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Abstract

Objective: Although type 2 diabetes is a multifactorial illness,
one of the major risk factors is the prevalence of obesity.In this
context, recent genetic studies on diabetics or pre-diabetics, have
shown that some of the newly-known genes make the conditions for
type 2 diabetes even in the absence of obesity. One of these genes is
called mTORC1, which plays an important role in the synthesis of
beta cells. This study examined the effect of 12 weeks aerobic
training on the mTORCI1 expression, glucose, serum insulin and
beta-cell function on diabetic male Wistar rats

Materials and Methods: To evaluate the effect of exercise
activities on expression of this gene, 30 male Wistar rats were
divided into three groups: healthy control, diabetic control and
diabetic training group. The two groups of diabetic control and
exercise were diabetic with nicotinamide and streptozotocin
injecting, and the training group participated in aerobic training on a
treadmill for 12 weeks.

Results: The results of the study showed that expression of
mTORCI1 gene increased significantly after 12 weeks of aerobic
training, which resulted in a significant decrease in blood glucose
concentration and increased beta cell function.

Conclusion: Regarding the results of this research and previous
studies, the participation in sport exercises, and especially aerobic
exercises, increased the expression of mTORCI1 gene, increased the
synthesis of beta cells, and ultimately control and treatment of type 2
diabetes.

Keywords: mTORCI1 gene expression, Type 2 diabetes, Aerobic
exercise

Introduction

ype 2 diabetes (T2D) is one of the most
common metabolic disorders of the
present century (1). Obesity is one of
the most important factors in the development
of type 2 diabetes recently or by many
previous studies (2). On the other hand, the
question is also why all obese people are not

diabetic, or why some type 2 diabetic patients
have normal weight.

Hence, it seems that apart from obesity, other
important factors also play a crucial role in the
development of this disease, which has
recently been at the center of many
researchers' attention. In this regard, recent
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genetic studies on pre-diabetics or diabetic
individuals, especially since 2007, have shown
that some of the most recently recognized
genes (mMTORC1, AKT, CDKAL1, CDKN2A
/ B, 1IGF2BP2, HHEX, TCF7L2, SLC30AS,
WEFS1, ADAMTS9, CDC123, TSPANS8 and
LGRYS) increase the risk of developing type 2
diabetes even in the absence of obesity (3).
What's interesting is that some of these genes
do not affect body weight or obesity, but the
function of beta cells and insulin secretion
varies greatly (4,5). One of these genes is
mTORCI1 that controls the growth, size,
number and metabolism of beta cells by
regulating the protein 4E-BP1,2,3 and the
ribosomal protein S6 kinase (6). Research has
shown that mMTORCI1 plays a role in regulating
mass and beta cell cycle by adapting these
cells to insulin resistance (7,8). So, the role of
exercise in controlling and treating type 2
diabetes and obesity has been reported many
times (9,10). Therefore, considering the effect
of exercise on the genome and the relationship
between mTORC]1 gene expression and type 2
diabetes, this study examined the effect of 12
weeks aerobic training on the mTORCI
expression, glucose, serum insulin and beta-
cell function on diabetic male Wistar rats.

Materials and Methods

Among male Wistar rats in the animal house
of the Pasteur Institute, 30 rats 10 weeks old
between220 + 20 gr were randomly selected to
study. Wistar rats were randomly divided into
3 groups including 2 diabetic and 1 healthy
control groups. The rats were kept at the
animal house of Parand Azad University in a 5
to 10 meter room under controlled light
conditions (12 hours of light and 12 hours of
darkness), temperature (22 + 3°C), and
humidity in the range of 30 to 60. At first, the
rats became acquainted with the environment
with the living conditions in the animal house
for 2 weeks and how to run on the treadmill.
Then, after a fasting night (12 hours),
nicotineamide and  streptozotocin  were
injected to induce type 2 diabetes. Initially, a
solution of nicotinamide at a dose of 110 mg

