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Introduction

Skeletal muscle is the largest organ in the human body 
and it forms more than 30–40% of the total body mass 
in healthy adults. Atrophy is one of the common conse-
quences of diabetes. In people with diabetes, protein 
breakdown increases, and protein synthesis decreases 
[1]. Muscle atrophy of type I and type II fibers has dif-
ferent reactions in people with diabetes. For example, 
type I muscle fibers are more resistant to protein synthe-
sis and degradation than type II muscle fibers. Type II 
muscle fibers have also been shown to be more vulnerable 
to cancer, diabetes, and aging than type I muscle fibers. 
The cause of muscle protein loss in diabetes may be low 
levels of insulin and insulin-like growth factor 1 (IGF-1) 
along with elevated glucocorticoid levels [2–5] because 
insulin is a potent anabolic hormone for protein synthesis 
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Abstract
Purpose  In people with diabetes, one of the problems for patients is muscle wasting and inhibition of the protein synthesis 
pathway. This study aimed to evaluate the effects of HIIT on protein expression in two skeletal muscles, flexor hallucis lon-
gus (FHL) and soleus (SOL) in rats with type 2 diabetes mellitus (T2DM).
Materials and methods  Diabetes initially was induced by streptozotocin (STZ) and nicotinamide. Rats with type 2 diabetes 
were randomly and equally divided into control (n = 6) and HIIT groups (n = 6). After 8 weeks of training, the content of 
total and phosphorylated proteins of serine/threonine-protein kinases (AKT1), mammalian target of rapamycin (mTOR), 
P70 ribosomal protein S6 kinase 1 (P70S6K1), and 4E (eIF4E)-binding protein 1 (4E-BP1) in FHL and SOL muscles were 
measured by Western blotting. While body weight and blood glucose were also controlled.
Results  In the HIIT training group, compared to the control group, a significant increase in the content of AKT1 (0.003) and 
mTOR (0.001) proteins was observed in the FHL muscle. Also, after 8 weeks of HIIT training, protein 4E-BP1 (0.001) was 
increased in SOL muscle. However, there was no significant change in other proteins in FHL and SOL muscle.
Conclusions  In rats with type 2 diabetes appear to HIIT leading to more protein expression of fast-twitch muscles than slow-
twitch muscles. thus likely HIIT exercises can be an important approach to increase protein synthesis and prevent muscle 
atrophy in people with type 2 diabetes.
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[6]. However, insulin concentration should be sufficient 
to activate insulin signaling to enhance muscle protein 
synthesis because the mechanism for protein synthesis in 
skeletal muscle through increased mTORC1 activity is the 
insulin/IGF-1 pathway [7, 8]. Stimulation of muscle cells 
with insulin or IGF-1 activates phosphoinositide-3-kinase 
(PI3K), which results in the production of the phospha-
tidylinositol [3–5]-triphosphate (PIP3) messenger. Then, 
PIP3 in the membrane affects the use of the pyruvate 
dehydrogenase kinase 1 (PDK1). This activity leads to 
phosphorylation and activation of AKT [9]. Activation of 
mTORC1 with AKT is then performed by inactivating the 
tuberous sclerosis complex 1/2 (TSC1/2) [10]. The AKT 
protein directly phosphorylates TSC2 and then activates 
mTORC1 [11]. The role of mTOR is also very important 
in muscle protein synthesis [10]. The major substrates of 
mTORC1 are downstream proteins such as the p70 ribo-
somal S6 kinase (P70S6K1) and 4E binding protein 1 (4E-
BP1) [12], which result in protein synthesis and muscle 
hypertrophy [13]. On the other hand, chronic inhibition of 
the mTOR pathway can also induce diabetes [14], and defi-
ciency in S6K1 protein has been shown to lead to glucose 
intolerance, and a decrease in β cell size [15]. Thus, the 
mTORC1 / S6K1 signaling impairment appears to result in 
increased insulin resistance and T2DM development [16]. 
In skeletal muscle cells, insulin resistance disrupts AKT 
and mTOR signaling, reducing glucose transport across 
the plasma membrane [17].

