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ABSTRACT

Objective: Exercise has many beneficial effects in the treatment and prevention of Type 2 Diabetes 
Mellitus (T2DM). The aim of this study was to evaluate the effect of physical activities with different 
frequencies performed within a total total duration of one week on the heart and kidney tissues and 
vascular endothelial growth factor (VEGF) expressions in experimental T2DM model. 
Method: Rats (n: 30) were divided into sedentary control (SC), sedentary T2DM (SD), T2DM and 
continuous exercise (DEc, 30 min/day, 5 days/week), T2DM and short bouts exercise (DEsb, 
3x10 min/day, 5 days/week), T2DM and weekend warrior exercise (DEww, 35+40 min/day, 2 
days/week) groups. Rats were administered streptozotocin (65 mg/kg) and nicotinamide (110 
mg/kg) through intraperitoneal route. After 6-weeks of swimming exercise (total duration 150 
min/week), biochemical analyzes were performed to measure oral glucose tolerance test, insulin 
sensitivity and cytokines. Histopathological and immunohistochemical analyses [VEGF, capillary 
density, Transforming growth factor beta (TGF-β)] were performed in heart and kidney tissues. 
Results: Compared with sedentary T2DM rats, significant improvements were observed in all 
exercise groups in terms of blood glucose level, insulin sensitivity, capillary density in heart tis-
sue, VEGF expressions in tissues, TGF-β expressions in kidney tissue and all histopathological 
analysis (p<0.05). 
Conclusion: This study shows that physical activity at various frequencies may significantly 
ameliorate harmful effects of T2DM on heart and kidney tissue without significant differences 
between exercise frequencies, provided that the total duration of aerobic exercise remains the 
same (150 min/week).

Keywords: Physical activity, short bouts of exercise, type 2 diabetes mellitus, vascular endothelial 
growth factor, weekend warrior

ÖZ

Amaç: Tip 2 Diabetes Mellitus (T2DM) tedavisinde ve önlenmesinde egzersizin birçok faydalı 
etkisi vardır. Bu çalışmanın amacı, deneysel T2DM modelinde haftalık toplam süre aynı olmak 
şartıyla farklı sıklıklarla yapılan fiziksel aktivitenin kalp ile böbrek dokuları ve vasküler endotelyal 
büyüme faktör ekspresyonu üzerindeki etkisini değerlendirmektir.
Yöntem: Sıçanlar (n:30) sedenter kontrol (SK), sedenter T2DM (SD), T2DM ve devamlı egzersiz 
(DEd, 30 dk./gün, 5 gün/hafta), T2DM ve kısa aralıklı egzersiz (DEka, 3x10 dk./gün, 5 gün/haf-
ta), T2DM ve hafta sonu savaşçıları egzersiz (DEhs, 35+40 dk./gün, 2 gün/hafta) olarak gruplara 
ayrıldı. Sıçanlara intraperitoneal olarak streptozosin (65 mg/kg) ve nikotinamid (110 mg/kg) 
uygulanarak T2DM indüklendi. 6 haftalık (toplam süre 150 dk./hafta) yüzme egzersizinden sonra 
oral glukoz tolerans testi, insülin duyarlılığı ve sitokinlerin ölçümü için biyokimyasal analizler ya-
pıldı. Kalp ve böbrek dokularında histopatolojik ve immünohistokimyasal analizler [VEGF, kapiller 
yoğunluk, dönüştürücü büyüme faktörü beta (TGF-β)] yapıldı. 
Bulgular: Sedenter diyabet sıçanlarına kıyasla, tüm egzersiz gruplarında kan şekeri seviyesi, in-
sülin duyarlılığı, kalp dokusunda kılcal yoğunluğu, dokulardaki VEGF ifadeleri, böbrek dokusunda 
TGF-β ifadeleri ve tüm histopatolojik analizlerde önemli iyileşmeler gözlendi (p<0,05).
Sonuç: Bu çalışmada, toplam aerobik egzersiz süresinin aynı kalması şartıyla (150 dk./hafta) farklı 
sıklıklarda yapılan aerobik fiziksel aktivitenin, T2DM’nin kalp ve böbrek dokusu üzerinde zararlı 
etkilerini önemli ölçüde iyileştirebileceğini göstermektedir.

