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ENokEl . ABSTRACT

Diabetes is associated with an increase in inflammatory markers and devel-
opment of atrophy and cardiovascular diseases. Studies have shown that resistance training at appropri-
ate intensity can reduce inflammation generally. This study aims to investigate the effect of a progressive
resistance training (PRT) program on serum concentrations of interferon gamma (IFN-y), and insulin-like
growth factorl (IGF-1) and lipid profile in rats with type 1 diabetes.

In this experimental study, 32 male Wistar rats aged 40 days and weighing 25030
g were divided into four groups of healthy control, healthy trained, diabetic control, diabetic trained.
Streptozotocin (55 pg/kg per body weight) was injected intraperitoneally to induce diabetes. A 6-week
PRT protocol was performed, including climbing a ladder with weights at three sessions per week (one
hour per day), where the load increased by 5% increase each week. Data were analyzed by ANOVA fol-
lowed by Tukey’s post hoc test. The significance level was set at 0.05.

[EHMIE There was no significant difference in IFN-y level between the diabetic trained group and
other groups (P>0.05). The IGF-1 level in diabetic trained group was significantly lower than in the
healthy control and trained control groups (P=0.002). The ratio of IGF-1/IFN-y in diabetic trained
group was significantly lower than in the trained control (P=0.003) and healthy control (P=0.008)
groups. In assessing the lipid profile, the cholesterol level was higher in the diabetic trained group
compared to the healthy control group (P=0.028). Moreover, triglyceride level was significantly
higher in the diabetic trained group compared to the diabetic control (P=0.033), trained control
(P=0.003) and healthy control (P=0.002) groups.

[TTIIMELTY Six weeks of PRT cannot lead to desired efficacy in diabetic rats compared to non-trained
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Extended Abstract

Introduction

iabetes is associated with an increase in in-

flammatory markers, atrophy, and cardio-

vascular diseases. Exercise may modulate

the immune system’s ability to assess and
protect against disease and repair damage. The immune
response to resistance exercises is different from the re-
pose to aerobic exercises, which is due to the different
physiological needs of these two exercises.

Interferon gamma (IFN-y) is a type 2 cytokine that is
mainly synthesized from T lymphocytes and, to some ex-
tent, natural killer cells. Its overall role is to strengthen
inflammatory reactions mediated by macrophages and
create an anti-proliferative state of cells. This cytokine is
a key factor in the progression of autoimmune diabetes,
and any treatment or intervention that leads to protection
against the progression of this disease is associated with
down-regulation of IFN-y. Most of the effects of growth
hormones are exerted by IGF-1, which can be considered
a potent anti-inflammatory agent. IGF-1 level is low in
diabetic patients due to decreased insulin levels and ex-
cessive secretion of insulin-like growth factor binding
protein 1 (IGFBP1) by the liver. Diabetic patients suffer
from tissue damage more than other people. Since tis-
sue regeneration requires a local increase of IGF-1 in the
damaged area, a decrease in IGF-1 level can prevent the
formation of appropriate responses for tissue repair and
creates the conditions for early damage.

Some studies have suggested that resistance training
alone or in combination with other sports interventions
can reduce body mass index, lipid profile, and insulin sen-
sitivity. Given that IFN-y can activate signaling pathways
related to skeletal muscle atrophy, and IGF-1 prevents at-
rophy due to its anti-inflammatory properties and increas-
ing muscle protein synthesis, it is interesting to examine
whether resistance training can reduce the effects of at-
rophy, inflammation, and lipid profile in diabetic people.
Therefore, this study aims to investigate the effect of a
progressive resistance training (PRT) program on IFN-y,

IGF-1, and lipid profile in male rats with type 1 diabetes.
Methods

In this experimental in-vivo study, 32 male Wistar rats
aged 40 days with a weight of 250430 g were used. They
were randomly divided into four groups of 8 as follows:
healthy control, healthy trained, diabetic control, diabetic
trained. To induce type 1 diabetes, first the animal was
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anesthetized by intraperitoneal injection of a combination
of ketamine and xylazine. Then, the disease was induced
by intravenous injection of streptozotocin 55 pg/kg per
body weight. After two days, to determine plasma glu-
cose concentration, blood samples were collected animals
after 6 hours of fasting.

The 6-week PRT was provided at 18 sessions (3 sessions
per week, each for 1 hour), using a vertical ladder. In each
session, training was performed at 5 sets of four repetitions
and there was a 3-min rest interval between each set and a
30-60 s rest interval between each repetition (after reach-
ing the top of the ladder). The initial weight was 30% of the
body weight for the diabetic groups and 50% of the body
weight for the healthy groups. The increase in load during
the period was done gradually by 5% per week. Rats were
anesthetized 24 hours after the last session, and 6-cc blood
samples were collected directly from their heart. The con-
centration of the study factors in the serum was measured
using special kits and based on the manufacturer’s instruc-
tions and the ELISA method. Before statistical analysis,
all variables were checked for normality and homogeneity
of variance using Shapiro-Wilk and Levene’s test, respec-
tively. The obtained data were tested by one-way ANOVA
followed by Tukey’s post-hoc test. P<0.05 was considered
as statistically significant.

Results

According to the results, there was no significant differ-
ence in the IFN-y level between the diabetic trained, healthy
trained, and diabetic control groups (P>0.05). The concen-
tration of IGF-1 in the trained diabetic group was significant-
ly lower than the healthy trained and healthy control groups
(P=0.002). Also, the ratio of IGF-1/IFN-y in the trained dia-
betic group was significantly lower than the healthy trained
(P=0.003) and healthy control (P=0.008) groups (Figure 1).
In assessment of lipid profile, the concentration of choles-
terol in the trained diabetic group increased compared to
the healthy control group (P=0.028). Also, the triglyceride
concentration in the trained diabetic group was significantly
higher than in the diabetic control (P=0.033), healthy trained
(P=0.003) and healthy control (P=0.002) groups.