In contrast, regular physical activity is an effective non-
pharmacological intervention to control and treat diabetes 
and improve insulin sensitivity [18]. There is also a very 
strong correlation between the mechanical load from phys-
ical activity and the mTORC1 activation. The mechani-
cal load to activate mTOR is sufficient and this activation 
can occur from the PI3K-AKT pathway [13]. Therefore, 
mTORC1 is known as a key regulator in the control of 
skeletal muscle mass after contraction and hypertrophy 
due to mechanical load [19]. In this way, it seems regular 
physical activity (PA) can increase the synthesis of proteins 
in the skeletal muscles [20]. Sports activities are strong 
stimulations that can cause changes in signal transduction 
and cellular metabolism that vary depending on the inten-
sity, type, and timing of exercise. Therefore, the selection 
of exercise activities with different conditions (severity, 
type, and time) is important for biochemical and morpho-
logical adaptation in skeletal muscle [21]. Among these, 
an important issue is the volume and intensity of exercises 
[18]. High-Intensity Interval Training (HIIT) is the repeti-
tive levels of short, high-intensity, or near-peak VO2 activ-
ity. A HIIT session may last from a few seconds to a few 
minutes. The various stages of high-intensity training are 
separated by a few minutes of rest or low-intensity activity 

[22]. HIIT is a viable option for controlling and improv-
ing hyperglycemia, body composition, regulating blood 
pressure, and improving lipid profile in people with type 
2 diabetes [23]. HIIT has been reported to lead to changes 
in protein expression associated with protein synthesis and 
skeletal muscle hypertrophy [24]. An exercise study has 
shown that HIIT increases the levels of AKT and P-AKT 
proteins after 8 weeks. While there was no significant dif-
ference between HIIT and control groups in the expression 
of mTOR, P-mTOR, P70S6K, and P-P70S6K. This study 
stated that HIIT increases muscle hypertrophy by improv-
ing the signal transduction pathways [25]. In another study, 
after 3 and 6 weeks of resistance training, no significant 
differences were reported in mTOR, p70S6K1, 4E-BP1, 
and AKT proteins [26]. In general, it appears HIIT train-
ing with high speed and volume is the same as endurance 
and resistance training [27]. For example, resistance train-
ing has been reported to increase the protein content of 
the mTORC1 pathway in fast-twitch muscle tissue. On the 
other hand, endurance training has been reported to inac-
tivate the mTORC1 cell pathway. In addition, fast-twitch 
(FHL) and slow-twitch (SOL) muscles, are different and 
respond differently to exercise [28]. In other words, fast-
twitch muscles respond better to high-intensity exercise 
due to their higher rate of contraction and higher energy 
production [28]. While slow-twitch muscles are more effi-
cient than fast-twitch muscles due to higher myoglobin 
concentrations, more capillaries, and higher mitochondrial 
enzyme activity [28–30]. Therefore, the researchers of the 
present study investigated the effect of mTORC1 pathway 
proteins on fast-twitch and slow-twitch skeletal muscle 
because HIIT training can have a dual nature (resistance-
endurance). Since type 2 diabetes causes disorders in the 
mTORC1 pathway and on the other hand, exercise can 
regulate this pathway, a study in this field can be useful. In 
addition, the effect of HIIT on the mTOR signaling path-
way in diabetic patients is not well understood, and sports 
studies have reported conflicting results, so it is important 
to study this pathway. finally, the purpose of this study was 
to investigate the effect of 8 weeks HIIT on the content 
of AKT1, mTOR, P70S6K1, and 4E-BP1 proteins expres-
sion in Flexor Hallucis longus (FHL) and Soleus (SOL) 
muscles in rats with type 2 diabetes.

