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was incubated with an ECL Western blotting system and
exposed to X-ray film. Band density analysis was performed
by image j software. Since β-actin is a component of pro-
teins whose expression is constant in the cell [26], the anti-
body of this protein was used to eliminate the error of
loading the equal amounts of protein in the wells.

Statistical analysis
In the present study, the Shapiro-Wilk test was used to
determine the normal distribution of data and one-way
ANOVA and Tukey tests were used for data analysis.
Statistical analysis was performed using SPSS software.

All values were presented as means ± SD and P < 0.05
was considered statistically significant.

Results
Serum markers of cellular injury and confirmation of
necrosis and fibrous
As shown in Fig. 2, the results of this study showed a
significant increase in LDH, CKMB, CK total and
troponin-T following 2 weeks of HIIT and infarction
(P < 0.001). Tukey’s post hoc test showed that induction
of infarction significantly increased these factors in the
MI group and HIIT+MI group compared to control and
HIIT groups (P < 0.001). Also, the results showed that

Fig. 1 The steps of the graded and exhaustion exercise test in order to evaluate of endurance capacity

Fig. 2 Cell injury markers in experimental groups. Results were presented as means ± SD. a: Blood levels of creatine kinase total (CKtotal ), b:
blood levels of lactate dehydrogenase (LDH), c: Blood levels of troponin T (cTI), d: Blood levels of creatine kinase (CK.). * p < 0.001 compared to
the control; # p < 0.05 compared to the HIIT, and @ p < 0.001 compared to the HIIT+MI
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the exercise training does not increase these cell injury
indices in the HIIT+MI group than in the MI group,
which indicates the cardioprotection effect of the exer-
cise training. There is also a significant difference in the
LDH enzyme between the training group and the con-
trol group (p = 0.042).
Mason’s trichrome staining (Fig. 3) and Hematoxylin

and Eosin (H&E) staining results (Fig. 4) was shown the
amount of fibrosis and necrosis in the heart tissue and
can confirm the protective effect of exercise training
against infarction.

Protein expression
The results of western blot analysis showed that the G-CSF
protein had a significant increase after 2 weeks of HIIT and
MI (Fig. 5a). Tukey’s post hoc test showed that this protein
in the MI group had a significant increase compared to the
HIIT (P < 0.001), HIIT+MI (P = 0.042) and control (P <
0.001) groups. Moreover, there was a significant increase in
the HIIT (P = 0.019) and HIIT+MI (P < 0.001) groups com-
pared to the control group. Also, there was a significant dif-
ference between HIIT+MI and HIIT (P = 0.016).
The expression of the G-CSFR was also assessed in

four groups using the western blot technique. The result
in Fig. 5b shows that the amount of this protein in the
MI group has a significant increase compared to the

control (P < 0.001) and HIIT (P < 0.001) groups. Also
HIIT+MI group has a significant increase compared to
the control (P = 0.001) and HIIT (P = 0.004) groups.
The value of C-kit protein in the HIIT and HIIT+MI

groups showed a significant increase compared to the
control group (P < 0.001). Quantitative results are also
seen in Fig. 5c. Also, the C-Kit protein content in the
MI group was significantly higher than other groups
(P < 0.001).

Endurance capacity
The results of this study showed that 2 weeks of High-
intensity interval training significantly increased (P <
0.001) endurance capacity in the two trained groups,
which represents the effect of this duration and type of
exercise on the endurance capacity in rats. The running
distance in the control group was 735 m and the time
was 41.5 min at the beginning of the training, which
after 2 weeks was 945m and its time to 48.95 min. Also,
the running distance in the MI group changed from 774
m to 976 m and its time changed from 42.75 to 52.85,
but the running distance in the training group at the be-
ginning of the training was 760 m and the time was
41.86 min, but after 2 weeks of training, the distance
changed to 3400m and the time to 182.75 min. In the
HIIT+MI group, running distance changed from 723 to

Fig. 3 The amount of fibrosis in the heart tissue in (a) control group, b HIIT group, c MI group, and (d) HIIT+MI group. The green color represents
the amount of tissue fibrosis (× 40 magnification)
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3324 m and the time from 40.2 to 170.25 min. These re-
sults are summarized in Table 2.

Discussion
Pathological results of the present study showed that in-
jection of isoprenaline causes severe tissue injury to the
heart. As shown in Fig. 4, in the MI group, severe patho-
logical changes were created, including edema, neutro-
phil accumulation, separation of fibers, hemorrhage, and
collagen formation in the heart tissue. These findings
were similar to the results of Farvin et al. (2010) and
Tofighi et al. (2016) studies [27, 28]. LDH, CKMB,
CKtotal and troponin-T levels in the MI group increased
more than the other three groups, indicating a higher
degree of injury in this group. The results of this study
were consistent with some studies [29–31]. In the
present study, it was shown that the level of G-CSF pro-
tein and its receptor) G-CSFR) and C-kit in the heart tis-
sue significantly increased in the MI group. Under
normal conditions, the amount of stem cells and stem
cell mobilizations factors are negligible, but it has been
reported that their amounts or activity gets high imme-
diately after ischemia and heart damage, as a body’s in-
herent protective mechanism [32]. Increasing these
factors improves left ventricular function after injury.
Possible mechanisms of this event can be attributed to
the repair of the heart tissue by the process of

vasculogenesis and angiogenesis [33], reduction of car-
diac remodeling [34], and triggering of paracrine mecha-
nisms for repairing damaged myocytes and antiapoptotic
and antifibrotic signalings [6, 33].
Stem cells and factors requirement of these cells such

as G-CSF, SDF, C-kit is one of the signaling pathways of
exercise-induced cardiac hypertrophy. The levels of G-
CSF and its receptor in various tissues are negligible [8],
but the concentration of these factors changes in differ-
ent physiological conditions, such as ischemia and exer-
cise- induced hypoxia [10, 11]. Baker et al. showed a
significant increase in skeletal muscle G-CSF and stem
cell after endurance training [14]. The results of Baker
et al. study are similar to the present study, which inves-
tigated the effect of HIIT on tissue G-CSF concentra-
tions. C-kit in the heart tissue significantly increased in
the MI group versus other groups. Increasing the blood
level of G-CSF after exercise training was shown in some
studies, which can increase the release and mobilization
of stem cells from bone marrow and ultimately their mi-
gration to the heart, and the differentiation of these cells
and increase the physiologic hypertrophy of the heart
[35–38].
Another important effect of exercise training is the in-

crease of the protective ability of various tissues, against
probable injuries, such as heart infarction. As the results
of this study showed, the level of heart injury indices

Fig. 4 Necrosis in the heart tissue in (a) control, b HIIT, c MI, and d HIIT+MI groups. Neutrophil accumulation, edema and separation of fibers
(Arrows show) (× 40 magnification)
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