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Abstract

Aim: Rho-Associated Protein Kinase (ROCK) is one of the members of serine-threonine protein
kinases playing role in regulation of glucose metabolism and insulin sensitivity. The purpose of
this study was to investigate the effect of eight weeks of combined aerobic and resistance training
on skeletal muscle levels of ROCKs protein, serum levels of insulin, fast blood sugar (FBS),
insulin resistance index (HOMA-IR) and body weight in aged female rats. Methods: Twenty
two Wistar rats (24-28 months old, 262.5£15.10 gr) randomly divided in to two groups of
experimental and control (11 ones in each). Rats in experimental group participated in eight
weeks of combined aerobic (running on treadmill at intensity of 40-60 percentage of maximum
velocity, 60 minutes per session, without treadmill incline) and resistance training (15 times of
climbing on rodent ladder at intensity of 40-60 percentage of maximum workload with 1 minute
of rest interval, 45 minutes per session), at intermittent days and five days per week. All rats
were dissected 48 hours after the last training session, and the investigated indicators were
evaluated using appropriate laboratory methods. Data analyzed using independent and paired t-
test at a significance level of less than 0.05. Results: Eight weeks of combined aerobic and
resistance training resulted in significant increases in fast (P=0.001) and slow (P=0.001) twitch
muscles levels of ROCK1 in experimental compared to control group. Moreover, ROCK2 levels
of fast (P=0.001) and slow (P=0.001) twitch muscles significantly increased following training.
In addition, FBS levels (P=0.001) and body weight decreased (P=0.001) significantly in
experimental compared to control group. Furthermore, body weight decreased in experimental
group in post-test compared to pre-test (P=0.004). Conclusions: Although glucose uptake
improved following eight weeks of combined aerobic and resistance training in old female rats;
it seems that the increases in skeletal muscle levels of ROCK proteins could not contribute to
improvement in insulin sensitivity in response to exercise training.
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Extended abstract

Background Purpose

Rho- related protein kinase (ROCK) is one of the member of serine-threonine kinases family and has two isoforms:
ROCKI1 (or alpha) and ROCK2 (or beta) (8) involving in various physiological processes such as glucose homeostasis
(14-16). ROCK activity is regulated by small Rho-GTPases; so that RhoA and RhoC activate ROCK, and RhoB and
RhoC inhibit ROCK activity (11). In response to insulin stimulation, ROCK is activated by RhoA GTPase and, through
the insulin signaling pathway, increases glucose uptake in skeletal muscle (14). On the other hand, ROCK activity
decreases in the skeletal muscle of people with type 2 diabetes (15). Although, ROCK proteins play role by 40-50% in
regulation of insulin-dependent glucose metabolism in skeletal muscle (7); ROCK function is more effective in slow-
twitch muscle than fast-twitch muscle (10). Therapeutic interventions such as exercise training can much better identify
ROCK function in skeletal muscle. However, limited number of studies have investigated the effect of exercise training
on ROCK proteins especially in aging. For example, Muiloz (2021) (10) and Bao (2021) (2) showed aerobic training
resulted in significant increases in rock proteins levels.

The current stand position of American College of Sports Medicine (ACSM) and American Diabetes Association (ADA)
on exercise and type 2 diabetes recommend performing resistance training at least twice a week in combination with
aerobic exercise in patients with type 2 diabetes (20). Therefore, present study investigated effect of eight weeks of
combined aerobic and resistance training on skeletal muscle levels of ROCK proteins and insulin resistance index
(HOMA-IR) in aged female rats.

Materials and Methods

Tweny two Wistar rats (24-28 months old, 262.5+15.10 gr) randomly divided in to two groups of experimental and control
(11 ones in each). Rats in experimental group participated in eight weeks of combined aerobic (running on treadmill at
intensity of 40-60 percentage of maximum velocity, 60 minutes per session, without treadmill incline) and resistance
training (15 times of climbing on rodent ladder at intensity of 40-60 percentage of maximum workload with 1 minute of
rest interval, 45 minutes per session), at intermittent days and five days per week (22). All rats were dissected 48 hours
after the last training session, and the investigated indicators were evaluated using appropriate laboratory methods. Data
analysis were done using independent and paired t-test and Pearson correlation test at a significance level of less than
0.05.