Materials and methods

The present study is an experimental-fundamental study 
performed on experimental groups with type 2 diabetes. 
Male sprague-dawley rats (2 months old) with an aver-
age weight of 260 ± 20 g were kept in the animal room of 
shiraz university of medical sciences. Room temperature 
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was 22 ± 2  °C with light-dark cycle 12:12  h with 50% 
humidity. Rat had free access to water and food. The study 
protocol was reviewed and approved by the ethics com-
mittee of shiraz university of medical sciences (IR.SUMS.
REC.1396.S1062). All methods of keeping and using labo-
ratory animals had approved by shiraz university of medi-
cal sciences.

Induction of type 2 DM

For the development of type 2 diabetes in rats, streptozoto-
cin (STZ) solution (solubilized in citrate buffer 0.1 m with 
pH = 4.5) was injected intraperitoneally and only once at a 
dose of 60 mg/kg body weight. After 15 min, nicotinAmide 
(NA) was injected at a dose of 110 mg/kg body weight [31]. 
Three days later, the blood glucose levels of rats were mea-
sured with glucometers (Accu-check ® active, Germany) 
and animals with blood glucose levels more than 130 mg/
dl were considered as having diabetes type 2 [32]. A total 
of 12 diabetic rats were then randomly assigned into two 
groups the control group (n = 6) and the HIIT-trained group 
(n = 6).

Exercise protocol

In the first week, the HIIT experimental group became famil-
iar with the training program by running on a treadmill at a 
speed of 5–10 m per second. The HIIT group underwent this 
procedure for 8 weeks (4 sessions per week). Each session 
was forty-four minutes, including six minutes of warm-up 
(10–12 m / min), five high-intensity workouts (70–95% of 
maximum speed for four minutes), four low-intensity work-
outs (50–60% maximum speed for three minutes). Finally, a 
six-minute recovery exercise (10–12 m/min) was performed 
with a zero treadmill incline. During 8 weeks, this exercise 
did not change [33]. The maximum speed measurement test 
was started at a speed of 5 m per minute. Every 3 min, the 
speed of the treadmill increased by 5 m per minute until the 
rats became tired (the rats clung to the end of the treadmill). 
The speed at which the rats became tired was considered the 
maximum speed [34].

Laboratory methods

The control group did not receive any exercise or insu-
lin therapy interventions. Twenty-four hours after the last 
exercise session, the rats’ body weight and blood glucose 
were measured. Then, they were anesthetized with ethical 
guidelines and intraperitoneal injection of a combination 

of ketamine (30 to 50 mg/kg body weight) and xylazine (3 
to 5 mg/kg body weight). Then in an anesthetic state, sec-
tions from muscles of FHL and SOL were removed from 
the animal body and washed in the physiologic serum. It 
was then rapidly frozen by immersing in liquid nitrogen 
(obtained from the pharmacology department of shiraz 
university of medical sciences). These samples were kept 
at -80 °C for further investigations (AFR-80, ARMINCO, 
Iran).

Western blot analysis

Changes in protein expression were assessed using west-
ern blot procedures. Initially, FHL and SOL tissues were 
homogenized in RIPA lysis buffer (Sigma) containing an 
anti-protease cocktail. Centrifugation was then performed 
at 12,000  rpm to precipitate the sample. Proteins were 
separated with electrophoresis (Vertical Model, BioRad, 
USA) into acrylamide gel containing Sodium dodecyl 
sulfate (SDS). Then, the protein bands on the transfected 
membrane (polyvinylidene difluoride (PVDF) membrane 
sigma) were blocked by 3% bovine albumin solution for 
1 h at room temperature. They were, then, probed over-
night at 4 ° C with the primary antibodies from rab-
bit, against phosphorylated forms of protein including 
anti-AKT1 (sc-52,940), anti-mTOR (Sc-293,133), anti-
P70S6K1 (Sc-11,759), and anti-4E-BP1 (#-2855) diluted 
(1: 500) in a blocking solution. The same procedure was 
performed for total forms of protein including anti-AKT1 
(sc-135,829), anti-mTOR (Sc-1550-R), anti-P70S6K1 
(Sc-230), and anti-4E-BP1 (Sc-9977). After washing with 
PBS-T (8 mmol/L phosphate saline buffer (pH 7.4), 3% 
BSA, 0.1% Tween 20), for 3 times, they were incubated 
with horseradish peroxidase (HRP) conjugated goat anti-
rabbit antibody (diluted 1:10000) (ab6721, Abcam, UK) 
for 1 h at 25 °. Luminol/enhancer solution (Bio-Rad, cod. 
102,030,394) was used to visualize the protein bands. 
Image J software (1/8/0/112 version) was applied to mea-
sure the density of the protein bands. The results were 
presented after the normalization against control loadings 
(beta-actin) [35].

