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ABSTRACT

As some complications of Type 2 diabetes mellitus (T2DM) are aggravated by low-grade inflammation, and stimulation
of the innate immune system, the effects of swim training on WBC profile, inflammatory mediators, and histopathology of
pancreatic tissue were investigated in high fat-induced type 2 diabetes. Forty male Wistar rats were randomly divided
into four groups (n=10]: sedentary control (Con), sedentary diabetic (Dia), swim trained (Exe), and swim trained
diabetic (Dia-Exe). Diabetes was induced by high fat diet (HFD) and a low dose of intraperitoneal streptozotocin (35
mg/kg).In trained groups, one week after induction of diabetes, animals were subjected to swimming (60 min/5 days a
week) for 10 weeks. At the end of the training blood samples and pancreatic tissues were collected and used for
evaluation of WBC prdfile, inflammatory mediators in blood and pancreatic histopatholology. Our findings showed that
the WBC, blood lymphocytes, and monocytes significantly (p<0.01) increased in diabetic rats. Whereas the percentage of
neutrophils significantly (P<0.01) decreased by induction of diabetes. Swimming significantly (P<0.01) reversed changes
in the WBC, lymphocytes, monocytes, and neutrophils count.Serum levels of CRP and IL-6 also increased (P<0.01) in
diabetes and swimming decreased these parameters significantly. Induction of diabetes induced a pancreatic damage
and swimming alleviated the damage. The present study indicated that the 10-week fifth-weekly swim training was
associated with improved WBC profile, IL-6 and CRP levels. Moreover swimming reduced pancreatic damage in T2DM
animals
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INTRODUCTION

Type 2 diabetes mellitus (T2DM)is seenaround 80- 90% of diabetes cases. T2DM has several
complications such as cardiovascular disease, kidney failure, as well as the premature death([1]. T2DM is
a complex heterogeneous group of metabolic conditions characterized by increased levels of blood
glucose[2, 3].0besity, the important regulating risk factor for T2DM, is known to be greatly related to
insulin resistance. Obesity, as a result of low physical activity in combination with unhealthy dietary
habits such as high fat diets, has an important role in development of pancreatic beta-cell dysfunction and
insulin resistance [4-6].Exactly why and how obesity causes insulin resistance is not completely
understood.However, the genetic factors and cellular processes are known to be responsible for this
phenomenon [1, 7].There is a probability that high fat diet, obesity, and the inflammation of adipose
tissue increase the release of inflammatory factors and development of insulin resistance, impaired
glucose tolerance and even diabetes [8-10]. Activated adipocytes release many abnormal molecules such
as lipids, fatty acids, and inflammatory cytokines such as TNF-qa, IL-6, and CRP [11]. Therefore, cytokine
levels in obese people are higher than healthy lean people [8, 9]. Release of these cytokines and mediators
in long-term results in the recruitment of monocytes to adipose tissue[11].TNF-a, IL-6, and other
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mediators produced by macrophages also play an important role in the inflammatory cascade, systemic
insulin resistance, and decreased insulin secretion by the beta cells [12, 13]. In addition, activated
polymorph nuclear leukocytes, as the main inflammatory cells, release many mediators and lead to the
subsequent inflammation [14-17]. Moreover it is known that IL -6 and TNF-a regulate C-reactive protein
(CRP) secretion from the liver [18].Altogether enhanced levels of IL-6 and TNF-a impairs glycaemic
control in type 2 diabetic individuals [19-21].

Studies have also demonstrated that high fat diet leads to pancreatic histological damages. The exact
mechanisms of pancreatic damages at cellular and molecular levels are not completely understood;
however immigrated inflammatory cells and cytokines secreted from them, as well as reactive oxygen
products, have possibly important role in this phenomenon [22].