Findings

Eight weeks of combined aerobic and resistance training resulted in significant increases in fast (P=0.001) and slow
(P=0.001) twitch muscles levels of ROCK1 in experimental compared to control group. Moreover, ROCK2 levels of fast
(P=0.001) and slow (P=0.001) twitch muscles significantly increased following training. In addition, FBS levels
(P=0.001) and body weight decreased (P=0.001) significantly in experimental compared to control group. Furthermore,
body weight decreased in experimental group in post-test compared to pre-test (P=0.004). However, there were no
significant differences between two groups for insulin levels and HOMA-IR (P>0.05). Moreover, no significant
correlation existed between changes in ROCK proteins levels following training and changes in body weight, insulin,
FBS and HOMA-IR (P>0.05).

Conclusion

The present study was one of the first studies investigating effect of combined aerobic and resistance training on skeletal
muscle levels of ROCK proteins in aged female rats and results showed significant increases in ROCK1 and ROCK?2
proteins of skeletal muscle following training.

The risk of type 2 diabetes increases with age (24). Aging of skeletal muscle resulted in inevitable decline in the cellular
structure and biological function of skeletal muscle such as decreased muscle mass —sarcopenia- and muscle insulin
resistance (26) which are to some extent because of sedentary lifestyle of elderly. Since skeletal muscle can control blood
glucose levels within the normal range through different mechanisms, physical activity and exercise training can be one
of the main strategies to Increase the sensitivity of the glucose transfer process in response to insulin in the muscles.
However, in our study, glucose levels decreased significantly without significant changes in insulin levels and HOMA -
IR.

Many studies have acknowledged the necessity of insulin signaling to increase insulin sensitivity (27). However, later
studies showed that the improvement of glucose tolerance and insulin sensitivity is not necessarily dependent on the
presence of insulin and may also occur in the absence of it (27) and by Rho family GTPases and its downstream ROCK
proteins (32). Although, ROCK proteins are able to trigger insulin signaling cascade through direct phosphorylation of
IRS1 and improve glucose uptake by skeletal muscle by about 50% (37), GTPases of the Rho family like RhoA can
regulate translocation of Glut 4 and improve insulin sensitivity through PAK1-dependent pathways (32, 33) or by
regulating Protein Tyrosine Phosphatase 1B (PTP1B) (34) and Phosphatase and Tensin Homolog (PTEN) (35). On the
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other hand, increased skeletal muscle content of ROCK proteins following exercise training can improve insulin
sensitivity by up-regulation of ROCK2/pIRS1/pGSK3B/GLUT4 signaling (39).

Article message

The results of the present research showed that eight weeks of combined aerobic and resistance training were associated
with no significant changes in insulin and insulin resistance index despite the decrease in fasting blood glucose. Although,
some studies acknowledge the anti-diabetic function of ROCK proteins in skeletal muscle; ROCK proteins, especially in
elderly, have diabetogenic effect in other tissues such as adipose tissue (40, 41). Therefore, it can possibly be concluded
that the resistance component of combined exercises is more important than its aerobic component in improving insulin
sensitivity. So, the greater the increase or recovery of muscle mass following exercise, the greater the increase in muscle
ROCK proteins, and due to the anti-diabetic function of ROCK proteins in muscle, the possibility of improving insulin
sensitivity will be higher. Of course, lack of measurement of ROCK proteins in fat tissue and some inflammatory mediator
and anti-inflammatory indicators are among the limitations of the present research and so, conducting extensive studies
to investigate changes of ROCK proteins and related factors in different tissues, especially in response to exercise training
seems necessary in order to better understanding the function of ROCK proteins and mediating mechanisms.

Keywords: Rho-Associated Kinases, Exercise Therapy, Insulin Resistance, Aging.
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