Statistical analysis

SPSS 19 was used to perform the statistical analyses. After 
the confirmation of distribution normality of the data by 
one-sample Kolmogorov-Smirnov test, the independent 
T-test was used to compare the content of AKT1, mTOR, 
P70S6K1, and 4E-BP1 proteins between the two groups. 
Paired t-test was used to compare weight and blood glucose 
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This study in FHL muscle showed a signifi-
cant increase in pAKT1ser473/AKT1 (p = 0.003) and 
pmTORser2448/mTOR (p = 0.01) proteins in the HIIT group 
compared to the control group (Table  2) (Fig.  1). How-
ever, changes in pP70S6K1Thr389/P70S6K1 (p = 0.86) 
and p4EBP1Thr37/46/4EBP1 (p = 0.24) proteins in FHL 
muscle were not significant (Table  2) (Fig.  2). On the 
other hand, in SOL muscle, only p4EBP1Thr37/46/4EBP1 
(Table  2) (p = 0.01) protein was significantly 
increased, while no significant change was observed 
in pAKT1ser473/AKT1 (p = 0.19), pmTORser2448/mTOR 
(p = 0.38), and pP70S6K1Thr389/P70S6K1 (p = 0.95) pro-
teins (Table 2) (Figs. 3 and 4).

factors before and after exercise. Statistical significance was 
set at p < 0.05.

Results

The results of our study showed that the weight (gr) of rats 
in the control group was increased significantly in the 8th 
week compared to the first week (p < 0.002). Additionally, 
the HIIT group’s body weights were increased after 8 weeks 
in comparison to the first week (p < 0.001). Furthermore, 
blood glucose (mg/dl) in the control group was significantly 
higher in the 8th week than in the first week (p < 0.006). 
However, there were no significant changes in blood glu-
cose of HIIT groups after 8 weeks of training compared to 
the first week (p < 0.12) (Table 1).

Table 1  Paired t-test for weight (g) and blood glucose (mg/dl)
variable Group Mean SD t P-value
Weight (g) Control (1th week) 259.20 11.07 7.35 0.002 ‡

Control (8th week) 296.20 12.19
HIIT (1th week) 251.80 9.70 8.84 0.001#

HIIT (8th week) 263.20 11.69
Blood glucose (mg/dl) Control (1th week) 222.00 33.25 5.31 0.006 †

Control (8th week) 292.00 15.34
HIIT (1th week) 236.20 39.95 1.95 0.12 ns

HIIT (8th week) 251.00 30.04
Data are expressed as mean ± SD. HIIT: High-Intensity Interval Training. ns: non-significant
‡ Rats’ weight (g) in the control group was significantly increased after 8 weeks (p < 0.002)
# HIIT group’s weight was increased after 8 weeks (p < 0.001)
† Blood glucose (mg/dl) in the control group was significantly higher in the 8th week than in the first week (p < 0.006)
Blood glucose of HIIT groups after 8 weeks wasn’t changed significantly (p < 0.12)

Table 2  Independent t-test for variables in Control and HIIT groups
Muscle variable Group Mean SD t P-value
FHL pAKT1ser473/AKT1 Control 1.00 0.00 6.49 0.003∗

