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Abstract. This study evaluated the aerobic exercise effects of 
moderate and progressive intensity on renal function and 
structure, and oxidative stress in ovariectomized rats with type 
1 diabetes mellitus induced by streptozotocin (STZ). Eighteen 
Wistar rats were divided into 3 groups: OSC - ovariectomized 
and sedentary control rats; OSD - ovariectomized and sedentary 
diabetic rats; and OTD - ovariectomized and trained diabetic 
rats. After induction of diabetes, the OTD group was submitted 
to eight weeks of exercise. Twenty-four hours after the last 
training session urine samples were collected. Blood samples 
and kidneys were collected after euthanasia for renal function 
analysis, histology, morphometry and oxidative stress. Our 
results have shown a reduction of the weight gain, increase of 
kidney weight and postprandial glycemia in diabetic rats. 
However, exercise decreased glycosuria and prevented the 
proteinuria in OTD group rats. Focal segmental 
glomerulosclerosis (FSGS), juxtamedullary glomerular tuft area, 
tubulointerstitial lesions (TIL), brush border loss and tubular 
cell debridement were reduced in OTD rats. In addition, exercise 
training decreased urinary and plasma concentrations of 
thiobarbituric acid reactive substance (TBARS). Our results 
demonstrate the beneficial effect of progressive aerobic exercise 
on proteinuria, glycosuria, and renal structure in ovariectomized 
diabetic rats, which may be mediated in part by reduction of 
oxidative stress. 
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Introduction 

Chronic complications of diabetes 
mellitus (DM) mainly affect the 
cardiovascular and renal systems, being 
diabetic nephropathy the major cause of 
death among patients with type 1 
diabetes mellitus (DM1) (Maric and 
Sullivan, 2008). Early diabetic 
nephropathy stages are characterized by 
change in renal function and structure, 
including glomerular hyperfiltration, 
mesangial expansion, adaptive renal 
hypertrophy, and microalbuminuria 
(Bangstad et al., 1993; Sharma and 
McGowan, 2000; Volpini et al., 2003). 
The loss of filtration barrier selectivity, 
as well as a reduction of the filtering 
surface result in dense proteinuria and 
marked decrease of glomerular filtration 
rate (GFR) with disease progression. 
(Trevisan et al., 1997). Renal pathophy-
siological processes mainly occur in the 
glomeruli, characterized by mesangial 
matrix expansion, glomerular basement 
membrane thickening, and lesion of the 
podocytes (Bangstad et al., 1993; 
Coimbra et al., 2000). However, the 
chronic hyperglycemic state also causes 
morphological changes in the renal 
tubules (Barutta et al., 2014). 

Oxidative stress may be one 
mechanisms involved in the onset and 
progression of kidney disorders caused 
by diabetes (Palm et al., 2003). 
Hyperglycemia induces an increase in 
reactive oxygen species (ROS) and 
changes in renal structure, suggesting 
that this may be associated with the 

development of renal lesions (Mansouri 
et al., 2011; Punaro et al., 2014; 
Fernandes et al., 2016). Saleh et al. 
(2016) demonstrated that antioxidant 
treatment reduced urinary excretion of 
TBARS, endothelin 1 and glomerular 
superoxide production, in rats with DM1 
induced by estreptozotocin (STZ). 

Studies have shown an important 
influence of sex hormones on the 
incidence and progression of renal 
diseases, indicating the role of estrogen 
as a renoprotective factor, both in 
experimental animals and in women of 
reproductive age (Neugarten et al., 2000; 
Keck et al., 2007; Pérez-Torres et al., 
2009. Ovariectomy can induce 
albuminuria, increased transforming 
growth factor beta (TGF-β) and 
glomerular structural proteins 
expression, severe glomerulosclerosis 
and tubulointerstitial fibrosis (Mankhey 
et al., 2005). On the other hand, some 
studies are controversial about the 
modulatory effect of female sex 
hormones on renal changes induced by 
diabetes, especially in the 
postmenopausal period. 

