p = 0:009, p = 0:024). The infarction

Table 1: Echocardiographic and anatomical data of the 4 experimental groups at the end of the protocol.

Groups & number of rats⟶
Sham+inertia Sham+exercise Infarction+inertia Infarction+exercise

Parameters↓

N 10 9 8 10

Heart rate (bpm) 335 ± 7 332 ± 26 325 ± 17 332 ± 9
Fractional shortening (%) 51:0 ± 2:2 48:5 ± 1 23:7 ± 2:7∗∗∗ 20:8 ± 2∗∗∗

Ejection fraction (%) 83:6 ± 1:7 72:0 ± 2:1 32:3 ± 2:1∗∗∗ 39:5 ± 4:2∗∗∗

Interventricular septum in diastole (mm) 1:8 ± 0:1 1:7 ± 0:1 1:1 ± 0:1∗∗∗ 1 ± 0:1∗∗∗

Left ventricular internal diameter in diastole (mm) 8:36 ± 0:1 8:3 ± 0:1 9 ± 0:3∗ 10:9 ± 0:2∗∗∗

Systolic blood pressure (mmHg) 125 ± 4 120 ± 5 123 ± 2 125 ± 3
Diastolic blood pressure (mmHg) 80 ± 3 80 ± 1 81 ± 2 80 ± 1
Heart weight (g) 1:44 ± 0:01 1:75 ± 0:03∗ 1:53 ± 0:04 1:60 ± 0:01∗

Body weight (g) 296 ± 12 326 ± 15∗ 351 ± 13∗ 352 ± 17∗

Heart weight/body weight 0:48 ± 0:01 0:55 ± 0:01∗ 0:43 ± 0:01∗ 0:45 ± 0:02∗

Cardiomyocyte diameter (μm) 23 ± 2 38 ± 3∗ 59 ± 2∗ 43 ± 2∗

Values are means ± SE. Sham+inertia, sham+exercise, infarction+inertia, and infarction+exercise groups ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001 vs. sham by
3-way ANOVA, and Tukey tests.
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+exercise group significantly increased MC cell density com-
pared to sham+inertia (Tukey test, p = 0:009). Sham+inertia
significantly increased total number MC density compared
to the sham+exercise group (Tukey test, p = 0:0063). Acti-
vated (degranulated) MCs were significantly higher in infarc-
tion+intertia than sham+inertia, and infarction+exercise
groups (Tukey test, p = 0:004, p = 0:011). Sham+exercise
and infarction+exercise groups significantly increased degra-

nulated MCs in comparison with sham+inertia groups
(Tukey test, both p = 0:001).

3.4. Relationships between Cardiomyocyte Size and MCs.
Figure 3(a) shows histological slides of cardiomyocytes in
sham+inertia, sham+exercise, infarction+inertia, and infarc-
tion+exercise groups stained with the H&E method. (b)
shows correlation between cardiomyocyte diameter and total
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Figure 1: (a) Shows histological slides of cardiac fibrosis in (i) sham+inertia, (ii) sham+exercise, (iii) infarction+inertia, and (iiii) infarction
+exercise groups which stained with Van Gieson’s staining method. In (b), percentage of cardiac fibrosis in studied groups is expressed as the
mean ± SEM and compared with 3-way ANOVA and Tukey tests; ∗p < 0:05 and ∗∗∗p < 0:001.
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Figure 2: (a) Shows histological slides of mast cells in (i) sham+inertia, (ii) sham+exercise, (iii) infarction+inertia, and (iv) infarction
+exercise groups stained with toluidine blue staining method. (b) and (c) show mean ± SEM of total mast cell density, and degranulation
of studied groups compared with 3-way ANOVA, and Tukey tests. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗∗p < 0:0001.
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MC density. (c) shows correlation between cardiomyocyte
diameter and MC degranulation. Both graphs in (b) and (c)
suggest that due to exercise, cardiomyocyte diameter is
inversely associated with total MC density and degranula-
tion, and there were strong correlations for both cases
(r2 = 0:555:8, p < 0:0001; r2 = 0:6150, p < 0:0001, respec-
tively). Moreover, the relationships of cardiomyocyte diame-
ter due toMC degranulation (Figure 3(c)) were direct but less
correlated (r2 = 0:1634, p = 0:0423 in total density; r2 =
0:1367, p = 0:0312 in degranulation). These results revealed
the opposite role of MCs in physiological-induced (sham)
and pathological-induced (infarction) cardiac hypertrophy.

