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ABSTRACT

Skeletal muscle atrophy is associated with type 1 diabetes. Effects of resistance exercise training associated with
skeletal muscle hypertrophy on serum inflammatory cytokines was exactly not clarified. Protein levels of
inflammatory cytokines IL-6, TNF-a, and interleukin-1beta (IL-15) in serum of healthy and streptozotocin (STZ)-
induced diabetic rats subjected to resistance exercise training were assessed in this study. Rats were divided into the
control, training, control diabetic and diabetic training groups. Training groups performed the resistance training
consisted of climbing a 1 mladder with increasing weight added to the tail. Proteins levels of IL-6, TNF-o and IL-15
in serum were measured by the ELIZA method. The results of this study indicated that resistance training induced
skeletal muscle hypertrophy in diabetic samples (P<0.05). Also, Resistance training decrease IL-6 protein levelsin
serum. Inflammatory cytokines could act as stress factors in diabetes. It seems that this kind of exercise training
individually could not change cytokines levelsin serum.
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INTRODUCTION

Type 1 diabetes is an inflammatory autoimmune disgeesulting in a lack of insulin and hyperglycaiii,2]. The
molecular mechanisms underlying hyperglycemia iedueffects on inflammation and vascular complicatiare
thought to involve the action of reactive oxygera@ps within the cell nucleus [3]. The underlyiagionale for our
study was that diabetes, and the concomitant ax&latress associated, may induce an inflammatspanse. It is
widely accepted that the levels of inflammatoryofyhes increase under stressful conditions [4,5,6].

Accumulating evidence supports recommending regplaysical activity to prevent and treat diabetesl an
otherchronic diseases that present a constannflesiimatory status Regular physical activity is known to bring
health benefits, such as increased insulin seitgitiglycemic control, decrease of body weight gedcentage of
body fat, lower blood pressure, and reduction ofralf risk of vascular disease [8,9].The immune-oiatbry
effects of regular exercise, and in particularjstasce training, may have positive effects on ierimmmunity and
so may provide benefits for the profile of diabeitesaddition to improving strength and functionailiies [10].
Such effects have been considered dependent oractiiet muscle activity through IL-6 productionggokine that
exerts inhibitory effects on several pro-inflammgtoytokines, including TNF-a [11]. Unlike studigsobesity and
type 2 diabetes with insulin resistance, veryditd known about the expression patterns inflammgatgtokines in
type 1 diabetic models following exercise training.

Resistance exercise training increases the rgteotéin synthesis in skeletal muscle [12]. Alsatpctive effects of
resistance exercise training on diabetic situatioiese observed in several studies [13,14].0n theerohand,
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hypertrophy of skeletal muscle and the resultingcoonitant gain in power are of great interest feogle with
disease-induced atrophy. Increased expressiorflafimatory cytokines has been identified as onthefpossible
mechanisms of muscle atrophy in diabetes [15]. Bierexercise training has been shown to decrease th
production of pro-inflammatory cytokines in plasaad tissues [16]. But effects of resistance exertiining on
inflammatory cytokines were not exactly clarified.

As we know effect of resistance training associatéti skeletal muscle hypertrophy on inflammatoyyokines in
type-1 diabetes have not been assessed. We hygjzattie¢hat diabetes would modulate the effectsesistance
exercise on inflammatory cytokines in serum. Irs thiudy, protein levels of inflammatory cytokinésd, TNF-,
and interleukin-1beta (ILfi) in serum of healthy and streptozotocin (STZ)-ietli diabetic rats subjected to
resistance exercise training were assessed.

MATERIALSAND METHODS

Animal

All experiments involving animals were conductedading to the policies of the Iranian Conventiar the
Protection of Vertebrate Animals Used for Experitaérand other Scientific Purposes, and the protocas
approved by the Ethics Committee of the School etidine Sciences, Tarbiat Modares University (TMUghran,
Iran. Male Wistar rats weighing 250-280 g were usethis study, and were housed in a light- andperature-
controlled animal facility with free access to tapter and food pellets. Animals were maintainedhia Central
Animal House, School of Medical Sciences of TMU.