Aerobic exercise has been 
associated to prevention of chronic 
diseases (Pedersen, 2006; Coelho and 
Burine, 2009), including diabetes 
mellitus (Bortolon et al., 2012; 
Huebschmann et al., 2015). The 
mechanisms of this protective effect on 
renal diseases, especially on diabetic 
renal disease, are not fully understood 
(Gusmão et al., 2003; Najas et al., 2009). 
However, evidences indicate that 
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exercise improves glycemic control (Silva 
et al., 2012), bioavailability of nitric oxide 
(NO) (Rodrigues et al., 2011), 
inflammation (Agarwal et al., 2012), 
oxidative stress (Peeri et al., 2013), 
cellular apoptosis (Miyagi et al., 2014), in 
addition to beneficially modulating the 
Renin-Angiotensin-Aldosterone System 
(RAAS) (Ciampone et al., 2011). 

In this perspective, since there 
are few studies investigating the 
relationship between diabetes and renal 
lesions, especially in conditions of 
decreased levels of ovarian hormones, in 
our study we aimed evaluate the effects 
exercise training of moderate and 
progressive intensity on the renal 
function and structure alterations and 
oxidative stress induced by diabetes 
mellitus in ovariectomized rats. 

Materials and methods 

Animals 
Eighteen Wistar rats at 10 weeks 

of age and body weight around 180-
200 g were maintained in light/dark 
cycle and temperature 23 °C ± 3 °C, with 
free access to water and food ad libitum. 
The animals were divided into three 
experimental groups with six animals in 
each group: OSC - ovariectomized 
sedentary control rats; OSD -
 ovarectomized and sedentary diabetic 
rats; and OTD - ovariectomized and 
trained diabetic rats. This study was 
approved by the Ethics Committee in 
Animal Experimentation of the Federal 
University of Bahia – Multidisciplinary 
Institute of Health (Protocol No. 
008/2013). All experimental procedures 
were conducted in accordance with the 
recommendations of the National Council 
for the Control of Animal Experimen-
tation (CONCEA) in Brazil. 

Surgical procedure and 
induction of diabetes melittus 

The rats were anesthetized with 
xylazine (6 mg/kg) and ketamine 
(40 mg/kg), and submitted bilateral 
ovariectomy surgery (Amaral et al., 

2014). After seven days of surgical 
recovery, diabetes was induced by a 
single intravenous injection of STZ 
(40 mg/kg), diluted in 0.1 M citrate 
buffer. Control rats were injected with 
equivalent amounts of citrate buffer. One 
week after the injection of STZ, the 
diabetes was confirmed by measuring 
blood glucose levels in a tail vein blood 
samples with Accu-Chek glucose strips 
(Roche, Mannheim, Germany). The 
animals with blood glucose levels higher 
than 250 mg/dL were considered 
diabetic (Amaral et al., 2016). 

Maximal running test and 
exercise training protocol 

The maximal running tests were 
performed at the beginning, at 4 weeks 
and at the end of the experiment with the 
objective of evaluating the physical 
capacity of the animals and/or adjusting 
the intensity of the exercise according to 
the method described by Amaral et al. 
(2016). Exercise training for the OTD 
group consisted of treadmill running at 
0% inclination, five days per week, with a 
ten minutes volume in the first week, and 
increments of 10 minutes per week until 
the animal reached the maximal volume 
of 1 h in the end of the fourth week. 
Similarly, the intensity of the exercise 
was also progressively increased from 
55-70% of the maximal capacity reached 
by the animal in the maximal running 
test, adding another 5% each week 
(Souza et al., 2007; Rodrigues et al., 
2011; Silva et al., 2012). One week after 
induction of diabetes, the OTD group was 
submitted training protocol over a 
period of 8 weeks (Figure 1). 

Body weight, uterine index and 
kidney weight 

The body weight gain of the 
animals was determined weekly and 
assessed by the delta weight (Zambom et 
al., 2009). After euthanasia, the uterus of 
the rats was removed and weighed for 
determination of the uterine index and 
verification of uterine atrophy. The 
kidneys were also removed, weighed and 
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fixed for histological studies. The weight 
of the kidney was evaluated by the mean 
left and right kidney weight. 