Anahtar kelimeler: Fiziksel aktivite, kısa aralıklı egzersiz, tip 2 diabetes mellitus, vasküler endotel 
büyüme faktörü, haftasonu savaşçısı
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INTRODUCTION

Chronic hyperglycemia in Type 2 Diabetes Mel-
litus (T2DM) causes long term microvascular and 
macrovascular damage. It also leads to dysfunc-
tion and/or insufficiency in various organs such as 
heart and kidney. Coronary artery disease is the 
main reason of mortality and morbidity in T2DM 
patients1. Angiogenic factors including vascular 
endothelial growth factor (VEGF) which are re-
sponse for vascular injury, tissue ischemia and hy-
perglycemia are related to diabetic microvascular 
complications2. VEGF causes pathophysiological 
and physiological sprouting, migration and tube 
formation in the cardiac endothelial cells3. The 
decrease of VEGF expression in diabetic cardio-
myopathy has been related to the significant de-
cline in capillary intensity and left ventricular (LV) 
dysfunction2. In streptozotocin (STZ)-induced dia-
betic animals, it has been shown that there is a 
decrease in myocardial VEGF mRNA expression 
and physical exercise increases the VEGF expres-
sion in the cardiac tissue4. 

As another complication of diabetes, diabetic 
nephropathy, is the main cause of end-stage re-
nal failure. In the early stages of diabetic neph-
ropathy the key changes are the increase in re-
nal dimensions, glomerular volume and renal 
functions. During the progress of nephropathy, 
accumulation of glomerular extracellular matrix, 
albuminuria, glomerular sclerosis and tubular fi-
brosis are observed. The last stage, is character-
ized by proteinuria, hypertension and progres-
sive renal failure2,5. The dysregulation of renal 
VEGF is thought to be the triggering factor in the 
pathophysiology of diabetic nephropathy. It has 
been suggested that VEGF inhibition reverses the 
structural and functional changes in experimental 
diabetic nephropathy, indicating a possible thera-
peutic target option5.
 
Insulin resistance and glucose intolerance have 
been found less frequently in physically active 
people6. Today it is known that physical activity 

(PA) decreases the rates of mortality due to car-
diovascular diseases in diabetic patients via gly-
cemic control7. It has been reported that exercise 
has ameliorating effects on nephropathy prob-
ably related to the reduction of hyperglycemia2. 
Today, physical activity guidelines recommend 
moderate intensity aerobic activities for at least 
150 minutes/week and vigorous intensity aerobic 
activities or equivalent combinations for at least 
75 minutes/week in all healthy adults or diabetic 
persons. The daily target of 30 minute moderate 
intensity aerobic activity can be achieved adding 
up activities lasting at least 10 minutes. The aim 
of intermittent approach is to ease the adapta-
tion and continuity of the sedentary population to 
exercise8-10. Although available literature suggest 
that accumulated exercise has potential benefits, 
there are uncertainities on how to combine the 
frequency, intensity and duration of PA11. Some 
individuals who have time constraints because 
of their work and social activities have chosen to 
complete the expected exercise duration in one 
or two days of week, especially weekends. These 
individuals are called “weekend warriors”. This 
type of activity is frequently preferred, though it is 
not found in the guidelines. Information about the 
benefits and harms of this type of activity is very 
limited8,12. In our previous research, continuous, 
short bouts and the weekend warrior exercise 
models have been applied in a rat model of T2DM 
and the effect of these different exercise frequen-
cies on the parameters of T2DM, diabetic myo-
pathy and muscle mitochondrial enzymes have 
been compared for the first time. We found that, 
all frequencies of exercise have beneficial effects 
on these parameters and none one of the exercis-
es is superior to the others8. Our observations on 
muscle and liver tissue13 lead us to hypothesize 
that intermittent exercise approach can also be 
benefial on the outcome of heart and kidney inju-
ry induced by T2DM. Furthermore, for the above-
mentioned reasons there may be a link between 
VEGF metabolism and experimental T2DM model 
and if so, benefits of intermittent exercise may be 
related with the altered VEGFstate. Therefore, in 
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this study we aimed to investigate the effect of PA 
with different frequencies but performed within 
the same total durations on the heart and kidney 
tissues and VEGF expressions after development 
of experimental T2DM.

