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ABSTRACT. Background: Diabetic peripheral neuropathy
(DPN) is a typical complication of diabetes. No definitive treat-
ment and prevention of DPN has been established, and very
few data on the role of exercise training on DPN have been
reported. Aim of the study: The protective and therapeutic
effects of aerobic physical activity on the development of DPN
in Type 1 were investigated. Methods: Rats were assigned to
5 groups: C (control), E (exercise), D (diabetic), DEx (exercise
after diabetic), ExD (diabetic after exercise); C containing 10
animals and E, D, DEx, ExD containing 15 animals. Diabetes
was induced with streptozotocin (STZ) (45 mg/kg, ip). Devel-
opment of diabetes was confirmed by measuring blood glu-
cose levels 2 days after STZ treatment. Body weights of all
the animals were evaluated weekly throughout the experi-
ment. Motor dysfunction defined by a significant increase in
compound muscle action potential (CMAP) latency was
recorded. The amplitude of CMAP which mainly reflects ax-

onal dysfunction was also measured using standard tech-
niques. Sciatic nerve morphometry and blood glucose levels
were analyzed in all the groups. Results: Blood glucose level
significantly increased 2 days after STZ injection. All diabetic
rats showed decreased body weight compared to control rats.
An increase in motor latency of CMAP and a decrease in am-
plitude of CMAP, indicative of neuropathy, were seen in STZ
rats. On the completion of the study (the 56th day post-STZ),
histological examination revealed significant myelin loss (thin-
ner myelin) in sciatic nerves of STZ rats. Treatment with swim-
ming exercise had no effect on glycemic control but restored
body weight, CMAP amplitude, CMAP latency or motor dys-
function in the diabetic animals. Conclusions: This study sug-
gests that swimming exercise training has protective and ther-
apeutic effects on DPN of STZ-induced diabetic rats.
(J. Endocrinol. Invest. 31: 971-978, 2008)
©2008, Editrice Kurtis

INTRODUCTION

It is well known that neuropathy occurs in spontaneous
and experimental diabetes, the streptozotocin (STZ)
model being widely used to investigate the experimen-
tal diabetic peripheral neuropathies (1). Diabetic neu-
ropathy is the most common form of peripheral neu-
ropathy with functional, morphological, and metabolic
changes in peripheral nerves (2). Neuropathy contributes
to the greatest morbidity and mortality and severely im-
pairs the quality of life because of paresthesia, pain, and
neuropathic injury, the leading cause of non-traumatic
amputation (3, 4).
Diabetic neuropathy is a multifactorial problem with a
unique etiology. It has been described by some investi-
gators to be a disease of the vasculature leading to nerve
ischemia and altered nerve function (5, 6). Other investi-
gators have proposed that diabetic neuropathy causes a
defect in Na+-K+-ATPase activity and an alteration of sig-
nal transduction pathways in the nerve (7). Hyperglycemia
is critical for the development and progression of dia-
betic neuropathy (8), with the two main pathogenic hy-
potheses focusing on a metabolic vs vascular etiology.
Hyperglycemia increases oxidative stress via an over-
production of reactive oxygen species (ROS). A consid-