Blood pressure, postprandial 
glycemia and glycosuria 

Blood pressure was measured at 
the end of each week, before the exercise 
sessions, by a programmable tail-cuff 
sphygmomanometer (LE 5001 Electro-
Sphygmomanometer - Panlab, Spain).  
 

Due to the weakened state of the diabetic 
rats, it was not possible to perform the 
fasting glucose test. Therefore, the 
glycemic profile of rats was evaluated by 
postprandial glycemia with trunk blood 
collected after euthanasia. Both 
postprandial glycemia and glycosuria 
were determined by colorimetric method 
using an automated biochemical analyzer 
(Abbott Diagnostics C.4100 - Saint-
Laurent, Quebec, Canada). 

 
 

 
Figure 1. Experimental design. 0-1 (week), adaptation period on the treadmill and ovariectomy; 
2-3 (weeks) induction of DM in the OSD and OTD groups; 3-11 (weeks), initiation of exercise 
training in the OTD group; 48 h, sample collection of blood and urine 48 h after the last training 
session, and euthanasia. 
 
 
 

Renal function 
Forty-eight hours after the last 

training session, the animals were placed 
in metabolic cages for 24-hour urine 
collection. After euthanasia, blood 
samples were collected to quantify 
sodium, potassium and creatinine 
concentrations. Creatinine analysis in 
blood and urine samples was performed 
by the Jaffé method (Haugen, 1953). 
Glomerular filtration rate (GFR) was 
determined by creatinine Clearance. 
Sodium and potassium dosages were 
performed by flame photometry (Mod. 
910, Analyser, São Paulo, Brazil) and the 
fractional excretion of these ions were 
calculated. Urinary flow was determined 
by total urine volume in 24 hours. 
Quantification of urinary protein was 

performed using the colorimetric method 
using the commercial kit Sensiprot 
(Labtest®, MG, Brazil). 

Renal Morphology 
After euthanasia, the kidneys 

samples from rats of all groups were 
fixed in methacarn solution (methanol 
60%, chloroform 30%, and 10% acetic 
acid) and processed for paraffin 
embedding. Four-μm histological 
sections were stained with Periodic Acid 
Shift (PAS) for evaluation of the 
glomerulus and Hematoxylin and Eosin 
(HE) for evaluation of the 
tubulointerstitial compartment. 

Glomerulosclerotic index (GSI) 
Focal segmental glomeruloscle-

rosis (FSGS) was determined by GSI 
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through the optical microscopic analysis 
of 100 glomeruli. The FSGS was 
evidenced by increased mesangial 
matrix, obliteration and dilation of 
capillary lumina and it was graded 
according to Saito et al. (1987) on a scale 

of 0 to 4 (0 score, normal glomeruli; 
Score 1, sclera area up to 25%; Score 2, 
sclerotic area of 25 to 50%; Score 3, 
sclerotic area of 50 to 75%; Score 4, 
sclerotic area of 75% to 100%. The GSI 
was calculated according to the formula: 

 
GSI = (1 x n1) + (2 x n2) + (3 x n3) + (4 x n4) / nT 

where  
n1 represents the number of glomeruli with a score of 1, 
n2 represents number of glomeruli with score 2, 
n3 represents the number of glomeruli with score 3, 
n4 represents the number of glomeruli with score 4, and 
nT represents the total number of glomeruli evaluated. 

 

Glomerular morphometric 
analysis 

The glomerular morphometric 
analysis was done by measuring the 
glomerular tuft area of 30 glomeruli of 
the cortical region and 20 of the 
juxtamedullary region of each animal. 
The capsular space was also analyzed by 
measurement of the renal corpuscle 
subtracted from the glomerular tuft area. 
The images were obtained by light 
microscopy captured by video camera 
connected to an image analyzer 
(Olympus BX51 - Japan) using the 40X 
objective. The area was delimited 
manually and determined by 
computerized morphometry using 
software. 