MATERIALS and METHODS

Ethical approval has been obtained from Aciba-
dem University Ethics Committee for Animal Re-
search (9 August 2019, 2017/26).

Animal and study design
For our study, Sprague Dawley male rats (n:30) 
weighing 300-350 gr. have been provided from 
Acibadem University Laboratory Animal Research 
Center. Animals were housed under standart con-
ditions with free access to food and water. The 
animals were randomly divided into five groups 
as follows (n=6 in each group): 
i. Sedentary control group (SC)
ii. Sedentary T2DM group (SD)
iii. T2DM and continuous exercise group (DEc)
iv. T2DM and short bouts exercise group (DEsb)
v. T2DM and weekend warrior exercise group 

(DEww)

Induction of T2DM
To induce T2DM, intraperitonal injections of NA 
(110 mg/kg; Sigma, Saint-Louis, MO, USA) dis-
solved in saline, followed 15 minutes by STZ (65 
mg/kg; Sigma, Saint-Louis, MO, USA) diluted in 
0.1 M sitrat buffer (pH:4.5) were applied, follow-
ing overnight fasting. Both of the vehicles have 
been applied through intraperitonal route only to 
the SC rats14. One week later, after 12 hours of 
overnight fasting, blood glucose levels (FBG) have 
been measured by glucometer (Accutrend Plus; 
Roche, Mannheim, Germany) from the tail vein. 
Rats with FBG levels over 126 mg/dl have been 
considered as T2DM15. Rats with FBG levels over 
300 mg/dl were excluded from the study since 
they could have difficulty in completing the exer-
cise schedule.

Exercise protocol
One week after T2DM induction, the animals ex-
cept the sedentary groups started to apply swim-
ming protocol. During the adaptation period, 
they were put in a Morris water tank (60 cmx150  
cmx45 cm; water temperature 32±°C) for 10 
minutes in the first day and were accustomed to 
swimming by increasing the exercise period by 
10 minutes every day until they were able to ex-
ercise for 30 or 40 minutes without interruption. 
Group DEsb received 10 minute swimming ses-
sions each day. After the adaptation phase, we 
switched to the exercise phase which continued 
for six weeks (total 150 min/week) as follows:
i. DEc: 30 minutes/5 days a week
ii. DEsb: 3x10 minutes/5 days a week (exercises 

with 3 hour intervals during the day)
iii. DEww: 35+40 minutes/day/2 consecutive days 

a week (Monday, Tuesday)/6 weeks

Oral glucose tolerance test
On the last day of exercise oral glucose toler-
ance test was performed to all rats. Then glucose 
was administered (2 g/body weight; intragastri-
cally) under isoflurane anesthesia and glycemia 
was measured at 0, 30 and 60 min after glucose 
load16.

Collection of blood and tissue samples
Twenty four hours after the last exercise, blood 
was drawn from the hearts of all animals under 
sodium pentobarbital (50 mg/kg) anesthesia and 
animals were sacrificed by cervical dislocation. 
The hearts and kidneys of all animals were im-
mediately removed. Serum samples obtained by 
centrifugation at 3000 rpm for 10 minutes were 
stored at -80°C.

Assessment of insulin sensitivity 
Serum levels of insulin were determined using 
rat insulin ELISA kit (Eastbiopharm, Hangzhou, 
China). The quantitative insulin sensitivity check 
index (QUICKI) was used to measure the degree 
of insulin resistance. This method is based on 
mathematical calculations on the fasting glucose 



255

N. Alaca et al. Effects of Three Different Frequencies of Aerobic Physical Activity on Heart and Kidney Tissues in Type 2 Diabetes-Induced Rats

and insulin values obtained at the same time. Val-
ues less than 0.335 mg/dL indicate insulin resis-
tance. QUICKI is calculated by the following equa-
tions17:
QUICKI = 1 ÷ (log glucose + log insulin)

Determination of cytokines and total antioxi-
dant capacity (T-AOC) 
Serum levels of tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6) were measured 
using a rat TNF-α ve IL-6 ELISA kit, respectively 
(eBioscience, San Diego, CA, USA). Serum level 
of T-OAC was determined using rat T-OAC ELISA 
kit (Eastbiopharm, Hangzhou, China).