Animals (8 per group) were randomly assigned tofdllewing the treatment groups: control (C); tredh(T); STZ-
induced diabetes (D); and STZ-induced diabetes tphiising (DT). Diabetes was induced with IP injentof STZ
(Sigma) at 55 mg.kg of body weight (BW) in a 0.1 M citrate buffer (pH5). An equal volume of buffer was
injected into the control rats. Blood glucose canicaions were assessed after 4 days to ensurdasitatg levels
greater than 14 mmol1(250 mg. df) were reached. Diabetic rats were not treated inihlin during the study,
and they showed symptoms of type-1 diabetes, ssiplolguria and weight loss.

Resistance training

Rats in the T and DT groups were trained usinglddaclimbing protocol that specifically targete thHL muscle,
with progressively larger weight loads attachedht® tail as previously described [17]. Briefly, auail climbed 26
rungs across the 1 m ladder. One repetition albadadder required 26 total lifts by the animal (ift3 per limb).
Rats were familiarized with the exercise for thoags, 48 hours before STZ injection, and exerdiamihg was
initiated after STZ injection. Rats were positiorsdthe bottom of climbing apparatus and motivatedlimb the
ladder by touching the tail. Exercised animalgiedi5 weeks with a rest of 48 h between each eseesgission.

160 -
@ Diabetic

ONondiabetic

140 -
120 -
100 -
80 -
60 -
40 -

Per cent of Body Mass

20 A

0_ L
123 456 7 8 9 101112 13 14 15 16 17
Sessions

Figurel. Protocol for resistance training using ladder climbing
Amount of weight lifted by diabetic (N=8) and normal (N=8) rats during 17 sessions of resistance exercise.

Animals from the T and DT groups were exercisechvéitsets of 4 repetitions each with a 60 sec rgenval

between the reps and 3 min between the sets pgoseat 13 and 14 sessions, rats were decreasg@déds of 5
repetitions. Weight loads were based on pilot ssidior T and ST groups and previous literature ntsff@4,18]and
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are provided in Fig. 1[13]. It was not possiblait® the same loads relative to body weight forthgalnd diabetic
rats. Maximal loads that rats could bear priorréoning were 120% of body mass in DT group and 153%ody
mass in T group.

Serum collection

Twenty-four hours after the last training sessimats were anesthetized with a mixture of Ketarfh€30-50

mg.kg' BW, IP) and Xylazine (3-5 mg.KdBW, IP). Serum samples, at least 5 ml blood wekertay intra cardiac
puncture from each rat, followed by euthanasiagisiervical dislocation. Blood samples were cengefd for 10

minutes at 4000 rpm and serum stored atG70

Assay of cytokines

TNF-a, IL-6 and IL-1B protein levels in serum were determined in dupdicasing commercially-available rat
ELISA kits (DuoSet ELISA, R&D Systems, Minneapol§IN). The assays were carried out according to the
manufacturers’ instructions. Data are expressegigasf cytokine per ml. The minimum detectable coiaions
were <5 pg.mt for IL-1p and TNFe and <20 pg.mt for IL-6. The intra- and inter- assay coefficienfsvariation
were: 2.7 and 5.2% for TNé&:-4.9 and 9.5% for IL-6; 5.5 and 4.7% for II3-1

Blood glucose and serum insulin measurements

Fasting blood was sampled from the tail vein 24térdhe last exercise session, following an owghrhfast. Blood
glucose levels were tested by glucometer (GT-19Bpan) with samples run in duplicate. Serum insulin
concentrations were measured using a commerciadlifadole ultrasensitive rat insulin ELISA kit (ALRL
Diagnostics, Windham, NH).

Statistical analysis

All analyses were performed using SPSS V16.0 (SE3fago, IL). Two-way analysis of variance (twoywa
ANOVA) and Tukey post-hoc tests were used for protiata. Also, two-way ANOVA were used for charaistic
features of rats in different groups. Statistidgghgicance was set at P<0.05. Data are preserst@deans = SEM.