Conclusion

Based on the obtained results, the induction of diabetes
in rats led to a significant increase in glucose, triglyceride,
cholesterol, and high-density lipoprotein (HDL) choles-
terol levels and a significant decrease in IGF-1 and IGF-
1/IFN-y ratio compared to the healthy control group. No
significant changes were observed in the levels of low-
density lipoprotein (LDL) cholesterol and IFN-y. Also,
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Figure 1. Changes in IGF-1/IFN-y in different groups
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*A significant difference compared to healthy control and healthy trained groups (P<0.05).

the results showed that plasma glucose levels decreased
slightly and the lipid profile and triglyceride level in-
creased significantly in the diabetic trained group com-
pared to the diabetic control group. The amount of HDL
in the trained diabetic group had a significant difference
compared to other groups.

In the current study, Although the levels of IFN-y cyto-
kine decreased in the diabetic trained group compared to
the diabetic control group, but this decrease was not sig-
nificant. The level of IGF-1 in the diabetic control group
decreased compared to the healthy control group, which
was expected because the level of IGF-1 is low in diabetic
patients. The PRT caused a slight increase in IGF-1 levels
in diabetic rats. Since long-term studies have reported an
increase in the IGF-1 level due to resistance training, the
lack of significant change in the concentration of IGF-1 in
the present study can be due to the short period of train-
ing (6 weeks) or due to the change in the level of IGF-1
binding proteins (IGFBP1 and IGFBP3) which were not
measured in the present study. Mechanical growth factor
increases in response to mechanical overload and micro
fiber damage caused by resistance training, which can
stimulate IGF-1 gene expression. This hormone can lead
to the improvement of insulin sensitivity in muscle tissue
by imitating the activities of insulin. With the increase of
somatomedin-C (IGF-1) induced by long-term resistance
training, almost all body cells are affected and mediated
by many growth hormones.

The PRT used in this study had no desired effects in the
diabetic trained group compared to the diabetic control
group. However, the small changes including the increase
of IGF-1 (as an anti-inflammatory factor) and HDL, and
the significant reduction of serum glucose, can help with
the clinical improvement of patients with type 1 diabetes.
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5. Lipo Protein Lipase (LPL)

6. Lecithin Cholesterol Acyltransferase(L-CAT)
7. Cholesterol Ester Transfer Protein (CETP)
8. Triglyceride (TG)

9. In view
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15. Glucose Transporter 4 (GLUT4)
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17. Mechano-growth Factor (Mgf)

)%l_w SS—>

ioslie cudlad a5 o 5l o 2l Loy s Lo
3556 e Sl sl dels cpol> paghs jo cddploxl
b (b plhles 0V (lgudland ab)

el w95 zolans () IS0LEg Y5 dalllae (3.1
Jo il il ogialo Culs 4 s Jlags YAY 40 )
9 oostle ald po (9ey9m ol mhas u“’lfy » bl
Jbig gl 8l ) (gej9p ¥ o] ametip
0SB o)led Gy (e 9l by g edge]
351l 5 e el oS cnl 0S5l sdsdlald o,
LEVT o9 0V it guadlands s,

gl ady (e ayad ol Clalllas 3l (S
50 IYF] s S all teglie cdlad 5l s g oy o 1, )
0y 55516 glaws 8 i pae o glaazily b lie tmg3s
GBS (Saglie (e 3l g (Subd oLl 0V il susland
Jawgi MRNA 3 S o5 )0 13U oy wilgs oo aS 0
VHY (sgusland oy 92518 e 5 45 Bl 0b) (190590
Jol> o) (9098 Gl 625 5l gy Sl YA JINF
Ivol ogas

5 O Soglie (s ped duda ) aS ol las lakre
& JUS y aSL 0,08 od il V dguslans oty g5
395 (§¥igry Sy J1) (Srlgmiand 03 49351 )
0 9 o dusy oo a5 4 [YF] 0 )38 o il 00ty o lo
gt ad; el Saeaily 6,5l (sl Sl yes
s> 59y 2 oadplonl Slalllae ;5 bl ool > )
dgilands 0l (951 ciayl Codlad (oo yd Vo v Gl
Seslie Cllad 59, ¥ 5l g (2l e Ghge sl Ay )
A oayd gl oo e las Bgymle 4 a5 S
@ gl o sl las o)Ses 5 (bl 45wz ye [¥F]
3556 e o) £a3 Culid 4y M (15365 40 1 pod dd> )
Slaalllas 8 L¥V] cotls 6 %S a8l ) sl gusland o,
woliinl ( pod ole £ 0l atuine cpol> gh b gueen
4 e Gune SLil 50 65 Casgame (2ldS 023, L ol e
Ay yeS B cdale o cwgusme Olposd Sl ¥ g5 calis
ShalS ( ubo 33 40 craizmen [YAl sV dgadlant
iy callad Jlis 4 ) (dgudland ol oS cale o
wan ¥ a5 ob asedn e o Cad sdd US5T
3556 rals el ) go sulis llg g5 40 plaie Jay codlad
A oy ¥ stalgudlinds sy S 9 1Y edgudland 0,
Ay iST8 rdas o8l ey colalllas a5 Loyl [14]
Wlos,S N 1y raglie codled 3 A5V dgudland

16. Insulin-like growth factor binding protein-1 (IGFBP1)
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