HIIT 1.23 0.05
pmTORser2448/mTOR Control 1.00 0.00 4.44 0.01∗

HIIT 1.15 0.05
pP70S6K1Thr389/P70S6K1 Control 1.00 0.00 0.18 0.86

HIIT 0.99 0.02
p4EBP1Thr37/46/4EBP1 Control 1.00 0.00 1.35 0.24

HIIT 1.04 0.05
SOL pAKT1ser473/AKT1 Control 1.00 0.00 1.45 0.19

HIIT 1.07 0.01
pmTORser2448/mTOR Control 1.00 0.00 0.94 0.38

HIIT 1.06 0.13
pP70S6K1Thr389/P70S6K1 Control 1.00 0.00 0.05 0.95

HIIT 1.00 0.07
p4EBP1Thr37/46/4EBP1 Control 1.00 0.00 3.55 0.01∗

HIIT 1.16 0.09
*Significant differences between HIIT and Control groups
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Fig. 1  Comparison of the contents of pAKT1ser473/AKT1 and pmTORser2448/mTOR proteins in FHL skeletal muscle among the control and HIIT 
groups
(A) Western blotting of pAKT1ser473/AKT1 and pmTORser2448/mTOR proteins, with β-actin as an internal control in FHL skeletal muscle tissue
(B) The column graph (mean and standard deviation) represents the quantity of pAKT1ser473/AKT1 and pmTORser2448/mTOR protein levels versus 
internal control (β-actin), which are presented after the normalization against the control group. (*indicating a significant difference between 8 
weeks of HIIT training compared to the control group)

 

Fig. 2  Comparison of the contents of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 proteins in FHL skeletal muscle among the control 
and HIIT groups
(A) Western blotting of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 proteins, with β-actin as an internal control in FHL skeletal muscle 
tissue
(B) The column graph (mean and standard deviation) represents the quantity of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 protein 
levels versus internal control (β-actin), which are presented after the normalization against the control group
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Fig. 3  Comparison of the contents of pAKT1ser473/AKT1 and pmTORser2448/mTOR proteins in SOL skeletal muscle among the control and HIIT 
groups
(A) Western blotting of pAKT1ser473/AKT1 and pmTORser2448/mTOR proteins, with β-actin as an internal control in SOL skeletal muscle tissue
(B) The column graph (mean and standard deviation) represents the quantity of pAKT1ser473/AKT1 and pmTORser2448/mTOR protein levels versus 
internal control (β-actin), which are presented after the normalization against the control group

 

Fig. 4  Comparison of the contents of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 proteins in SOL skeletal muscle among the control and 
HIIT groups
(A) Western blotting of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 proteins, with β-actin as an internal control in SOL skeletal muscle 
tissue
(B) The column graph (mean and standard deviation) represents the quantity of pP70S6K1Thr389/P70S6K1 and p4EBP1Thr37/46/4EBP1 protein 
levels versus internal control (β-actin), which are presented after the normalization against the control group. (* indicating a significant difference 
between 8 weeks of HIIT training compared to the control group)
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of training while the present study had 8 weeks of train-
ing. Therefore, it seems that the duration of exercise can 
affect the factors related to protein synthesis. Therefore, 
it seems that HIIT and resistance training with increasing 
4E-BP1, mTOR, AKT lead to protein synthesis and conse-
quently decrease insulin resistance because the AKT pro-
tein directly phosphorylates TSC2, which in turn activates 
mTORC1 [11].