Histopathological Analysis
Left kidneys and LV were used for histopatho-
logical analysis. Heart sections were analyzed 
by light microscopy after embedding in paraffin, 
blocks, followed by standard hematoxylin and 
eosin (H&E) staining and Picrosirious red (PR) to 
evaluated fibrosis. Immunohistochemical analysis 
of transforming growth factor beta (TGF-β), CD31, 
and VEGF was performed. 

Left kidneys were dissected and fixed in 10 % buff-
ered formalin and stained with H&E and periodic 
acid Schiff (PAS) stain was used for the evaluation.
of basement membrane. Immunohistochemical 
analyses of TGF-β and VEGF were performed.

Histomorphometrical Analyses
Size of Cardiomyocytes 
Five-micrometer serial sections of LV were mea-
sured with H&E to determine the cross-sectional 
area of cardiomyocytes. In longitudinally oriented 
cardiomyocytes, cross-sectional area of cardio-
myocytes was measured in a double-blind fashion 
from five different sites of each section at × 400 
magnification2. 

Fibrotic Area
Ten consecutive LV slides of each animal in each 
group were counted for their fibrotic areas. Square 
grid placed on transparent paper was used for 

measurement of fibrosis in LV. Then it was quanti-
fied as a percentage of the total area of LV and a 
mean value for each fibrotic area was calculated 
(cm2/675 cm2 area). Ten microscopic fields per 
animal were scanned under X 400 magnification 
All of the analyses were performed in a blinded 
fashion18.

Thickness of Basement Membrane
Thickness of basement membranes were evalu-
ated histomorphometrically via PAS staining serial 
sections in all animals with an image analysis sys-
tem19. All histomorphometric analysis were per-
formed after the images were transferred by light 
microscope (Olympus BX53, bright-field micro-
scope, America Inc., USA) into a computer. Serial 
sections in each rats were quantified at a magnifi-
cation of X 40 for each section after processing by 
a semiautomatic digitizer The University of Texas 
Health Science Center At Santorino (UTHSCSA 
Image Tool for Windows Version 1.28)13.

Immunohistochemical analyses 
Formalin-fixed paraffin-embedded hearts and 
kidneys were sectioned, and 5-µm-thick sections 
were used for detection of CD31 (Cell Marque, 
clone: Monoclonal, dilution: 1:100, USA), TGF-β 
(ThermoFisher Scientific, clone: Monoklonal, di-
lution: 1:100, USA), VEGF (Spring Bioscience, 
clone: N/A, dilution: 1:100, USA) expressions by 
immunohistochemistry via the Leica Bond-Max 
automation and Leica Refine detection kit (Leica 
Biosystems, USA). Analyses were performed 
blindly by a histologist. The brown precipitate 
formed due to the DAB used during the immuno-
histochemistry showed a positive reaction for the 
primary antibodies. Semi-quantitative HSCORE 
analysis was used to evaluate immunohistochem-
ical results when comparing the groups. The fol-
lowing equation was used to calculate HSCORE: 
HSCORE = ΣPi (i+1), where Σ is the intensity of la-
belling with a value of 1, 2 or 3, (weak, moderate, 
or strong, respectively) and Pi is the percentage 
of labelled cells for each intensity, varying from 
0% to 100%18,19.
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Statistical analyses 
Statistical analyses were performed with Graph-
Pad Prism 6.0 (GraphPad Software, San Diego, 
CA, USA). All data were expressed as the mean 
± SD. Data were compared using analysis of vari-
ance analysis (ANOVA) and then Tukey’s multiple 
comparison tests. For all studies, P<0.05 was con-
sidered significant.

RESULTS

OGTT and Insulin sensitivity 
Table 1 summarizes the results of OGTT. FBG of 
8th week in the SD group were significantly higher 
compared to the SC group (p<0.001). In con-
trast, FBG in the DEc, DEsb and DEww groups de-
creased significantly compared with the SD group 
in the 8th week of the study (p<0.001, Table 1). 
OGTT levels in all T2DM groups were significant-
ly increased compared to the SC group on the 
30th (p<0.01 for DEww; p<0.001 for SD, DEc and 
DEsb) and 60th minutes (p<0.01 for DEc; p<0.001 
for SD, DEsb, DEww).