3.5. Relationships between Cardiac Fibrosis and MCs.
Figure 4(a) shows correlations between the percentage of
cardiac fibrosis and total MC density. Figure 4(b) shows
correlations between the percentage of cardiac fibrosis and
MC degranulation.

3.6. Findings of Immunohistochemistry Examination. Tryp-
tase-positive MCs of sham+inertia and sham+exercise versus

infarction+inertia and infarction+exercise groups expressed
fewer tryptase (p = 0:0208). Also, MCs of sham+inertia and
infarction+inertia versus sham+exercise and infarction
+exercise groups expressed higher tryptase (p = 0:0001). As
shown in Figure 5, many tryptase-positive MCs were
observed in the infarction groups. In contrast, the expression
of tryptase-positive MCs was less in the sham group
(Figure 5). Table 2 shows the distribution of low expression
and high expression tryptase-positive MCs in the studied
groups. Low expression and high expression tryptase-
positive MCs of sham groups were significantly lower com-
pared to infarction groups (p = 0:0208). Also, low expression
and high expression tryptase-positive MCs of inertia groups
were significantly higher than exercise groups (p = 0:0001).

4. Discussion

Briefly, in terms of the effect of exercise on cardiac fibrosis,
we found lesser fibrosis in sham+exercise and infarction
+exercise groups compared to sham+inertia and infarction
+inertia groups, respectively (p = 0:023 and p = 0:001)
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Figure 3: (a) Shows histological slides of cardiomyocytes of (i) sham+inertia, (ii) sham+exercise, (iii) infarction+inertia, and (iv) infarction
+exercise groups stained with hematoxylin and eosin method. Black arrow demonstrated cardiomyocyte disarray. (b) Shows correlations
between cardiomyocyte diameter and total MC density. (c) Shows a correlation between cardiomyocyte diameter and MC degranulation.
The solid line is the line of finest fit on linear regression, and the dotted lines represent the 95% confidence. Linear regression analysis indicated
an opposed correlation between the cardiomyocyte diameter and total MC density and degranulation from exercise training-induced
cardiac hypertrophy.
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Figure 4: (a) Shows correlations between cardiac fibrosis and total mast cell density. (b) Shows correlations between cardiac fibrosis value and
mast cell degranulation. The solid line represents the best fit of linear regression in sham groups, while the dotted line shows the best fit of
linear regression in infarction groups. Linear regression is presented by solid line and indicated the direct relationship of the cardiac
fibrosis value and total MC density and degranulated MC in the sham groups (r2 = 0:1706 and r2 = 0:1847, respectively). But there was no
correlation in the infarction groups (r2 = 0:10112 and r2 = 0:03386).
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Figure 5: (a) Shows immunofluorescence micrographs of tryptase-positive mast cells in (i) sham+inertia, (ii) sham+exercise, (iii) infarction
+inertia, and (iv) infarction+exercise groups. (b) Shows mean ± SEM of tryptase-positive mast cells in the studied group compared 3-way
ANOVA, and Tukey tests; ∗p < 0:05 and ∗∗∗∗p < 0:0001.
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(Figure 1). In the case of the effect of exercise on cardiomyo-
cyte diameter, we observed cardiomyocyte diameter of
infarction groups was significantly higher than sham groups
(p < 0:05). At the same time, cardiomyocyte diameter of the
infarction+exercise group was remarkably lesser than the
infarction+inertia group (p < 0:05).

Regarding the effect of exercise on the total MC density
and degranulation, while increased total MC density and
degranulation occur at the site of fibrosis, we demonstrated
aerobic exercise decreases both total MC density and degran-
ulation in both sham and infarction groups (p < 0:05).
Analysis of immunohistochemistry examination showed that
there were significantly higher expressions of MCsʼ tryptase
in infarction (inertia and exercise) groups than sham (inertia
and exercise) groups (p < 0:05, p < 0:0001). Our regression
analysis revealed the contradictory role of MCs in
physiological-induced (sham) and pathological-induced
(infarction) cardiac hypertrophy.