per kg of rat mice was injected in to peritoneal
and after 15 minutes, the freshly prepared STZ
solution in the citrate buffer with PH : 4.5 was
also administered at a dose of 60 mg per
kilogram were injected. The healthy control
group received only the same volume citrate
buffer (11). One week after diabetes induction,
fasting blood glucose (FBS) was measured and
glucose levels above 150 mg/dL were
considered as an indicator to ensure that rats
had type 2 diabetes (12). A training program
for 12 weeks of aerobic training and 5 sessions
per week with gradual increase in speed (18-
26 m/min) and time (10 to 55 minutes) in the
form of running on treadmill with the aim of
determining its effect on FBS, insulin Serum,
beta cell function and relative expression of
mTORCI1 in pancreatic tissue were compared
to the control group that did not participate in
the training program. 48 hours after the last
training session (10 to 12 hours fasting), all
rats were anesthetized by injecting 10%
ketamine (50 mg/kg) and xylosin 2% (10
mg/kg). After assuring anesthesia, the animal's
chest was splited by a surgical blade and blood
samples were taken directly from the animal's
heart. Blood samples were centrifuged for 20
minutes for serum separation and maintained
at 80°C for glucose and insulin measurement.
Rat pancreatic tissue in physiological serum
transferred to the laboratory for genetic tests.
Also, the function of beta cells was calculated
using fasting insulin and glucose level in the
software  HOMAZ2-Calculator. All statistical
analyzes were performed using SPSS version
16. The Kolmogorov-Smirnov test was used to
ensure that the distribution of data is normal.
Data  analysis was performed using
independent T-test. Changes less than 5%
were reported significant.

Results

Based on the independent T-test, aerobic
training resulted in a significant decrease in
fasting glucose and a significant increase in
serum insulin and beta-cell function in the
aerobic diabetic group compared to the
diabetic control group. (Table 1)
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Also, aerobic exercise led to a significant
increase in the relative expression of mTORC1
in the pancreatic tissue of the aerobic diabetic
group compared to the diabetic control group.
(Table 2)

Discussion

The results of this study showed a significant
increasing in expression of mTORCI1 and
serum insulin and a significant decrease in
fasting glucose. For decades, exercises along
with diet and drug use have been proven to be
effective ways of managing diabetes. Some
researchers have suggested that exercise for
150 minutes per week and a weight reduction
of 5 to 7 percent lead to a 60% reduction in the
risk of progression or prevalence of glucose
tolerance in type 2 diabetes (13,14). The
importance of exercise and physical activity in
diabetes management is clear. Some studies
suggested that exercise can lead to a
significant reduction in blood glucose in
diabetic patients even in the absence of weight
loss or body mass index (15). Hence, the
beneficial effects of exercise activity on
improving glycemia do not necessarily
correlate with changes in body weight.
(16,17,18). So high blood glucose in the
absence of weight change may be attributed to
genetic modification. Increasing of mTORCI1
expression in this study after 12 weeks of
aerobic exercise indicates the effect of aerobic
training on mTORC1 expression. However, it
is difficult to determine the exact effect of
exercise protocols on these variables in animal
models. In one study, the improvement in
insulin secretion capacity from isolated islet
pancreas was reported after 8 weeks of
swimming training (19) which was associated

with a decrease in blood glucose levels in type
1 diabetic rats (20).

Findings from another study showed that after
8 weeks of training on treadmill, insulin
secretion increased in pancreatic islets of
diabetic Wistar rats compared with control
group (21). Studies on beta cells in the
pancreas in mice and humans have shown that
glucose activates mTORC]1. The activation of
mTORCI1 stimulates cell proliferation (22).
Researchers have argued that the role of
glucose and amine acids in activating
mTORCI is exerted through an increase in
mitochondrial metabolism. In other words
glucose and amino acids such as lucien and
glutamine increase the production of ATP by
inhibiting AMPK activity. As a result,
mTORCI activity increases (23). Also one of
the steps in translating mRNA into a protein is
where the eIF4E cytoplasmic connects to
elFAG. elF4E activity is regulated by mTOR
phosphorylation. In other words, mTOR
increases the eIF4E phosphorylation, so
increasing the expression of elF4E leads to
increased protein synthesis in mammalian cells
(24). On the other hand, endurance exercises
increase the myofibrillar and mitochondrial
protein synthesis, both due to the increased
expression of the mMTORCI1 gene. Studies have
also shown that treatment with rapamycin is
effective in improving insulin secretion
(25,26). The role of mTORCI1 in beta-cell
proliferation has been reported in several
studies, which includes the following results:

- Rapamycintreate abnormalities in the
development and growth of beta cells (27).