erable amount of clinical and experimental evidence now
exists, suggesting that many biochemical pathways strict-
ly associated with diabetes increase the production of
ROS (9). Increasingly, data indicate that oxidative stress
plays an important role in the chronic complications of
insulin-dependent diabetes mellitus (10, 11). Although
no definitive treatment for diabetic neuropathy has been
established yet, several studies have shown that inten-
sive therapy and optimal glycemic control can signifi-
cantly reduce diabetic neuropathy (12).
Daily moderate exercise can also be beneficial to dia-
betes due to reducing blood glucose and free radical
production, and to increasing peripheral blood flow (9).
Nevertheless, very few data on the effectiveness of ex-
ercise treatment on diabetic neuropathy have been re-
ported (13, 14).
Abnormal nerve conduction is an early feature of diabetic
nerve damage (15). The changes in excitability involve a
reduced conduction velocity (due to myelination) to-
gether with diminished amplitude (loss of axons). Tes-
faye et al. (16) showed that conduction velocity increased
significantly after exercise in normal subjects. This study
aimed to investigate the efficacy of physical exercise in
treating diabetic peripheral neuropathy (DPN). The pro-
tective effects of physical exercise on neuropathy in dia-
betic rats were also evaluated. To accomplish this, rats
with STZ-induced diabetes were used. Therefore, the am-
plitude and the latency (thus, conduction velocity) of
compound muscle action potentials (CMAP) in diabetic
rats trained by swimming exercise were measured. The
thickness of the myelinated sheath of the sciatic nerve
and the blood glucose levels were also evaluated.
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MATERIALS AND METHODS
Animals and treatment
All procedures were approved by the Medical Faculty Experi-
mentation Ethics Committee of Mersin University and followed
the guidelines of the European Convention for the Protection
of Vertebrate Animals used for Experimental and other Scien-
tific Purposes. Seventy healthy male Wistar albino rats with a
mean initial weight of 241±29.99 g and an average of 12 weeks
old were housed at 23±2 C under a reversed dark-light-cycle
(dark: 9:00 h to 21:00 h) and fed on standard rat pellets (Tavas
animal food product Co., Turkey) and tap water ad libitum. The
rats were randomly allotted into one of the 5 experimental
groups: C (control), E (exercise), D (diabetic), DEx (exercise after
diabetic), ExD (diabetic after exercise), C containing 10 animals
and E, D, DEx, ExD containing 15 animals.

Induction of diabetes
Diabetes was induced in rats with STZ (Sigma-Aldrich) using a
previously described method (8). STZ was administered ip at a
dose of 45 mg/kg body weight dissolved in citrate buffer (0.1
M, pH 4.5). Group D received STZ at the beginning of the study.
Group ExD was subjected to swimming training for 4 weeks, 5
days a week, 1 h a day, after which the group received STZ, and
the swimming training continued for another 4 weeks. Group
DEx received STZ at the beginning of study and was subjected
to the same swimming exercise protocol from the beginning to
the end of the study (8 weeks). Group E only underwent the
same swimming training for 8 weeks. Group C was injected with
the same volume of isotonic NaCl as the diabetic groups re-
ceived. Blood glucose was measured 48 h after induction of di-
abetes. The diabetic state was confirmed when the glucose con-
centration exceeded 200 mmol/dl.

Blood glucose assays
Blood glucose levels were measured from tail vein blood sam-
ples in all 5 groups immediately before the induction of diabetes
and served as the baseline data (0th day). Other blood glucose
levels were measured from tail vein blood samples 2 days after
STZ injection (the 2nd day) and at the end of the experiment (the
56th day). Development of diabetes was confirmed by measur-
ing blood glucose levels two days after STZ treatment. Rats with
blood glucose levels of 200 mmol/dl or higher were considered
to be diabetic. Plasma glucose levels in control and exercise
group animals remained normal during the study. The diabetes
mellitus was confirmed by Acu-Check Go One Touch Glu-
cometer (Roche Diagnostics).

Body weight assay and exercise program
Body weight of all animals was measured weekly throughout the
experiment. However, data were analyzed in all the groups on-
ly on the 0th, 28th (the 4th week) and the 56th day (the 8th week).
All the rats were adapted to the water before the beginning of
the experiment. The adaptation consisted of keeping the ani-
mals in shallow water at 31±1 C (17), 5 days/week, from 09:00 to
21:30 h. The adaptation to the water proceeded along the en-
tire experimental period. The purpose of the adaptation was to
reduce stress without, however, promoting physical training
adaptations (18).
As rats are natural swimmers, exercise protocols without over-
load based on swimming are widely used (19). The exercise-
trained groups swam 1 h a day, 5 days a week for 8 weeks of
housing (between 13:00-16:00 h on each training day). This

exercise intensity without overload provides a mild to mod-
erate aerobic stress for animals. This exercise protocol was
selected because Gobatto et al. and Matsuo et al. (18, 20)
demonstrated that it corresponds to moderate aerobic exer-
cise training for rats.
The control rats were housed under the same conditions as
the swimming rats and were handled as often as the exercise
group. Exercise was performed by swimming in one glass tank
(length 100 cm, width 90 cm, depth 60 cm) containing tap wa-
ter maintained at 31±1 C. The duration of the first swimming
exercise was limited to 15 min and increased by 15 min daily
until it reached 1 h. Thus, continuous exercise (1 h) was per-
formed from the 4th day until the end of the training period.
The non-exercise-trained rats (the control and the diabetic)
were placed in shallow water at 31±1 C, 1 h, 5 days/week for
8 weeks of housing.