The beneficial effect of physical activity on T2DM control and alleviation of its complication can be related
to reduction of inflammatory markers [23-25]. Long-term exercise has been shown to have an anti-
inflammatory effect [26]. This effect of exercise is supported by the observation that individuals subjected
to various kind of exercises such as running, bicycling, swimming, and resistance exercises showed
decrease in mononuclear cell, TNF-q, IL-6, and CRP production and increase in IL-4 and IL-10 levels [27].
Swim training as a uniform type of activity is less traumatic to animals and is mostly used to recognize the
physiological, biochemical, and molecular reactions to exercise [26].

The purpose of the present study is to investigate effects of 10 week swim training on: (1)WBC profile, (2)
pro-inflammatory mediators and, (3) histopathological alterations of pancreatic tissue of high fat-diet
induced type 2 diabetic rats.

METHODS AND MATERIALS

Animals

Forty male Wistar rats (200-250 g) were obtained from laboratory animal house of Tabriz University of
Medical Sciences. They were kept in an animal room at 22-24°C and had free access to rat food and blow
water. All the employed experimental processes as well as rat care and handling were in agreement with
guidelines provided by the Animal Care Committee of the TabrizUniversity of medical sciences. The
animals were randomly divided into four groups (n=10): control group (Con), diabetic group (Dia),
exercise group (Exe) and diabetic- exercise (Dia-Exe) group. Treatment interventions started one week
after induction of diabetes.

Induction of type2 diabetes

The rats were fed with high fat diet (HFD) regimens consisting 58% fat, 25% protein, and 17%
carbohydrate, for a period of 4 weeks. The composition and preparation of HFD were as described
previously [28,29]. After the 4th weeks of dietary manipulation, animals were injected with a low dose of
STZ (35 mg/kg, i.p). After 72h, rats with the non-fasting basal plasma glucose (PGL) of = 300 mg/dl were
considered diabetic and selected for further studies.

Swim training protocol

Swim training began one week after induction of diabetes. The training was gradually increased during
the 12 days from 5 min daily to reach 60 min daily. Thereafter, the rats continued this protocol for 5 days
per week for 10 weeks. Swimming exercise carried out in rectangular tanks (100 x 60 cm) with the water
maintained at 34-36°C. After swimming, animals were gently dried with towels and placed in the cages.
White blood cell count and assessment of inflammatory mediators

At the end of experiments, all animals were deeply anaesthetized with ketamine (40mg/kg) and Xylazine
(5mg/kg), and blood samples were collected from the inferior vena cava. Then, differentiated WBC count
performed and percentage of each cell determined.

For assessment of the inflammatory mediators, serum samples were prepared. Then serum levels of CRP
were measured by using CRP kit (Cusabio,Biothec,Wuhan, China) and serum levels of IL-6 were
measured by using enzyme-linked immune-sorbent assay kits (Boster's rat ELISA Kit). All manufacturers’
technical recommendations were followed.

Histological evaluation

After sacrificing of animals, the panceratic tissues were immediately removed and fixed in Bouin’s
without acid solution, and dehydrated in ascending grades of alcohol and embedded in paraffin. Sections
of 5 um were taken, stained with hematoxylin-eosin (H-E), and examined under light microscope
(Olympus BH-2, Tokyo, Japan) in a blinded manner. Panceratic tissues were evaluated in terms of
morphological alterations, edema and congestionin sinusoids between islets, leukocytosis infiltration, and
deposition of amyloid.

Statistical analysis

Data were statistically analyzed using one-way analysis of variance (ANOVA) followed by Tukey’s test.
The significant level was set at p < 0.05. Results are expressed as Mean *S.E.M.
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RESULTS
White blood cell, lymphocytes, monocytes and eosinophils count in the blood
Diabetic group showed significant (p<0.01) increase in WBC, lymphocyte, and monocyte levels, and a
significant decrease in neutrophil counts compared to control group (Tablel). Exercise could significantly
(p<0.01) reduce WBC, lymphocyte and monocyte counts, and increased the neutrophil- counts compared

to diabetic group. There were no significant differences in intergroup comparisons in eosinophils counts
(Tablel).