Despite advancements in the cure of MI in the previous
years, occurrence and hospitalization rates are still growing
[4]. Probes have collectively exposed that systematic practice
is positive for the CV organ in adult, aged, normal, and
unhealthy peoples. Therefore, practice has been suggested
globally for CVD inhibition and cure. Though the advantages
of practice are apparent, comprehension of the molecular
causes that coordinate these impacts continues lacking and
has been a subject of extreme investigation in current years
[5]. MI is routinely connected with heart renovation (remod-
eling). Cardiac renovation is characterized as a collection of
molecular, cellular, and interstitial alterations that are dem-
onstrated in a clinical setting as alterations in extent, bulk,
geometry, and role of the heart after damage. The course hap-
pens in a weak prognosis through its link with ventricular
malfunction and diseased arrhythmias [6]. Here, inflamma-
tion and fibrosis are assumed to play fundamental actions.
Throughout heart inflammation, immunity cells enter the
heart and control tissue-damaging replies [7]. While proof
shows that heart inflammation and fibrosis are probably
reversible in animal models and medical settings, they are
exciting goals for new heart failure management protocols.
On this basis, animal models are vital as they simulate the

medical settings of patients’ cardiac MI [7]. The exact con-
nection between inflammation and fibrosis continues to be
ambiguous, but it seems that immune cells could encourage
fibrosis by secreting fibrogenic elements. Nevertheless, bene-
ficial methods aiming at inflammatory cells have yet been
unsuccessful to change illness pathogenesis. A novel cell to
meet search attention in fibrosis is the MC [8]. MCs dis-
charge tryptase with proinflammatory properties, in reply
to numerous signals [9]. MC maturing, phenotype, and
action are a straight result of the native milieu and reply to
numerous provocations over the secretion of a range of bio-
logically dynamic intermediates. These characteristics enable
MCs to play as both initial responders in damaging condi-
tions as well as to reply to alterations in their milieu by con-
necting with various other cells. Thus, the censorious
function of MCs, in both innate and adaptive immunity,
has obtained amplified importance. On the other hand,
MCs are contemplated as the key trespassers in numerous
dysfunctions, autoimmune [10], and inflammatory diseases,
including CV and metabolic illnesses and their related diffi-
culties [11]. MCs exert their functional and pathological
actions by discharging granules containing histamine, cyto-
kines, chemokines, and proteases, including MCsʼ tryptases.
Accordingly, since tryptase contributes to the pathogenesis
of diabetes and its complexities, aiming MCs as a new rem-
edy for diabetes needs more investigations [12]. In this con-
text, it has been reported that the increased numbers of
total MC density and degranulation in diabetic animals neg-
atively affected the potentiometric properties of their skin
wounds [13–15]. Recently, Wygrecka et al. have suggested
that MCs might provide to the fibrotic course by encouraging
local fibroblasts in the lung, therefore leading to the patho-
genesis of the illness [16]. MCs have been frequently involved
in the pathogenesis of heart fibrosis; however, these results
are arguable [17]. Numerous animal probes have shown a
shielding action for MCs. MC-deficient mice have been
stated to have weaker results after coronary artery ligation
and improved heart task upon MC reorganization [18]. On
the contrary, MCs have also been incriminated as the main
operators of fibrosis. MC stabilization throughout a hyper-
tension animal simulation and an atrial fibrillation mouse
simulation recovered related fibrosis [19]. Besides, cumula-
tive data shows that stress deteriorates or advances coronary
artery disease (CAD) by way of encouraging coronary MC,
resulting in native inflammation. This impact might be more
marked in sufferers with atherosclerosis or throughout acute
MC degranulation by allergic or nonallergic activators.
Merging anti-inflammatory and MC prohibiting modalities,
as well as decrease of atherosclerosis and stress, might be a
new cure approach [20].

Systematic practice partially decreases the danger of
CVDs, since practice induces anti-inflammatory impacts.
This impact might be partially mediated by stimulation of
an anti-inflammatory milieu [21]. Accordingly, in terms of
the impact of the practice on the total MC density and
degranulation, while increased total MC density and degran-
ulation occurs at the site of fibrosis, we demonstrated that
aerobic exercise decreases both total MC density and degran-
ulation in both sham and infarction groups (Figure 2).

Table 2: Mean ± SEM of low expression and high expression
tryptase-positive mast cells of studied groups compared by 3-way
ANOVA and Tukey tests.