Tubulointerstitial lesions 
The evaluation of 

tubulointerstitial lesions (TIL) was 
performed in 30 cortical/animal fields 
characterized by tubular lumen 
dilatation, flattening, brush border loss, 
debridement and presence of hydropic 
degeneration. These changes were 
quantified by semiquantitative score, 
using score 0: no lesion; Score 0.5: small 
areas of discrete and focal lesions; Score 
1: lesion reaching an area < 10% of the 
cortex; Score 2: lesion reaching an area 
of 10%-25%: score 3: lesion reaching an 
area of 25%-75% and score 4: extensive 

and diffuse lesion reaching an area 
> 75% (Shih et al., 1988). Quantitative 
analysis was performed through of the 
percentage of each type of lesion per 
animal. 

Oxidative stress 
Plasma and urinary TBARS 

concentrations were determined by 
thiobarbituric acid assay (Ohkawa et al., 
1979). The urinary TBARS was corrected 
by the 24 h urinary volume. The solution 
was read at a wavelength of 534 nm by 
spectrophotometry. 

Statistical analysis 
Statistical analysis was 

performed with the GraphPad Prism 6 
program. The Kolmogorov-Smirnov test 
was performed to evaluate the normality 
of data distribution and the Bartlett test 
to analyze the homogeneity of the 
variances. Data were submitted to the 
Kruskal-Wallis nonparametric test with 
multiple comparisons by the Dunn test, 
and expressed as median and 25th and 
75th percentile, or ANOVA One-way, 
followed by the Newman-Keuls multiple 
comparisons test, and expressed as 
mean±standard error of the mean (SEM). 
Pearson or Spearman tests were used to 
analyze the correlations. Statistical 
significance was defined as P < 0.05. 
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Results 

Body weight, uterine index and 
kidney weight 

The diabetic rats demonstrated 
decrease of the body weight gain 
compared to control group (p < 0.05) 
(Table 1). All rats showed reduction of 
uterine index, indicating atrophy of the 
uterus due to reduction in circulating 
levels of ovarian hormones (Table 1). 
The kidney weight was greater in the 
diabetic rats than the control group 
(p < 0.001) (Table 1). 

Blood pressure, postprandial 
glycemia, and glycosuria 

Our results do not demonstrate 
significant changes in systolic, diastolic 
and mean blood pressure, as well as in 
heart rate. Postprandial glycemia was 
increased in the OSD (p < 0.05) and OTD 
(p < 0.01) groups than the control. The 
rats of the OSD (p < 0.001) and OTD 
(p < 0.01) groups presented increased 
glycosuria. However, exercise decreased 
glycosuria in the OTD rats (p < 0.05) 
(Table 1). 

 
 
 
Table 1. Delta Weight Data, Uterine Index, Kidney Weight, Glycemia, Glicosuria, Heart Rate, Systolic 
Blood Pressure, Diastolic Blood Pressure and Mean Arterial Pressure of ovariectomized sedentary 
control rats (OSC), ovariectomized sedentary diabetic rats (OSD) and ovariectomized trained 
diabetic rats (OTD). 

 OSC OSD OTD 
DW 72.1 (47.1; 78,8) 7.9 (-7.6; 30.9)* 1.2 (-4.6; 8.4)* 
UI 47.31 (34.72; 138.1) 57.01 (47.26; 72.41) 54.70 (48.47; 197.2) 
KW/BW 0.34±0.01 0.66±0.05*** 0.56±0.2*** 
PPG 110.4 (106.3; 119.4) 674.6 (578,6; 824)* 785(629.7; 985.6)** 
UGlic 1.52±0.30 2019±237.2*** 1288±329.6**# 
HR 367.8±7.8 353.9±28.8 348.5±26.1 
SBP 126.2±2.6 123.9±1.6 131.3±5.9 
DBP 73.17±3.0 70.47±1.3 78.80±3.6 
MAP 90.56±2.6 87.94±1.2 95.40±4.1 