Tabel1l.White blood cell count (WBC) and percentage of lymphocytes (Lym), monocytes (Mon),
eosinophils (Eos),and neutrophils (Neu) in the blood in sedentary control(Con), sedentary diabetic (Dia),
exercised control (Exe), and exercise diabetic (Dia-Exe) rats.

Groups Con Exe Dia Dia-Exe

WBC (x10°) 544.29+2.02 575.71+1.68 811.43+2.38* 591.16+1.50#
Lym (%) 58.84+0.96 61.81+1.47 78.2+0.83* 60+1.97#
Mon (%) 3.14+0.26 3.57+0.20 6.57+0.20* 3.71+0.18#
Eos (%) 1.28+0.18 1.42+0.20 1.85+0.34 1.71£0.35
Neu (%) 35.28+0.86 32.42+1.65 13.71+0.77* 33.83+2.13#

Data are shown as Mean + SEM, *p < 0.01 vs Control group; # p< 0.01, vs Diabetic group.

Inflammatory mediators

ANOVA showed a significant (p<0.01) increase in CRP level in the serum of diabetic and diabetic- exercise
groups in comparison with the control group. However, swim training significantly (p<0.5) decreased
serum CRP level compared with diabetic group (Fig.1). Serum CRP levels in exercise group were also
lower in comparison with the control group, although this difference was not significant. Fig. 2 shows a
significant (p<0.01) elevation in the serum levels of IL-6 in the diabetic compared with the control group.
Swim training significantly (p<0.01) decreased the serum level of IL-6 in the diabetic rats.
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Fig 1.Serum C-reactive protein (CRP) Level in sedentary control (Con), sedentary diabetic (Dia), swim
trained control (Exe) and swim trained diabetic rats (Dia-Exe). Data are shown as Mean * SEM. *p < 0.01
vs Control group; #p < 0.05, vs Diabetic group.
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Fig2. Serum Interlukine-6 (IL-6) level in sedentary control (Con), sedentary diabetic (Dia), swim trained
control (Exe) and swim trained diabetic rats (Dia-Exe). Data are shown as Mean + SEM. *p < 0.01 vs
Control group; #p < 0.01, vs Diabetic group.

Histopathological findings:

Histological examination of the panceras showed that there were no histological changes in the swim
trained group compared to the control group (Fig 3a, 3b). In the sedentary diabetic group, appearance of
pancreatic islets had atrophic changes, irrigular morphology, leukocyte infiltration, vasodilated, and
congested sinusoids. Inaddition, Langerhans cells had picnotic, necrotic nuclei, and degenerated vacuoles
with acidophilic cytoplasm. Also, deposition of amyloid in some areas of pancreatic islets was seen. Swim
training resulted in a marked attenuation of morphological alterations, leukocyte infiltration, and
vasodilatation and congestion in sinusoids between islets in diabetic animals (Fig 3d ). Also, deposition of
amyloid in the pancreatic islets was milder in swim trained diabetic rats than sedentary diabetic rats (Fig
3d).
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Fig 3: Histopathological evaluation of rat pacceratic tissue after 10 weeks. Panceratic sections are stained
by hematoxylin and eosin (HE) and examined by a light microscope(40 x HE).

Fig 3 (a, b): The normal panceratic tissue in sedentary control and in swim trained control group.
Healthy appearance of pancreatic islets: normal morphology, without inflammatory cells, endocrine cells
with distinct nuclear (vectorl) and sinusoids containing erythrocytes (vector 2)

Fig3c: The panceratic tissue in sedentary diabetic group: atrophic size, irrigular morphology (vectorl),
leukocytes infiltration (vector2), Sinusoids between islets were vasodilated and congested (vector3),
Langerhans cells with picnotic and necrotic nuclei (vector 4), degenerated vacuoles (vector 5),
acidophilic cytoplasm (vector 6), and deposition of amyloid in some areas of pancreatic islets (vector 7).
Fig3d: The panceratic tissue in swim trained diabetic atrophic size and distinct border, few inflammatory
cells (vector 1), Sinusoids between islets were mildly vasodilated and congested (vector 2), deposition of
amyloid in focal areas of pancreatic islets (vector 3).