Compared with the SD group, QUICKI was signifi-
cantly lower in the SC group (p<0.001), whereas 
QUICKI was significantly higher in all exercise 
groups (all p<0.05, Table 1). 

Cytokines and T-AOC levels
Serum levels of TNF-α (p<0.01 for SD, p<0.05 for 
all exercise groups) and IL-6 (all p<0.01) were sig-
nificantly elevated in all T2DM groups compared 
to the SC group (Table 1). In the SD group, se-
rum levels of T-AOC were significantly lower than 
the SC group (p<0.05). These levels significantly 
increased in the DEc and DEww groups with re-
spect to the SD group (both p<0.01, Table 1).

Histopathological Analysis
Cardiomyocyte size increased significantly in all 
exercise groups compared to SC and SD groups 
(all p<0.001, Figures 1 and 2A). Compared to the 
SC group, fibrotic area was significantly elevated 
in SD group (p<0.01). However, it was significant-
ly lower in the DEc, DEsb and DEww groups (all 
p<0.05) compared with the SD group (Figures 1 
and 2B). Thickness of renal basement membranes 
was significantly higher in the SD group than SC 
group (p<0.001), whereas they were significantly 
lower in all exercise groups wirelative to the SD 
group (all p<0.001. Figures 1 and 2C). 

Histopathological examination of kidney tis-
sue samples revealed completely disorganized, 
glomerular architecture with little space between 
glomerular capillaries, expanded mesangium, 
narrowed capsular space in the Bowman’s cap-
sule and thickened basement membranes in the 

Table I. Effect of exercise frequencies on oral glucose tolerance test, QUICKI, cytokines and T-AOC in experimental type 2 
diabetes induced rats.

OGTT (mg/dl)
Fasting BGL of 8th week
30 min
60 min

QUICKI
Serum TNF-α (pg/mL)
Serum IL-6 (pg/mL)
Serum T-AOC (nmol/mL)

SC

66.50±12.08
134.17±37.09
127.17±12.47
    0.38±0.01
  12.57±1.10
  22.17±8.59
  10.52±0.64

SD

293.00±164.79***

305.33±142.76***

468.00±142.76***

      0.3±0.02***

  17.87±2.25**

  57.00±16.75**

    9.58±0.42*

OGTT, oral glucose tolerance test, QUICKI, quantitative insulin sensitivity check index; IL-6, interleukin 6; TNF-α, tumor necrosis 
factor alfa; T-AOC, total antioxidant capacity, SC, sedentary control group; SD, sedentary T2DM group; DEc, T2DM and conti-
nuous exercise group; DEsb, T2DM and short bouts exercise group; DEww, T2DM and weekend warrior exercise group. Data 
are reported as means±SD of 6 animals in each group. *p<0.05, **p<0.01, ***p<0.001 compared with sedentary control group. 
+p<0.05, ++p<0.01, +++p<0.001 compared with sedentary T2DM group. 

DEc

129.23±30.10+++

318.00±42.48***

413.66±89.78**

    0.34±0.02+

  15.39±3.00*

  45.67±19.63**

  11.38±1.05++

DEsb

104.80±31.27+++

315.20±101.17***

345.20±106.54***

    0.35±0.01+

  15.67±1.50*

  48.78±20.49**

    9.95±1.74

DEww

138.17±53.72+++

259.83±53.66**
378.66±93.46***

    0.34±0.01+

  15.37±2.08*

  51.17±12.19**

  11.45±1.04++
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SD group (Figure 3). In all exercise groups, glom-
erular architecture was more similar to that of 
SC group rather than SD group. Spaces between 
glomerular capillaries and capsular area in the 
Bowman’s capsule were enlarged and basement 
membrane was thinner. There were no significant 
microscopic differences between exercise groups 
(Figure 3).