On the other hand, Gibala et al. (2009) investigated the 
effect of interval exercise with high- intensity on human 
skeletal muscle in young men. The six young men per-
formed four 30-second workouts with 4  min of rest, 
totaling less than 80  kJ. The results showed that phos-
phorylation of AKT in Thr308 and Ser473 tended to decrease 
immediately after exercise while P70S6K and 4EBP1 
remained unchanged after exercise and recovery [37]. One 
of the differences between this study and our study is that 
in this study, four 30-second exercises with 4 min of rest 
were performed, while in the present study, 4 min of high-
intensity training and 3 min of low-intensity exercise were 
performed. Another difference between this study and the 
present study is the duration of protein measurements. In 
the present study, measurement was performed 48 h after 
the last exercise session, while in this study, measurement 
was performed immediately after exercise. It seems imme-
diately after exercise, more protein breakdown occurs than 
protein synthesis. In another study, it was reported that the 
effects of HIIT and MICT (continuous moderate-intensity 
exercise) at 10 weeks (5 sessions per week) on AKT protein 
in the skeletal muscle of diabetic rats were investigated. 
They showed a significant increase in AKT protein expres-
sion in Gastrocnemius and Soleus muscles with HIIT exer-
cise [38]. These results are both consistent and inconsistent 
with our results because the AKT protein was significantly 
increased in the FHL muscle but not significantly altered 
in the SOL muscle. One reason for this discrepancy could 
be the 20-degree slope, which could cause a resistance 
load, whereas the treadmill slope in the present study was 0 
degrees. It has been suggested that overload-induced mus-
cle hypertrophy may activate the PI3K / Akt pathway by 
directly inducing IGF-1 expression [39, 40] because One 
of the suggested pathways could be IGF-1/PI3K/AKT [41]. 
Other differences were 5 training sessions per week for 10 
weeks, while in the present study there were 4 training ses-
sions per week for 8 weeks. On the other hand, in HIIT, 
fast-twitch fibers are used faster than slow-twitch fibers. 
Therefore, it seems that in HIIT, the Akt protein is activated 
faster in FHL than in SOL. In the present study, a signifi-
cant increase in 4E-BP1 was observed in the SOL muscle, 
while AKT1 and mTOR did not change significantly. In 
this regard, we can refer to mechanotransduction theory, or 
“THE HUNT FOR THE ELUSIVE MECHANOSENSOR”, 

Discussion

The results of this study showed that 8 weeks of HIIT 
resulted in a significant change in the protein content of 
pAKT1ser473/AKT1 and pmTORser2448/mTOR in FHL mus-
cle, but this change was not significant in the protein content 
of p4EBP1Thr37/46/4EBP1 and pP70S6K1Thr389/P70S6K1. 
On the other hand, HIIT has been shown to lead to signifi-
cant changes in the content of p4EBP1Thr37/46/4EBP1 pro-
teins in SOL muscle. However, this change in the protein 
content of pAKT1ser473/AKT1, pmTORser2448/mTOR, and 
pP70S6K1Thr389/P70S6K1 was not significant. Before these 
results, the effect of HIIT on these proteins was less reported 
in people with type 2 diabetes. Only a few studies have 
examined the direct effect of different training on AKT1, 
mTOR, P70S6K1, and 4E-BP1 proteins in type 2 diabet-
ics. Most studies have focused on endurance and resistance 
training. In a study designed and carried out by Luciano et al. 
(2017), The reaction of skeletal muscle hypertrophy of rats 
was examined in response to different models of resistance 
training. Three types of resistance training such as hypertro-
phy resistance training (HRT), strength resistance training 
(SRT), and endurance resistance training (ERT) were per-
formed. The results demonstrated a significant difference in 
AKT, mTOR, and 4E-BP1 levels of protein in three training 
groups compared to the control group within rats’ Quadri-
ceps muscles. The results of this study showed an increase 
in the levels of proteins involved in the mTORC1 pathway 
and stated that the mTORC1 signaling pathway and key 
proteins in this path such as AKT1, mTOR, P70S6K1, and 
4E-BP1 are very important in protein synthesis [36]. One 
of the differences between this study and the present study 
was the duration of training because this study had 12 weeks 

Fig. 5  Schematic of the effect of HIIT on protein expression. HIIT can 
act as a double-edged sword. HIIT, like resistance and endurance train-
ing, can activate and inactivate the mTOR pathway. Factors such as 
severity, duration, frequency, and the number of HIIT sessions are very 
influential. Activation of the mTORC1 pathway can activate factors 
such as P70S6K1 and 4E-BP1, which can increase protein synthesis, 
especially in diabetics
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can affect blood glucose and body weight. In confirmation 
of this issue, the American Diabetes Association recom-
mends that children and adults with diabetes have at least 
60  min of moderate to vigorous daily activity. Adults are 
also advised to exercise at least 150 min a week for 3 to 
7 days a week with moderate to vigorous intensity (50 to 
70% of maximum heart rate; 50 to 85% of maximal oxygen 
consumption) [56, 57].