Note: The data are reported as mean±SEM, or median and percentile 25 and 75. DW, delta weight 
(g); UI, uterine index (mg/100g/BW); KW/BW, relative weight of kidneys (g/100g/BW); PPG, 
postprandial glycemia (mg/dL); UGlic., glicosuria (mg/24 h); HR, heart rate (bpm); SBP, systolic 
blood pressure (mmHg); DBP, diastolic blood pressure (mmHg); MAP, mean arterial pressure 
(mmHg). *P < 0.05, **P < 0.01 and ***P < 0.001 versus OCS; #P < 0.05 versus OSD. 
 
 
 

Renal function 
All diabetic rats showed increases 

in urinary flow (p < 0.01) and sodium 
and potassium excretion fractions 
(p < 0.05) compared to control rats 
(Table 2). Proteinuria was higher in the 
OSD group in relation to the control 
(p < 0.001). Therefore, exercise prevent-
ed proteinuria in the OTD rats compared 
to the OSD group (p < 0.05) (Table 2). 
There was no significant change in 
plasma creatinine concentration and GFR 
between the experimental groups. 

Renal histology and 
morphometry 

The diabetic rats of the OSD and 
OTD groups presented significant 
increases in the focal segmental 
glomerulosclerosis (FSGS) as determined 
by the glomerulosclerotic index (GSI), in 
relation to the control group (p < 0.001). 
Exercise training reduced FSGS in OTD 
group rats compared to the OSD group 
(p < 0.05) (Table 3). FSGS was 
characterized by dilation and 
obliteration of the glomerular capillaries, 
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and increase of the mesangial matrix 
(Figure 2A, 2B, 2C). Correlations analysis 
showed that proteinuria was positively 
correlated to the GSI (r = 0.7112, 
p < 0.01) (Figure 3C). The exercise 
prevented the increase of juxtamedullary 
glomerular tuft area in OTD group rats 

compared to the OSD group (p < 0.01) 
(Table 3). An increase in Bowman’s 
capsule space was observed for both 
cortical and juxtamedullary glomeruli 
only in the OSD rats compared to the 
control (p < 0.05) (Table 3). 

 
 
 
Table 2. Renal function data of ovariectomized sedentary control rats (OSC), ovariectomized 
sedentary diabetic rats (OSD) and ovariectomized trained diabetic rats (OTD). 

 OSC OSD OTD 
PCreat. 0.3 (0.3; 0.3) 0.3 (0.3; 0.4) 0.4 (0.2; 0.5) 
GFR 0.8±0.1 0.6±0.1 0.9±0.2 
U Flow  4.33±0.92 54.2±13.14** 45.2±10.87** 
FENa+ 0.38±0.03 0.95±0.16* 1.15±0.25* 
FEK+ 9.1 (6.8; 9.3) 31.0 (26.7; 56.7)* 40.3 (19.1; 45.8)* 
UProt.  2.49±0.8 29.35±6.15*** 12.5±2.7# 

Note: The data are reported as mean ± SEM, or median and percentile 25 and 75. PCreat., plasma 
creatinine (mg/dL); GFR, glomerular filtration rate (mL/min/100 g); UFlow, urinary flow 
(µL/min); FENa+, fractional excretion of sodium (%); FEK+, fractional excretion of potassium (%); 
UProt., proteinuria (mg/24 h). *P < 0.05, **P < 0.01 and ***P < 0.001 versus OCS; #P < 0.05 versus 
OSD. 
 
