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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-α, and interleukin-1beta (IL-1β) 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 m ladder with increasing weight added to the tail. Proteins levels of IL-6, TNF-α and IL-1β
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 levels in
serum. Inflammatory cytokines could act as stress factors in diabetes. It seems that this kind of exercise training
individually could not change cytokines levels in serum.
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INTRODUCTION
Type 1 diabetes is an inflammatory autoimmune disease, resulting in a lack of insulin and hyperglycemia [1,2]. The
molecular mechanisms underlying hyperglycemia induced effects on inflammation and vascular complications are
thought to involve the action of reactive oxygen species within the cell nucleus [3]. The underlying rationale for our
study was that diabetes, and the concomitant oxidative stress associated, may induce an inflammatory response. It is
widely accepted that the levels of inflammatory cytokines increase under stressful conditions [4,5,6].
Accumulating evidence supports recommending regular physical activity to prevent and treat diabetes and
otherchronic diseases that present a constant pro-inflammatory status7. Regular physical activity is known to bring
health benefits, such as increased insulin sensitivity, glycemic control, decrease of body weight and percentage of
body fat, lower blood pressure, and reduction of overall risk of vascular disease [8,9].The immune-modulatory
effects of regular exercise, and in particular, resistance training, may have positive effects on innate immunity and
so may provide benefits for the profile of diabetes in addition to improving strength and functional abilities [10].
Such effects have been considered dependent on contractile muscle activity through IL-6 production, a cytokine that
exerts inhibitory effects on several pro-inflammatory cytokines, including TNF-a [11]. Unlike studies in obesity and
type 2 diabetes with insulin resistance, very little is known about the expression patterns inflammatory cytokines in
type 1 diabetic models following exercise training.
Resistance exercise training increases the rate of protein synthesis in skeletal muscle [12]. Also, protective effects of
resistance exercise training on diabetic situations were observed in several studies [13,14].On the other hand,
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hypertrophy of skeletal muscle and the resulting concomitant gain in power are of great interest for people with
disease-induced atrophy. Increased expression of inflammatory cytokines has been identified as one of the possible
mechanisms of muscle atrophy in diabetes [15]. Aerobic exercise training has been shown to decrease the
production of pro-inflammatory cytokines in plasma and tissues [16]. But effects of resistance exercise training on
inflammatory cytokines were not exactly clarified.
As we know effect of resistance training associated with skeletal muscle hypertrophy on inflammatory cytokines in
type-1 diabetes have not been assessed. We hypothesized that diabetes would modulate the effects of resistance
exercise on inflammatory cytokines in serum. In this study, protein levels of inflammatory cytokines IL-6, TNF-α,
and interleukin-1beta (IL-1β) in serum of healthy and streptozotocin (STZ)-induced diabetic rats subjected to
resistance exercise training were assessed.
MATERIALS AND METHODS
Animal
All experiments involving animals were conducted according to the policies of the Iranian Convention for the
Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes, and the protocol was
approved by the Ethics Committee of the School of Medicine Sciences, Tarbiat Modares University (TMU), Tehran,
Iran. Male Wistar rats weighing 250–280 g were used in this study, and were housed in a light- and temperaturecontrolled animal facility with free access to tap water and food pellets. Animals were maintained in the Central
Animal House, School of Medical Sciences of TMU.
Animals (8 per group) were randomly assigned to the following the treatment groups: control (C); trained (T); STZinduced diabetes (D); and STZ-induced diabetes plus training (DT). Diabetes was induced with IP injection of STZ
(Sigma) at 55 mg.kg-1 of body weight (BW) in a 0.1 M citrate buffer (pH 4.5). An equal volume of buffer was
injected into the control rats. Blood glucose concentrations were assessed after 4 days to ensure that fasting levels
greater than 14 mmol. l-1 (250 mg. dl-1) were reached. Diabetic rats were not treated with insulin during the study,
and they showed symptoms of type-1 diabetes, such as polyuria and weight loss.
Resistance training
Rats in the T and DT groups were trained using a ladder-climbing protocol that specifically targets the FHL muscle,
with progressively larger weight loads attached to the tail as previously described [17]. Briefly, animal climbed 26
rungs across the 1 m ladder. One repetition along the ladder required 26 total lifts by the animal (13 lifts per limb).
Rats were familiarized with the exercise for three days, 48 hours before STZ injection, and exercise training was
initiated after STZ injection. Rats were positioned at the bottom of climbing apparatus and motivated to climb the
ladder by touching the tail. Exercised animals trained 5 weeks with a rest of 48 h between each exercise session.
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Figure1. 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 exercised with 5 sets of 4 repetitions each with a 60 sec rest interval
between the reps and 3 min between the sets per session. At 13 and 14 sessions, rats were decreased to 3 sets of 5
repetitions. Weight loads were based on pilot studies for T and ST groups and previous literature reports [14,18]and
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are provided in Fig. 1[13]. It was not possible to use the same loads relative to body weight for healthy and diabetic
rats. Maximal loads that rats could bear prior to training were 120% of body mass in DT group and 150% of body
mass in T group.