- Stop proliferation of beta cells is as a result
of changes in levels of cyclinD2 and cyclinD3
and CDK4 activity.

Table 1. Fasting Glucose, Insulin and Beta Cell Function in Aerobic and Controlled

Diabetic Groups

Variable Diabetic control group Aerobic diabetic group P-value
Glucose (mg/dL) 294 + 11 240 £ 14 0.001
Insulin (uIU/ml) 4.06 £0.21 5.11 +£0.25 0.001
Function of beta cell (HOMA-BF) 6.32 £0.31 10.42 +0.81 0.001

Table 2. Relative expression of mTORCI1 in aerobic and control groups

Variable Diabetic control group Aerobic diabetic group P-value
Relative expression of mTORC1 1 2.004+ 0.99 0.021
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- Rapamycinregulate cyclinD2 synthesis.

- Rapamycin enhances the expression of beta
cells as an insulin resistance model, in which
mTORCI1 coordinates beta-cell compatibility
with increased blood glucose and type 2
diabetes (28).

References

1.

10.

Wild S, Roglic G, Green A. Global prevalence of
diabetes: estimates for the year 2000 and
projections for 2030. Diabetes Care. 2004;
May;27(5):1047-53.

Lazar MA. How obesity causes diabetes: not a tall
tale. Science. 2005;307(5708):373-5.

Ruchat SM, Rankinen T, Weisnagel SJ, Rice T,
Rao DC, Bergman RN, et al. Improvements in
glucose homeostasis in response to regular exercise
are influenced by PPARG Prol12Ala variant: results
from the HERITAGE Family Study. Diabetologia.
2010;53(4):679-89.

Samson S. Role of Wnt signaling and TCF7L2 for
beta cell function and regeneration in mouse
models of diabetes. Baylor College of Medicine,
Houston, Texas. 2011.

Villareal DT, Robertson H, Bell GI. TCF7L2
variant 157903146 affects the risk of type 2 diabetes
by modulating incretin  action.  Diabetes
2010;59(2):479-85.

Murakami M, Ichisaka T, Maeda M, Oshiro N,
Hara K, Edenhofer F, et al. mTOR is essential for
growth and proliferation in early mouse embryos
and embryonic stem cells. Mol Cell Biol
2004;24(15):6710-8.

Teutonico A, Schena PF, Di Paolo S. Glucose
metabolism in renal transplant recipients: effect of
calcineurin inhibitor withdrawal and conversion to
sirolimus. J Am SocNephrol 2005;16(10):3128-35.
Di Paolo S, Teutonico A, Leogrande D,
CapobiancoC, Schena PF. Chronic inhibition of
mammaliantarget of rapamycin signaling down
regulates insulin receptor substrates 1 and 2 and
AKT activation: A crossroad between cancer and
diabetes? J AmSocNephrol 2006;17(3):2236-44.
Sarbassov DD, Ali SM, Kim DH, Guertin DA,
Latek RR, Erdjument- Bromage H, et al. Rictor, a
novel binding partner of mTOR, defines a
rapamycin-insensitive ~ and  raptor-independent
pathway that regulates the cytoskeleton. Curr Biol.
2004;14(14):1296-302.

Hara K, Maruki Y, Long X, Yoshino K, Oshiro N,
Hidayat S, et al. Raptor, a binding partner of target
of rapamycin (TOR), mediates TOR action. Cell.
2002;110(2):177-89.

Conclusions

Regarding the results of this research and
previous studies, the participation in sport
exercises, and especially aerobic exercises,
increased the expression of mTORCI1 gene,
increased the synthesis of beta cells, and
ultimately control and treatment of type 2
diabetes.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ueki K, Okada T, Hu J. Total insulin and IGF-I
resistance in pancreatic beta cells causes overt
diabetes. Nat Genet. 2006;38(5):583-8

Da Silva Xavier GQ, Cullen PJ, Rutter, GA.
Distinct roles for insulin and insulin-like growth
factor-1receptors in pancreatic beta-cell glucose
sensing revealed by RNA silencing. Biochem.
J.2004;377 ( 1):149-58.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT,
Hamalainen H, Ilanne-Parikka P, Keinanen-
Kiukaanniemi S, Laakso M, Louheranta A, Rastas
M, Salminen V, Uusitupa M: Prevention of type 2
diabetes mellitus by changes in lifestyle among
subjects with impaired glucose tolerance. N Engl J
Med.2001; 344(18):1343-50.