Conclusions

We have shown that HIIT may activate the mTOR cellular 
pathway in skeletal muscle in type 2 diabetics by increasing 
AKT and mTOR in FHL muscle and 4E-BP1 protein in SOL 
muscle. In type 2 diabetes, FHL muscles are more prone 
to injury than SOL, so HIIT exercises have a greater effect 
on FHL. However, factors such as weekly training duration, 
training session duration, treadmill slope, muscle fiber type, 
and protein measurement time can affect the results of pro-
tein expression that should be considered in future research. 
On the other hand, HIIT may be an important factor in insu-
lin sensitivity by increasing muscle volume, which leads to 
the regulation of blood glucose in people with type 2 dia-
betes. Finally, it can be suggested that using HIIT as part 
of the management of type 2 diabetes may be beneficial in 
maintaining muscle health.
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which suggests that protein synthesis and hypertrophy may 
occur in response to overload, independent of growth path-
way (insulin and IGF-1) [42]. Therefore, HIIT appears to 
activate 4E-BP1 independent of the AKT1 / mTOR path-
way [43, 44]. These results are consistent with the study by 
Cui et al. (2019) because it was shown that HIIT training 
increases the protein content of P70S6K1 and 4EBP1 but 
has no effect on AKT protein content [45].

On the other hand, the pathway of protein expression 
seems to be different in different muscle fibers because the 
level of 4E-BP1 protein is activated by HIIT in slow-twitch 
fibers while AKT and mTOR are activated in fast-twitch 
fibers. Kwon et al. (2017) evaluated 7 weeks of resistance 
exercise for muscle hypertrophy in mice. The results of their 
study showed that resistance training leads to an increase 
in AKT, mTOR, and p70S6K factors in flexor digitorum 
profundus (FDP) [46]. These results are consistent with 
the present study because HIIT protocol in the FHL muscle 
increased the levels of AKT and mTOR proteins. There-
fore, it can be concluded that HIIT in fast-twitch muscles 
is similar to resistance training to activate the AKT and 
mTOR pathways. Because FHL muscle is more damaged 
than SOL muscle, it seems that HIIT increases protein syn-
thesis by increasing the AKT / mTOR pathway proteins. In 
addition, in the SOL muscle, we observed that the 4E-BP1 
protein was increased while AKT1 and mTOR were not 
significantly altered. The increase in 4E-BP1 appears to be 
independent of the AKT1 and mTOR pathways in the SOL 
muscle [47]. It seems in addition to the mTORC1 pathway, 
there are other important pathways involved in protein syn-
thesis and muscle hypertrophy that HIIT can activate. In 
contrast, HIIT can inactivate the atrophic, apoptotic, and 
autophagic pathways. Usually, these pathways become 
overactive in diseases and this can lead to a decrease in 
muscle mass [48, 49]. In recent years, HIIT training has 
been introduced as an effective treatment that has the same 
benefits as pharmacotherapy. For example, it is reported that 
HIIT training leads to beneficial effects on metabolic adap-
tations in skeletal muscle, cardiovascular, body mass index, 
and improved glycemic control [50, 51]. In addition, HIIT 
exercise has been shown to reduce fasting serum glucose, 
improve glucose tolerance, and improve aerobic capacity in 
patients. HIIT exercise has also been reported to be more 
effective in treating type 2 diabetes in the afternoon than in 
the morning [52–55]. Therefore, the results of other stud-
ies are in line with the present study because we saw con-
trol of blood glucose and body weight as in other studies. It 
is worth mentioning that in the present study, in the group 
with type 2 diabetes combined with exercise, an excessive 
increase in blood glucose and body weight were prevented 
compared to the control group. However, it seems that vari-
ous factors such as intensity, duration, and type of exercise 
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