Serum collection
Twenty-four hours after the last training session, rats were anesthetized with a mixture of KetamineTM (30–50
mg.kg-1 BW, IP) and Xylazine (3–5 mg.kg-1 BW, IP). Serum samples, at least 5 ml blood were taken by intra cardiac
puncture from each rat, followed by euthanasia using cervical dislocation. Blood samples were centrifuged for 10
minutes at 4000 rpm and serum stored at -70oC.
Assay of cytokines
TNF-α, IL-6 and IL-1β protein levels in serum were determined in duplicate using commercially-available rat
ELISA kits (DuoSet ELISA, R&D Systems, Minneapolis, MN). The assays were carried out according to the
manufacturers’ instructions. Data are expressed as pg of cytokine per ml. The minimum detectable concentrations
were <5 pg.ml-1 for IL-1β and TNF-α and <20 pg.ml-1 for IL-6. The intra- and inter- assay coefficients of variation
were: 2.7 and 5.2% for TNF-α; 4.9 and 9.5% for IL-6; 5.5 and 4.7% for IL-1β.
Blood glucose and serum insulin measurements
Fasting blood was sampled from the tail vein 24 h after the last exercise session, following an overnight fast. Blood
glucose levels were tested by glucometer (GT-1920, Japan) with samples run in duplicate. Serum insulin
concentrations were measured using a commercially-available ultrasensitive rat insulin ELISA kit (ALPCO
Diagnostics, Windham, NH).
Statistical analysis
All analyses were performed using SPSS V16.0 (SPSS, Chicago, IL). Two-way analysis of variance (two-way
ANOVA) and Tukey post-hoc tests were used for protein data. Also, two-way ANOVA were used for characteristic
features of rats in different groups. Statistical significance was set at P<0.05. Data are presented as means ± SEM.
RESULTS
Induction of diabetes mellitus and effects of training on muscle mass
Rats underwent the protocols for control (C), trained (T), STZ-induced diabetes (D) and diabetes with training (DT)
as outlined in Methods. The characteristic features of the rats in different groups are presented in Table 1, which
shows that the diabetic groups displayed significant reductions in plasma insulin levels compared to the healthy
groups. Consequently, typical type 1 diabetes hyperglycemia occurred in D and DT groups, with increased fasting
glucose. Moreover, at the end of the study, diabetic rats showed a significant decrease in total BW, although
different groups did not have noticeable differences in total weight at the beginning of the study (Table 1). Five
weeks of resistance training resulted in hypertrophy of the fast FHL muscle in the T and DT groups, as indicated by
a significantly higher ratio of FHL weight-to-body weight in trained compared to sedentary animals (Table 1).
Although total BW diminished in the both D and DT groups, the ratio of FHL muscle to body weight was
significantly higher in the DT group compared with the D group[13]. These data are consistent with previous studies
indicating preferential hypertrophy of the fast FHL muscle in this ladder climbing resistance exercise protocol
[17,19].
Table 1. Characteristic features of rats in different groups
C
T
D
DT
Initial weight (g)
266.9±7.09 a 260.38±5.34 a
262.5±4.86 a
261.75±9.37 a
Final Weight (g)
320.3±7.57 a
317.38±8.66 a 232.51±10.18 b
248.3±4.33 b
Fasting glucose (mmol.l-1)
4.52±0.57 a
4.34±0.12 a
30.37±4.12 b
27.76±2.41 b
Fasting insulin (ng.ml-1)
0.61±0.04 a
0.72±0.05 a
0.14±0.03 b
0.21±0.02 b
FHL muscle mass (mg)
576.6±19.64 a 646.62±8.88 b
416.6±11.93 c
494.5±3.8 d
FHL-to-body mass ratio (mg.g-1×100) 179.61±2.17 a 204.6 ±5.13 b
175.4 ±9.83 a
199.64 ±2.19b
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 levels in Serum
Fig 2 shows the effects of diabetes and resistance training on protein levels of IL-6, TNF-α, and IL-1β in serum. We
did not observe significantly higher concentrations of inflammatory cytokines in diabetic serum compared to healthy
rats (Fig 2 A, B, C). Resistance training decreased IL-6 protein levels in serum (Fig 2 A). on the other hand, training
did not affect serum TNF-α and IL-1β serum protein levels (Fig 2B,C).
