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ABSTRACT

Diabetes mellitus (DM) and chronic inflammation are strongly related to increased
cardiovascular risk. This study aims to investigate the influence of physical training on the
inflammatory markers of diabetic rats. Adult male Wistar rats were distributed into Sedentary
Control (SC), Trained Control (TC), Sedentary Diabetic (SD) and Trained Diabetic (TD) groups
were used. Diabetes was induced by Stroptozotosin (55 mg/bw-i.v.). Training protocol consisted
of resistance training (elevate upward weights), at 32 +/- 1 degrees C, one hour/day, five
days/week, supporting an overload equivalent to 5% of the body weight, during four weeks. At
the end of the experiment the rats were sacrificed by decapitation and blood samples were
collected for glucose, IFN-y and IGF-1 determination. The results were analyzed by one way at a
significance level of 5%. Diabetes reduced blood insulin, HDL and increased blood glucose,
IFN-y and IGF-1.TG and LDL count. Physical training restored glycemia and inflammatory
markers count in diabetic rats. In summary, physical training was able to improve metabolic and
immunological aspectsin the experimental diabetic rats.

Key Words: Physical training, inflammatory markers, diabetedlitus, Rats.

INTRODUCTION

Many chronic diseases are now in pandemic propwtiand increasingly a major cause of
morbidity and mortality worldwide. Diabetes melBtplays a starring role in this problem (1,2)
with diabetic complications being a very importpablic health issue.
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Recently, the effect of physical activity on immufgnction has been studied intenselyin
diabetics patient. This is an important area oflgtiibecause exercise may modulate the immune
system’s ability to monitor and protect the indivédl from disease and to repair damage. In most
of these studies, aerobic exercise (AEX) and aeraonditioning (ACO) have been the
independent variables. Consequently, the functionalune response to ACO seems relatively
clear. However, the immune response to resistarercise (REX) is not as clear because few
studies have been published. The immune responB&Xomay be different than that to AEX
because of the different physiological demands tefs¢ 2 types of exercise. Resistance
conditioning (RCO) does not have a significant @ffen heart rate, blood pressure, cardiac
output, stroke volume, vascular resistance, ordferiovenous oxygen saturation difference
during submaximal treadmill exercise (3,4).

Certainly the role of IFN- in the development of diabetes is supporteddweral studies the
literature.This evidence can be summarized aswielli) Addition of IFNy , alone or in
combination with other cytokines like TN or IL-1 , to pancreatic islets in vitro inhibited
insulin secretion and resulted in destruction o thletp-cells has showed that pancreatic
expression of this important type 1 cytokine isatdp of inducing insulitis and diabetes in
nondiabetes-prone mice.3)Deletion of IFN-by IFNy gene-targeted-disruption (GKO) in the
NOD mouse showed that the absence of {FNdelays the destructionprocess of fheells and
the development of diabetes .and mutation of tme gmcoding the IFN- receptorwas reported
to markedly inhibit insulitis and completely preveiabetes development.also , deletion of IFN-
y by administration of anti IFN- monoclonal antibody in both NOD mice and BB jatdy
administration of soluble IFN- receptor , led to protection against diabetes.limportant to
note that the association of IFN- with disease progression is not necessarily siegyic
phenomenon but localized to the insulitis lesion.

Steensberg (2001) the found that after runnin@férhours with the 75% of VO2max by 9 men
endurance runner the percent of the CD4t to CD8dceethe production of the IFN-

The type 1 cytokine IFN- is a key cytokine in the development of autoimmudliabetes ,and
any treatment or intervention that leads to pradectagainst the development of disease is
associated with down regulation of IRNwhen IFNy is absent or down regulated ,fheells
are spared from the destruction by the effectoremdes (perforin, granzyme B ,and IN-
However, the protection agairfstell destruction is primarily due to the absentd-0l-y.

However, there are few data about of the impadstaasce exercise on inflammatory markers
function and inflammation in type 1 diabetes, egcin type 1 diabetic patients.