Electrophysiological techniques
Prior to electrophysiological recordings the rats were anes-
thetized with 50 mg/kg ketamine hydrochloride (Ketalar,
Eczacibasi Ilac Sanayi ve Ticaret A.S., Istanbul, Turkey) admin-
istered intramuscularly. The hind limbs of all the rats were
placed in a standard position during the electrophysiological
recordings and then shaved. Electrophysiological recordings
(CMAP) across nerve segment were made by using BIOPAC MP
100 acquisition system (Santa Barbara, USA). CMAP were
recorded on the 0th, 28th, and 56th days in all 5 groups. Stan-
dardized electromyography technique was used to record
CMAP of the gastrocnemius muscle (21). Briefly, bipolar stimu-
lating electrodes (Medelec small bipolar nerve electrodes,
6894T, Oxford, UK) were placed around the sciatic nerve at sci-
atic notch. The supramaximal stimulus consisted of single
square pulse (intensity 10 V, duration 0.5 msec). The ground
electrode was placed on the other thigh, where the stimulation
was not applied. CMAP were recorded from the gastrocnemius
muscle by the surface disc electrodes (Medelec, number
017K006, Oxford, UK) which were always positioned on the dis-
tal 1/3 of the leg. During the study, body temperature of rats
was maintained at 37 C using a heating pad and continuously
monitored by rectal probe digital thermometer. BIOPAC Ac-
knowledge Analysis Software (ACK 100 W) was used to mea-
sure CMAP amplitude and CMAP latency. The amplitude of the
CMAP is the height in millivolts from the baseline to the peak
of the negative phase. The CMAP latency is the time in msec
from the application of a stimulus to the initial deflection from
the baseline, either positive or negative.

Morphological analysis of nerve
Sciatic nerves were harvested from the sacrificed animals at the
end (56th day) of the study. Histology was performed blindly.
The fragments from nerve tissues were immediately fixed with
10% neutral formaline solution and embedded in paraffin. Cross
sections (4 µm) were then cut by microtome and stained with
hematoxylin and eosin to evaluate the degeneration of myelin.
One hundred myelin sheath thicknesses in each slide were mea-
sured by an ocular micrometer attached to an Olympus BX50
light microscope with 1000 magnification.

Statistical analyses
All the results were expressed as the mean±SD. Data were an-
alyzed using the STATISTICA statistical program (version 6.0).
To determine the effect of swimming exercise on myelin sheath
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thickness, data were analyzed by using one way analysis of vari-
ance (ANOVA) and Tukey’s test was used for post hoc test. To
determine the effect of swimming exercise on the other param-
eters (the blood glucose, the body weight, the CMAP ampli-
tude, and the distal latency) of diabetic rats, data were analyzed
by using repeated measures ANOVA. Tukey’s multiple range
test was then used to analyze pair-wise comparisons by taking in-
to account the significant interactions between time and groups.
In all cases, the statistical significance was set at p<0.05.

RESULTS

The entire diabetic and training diabetic animals showed
persistent polydipsia and polyuria. Two animals from
group D, 3 animals from group DEx, and 4 animals from
group ExD died before the end of the experiment.

Effects of diabetes and swimming training on blood
glucose levels
Measured on the 0th, 2nd, and 56th days of the experiment,
respectively, the blood glucose level of the control group
was 115.40±7.34, 131.00±8.78, and 123.20±7.35mmol/dl;
that of the group E was 105.08±22.78, 132.67±12.52, and
118.88±10.45mmol/dl; that of group Dwas 120.50±19.38,
416.13±49.73, and 546.14±90.77 mmol/dl; that of group
ExD was 127.63±21.23, 383.13±59.85, and 598.00±196.48
mmol/dl; and that of group DEx was 122.75±5.95,
466.63±110.89, and 577.00±32.14 mmol/dl. There was no
significant difference in the blood glucose values on the 0th
day in all of the groups. Blood glucose level significantly
increased 2 days after STZ injection. Swimming exercise
had no effect on the blood glucose level of the hyper-
glycemic rats (Fig. 1).