RESULTS

Induction of diabetes mellitus and effects of training on muscle mass

Rats underwent the protocols for control (C), teaifT), STZ-induced diabetes (D) and diabetes tkétiming (DT)
as outlined in Methods. The characteristic featwfethe rats in different groups are presented abl& 1, which
shows that the diabetic groups displayed signifigeductions in plasma insulin levels comparedh® healthy
groups. Consequently, typical type 1 diabetes tglpeemia occurred in D and DT groups, with increafssting
glucose. Moreover, at the end of the study, diabetts showed a significant decrease in total BWhoagh
different groups did not have noticeable differenae total weight at the beginning of the studyl{€al). Five
weeks of resistance training resulted in hypertyoptthe fast FHL muscle in the T and DT groupsinalicated by
a significantly higher ratio of FHL weight-to-bodyeight in trained compared to sedentary animaldblgrd).
Although total BW diminished in the both D and DTogps, the ratio of FHL muscle to body weight was
significantly higher in the DT group compared wiie D group[13]. These data are consistent withipus studies
indicating preferential hypertrophy of the fast Fhhuscle in this ladder climbing resistance exergisatocol
[17,19].

Table 1. Characteristic features of ratsin different groups

Cc T D DT
Initial weight (g) 266.9+7.0% | 260.3845.34 | 262.5+4.86 | 261.75+9.37%A
Final Weight (g) 320.3+7.58 | 317.38+8.66 | 232.51+10.1® | 248.3+4.3D
Fasting glucose (mmaof) 4.52+0.57a 4.34+0.12a 30.37+4.1D 27.761£2.41b
Fasting insulin (ng.rf) 0.61+0.04a 0.72+0.05%a 0.14+0.03 0.21+0.020
FHL muscle mass (mg) 576.6+19.64 646.62+8.8% | 416.6+11.93 494.5+3.&d
FHL-to-body mass ratio (mg’g100) | 179.61+2.1& | 204.6 +5.1% | 175.49.8% | 199.64 +2.1B

Data were analyzed by 2-way ANOVA; for each parameter, values with different italicized letters differ significantly at P < 0.05. N=8 animals
per group.

Inflammatory cytokine levelsin Serum

Fig 2 shows the effects of diabetes and resistang@ng on protein levels of IL-6, TNE; and IL-13 in serum. We
did not observe significantly higher concentratiofinflammatory cytokines in diabetic serum conguhto healthy
rats (Fig 2 A, B, C). Resistance training decredkefl protein levels in serum (Fig 2 A). on the etthand, training
did not affect serum TNE-and IL-13 serum protein levels (Fig 2B,C).

231



Mahdieh Molanouri Shamsi et al Int J Med Res Health Sci. 2016, 5(6):229-234

A. IL-6 Protein Levels B. TNé&-Protein Levels
Diabetes: P=0.28 . .
= Training: P=0.001 T‘,::’j:i;f_‘?i%sg‘;
ion: P=0.82 B =
% 400 Mntraction: B=0.82 g Intraction: P=0.87
[ I z
) 0 3 16
3 * =
3 300 2 = 14
2 e I I
[ = 10
= 250 = 3 % L I I
E: I =& 10
5 200 2=
g 2 8
3 150 &~
s B 6
& 100 z %
g 50 2
0 0
C T D DT C iy D DT
C. IL-1p Protein Levels
Diabetes: P=0.29
=~ Training: P=0.75
E Intraction: P=0.97
B
= 500
E 450
2 400 I
= 350 I ;
s 300
3 250
§ 200
Z 150
=9}
& 100
T 50
=0
C T D DT

Figure 2. Cytokine concentrationsin serum from the four groups of rats

A: IL-6 concentrations in serum; two-way ANOVAs saled significant effects of training for IL-6. BINF-a
concentrations in serum; two-way ANOVAs did notealsignificant effects of training and diabetesTdlF-a in
serum. C: IL-1B concentrations in serum; two-way @WAs did not reveal significant effect of diabetasd
training for IL-1B in serum. For all panels, barghwdifferent superscripts are significantly diéet (<0.05). *
differ from C group# differ from D group.Groups are: C healthy contsg#dentary rats; T, trained healthy rats; D,
diabetic sedentary rats; DT, diabetic trained ras.= 6-8 animals per group. Results are expreasechean *
standard error (SE).