Diabetes Prevention Program Research Group:
Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med.
2002;346(6):393-403.

Boule” NG, Haddad E, Kenny GP, Wells GA, Sigal
RJ: Effects of exercise on glyce- mic control and
body mass in type 2 diabetes mellitus: a meta-
analysis of con- trolled clinical trials. JAMA.
2001;286(10):1218-27.

Church TS, Cheng YJ, Earnest CP, Barlow CE,
Gibbons LW, Priest EL Blair SN: Ex- ercise
capacity and body composition as predictors of
mortality among men with diabetes. Diabetes Care.
2004; 27(1):83-8.

Wei M, Gibbons LW, Kampert JB, Nicha- man
MZ, Blair SN: Low cardiorespiratory fitness and
physical inactivity as predic- tors of mortality in
men with type 2 diabe- tes. Ann Intern Med.
2000;132(8):605-11.

Hu FB, Stampfer MJ, Solomon C, Liu S, Colditz
GA, Speizer FE, Willett WC, Man- son JE:
Physical activity and risk for car-diovascular events
in  diabetic women. Ann Intern Med.
2001;134(2):96-105 .

Oliveira CAM, Paiva MF, Mota CAS, Ribeiro C,
Leme JACA, Luciano E, et al. Exercise at
anaerobic threshold intensity and insulin secretion
by isolated pancreatic islets of rats. Islets
2010;2(4):240-6.

Huang HH, Farmer K, Windscheffel J, Yost K,
Power M, Wright DE, et al. Exercise increases

110

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 9, NUMBER 3, AUTUMN 2017


https://ijdo.ssu.ac.ir/article-1-351-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-13 ]

V. Imanipour et al.

insu- lin content and basal secretion in pancreatic
islets in type 1 diabetic mice. Exp Diabetes Res
2011;1(1):481-27.

25.

Zhang N, Su D, Qu S, Tse T, Bottino R,
Balamurugan AN, et al. Sirolimus is associated
with reduced islet engraftment and impaired beta-

21. Almeida FN, Proenca AR, Chimin P, Marcal AC, cell function. Diabetes 2006; 55(1):2429-36.
Bessa-Lima F, Carvalho CR. Physical exercise and ~ 26. Johnson JD, Ao Z, Ao P, Li H, Dai LJ, He Z, et al.
pancreatic islets :Acute and chronic actions on Different effects of FK506, rapamycin and
insulin secretion. Islets. 2012;4(4):296-301. mycophenolatemofetil  on  glucose-stimulated

22. Kwon G, Marshall CA, Liu H, Pappan KL, Remedi Insulin release and apoptosis in humanislets. Cell
MS, Mc-Daniel ML. Glucose-stimulated DNA Transplant . 2009;18(8):833-45.
synthesis through mammalian target of rapamycin  27. Balcazar N, Sathyamurthy A, Elghazi L, Gould A,
(mTOR) is regulated by KATP channelseffects on Weiss A, Shiojima I, et al. mTORCI activation
cell cycle progression in rodent islets. J Biol Chem. regulates beta-cell mass and proliferation by
2006;281(6):3261-7. modulation of cyclin D2 synthesis and stability. J

23. Gleason CE, Lu D, Witters LA, Newgard CB, BiolChem. 2009;284(12):7832-42.

Birnbaum MIJ. The role of AMPK and mTOR in  28. Fraenkel M, Ketzinel-Gilad M, Ariav Y, Pappo O,
nutrient sensing in pancreatic beta-cells. J Biol Karaca M, Castel J, et al. mTOR inhibition by
Chem. 2007;282(14):10341-51. rapamycin prevents beta-cell adaptation to

24. Philp A, Schenk S, Perez-Schindler J, Hamilton hyperglycemia and exacerbates the metabolic state
DL, Breen L, Laverone E, Jeromson S,Phillips SM in type 2 diabetes. Diabetes . 2008 Apr;57(4):945-
&Baar K (2015).Rapamycin does not prevent 57.
increases in myofibrillar ormitochondrial protein 1.
synthesis following endurance exercise. J Physiol.
2015;593(18):4275-84.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 9, NUMBER 3, AUTUMN 2017 111


https://ijdo.ssu.ac.ir/article-1-351-en.html
http://www.tcpdf.org