Groups
Mean ± SEM (low

expression of tryptase)
Mean ± SEM (high

expression of tryptase)

A. Sham
+inertia

10:822 ± 0:41587 13:146 ± 0:33161

B. Sham
+exercise

9:073 ± 0:34306 12:6 ± 0:33012

C. Infarction
+inertia

13:146 ± 0:33161 14:52 ± 0:41

D. Infarction
+exercise

12:6 ± 0:33012 13:38 ± 0:29

There were significant differences between A and B groups and C and D
groups (p = 0:020). There were also significant differences between A and
C groups and B and D groups (p = 0:001).
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On the other hand, Gleeson et al. reported that releasing of
interleukin-6 (IL-6) from muscles under influence of exercise
finally leads to a reduction of proinflammatory cytokine pro-
duction, such as tryptase from MCs. In detail, Gleeson et al.
explained that releasing of IL-6 from muscles into the circula-
tion leads to an increase in circulating level of IL-10 and IL-1
receptor antagonist. A high level of IL-10-secreting regulatory
T cells downregulates Toll-like receptor expression on mono-
cytes and inhibits downstream responses and reduces proin-
flammatory cytokine creation, such as tryptase from MCs
[21]. In the line with Gleeson et al.’s study, analysis of immu-
nohistochemistry examination of the current study showed
that there were significantly higher expressions of MCsʼ tryp-
tase in infarction groups than sham groups. Moreover, there
were significantly lesser expressions of MCsʼ tryptase in the
infarction+exercise group than in the infarction+inertia group.
Accordingly, low expression and high expression tryptase-
positive MCs of sham groups were significantly lower com-
pared to infarction groups (p = 0:0208). Also, low expression
and high expression tryptase-positive MCs of inertia groups
were significantly higher than exercise groups (p = 0:0001,
Figure 5, Table 2). We found more tryptase in infarction
groups, compared to sham groups. MC tryptase creates the
active profibrotic structure of transforming growth factor-
beta 1 (TGF-β1) from hidden structures secreted by MCs
throughout activation, along with what is existing in the micro
milieu [22]. TGF-β1 is key in fibrosis over encouragement of
fibroblast activation, myofibroblast differentiation, and colla-
gen production [7]. MCsʼ tryptase could directly prompt these
activities on fibroblasts individualistically of TGF-β1 [23].

Wisløff et al. reported that aerobic durability exercise
reduces the ventricular and myocyte hypertrophy and increases
contractility in an animalmodel afterMI [24]. Similar toWisløff
et al.’s findings, we observed that exercise increased cardiomyo-
cyte size in the physiological range in both sham+exercise and
infarction+exercise groups (Table 1). Moreover, in infarction
groups, exercise significantly decreased the cardiomyocyte size
of the exercise group compared to the inertia group.

We concluded that exercise improves cardiac function in
both healthy rats and rats suffering from MI.

Lasting practice provokes renovation of the heart contain-
ing development and adaptive molecular and cellular repro-
gramming. Comparing the molecular and cellular basis of
physiologic (sham groups of the current study) and pathologic
(infarction groups of the current study) cardiac development
has revealed phenotype-particular signaling paths and tran-
scriptional controlling programs [25]. Probes recommend
which practice paths presumably neutralize pathological
paths, and practice is frequently suggested for sufferers with
chronic stable heart failure or following MI [26]. Durability
exercise creates the development of cardiomyocyte size with
conserving contractile task. Importantly, exercise also neutral-
izes pathologic signaling in the situation of heart failure or
offers heart protection from ischemic abuse [27].

5. Conclusion

Our conclusions are in rats who suffer from MI, aerobic
exercise by inhibiting total MC density and degranulation,

decreases MCsʼ tryptases and cardiac fibrosis, and improves
cardiac function. Also, while there was increased total MC
density, we could observe increased MCsʼ tryptases and
cardiac fibrosis. Our regression analysis demonstrated the
opposed actions of MCs in physiological-induced (sham)
and pathological-induced (infarction) cardiac hypertrophy.
Exercise improves cardiac function in both healthy rats and
rats suffering from MI. A better understanding of MC roles
and activities using MC stabilizers in rats suffering from MI
under influence of aerobic exercise is needed to move
forward in this field.
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