DISCUSSION

HFD induced diabetic rats are extensively used as an animal model of humanT2DM to investigate its
pathophysiology [28, 29]. In this study, we found that HFD and low dose (35mg/kg) of streptozotocin
injection in rats lead to induction of type 2 diabetes, an inflammatory response and pancreatic damage.
Diabetic rats subjected to exercise training for 10 weeks showed improvement in inflammatory response
and pancreatic histological damages.

In the present study, significant increases in the WBC counts, lymphocytes and monocytes were observed
in the diabetic rats. Our findings about the WBC counts, lymphocytes and monocytes are consistent with
the resultsof previous studies on diabetes [30-32]. However, some studies have shown no change or
reduction in lymphocytes after induction of type 1 diabetes induced by the alloxan monohydrate and
diabetic patients [33, 34]. Possibly, the type of study, the induced diabetes method, and time of blood
sampling have caused this discrepancy. The important change that we found in diabetic rats was a
significant reduction in neutrophils that swim training reversed it. Some studies, unlike the present study,
have shown an increase in the number of neutrophil count in diabetic animals [35].Reduction of
neutrophils count in our study is probably due to the relocation and Immigration of these cells to the
inflamed tissues [33]. Another possible reason is the movement of neutrophils(a process called
infiltration) into adipose tissue in animals receiving HFD [36]. Since exercise reduces body lipid content, it
seems that it could result in an increase of neutrophils in the circulation. Chronic low-grade systemic
inflammation is a feature of chronic diseases such as type2 diabetes [37].The circulating levels of TNF-aq,
IL-6, and CRP increase in T2DM [18].Elevated CRP, IL-6 and TNF-a levels are also associated with visceral
adiposity [38]. Indeed adipose tissue could be the source of this enhanced release of IL-6 and TNF-q,
which consequently induces insulin resistance [10]. It is known that physical activity has beneficial effects
in preventing and protection against complications of T2DM [23, 24]. Exercise by increasing the energy
output decreases the body lipid content, and therefore diminishes the production of pro-inflammatory
production. Weight loss in morbidly obese patients induces a significant decrease of CRP and IL-6
concentrations in association with an improvement of the insulin receptor sensitivity [39]. Bradley’s
study also proposes that exercise decreases adiposity, improves insulin resistance, and reduces adipose
tissue inflammation in diet-induced obese mice [40]. These findings are supported by our results that 10
week swim training decreases chronic inflammation markers as well as lymphocyte, monocyte counts,
and serum levels of CRP and IL-6. Also, in accordance with our findings, 12-week thrice-weekly swim
training improved chronic inflammation markers as indicated by an increase in the levels of adiponectin
and a reduction in CRP and IL-6. Recent studies have also emphasized on the beneficial effects of exercise
in the prevention of leukocyte and platelet activation. Suppression of the inflammatory mediators by
swimming, believed to be related to improvement of insulin sensitivity [41]. Histological findings of our
study showed amyloid deposits, increased cell death and other damages in pancreatic tissue which are
related to the infiltration of inflammatory cells and cytokines secreted from them.These findings are
consistent with other studies [42, 43]. Exercise training in diabetic- exercise group, improved previously
mentioned histopathological alterations. Exercise also has pleiotropic effects such as correction of
dysglycaemia and dyslipidaemia, increase of antioxidant defense, and decrease of pro-inflammatory
cytokines [43]. In conclusion, the present study indicated that 10 week swim training has
antiinfillammatory effect in T2DMby reducing the number of WBC, lymphocytes, monocyte and
production of pro-inflammatory cytokines such as CRP andIL-6. Our findings also proposed that swim
training improves pancreatic histopathological alterations of typ2 DM.
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