The aim of this study was thus to investigate woeth 6-weeks supervised resistance exercise

program could suppress the inflammatory cascadetrgger anti inflammatory mediators in
male rats with type 1 DM.
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MATERIALSAND METHODS

Male Wistar rats were used in the experiments @BD-g; 40-day-old). They were kept at 25°C
with a 12/12 light/dark cycle, and fed with Purir@é food and watead libitum. All experiments
with the animals were performed in accordance it specific Brazilian resolutions of the
Bioethics of Experiments with animals (law N° 6.688May 8th 1979; Decree N° 24.645 of
July 10, 1934, Brazilian College of Animal Experimtation).

Diabetesinduction

Diabetes was induced by an intravenous injectiénni@/kg b.w.) of Stroptozotosin. After two
days, blood samples were obtained with animalkenféd state to determine the plasma glucose
concentration. Rats which were not diabetic (<l#mol/L) or too severely diabetic (>35,5
mmol/L) were eliminated from the study.

Training protocol

Climbing of a ladder with 2 cm grid ladder inclinedth 26 steps at 85 degrees with weights
attached to their tails was used as a resistareeis®. Rats were familiarized with the exercise
for three days. Three days after familiarizatidrg tesistance training was begun using cylinders
containing weights that were attached to the b&gailowith foam tape (3M Conan), a Velcro
strap and a hook. Briefly, the cylinders were fasteto the tail by wrapping the upper portion of
the tail (2-3 cm from the proximal end) with Velaoo top of foam tape. Then, the appropriate
weights were inserted into the cylinders. The ve¢se positioned at the bottom of the climbing
apparatus and motivated to climb the ladder by ming action to the tail. The initial weight
attached was 30% of their body weight for diabgticup and 50% of their body weight for
control group and increased gradually throughoet3tweeks of training period. The resistance
training consisted of five sets of 4 repetitionshwa 3 min rest interval between the reps and 30
to 60 seconds between the sets for 5 weeks. Wheenath reached the top of the ladder, they
were allowed to recover in the resting area. Thix@dure repeated until either the rat finished
all three set of training or failed to climb thetiem length of the ladder. Electrical shock (0.2-3m
Amp) was used to motivate the rat to climb wheressary.

Statistical Analysis

The Statistical Package for Social Sciences (SBR8$SChicago, IL, USA), version 16, was used
for statistical analysis. All data are presentedresmn + SEM. Before statistical analysis, all
variables were checked for normality and homoggnafitvariance by using the Kolmogorov-

Smirnoff and Levene tests, respectively. The datained were tested by ANOVA followed by

Tukey's post-hoc multiple comparison test. P<0.@5 wonsidered statistically significant.

RESULTS

Although the mean of healthy control group is ldssn other groups significantly (P>0.05),

there is no significant difference among averagesvialuating gamma interferon concentration
(P>0.05). There was a significant difference lestwthe means of diabetic control group and
healthy control group (P=0.001) in evaluating grovéctor of 1-pseudoinsulin. Also, there is a
significant difference among the means of exerctiaetic and healthy control (P=0.002) and
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exercised healthy groups (P=0.000). Both the mexdndiabetic control group and diabetic

exercised group is less than the mean of healtimralogroup and exercised healthy group.
There is a significant difference among the medrdiabetic control group with healthy control

group (P=0.000) and healthy exercised group (P€).@0out glucose levels. Also, there is a
significant difference among the means of exerciiatbetic group with healthy control group

(P=0.000) and healthy exercised group (P=0.000)levthere is no difference among diabetic
groups (P=0.05).

Table 1: comparison of Weight, | GF-1, IFN-y and Glucose levelsin groups

. Groups Normal control | Healthy exercised | Diabetes control | Diabetes exer cised
Variables
Weight before diabetes 266.9 260.38 262.5 261.75
Final weight 320.3 317.38 232.5 248
IGF-1 (ng/ml) 549.06+200.99 636.16+193.72 91.914+52.99* 110.91238.
[FN-y (pg/ml) 17.62+1.45 21.24+7.05 22.7443.62 21.4546.22
Glucose 4.52 +0.124 4.34 £0.12 30.37 £1.21 27.76+1.41

Asterisks in the superscript indicate significant difference at the level of 0.05.