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A. IL-6 Protein Levels

B. TNF-α Protein Levels

C. IL-1β Protein Levels

Figure 2. Cytokine concentrations in serum from the four groups of rats

A: IL-6 concentrations in serum; two-way ANOVAs revealed significant effects of training for IL-6. B: TNF-α
concentrations in serum; two-way ANOVAs did not reveal significant effects of training and diabetes for TNF-α in
serum. C: IL-1B concentrations in serum; two-way ANOVAs did not reveal significant effect of diabetes and
training for IL-1B in serum. For all panels, bars with different superscripts are significantly different (P<0.05). *
differ from C group, ≠ differ from D group.Groups are: C healthy control, sedentary rats; T, trained healthy rats; D,
diabetic sedentary rats; DT, diabetic trained rats. N = 6–8 animals per group. Results are expressed as mean ±
standard error (SE).
DISCUSSION
This study was undertaken to test the hypothesis that resistance training would maintain muscle mass, as well as
change inflammatory cytokine in serum in diabetic subjects. The results of this study showed that decreased FHL
muscle mass, whereas FHL skeletal muscle weight increased following resistance training in both healthy and
diabetic subjects. While diabetes decreased body mass, we did not observe any differences between control and
training groups in body mass in either healthy or diabetic rats. STZ-induced diabetes did not change serum
inflammatory cytokines.On the other hand, resistance training decreased IL-6 serum protein levels in diabetic and
normal rats.
The applied resistance training in the present study was ladder climbing. Ladder climbing has been found to produce
increases in the mass of the FHL muscle, while the mass of other muscle groups was not affected[18,19,20]. It
seems that in this kind of resistance training various training-related variables such as frequency, duration, sets,
intensity and repetition of exercise sessions are important for adaptation in different muscles [21]. Hornberger and
Farrar (2004) observed the FHL muscle hypertrophy following progressive resistance exercise with ladder in the rat
[19]. Also, after 6 weeks' resistance training increase in muscle mass in the FHL in the young and aged animal was
observed[20]. Lee et al (2004) suggested that selective hypertrophy of FHL muscle is due to its eccentric mode of
action during climbing. It is shown that muscle hypertrophy after heavy resistance training only observe in fast type
fiber[17].In a similar study, Harris et al (2009) demonstrated that resistance training with ladder induces hypertrophy
of the mixed fiber type plantaris muscle and do not have hypertrophic effect on slow twitch soleus muscle [20].
We did not observe any changes in TNF-α and IL-1β following resistance training. Several studies have shown that
exercise training leads to an increase of serum levels of anti-inflammatory cytokine[22,23]. Based on its antiinflammatory effects, exercise can also be used as a means to control low-grade systemic inflammation [11]. Also,
exercise training could diminish the skeletal muscle wasting in diabetic rats by decreasing oxidative stress and
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inhibiting muscle-specific ring-finger protein 1 (MuRF1) expression at both the mRNA and protein levels [24]. On
the other hand, inappropriate exercise intensity can worsen this dysregulation, contributing to the metabolic,
inflammatory, and stress disorders associated with metabolic syndrome[25]. In addition, resistance training
involving eccentric actions induces muscular damage to a higher extent than concentric actions [26]. Numerous
studies have shown that eccentric exercise-induced muscle damage triggers inflammatory responses characterized
by releases of leukocytes and cytokines[27]. Cytokine response may vary by the type of exercise, intensity, duration,
recovery between exercise bouts, and training status [28].
In our study inflammatory cytokines were not changed after resistance training. To date, the findings of studies that
examined the effect of resistance training alone on pro-inflammatory markers in human or animals with diabetes
mellitus are limited and inconsistent[29,30]. Brooks et al. (2006) reported that16 weeks of resistance training in
elderly individuals with type 2 diabetes reduced plasma CRP concentration compared with the control group[31].
Similarly, Olson et al. (2007)reported that long-term resistance training (1 year, 2 days/week) significantly reduced
plasma CRP concentration compared with baseline levels in overweight women[32]. In contrast, Levinger et al.
(2009) indicated that resistance training as a single intervention did not modify any inflammatory marker at rest for
any of the tested groups. Authors suggested that long-term resistance training interventions may be required to see
the effect on the tested inflammatory markers [33].
Aerobic exercise training has been shown to decrease the production of pro-inflammatory cytokines in plasma and
tissues. Despite this, even long duration resistance training could not decrease inflammation [34,35]. The importance
of inflammatory events in promoting or preventing skeletal muscle hypertrophy is unclear. With attention to
previous studies, it seems that inflammation is related to adaptations induced with resistance training[34,35,36].
Therefore, combining resistance and aerobic training could be an effective way to prevent and delay muscle
inflammatory events induced with resistance training especially for inflammatory cytokines related to diseases in
skeletal muscle.
CONCLUSION
In summary, in our study only IL-6 protein levels decreased in response to training in diabetes, suggesting that for
desired changes in other inflammatory cytokines, aerobic or concurrent training can be considered. Our study
showed that resistance exercise exhibited positive effects on muscle mass in both healthy and diabetic rats.
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