Immunohistochemical analysis
VEGF expressions in the heart tissue were signifi-
cantly increased in all exercise groups compared 
with the SC and SD groups (all p<0.05, Figures 
4 and 5A). TGF-β expressions in the heart tis-
sue were significantly higher in the SD, DEsb and 
DEww groups (p<0.05) relative to SC group. Com-
pared to the SD group TGF-β expressions in the 
heart tissue decreased in the DEc group (p<0.05, 
Figures 4 and 5B). CD31 expressions in the heart 
tissue were significantly reduced in the SD com-
pared with SC group (p<0.01), whereas CD31 ex-
pressions were higher in the DEc (p<0.01), DEsb 
(p<0.05) and DEww (p<0.05) groups compared 
with the SD group (Figure 4 and 5C). 

VEGF expressions in the renal tissue were signifi-
cantly increased in the T2DM groups than in the 
SC group (all p<0.001, Figures 3 and 5D). Com-
pared to the SD group, VEGF expressions in the 
renal tissue significantly decreased in all exercise 
groups (all p<0.001, Figures 3 and 5D). TGF-β 
expressions in the renal tissue were significantly 
elevated in in all T2DM groups (p<0.001 for SD, 
p<0.01 for DEc and p<0.05 for DEsb and DEww) 
compared to the SC group, whereas TGF-β ex-
pressions in the renal tissue were significantly 
lower in all exercise groups (p<0.05 for DEc and 
p<0.01 for DEsb and DEww) than in the SD group 
(Figure 3 and 5E).

Figure 1. Effect of exercise frequencies on heart tissue in experimental type 2 diabetes induced rats.
H&E, Hematoxylin eosin staining X40; asterisk: myofibril; PR, picrosirius red staining X40; Arrow: fibrosis. Bars, 50 μm; SC, seden-
tary control group; SD, sedentary T2DM group; DEc, T2DM and continuous exercise group; DEsb, T2DM and short bouts exercise 
group; DEww, T2DM and weekend warrior exercise group. 

Figure 2. Effect of exercise frequencies on cardiomyocyte 
size, fibrosis area and renal basement membrane thick-
ness in experimental type 2 diabetes induced rats.
A: cardiomyocyte size, B: fibrosis area, C: renal basement 
membrane thickness; SC, sedentary control group; SD, se-
dentary T2DM group; DEc, T2DM and continuous exercise 
group; DEsb, T2DM and short bouts exercise group; DEww, 
T2DM and weekend warrior exercise group. Data are re-
ported as means ± SD of 6 animals in each group. *p<0.05, 
**p<0.01, ***p<0.001 compared with sedentary control gro-
up. +p<0.05, ++p<0.01, +++p<0.001 compared with sedentary 
T2DM group. 
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Figure 3. Effect of exercise frequencies on kidney tissue in experimental type 2 diabetes induced rats.
H&E, Hematoxylin eosin staining X40; arrow: glomerular architecture and expanding mesangium; PAS, Periodic acid–
Schiff stain X40; arrow: Basal membranes; TGF-β, transforming growth factor beta immunohistochemical staining X40; 
arrow: Positive staining; VEGF, vascular endothelial growth factor immunohistochemical staining X40; arrow: Positive sta-
ining. Bars, 50 μm; SC, sedentary control group; SD, sedentary T2DM group; DEc, T2DM and continuous exercise group; 
DEsb, T2DM and short bouts exercise group; DEww, T2DM and weekend warrior exercise group. 

Figure 4. Effect of exercise frequencies on heart tissue of immunohistochemical staining in experimental type 2 
diabetes induced rats.
CD 31 X20; arrow: negative staining; asterisk: positive staining; VEGF, vascular endothelial growth factor immunohis-
tochemical staining X20; TGF-β, transforming growth factor beta immunohistochemical staining X20; Bars, 50 μm; SC, 
sedentary control group; SD, sedentary T2DM group; DEc, T2DM and continuous exercise group; DEsb, T2DM and short 
bouts exercise group; DEww, T2DM and weekend warrior exercise group.
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DISCUSSION 