DISCUSSION

In the present study it was apparent that the weaghhealthy control group and healthy
exercised group increased following 6 weeks of emulte exercise while the weight of diabetic
control group and exercised diabetic decreasedfisigntly. Glucose levels of healthy exercised
group decreased significantly compared with heaifoup. Glucose levels increased in diabetic
control group compared with healthy group and irereised diabetic group there was a
significant decrease compared with diabetic corgrolup. It has been reported that 16 weeks of
heavy increasing endurance exercise in diabetid pgeple leads to improve glycemic condition
(12). In another report it was reported that 6 rherihcreasing endurance exercise as well as
weight loss in 2-type diabetic aged people causesemi-improvement of lipidemic and
glycemic condition (14). In a study conducted byc&son et al. in 1997 it was proved that
circular exercises have a role in controlling blagidcose (23) also, increased muscular mass
following endurance exercises has a role in diabéteatment and decreasing diabetes side-
effects (10, 20). Kastanda et al. in 2002 repotted 16 weeks of heavy increasing endurance
exercise in diabetic aged people leads to imprdyeegic condition (11).

IFN-y levels showed no significant difference in ourreig program although it has decreased
in exercised diabetics compared with diabetic adngroup but the decreased was not
significant. Strowsky et al in 1999 evaluated tffea of running for 3:26 hours on IFNin 10
men with average of 27years old. The results of dhely showed the increase of IFN-
immediately post-exercise hours (15). The resdlEnother study conducted by Gannon et al. in
1997 on 6 amateur cyclists showed that FWas lower than the threshold level after 250 km
cycling for 404 minutes (16). Also, Lakester etiral2004 in a study similar to that conducted
previously reported that the rate of IFNdecreased following heavy activity and this
phenomenon was attributed increase infection armatirigtics
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Some studies reported no changes in post-sportugtiod of IFNy (18); also, post-sport
increase (18, 19) and decrease (20) of {FMNas been reported. It was reported in anothelystu
that in 7 men the percentage of IFN-producing CD8 cells was decreased significantly
following 1.5 km running in 75% VO2max of the coaifd.6)m in another study it was reported
that 8 weeks endurance exercises can affect signify on serum IFN-, IL-6, and cortisole
such that decreases their concentration (31). Avas introduced gamma interferon gene as a
genetic sign for type-1 diabetes. Probably, TT kg&n gamma interferon can prohibit the
disease (22). No changes in IFNsoncentration following heavy exercise for 68 n@suhave
been reported (19). In a study conducted by Gamhah in 1997 on 6 armatures, concentration
of IFN-y was lower than the primary concentration followoygling (11). IFNy is a immune-
modulator cytokaien that effects on immunity systemction also its secretion increases in
inflammatory cases (25).

It has been demonstrated that 8 weeks of aerolsiceadurance exercises lead to decrease the
production of gamma interferon and plasma IL-1paople suffering multisclerosis disease. The
researchers suggested that compound exercisesahtivaflammatory effects (23). In contrast
with the present study, it was shown in anothedystinose 6 weeks exercises (2.5 hours in a
week) decreased the production of gamma interfesomonocytes in people exposed to heart
ischemic. Golhummer et al. in 2005 demonstratetl 1Baveeks of aerobic exercises decreases
pre-inflammatory cytokaeins like gamma interfer@®)( In consistent with findings of the
present study, Kordrow et al. in 2009 showed tHatveks running on treadmill doesn't change
the release of gamma interferon and fLfdom microfages in fat rats (18).

In the present study, IGF-1 levels has been deedesmsdiabetic control group rats compared
with healthy control group which is a normal tagkce, IGF-1 levels decrease highly in diabetic
patients while the endurance exercise conductédeipresent study, increased slightly the IGF-
1 levels in diabetic patients which is maybe dueintensity and duration of our exercise
protocol