 
 

 
Figure 2. Representative photomicrographs of glomerular histological changes, PAS staining (A, B, 
C) and tubulointerstitial lesions, HE staining (D, E, F) of ovariectomized sedentary control rats (A, 
D), ovariectomized sedentary diabetic rats (B, E) and ovariectomized trained diabetic rats (C, F). 
Note in B dilation (arrow), segmental obliteration of capillary lumina (dotted arrow), increases in 
glomerular matrix (dashed arrow) and disorganization of glomerular architecture. Note in C that 
these changes have been reduced. Note in E hydropic degeneration (arrowhead), vacuolation 
(asterisk), brush border loss (lozenge) e debridement (circle). Note in F that these changes have 
been attenuated. Original magnification 200 in PAS and 400 in HE. 
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The tubulointerstitial lesions 
were more intense in the renal cortex of 
the OSD (p < 0.01) and OTD (p < 0.05) 
rats compared to the control. In the OTD 
group, these lesions were attenuated by 
the exercise compared to the OSD group 
(p < 0.05) (Table 3, Figure 2D, 2E, 2F). 
The stratified analysis revealed a 

significant increase of the hydropic 
degeneration/vacuolation, the brush 
border loss, dilation/flattening, debride-
ment and necrosis of the tubular cells in 
the OSD rats. The exercise reduced brush 
border loss and debridement of the 
tubular cells compared to the OSD group 
(p < 0.05) (Table 3, Figure 2). 

 
 
 
 
 
Table 3. Data on renal morphology and histology of ovariectomized sedentary control rats (OSC), 
ovariectomized sedentary diabetic rats (OSD) and ovariectomized trained diabetic rats (OTD).. 

 OSC OSD OTD 
GSI 0.21 (0.19; 0.25) 0.96 (0.86; 1.09)*** 0.75 (0.73; 0.97)***# 
GTAc 3569±68.67 4576±205.30** 4440±173.0** 
GTAjm 3655±110.90 5238±229.70*** 4238±217.6## 
CSAc 1209±90.39 2304±463.6* 1430±205.6 
CSAjm 959.5 (936.5; 1237) 1880 (1332; 2440)* 1183 (892.8; 1686) 
TIL 0.75±0.11 1.98±0.27** 1.35±1.34*# 
Hyd Deg/Vac 14.4±2.8 39.3±7.0* 28.3±6.1 
BBL 3.9±0.7 11.1±2.4* 4.3±1.5# 
Dil/Flat 0.3±0.05 4.5±1.0** 3.3±0.8* 
Debridement 2.4±0.6 5.3±0.8* 2.5±0.8# 
Necrosis  0.2±0.1 0.8±0.2** 0.6±0.1* 

Note: The data are reported as mean±SEM, or median and percentile 25 and 75. GI, 
glomerulosclerotic index (score); GTAc, cortical glomerular tuft area (µm2); GTAjm, juxtamedular 
glomerular tuft area (µm2); CSAc, capsular space area of the cortical glomeruli (µm2); CSAjm, 
capsular space area of the juxtamedular glomeruli (µm2); TIL, tubulointerstitial lesions (score); Hyd 
Deg/Vac, hydropic degeneration and vacuolation (%); BBL, brush border loss (%); Dil/Flat, dilation 
and flattening (%); Debridement (%); Necrosis (%) . *P < 0.05, **P < 0.01 and ***P < 0.001 versus 
OSC; #P < 0.05 and ##P < 0.01 versus OSD. 
 
 
 
 
 

Plasma and urinary TBARS 
dosages 

The exercise reduced plasma 
TBARS concentrations in the OTD rats 
compared to the OSD group (p < 0.05) 
(Figure 3A). The high concentrations of 

urinary TBARS in the OSD group were 
prevented by exercise in the OTD group 
(p < 0.05) (Figure 3B). Positive 
correlation (r = 0.6408 and P < 0.05) was 
observed between proteinuria and 
urinary TBARS levels (Figure 3D). 
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Figure 3. Plasma (A) and urinary (B) TBARS concentration of ovariectomized sedentary control 
rats (OSC), ovariectomized sedentary diabetic rats (OSD) and ovariectomized trained diabetic rats 
(OTD) *P < 0.05 versus OSC and #P < 0.05 versus OSD. Pearson’s correlation of proteinuria versus 
GSI, r = 0.7112 and P < 0.01 (C) and proteinuria versus urinary TBARS, r = 0.6408 and P < 0.05 (D). 
 