In this study, FBG on 8th week, TNF-α, IL-6, VEGF 
expressions in kidney tissue and TGF-β expres-
sions in heart and kidney tissue samples, cardiac 
fibrosis and renal basement membrane thickness 
were found to be increased in the SD group, 
while QUICKI, T-AOC and capillary density were 
lower compared to the SC group. In addition, 
glomerular architecture was completely disor-
ganized, spaces between glomerular capillaries 
were narrowed, the mesangium was expanded, 
capsular area in the Bowman’s capsule was nar-
rowed and basement membranes were thickened 
in SD group. Howewer, favorable alterations were 
observed in all exercise groups. These effects in-
clude reduced levels of FBG on 8th week, cardiac 
fibrosis, renal VEGF and TGF-β expressions and 
reduced renal basement membrane thickness and 

increased QUICKI, T-AOC (except Group DEsb), 
cardiomyocyte size, cardiac VEGF expression and 
capillary density. Furthermore, in the kidney tis-
sue, glomerular architecture was similar to the 
glomerular architecture in the SC group, spaces 
between glomerular capillaries and capsular area 
in the Bowman’s capsule were enlarged and base-
ment membrane was thinner compared to the 
basement membrane thickness in the SD group. 
In addition, TGF-β level in the heart tissue was re-
duced only in the DEc group.
 
FBG was high at the end of 8th week in the SD 
group while decreases were observed in all ex-
ercise groups. These results were consistent with 
previous studies on the effects of exercise on 
FBG8,13. In addition, exercise is known to increase 
insulin sensitivity8. In our study, insulin sensitiv-
ity decreased in the SD group, in line with the 

Figure 5. Effect of exercise frequencies on immunohistochemical staining in experimental type 2 diabetes induced rats.
A: vascular endothelial growth factor (VEGF) of heart tissue, B: transforming growth factor beta (TGF-β of heart tissue, C: capillar 
density (CD 31) of heart tisue; D: vascular endothelial growth factor (VEGF) of kidney tissue; E: transforming growth factor beta 
(TGF-β of kidney tissue; SC, sedentary control group; SD, sedentary T2DM group; DEc, T2DM and continuous exercise group; 
DEsb, T2DM and short bouts exercise group; DEww, T2DM and weekend warrior exercise group. Data are reported as means±SD 
of 6 animals in each group. *p<0.05, **p<0.01, ***p<0,001 compared with sedentary control group. +p<0.05, ++p<0.01, +++p<0.001 
compared with sedentary T2DM group. 
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literature, while statistically significant improve-
ments were observed in all exercise groups in-
dicating the improvement in insulin sensitivity 
following different exercise modalities. On the 
other hand, such reductions were not observed in 
OGTT measurements at 30th and 60th minutes. In 
studies employing genetically modified rats with 
longer exercise durations favorable effects of ex-
ercise on OGTT results were observed20,21. Some 
of these studies reported reduced FBG at 90th and 
120th minutes22,23. FBG was not measured at these 
timepoints and this issue was the limitation of our 
study.

Although several studies have demonstrated that 
mild to moderate-intensity aerobic activity may 
lead to eccentric hypertrophy (elongated cells), 
there are studies reporting that aerobic activity 
of vigorous intensity may result in concentric hy-
pertrophy (thick cells)24,25. A potential mechanism 
that may explain exercise-induced enhancement 
of contractile function of the heart may be the in-
crease in cross-sectional area of the cardiac myo-
cytes25. In line with the literature, cardiomyocyte 
sizes were significantly increased in all exercise 
groups. However, unlike previous reports, car-
diomyocyte sizes in the SD were similar to the 
cardiomyocyte sizes in the SC group. This may be 
due to the duration of induction period (6 weeks) 
in our study, since the time required to induce 
diabetic cardiomyopathy in a STZ-NA-induced di-
abetes model is 8 weeks, as previously suggested 
by Chang et al.26.

An association between cardiac fibrosis and dia-
betes has been reported by several authors27,28. 
Exercise has been reported to prevent the de-
velopment of fibrosis which may also occur as a 
result of hyperglycemia and glycation end prod-
ucts28. We also observed that, diabetes-induced 
fibrosis and regression of fibrosis were associated 
with a reduction in hyperglycemia in all exercise 
groups. Increasing evidence suggests that TGF-β 
may play a critical role in the development and 
progression of myocardial fibrosis29. In our study, 

although TGF-β expression was increased with 
the development of fibrosis in the SD group, a re-
duction in TGF-β expression occurred in the sole 
DEc group among exercise groups. 