DISCUSSION

This study was undertaken to test the hypothesis rfsistance training would maintain muscle massyell as
change inflammatory cytokine in serum in diabetibjects. The results of this study showed thatefsad FHL
muscle mass, whereas FHL skeletal muscle weigheased following resistance training in both healémd
diabetic subjects. While diabetes decreased bodys,mae did not observe any differences betweenraoand
training groups in body mass in either healthy @bdtic rats. STZ-induced diabetes did not charngens
inflammatory cytokines.On the other hand, resistaimaining decreased IL-6 serum protein levelsiabetic and
normal rats.

The applied resistance training in the presentystuak ladder climbing. Ladder climbing has beemtbto produce
increases in the mass of the FHL muscle, whilemiaess of other muscle groups was not affected[18019]t
seems that in this kind of resistance training ausitraining-related variables such as frequenayatin, sets,
intensity and repetition of exercise sessions mmgortant for adaptation in different muscles [2grnberger and
Farrar (2004) observed the FHL muscle hypertropiigwing progressive resistance exercise with laddehe rat
[19]. Also, after 6 weeks' resistance training @&ge in muscle mass in the FHL in the young and agenal was
observed[20]. Lee et al (2004) suggested that thedehypertrophy of FHL muscle is due to its eccentmode of
action during climbing. It is shown that muscle agtpophy after heavy resistance training only obsén fast type
fiber[17].In a similar study, Harris et al (2009rdonstrated that resistance training with laddéudes hypertrophy
of the mixed fiber type plantaris muscle and dohte hypertrophic effect on slow twitch soleus aei$20].

We did not observe any changes in TiWBnd IL-1 following resistance training. Several studiesehakown that
exercise training leads to an increase of seruraldewf anti-inflammatory cytokine[22,23]. Based & anti-
inflammatory effects, exercise can also be usea m&ans to control low-grade systemic inflammafitt]. Also,
exercise training could diminish the skeletal mesalasting in diabetic rats by decreasing oxidastress and
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inhibiting muscle-specific ring-finger protein 1 (RF1) expression at both the mRNA and protein E{24]. On
the other hand, inappropriate exercise intensity warsen this dysregulation, contributing to thetabelic,
inflammatory, and stress disorders associated wititabolic syndrome[25]. In addition, resistanceintray
involving eccentric actions induces muscular damgge higher extent than concentric actions [26]m€rous
studies have shown that eccentric exercise-inducestle damage triggers inflammatory responses ctegized
by releases of leukocytes and cytokines[27]. Cytekesponse may vary by the type of exercise, $itigrduration,
recovery between exercise bouts, and training s{a&i.

In our study inflammatory cytokines were not chahgéer resistance training. To date, the findiabstudies that
examined the effect of resistance training alonganinflammatory markers in human or animals withbetes
mellitus are limited and inconsistent[29,30]. Breodt al. (2006) reported thatl6 weeks of resistdaraiaing in

elderly individuals with type 2 diabetes reducedspha CRP concentration compared with the contiamligB81].

Similarly, Olson et al. (2007)reported that longateresistance training (1 year, 2 days/week) sicgnitly reduced
plasma CRP concentration compared with baselineldem overweight women[32]. In contrast, Levingsral.

(2009) indicated that resistance training as alsimgervention did not modify any inflammatory rker at rest for
any of the tested groups. Authors suggested timat-term resistance training interventions may hlpiired to see
the effect on the tested inflammatory markers [33].

Aerobic exercise training has been shown to deer#daes production of pro-inflammatory cytokines iagma and
tissues. Despite this, even long duration resigtéraining could not decrease inflammation [34,3%le importance
of inflammatory events in promoting or preventingeletal muscle hypertrophy is unclear. With ati@mtito

previous studies, it seems that inflammation isiteel to adaptations induced with resistance trgj8#h35,36].

Therefore, combining resistance and aerobic trgirdould be an effective way to prevent and delaysaieu
inflammatory events induced with resistance trajngspecially for inflammatory cytokines relateddiseases in
skeletal muscle.

CONCLUSION

In summary, in our study only IL-6 protein levelscdeased in response to training in diabetes, stiggethat for
desired changes in other inflammatory cytokinesplaie or concurrent training can be considered. Sudy
showed that resistance exercise exhibited posififeets on muscle mass in both healthy and diabatsc
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