 
 
Discussion 

In this study, we analyzed the 
effect of exercise training of moderate 
and progressive intensity on renal 
function and structure changes and 
oxidative stress in ovariectomized rats 
with DM1 induced by STZ.  

The efficacy of ovariectomy was 
demonstrated by the reduction in the 
volume and weight of the uterus in all 
ovariectomized rats demonstrating that 
estrogen deficiency induced gradual 
involution of the endometrium (Camargo 
et al., 2011). Ovariectomy may also 
induce weight gain in non-diabetic rats 

when compared to intact rats (Mankhey 
et al., 2005). However, Riazi et al. (2006) 
demonstrated that the association of 
ovariectomy and diabetes caused greater 
weight loss in diabetic rats induced by 
STZ. Our data also demonstrate a 
reduction in weight gain in diabetic 
ovariectomized rats without significant 
influence of exercise. Other studies have 
suggested that exercise improved 
metabolic capacity in STZ-induced 
diabetic female rats (Amaral et al., 2016) 
and exercised obese diabetic rats (Ito et 
al., 2015). Our data also show increased 
kidney weight in ovariectomized diabetic 
rats, which may be explained by renal 
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hypertrophy characteristic of early 
diabetic nephropathy (Suarez et al., 
2013). However, exercise did not reduce 
kidney weight. Amaral et al. (2016) also 
observed increased kidney weight in 
intact diabetic female rats, but this 
increase was attenuated by exercise 
training. 

In our study, all diabetic rats 
showed increased postprandial glycemia. 
However, this increase was not 
associated with diet, since there was no 
difference in feed intake between the 
experimental groups. It has been shown 
that exercise reduces fasting glucose and 
insulin levels, improves glucose 
tolerance, and stimulates glucose uptake 
in ovariectomized diabetic Zucker rats 
(Bergeran et al., 2014). On the other 
hand, Furukawa et al. (2013) showed 
that the exercise improved body weight, 
blood pressure, renal function and 
morphology without, however, altering 
glycemia in type 2 DM. Although exercise 
is not always associated with glycemic 
control, locally, it has been shown that 
moderate exercise induces increased 
pancreatic beta cell mass and reduces the 
apoptosis of these cells (Choi et al., 
2005). Exercise training reduced 
glycosuria in OTD group rats.  
Concentration of the GLUT1 transporter 
was reduced in STZ-induced diabetic 
mice (Machado, 1998). Exercise 
increases muscle blood flow, glucose 
uptake and insulin binding to its receptor 
(Pauli et al. 2009). Moderate exercise 
induces an increase in the number of 
GLUT 4 glucose transporters in the 
muscle (Ebersbach-Silva et al., 2013), 
which may induce reduced glycosuria.  

Proteinuria is directly related to 
the progression of the renal lesion, being, 
therefore, an important marker of the 
renal function (Guimarães et al., 2007, 
Murussi et al., 2008). Our results showed 
elevated proteinuria in OSD rats. 
However, exercise training prevented the 
urinary excretion of proteins in OTD 
group rats. Increased proteinuria in 
diabetic animals may be associated with 
structural protein impairment and 

glomerular permeability triggered by 
hyperglycemia (Ito et al., 2015, Wang et 
al., 2015, Saleh et al., 2016). While 
beneficial effects of exercise were 
attributed to the reduction of 
hyperglycemia, proteinuria and 
albuminuria, improved bioavailability of 
nitric oxide and reduction of oxidative 
stress (Albright et al., 1995; Silva et al., 
2012). Exercise did not attenuate 
increases in urinary flow and fractional 
excretion of sodium potassium induced 
by diabetes in the OTD group.  