IGF-1 levels in diabetic patients decreases (3B)-1 concentration decrease was reported in
387 diabetic patients (28). Decrease of insulirntgtdevel and excessive secretion of IGFBD-1
by liver are the main reasons of IGF-1 decreasdiabetes which causes to increase growth
hormone (26). Diabetics suffer definitely more thather people from tissue injuries. Since,
tissue rehabilitation needs local increasing of-IGIA injured region, decreasing in the rate of
IGF-1 can prohibit the forming of relevant reacsofor tissue rehabilitation and provide the
conditions for primary injuries (32). Most studidgin't show any change in IGF-1 during or
immediately following heavy endurance exercise gslome studies have shown sever increase
during and following endurance exercise. Lack carges in IGF-1 is attributed to delayed
secretion of IGF-1 (3-9 hours later) following stilated synthesis of mRNA by GH such that
the maximum rate may not be obtained 16-28 houss-gtomulation of GH release (28). It seems
that the increase of IGF-1 following a heavy endueaexercise may delay synthesis and
stimulated secretion by GH from liver (23).
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Relaxation concentrations of IGF-1 increase dumgmal endurance exercises along with
carbohydrate and/or protein supplementary. Alsapgloterm studies on women have
demonstrated increase in relaxation IGF-1 espgdialting intensive exercises (32).

Therefore, it seems that the increase of IGF-Dbvalg a heavy endurance exercise may delay
synthesis and stimulated secretion by GH from |{2€). These kinds of paracrinic effects have
been suggested by other studies and figured asriampofactors in muscular hypertrophy.
Researchers demonstrated that one stage of heduyagige exercise doesn't affect IGF-1 but
affects on a channel in which IGF-1 separates foomding proteins

Furthermore, decrease of IGF-1 (app.11%) duringetgxercise period has been reported but
when the period lowers, IGF-1 returns to its bagelevels. So, it seems that the intensity and
volume of exercises are important for chronic cotibldies of IGF-1 (23). There are equal
evidences suggest that circulating IGF-1 levelseiase by both chronic endurance or resistance
and the increase is proportional to VO2max and kadivity. So, body reaction occurs during 2
weeks exercise in which the baseline level of IGHRdreases more than 37%. It has been
reported that the age-related decrease demonsthetaetecrease in body fitness. Although this
issue has been challenged in other studies, it ¢tar whether the IGF-1 is responsible for
changes in muscular form and structure which owgthr chronic exercises or not. In the studies
conducted on animals the 200% increase of IGF-1umiy activity in rats' leg muscles
following 4 days of heavy endurance activity whieads to muscular hypertrophy

It has been demonstrated that heavy exercise ctusesrease muscular and circulatory IGF-1
in diabetic rats. The diabetes causes to lessareref IGF-1 in response to one exercise session
in children suffered by type-1 diabetes compareith Wealthy control group (24). Conforming to
our findings, dolly et al. in 2005 demonstratedt thanonths of endurance exercise along with
caloric limitation program in aged people suffeleyg type-2 diabetes causes no changes in
relaxing concentration of IGF-1 (30). It has beeparted that 16 weeks of endurance exercise
made no IGF-1 changes in 343 type-2 diabetic patigB). Also, decrease in IGF-1
concentration has been reported following exerdisekabetic people. It has been observed that
2 weeks of regulate body activity in adolescenftesed by type-1 diabetes causes to decrease
serum IGF-1 and IGFBP-3 (25) while, long term stgdnave reported IGF-1 improvement. So,
it seems that the volume and intensity of exercaesimportant for chronic compatibilities of
IGF-1. Therefore, no changes in IGF-1 concentratiothe present study can be due to the
shortness of the study time (5 weeks) or due tagbsin bonding proteins levels. Generally, it
can be said that 5 weeks of endurance exercisesti| sufficient time for observing the
improvement of type-1 diabetes in mentioned factdre present study was conducted due to
important role of semi-insulin growth factor in emdnce exercise and diabetes as well as due to
important role of gamma interferon in diabetescdh be concluded that 6 weeks endurance
exercise couldn't make significant changes in IGEd IFNy and glucose and the changes were
not significant. But small changes can be importdimically in improving patient's recovery. 6
weeks of endurance exercise increased the IGF-g&lsleslthough the increase was not
significant. The IFNy levels decreased by our exercising protocol butdate not significant.
Serum glucose levels in exercised diabetic groupevi@wver compared with diabetic control
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group which could be very important clinically altigh that was not significant; but these
changes can be a positive sign of endurance egericismproving type-1 diabetes

The present study suggests that the mentionedréacem be conducted in longer times and
different intensities by future studies since aduwrance exercise with high intensity maybe have
some roles in significant changes of mentionecdfact
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