In a study on STZ-induced Type 1 diabetes, Erekat 
et al.4 have demonstrated a reduction in VEGF 
expression in the diabetes group, which was not 
similar to the VEGF expression in the SD group in 
our study. This discrepancy may be related to the 
addition of NA to STZ which might lead to a mod-
erate and more stable hyperglycemia. In line with 
our study, VEGF levels were increased in all ex-
ercise groups in that study. VEGF is an important 
moderator of physiological and pathophysiologi-
cal conditions in angiogenesis, namely the growth 
of new capillaries from preexisting microvessels. 
Exercise-related increases in VEGF and decreased 
capillary density in the SD group and increased 
capillary density in the exercise groups mutually 
support each other. Aerobic exercise-related in-
creases in the number of myocardial vessels in the 
LV have been reported to result from a balance 
mechanism similar to that of skeletal muscle30. 
This finding was apparent in all exercise groups; 
therefore, not one single group proved superior 
over others.

Exercise results in hemodynamic alterations as 
well as alterations in renal protein excretion and 
decreases renal blood flow and glomerular filtra-
tion rate. Furthermore, acute exercise is known 
to increase urinary protein excretion while the ef-
fects of acute exercise on diabetic nephropathy 
have remained controversial. Exercise has been 
reported to have favorable effects on nephropa-
thy and these effects are probably associated with 
exercise related reduction in hyperglycemia31. 
Moreover, De Moraes et al.32 have demonstrated 
that exercise might prevent harmful effects of 
high glucose levels. They reported that exercise 
may have a modulator role in hyperglycemia, and 
may prevent the progression of diabetic nephrop-
athy in spite of possible hemodynamic alterations 
in the kidney. In our study, FBG levels were also 
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reduced in the exercise groups. In addition, aero-
bic exercise has been reported to have favorable 
effects on oxidative stress which might further 
contribute to its renoprotective effects31. Similar-
ly, total antioxidant levels were reduced in the SD 
group and increased in the exercise groups (ex-
cept the DEsb group). In addition, histopathologi-
cal distortion of the kidney tissue was observed in 
the SD group while the opposite was applicable 
for the exercise groups. Basement membrane 
thickness and TGF-β expressions were increased 
in the SD group whereas they were reduced in 
the exercise groups. In a study conducted by Ren 
et al.33 moderate-intensity exercise was reported 
to reduce increased TGF-β levels and prevent 
the progression of kidney disease by modulating 
TGF-β-induced epithelial-mesenchymal transition 
in kidneys in T2DM. TGF-β is an important modu-
lator of extracellular matrix accumulation and the 
development of fibrosis, in particular. Exercise 
particularly reduces hyperglycemia and glycation 
end products and consequently reduces stimula-
tions triggering TGF-β production. Thus, we con-
sider this effect as one of the favorable renal ef-
fects of exercise at frequencies investigated in this 
study. 

VEGF plays a role in the pathogenesis of a num-
ber of kidney diseases including diabetic neph-
ropathy, associated with high protein diets and 
glomerulonephritis. VEGF expression has a role in 
the pathogenesis of diabetic nephropathy. VEGF 
upregulation has been reported in diabetic kidney 
tissue similar to our study5. In a study conducted 
by Al-Jarrah et al.34 rats were given treadmill ex-
ercise at a speed of 18 m/min 40 min/day for 5 
days/week and diabetes-related elevation of VEGF 
levels declined. In our study, VEGF expression 
declined in the exercise groups, in line with the 
literature. Furthermore, moderate-intensity exer-
cise has been reported to reduce advanced glyca-
tion end products and ameliorate early diabetic 
nephropathy in obese Zucker rats35. Therefore, we 
agree with the conclusion that exercise training 
may reduce VEGF upregulation in diabetic kid-

neys by reducing hyperglycemia and increasing 
insulin sensitivity34. Similar favorable alterations 
occurred in kidney tissue in response to exercise 
performed at various frequencies.

CONCLUSION

This study suggests that physical activity at various 
frequencies may significantly ameliorate harm-
ful effects of T2DM on heart and kidney tissue 
without significant differences between exercise 
frequencies, including continuous, short bout or 
weekend warior alone, provided that total dura-
tion of weekly exercise (a total of 150 minutes of 
aerobic swimming exercise) remains the same.
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