Although estrogen deficiency is 
associated with the development of 
glomerulosclerosis in postmenopausal 
women and in ovariectomized rats 
(Antus et al., 2003; Elliot et al., 2003; 
Chin et al., 2005), the condition of 
hyperglycemia and of diabetic 
nephropathy are also determinants for 
the development of glomerular lesions 
(Lagranha, 2007; Al-Trad et al., 2015). 
Our results evidenced increased focal 
segmental glomerulosclerosis in OSD rats 
and reduction of glomerular changes in 
the OTD group. Rodrigues et al. (2011) 
showed decreased constriction of 
glomerular capillaries, mesangial 
expansion, proteinuria, oxidative stress 
and improved bioavailability of NO in 
exercised DM1 rats. Amaral et al. (2016) 
also demonstrated that moderate 
exercise reduced glomerulosclerotic 
index, extracellular matrix protein and 
TGF-β expression in STZ-induced 
diabetic female. In our study, there was 
also a positive correlation between 
proteinuria and GSI. These glomerular 
changes are responsible for the increase 
of the glomerular tuft area observed in 
the diabetic rats (Bangstad et al., 1993; 
Sharma and Mcgowan 2000; Volpini et 
al., 2003). Elliot et al. (2003), 
demonstrated that increased glomerular 
tuft and decreased vascular space were 
associated with ovariectomy. In our 
study, this increase was greater in the 
juxtamedullary glomeruli when 
compared to the cortical glomeruli. 
These juxtamedullary changes may be 
associated with podocyte lesions and 
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aging by the greater intensity of desmin 
immunostaining in DM2 rats (Sofue et al., 
2012). Exercise training reduced the of 
juxtamedullary glomerular tuft area in 
OTD group rats. 

Tubulointerstitial lesions were 
more pronounced in the renal cortex of 
OSD rats, and this increase was 
attenuated by exercise in ODT rats. With 
the stratified analysis of these lesions, it 
was possible to observe greater hydropic 
degeneration/vacuolation, brush border 
loss, dilation/flattening, debridement 
and necrosis of tubular cells induced by 
diabetes. Vacuolar degeneration has also 
been demonstrated in sedentary diabetic 
rats (Rodrigues et al., 2011). Fernandes 
et al. (2016) observed tubular dilation 
and showed that changes in renal 
histology were induced by 
hyperglycemia due to the increase in 
reactive oxygen species. In our study, 
exercise reduced brush border loss and 
debridement of tubular cells. As the 
lesions are more prevalent in glomeruli, 
few studies evaluate the tubular changes 
correlating them to exercise and 
diabetes, mainly in the decrease of 
female sex hormones. 

Our results demonstrate reduced 
plasma and urinary TBARS 
concentrations in ovariectomized trained 
diabetic rats. As demonstrated in our 
study, exercise reduced oxidative stress 
levels in diabetic rats and 
uninefrectomized diabetic rats 
(Fernandes et al., 2016). Rodrigues et al. 
(2011) evidenced decrease in plasma 
and urinary TBARS concentrations in 
rats with type 1 diabetes mellitus 
submitted to exercise. Exercise training 
attenuated the TBARS levels and 
improved renal superoxide dismutase 
activity and serum nitrite/nitrate, 
besides protecting against renal damage 
due to nitric oxide deficiency (Peeri et al., 
2013). Our data also demonstrate a 
positive correlation between proteinuria 
and urinary TBARS. This is consistent 
with evidence that regular aerobic 
exercise, of moderate intensity, exerts 
protective effects on the diabetic kidney, 

preventing proteinuria and local 
oxidative stress both in animals (Albright 
et al., 1995; Silva et al., 2012) as in 
humans (Agarwal et al., 2012; Peeri et al., 
2013). 

Conclusion 

Our data demonstrate that 
moderate aerobic exercise reduced 
glycosuria, proteinuria, focal segmental 
glomerulosclerosis, juxtamedullary 
glomerular tuft area, tubulointerstitial 
lesions, included decrease of brush 
border loss and debridement of tubular 
cells. In addition, exercise reduced the 
oxidative stress assessed by plasma and 
urinary TBARS. These benefits were 
observed without any pharmacological 
treatment, which proves the 
effectiveness of exercise as a therapeutic 
measure. 
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