Effects of diabetes and swimming training on body
weight
Rats were weighed on the 0th, 28th, and 56th days of the
experiment. Respectively, the body weight of group C
was 251.30±36.33, 306.70±44.16, and 332.20±56.15 g;
that of group E was 243.00±22.22, 294.67±20.91, and
336.75±29.37 g; that of group D was 257.25±34.55,
208.00±52.11, and 191.29±49.33 g; that of ExD group
was 244.00±18.63, 282.78±22.91, and 242.00±46.22 g;
and that of group DEx was 209.25±15.04, 166.25±15.79,
and 140.83±33.10 g. There was no significant difference
in the body weight values on the 0th day in all 5 groups.
Mean body weight increased rapidly in the control group
and exercise group. Compared to the control group, the
diabetic group and the exercise after diabetic group
showed significant weight loss. Also, compared to the
exercise group, the diabetic group and the exercise af-
ter diabetic group showed significant weight loss. How-
ever, group ExD rats gained weight significantly more
than the other two diabetic groups. Swimming exercise
therefore showed a preventive effect on the weight loss
of group ExD (Fig. 2).

Effects of diabetes and swimming training on
electrophysiological parameters
The CMAP in the gastrocnemius muscle were also eval-
uated. CMAP were recorded on the 0th, 28th and 56th
days in all 5 groups. Records of CMAP at control, exer-
cise and diabetic rats at the beginning (0th day) and at
the end (56th day) of experiment are shown in Figure 3.
Respectively, the CMAP amplitude of group C was
6.82±0.37, 6.43±0.43, and 6.49±0.80 mV; that of group
E was 6.47±0.94, 5.79±1.16, and 6.29±0.74 mV; that

Fig. 1 - Blood glucose level on the day of injection [streptozotocin (STZ)] and, 2 days and 56 days later. C: control group; E: exercise
group; D: diabetic group; ExD: diabetic after exercise group; DEx: exercise after diabetic group. Statistical significances are shown
to the right of the figure.
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of group D was 5.96±1.58, 3.73±0.53, and 2.75±0.47
mV; that of group ExD was 6.58±0.57, 5.86±1.16, and
5.67±0.56 mV; and that of group DEx was 6.34±0.59,
2.77±0.53, and 3.59±0.79 mV. There was no significant
difference in the amplitude values on the 0th day in all
of the groups. As shown in Figure 3 and 4, compared to
the control group, the amplitude of CMAP, which main-
ly reflects axonal dysfunction, decreased by 37% in
group D and 56% in group DEx on the 28th day. Also,
compared to the control group, the amplitude of CMAP
decreased by 54% in group D and 43% in group DEx
on the 56th day. However, exercise, which was applied
before induction of diabetes, showed a preventive ef-
fect on the axonal dysfunction of group ExD (Fig. 3 and
4). Motor dysfunction defined by a significant increase
in CMAP latency was also recorded. Respectively, the
CMAP latency of group C was 0.98±0.06, 0.97±0.05,
and 0.99±0.08 msec; that of group E was 0.98±0.06,
0.92±0.09, and 0.93±0.03 msec; that of group D was
0.89±0.08, 1.12±0.13, and 1.12±0.13 msec; that of
group ExD was 0.98±0.07, 0.92±0.08, and 0.95±0.02
msec; and that of group DEx was 0.99±0.04, 0.93±0.05,
and 0.94±0.09 msec. There was no significant differ-
ence in the CMAP latency values (conduction velocity
values) on the 0th day in 5 groups. The results on CMAP
latency measured 28 days after STZ injection showed
that the observed increment in CMAP latency in the di-
abetic group (+25%) was prevented by 50% by exer-
cise. When exercises were applied according to the
training schedule, the CMAP latency increment in dia-
betic group on the 56th day was 13% when compared to

non-diabetic controls, and exercise partially counter-
acted this increment (Fig. 5).

Effects of diabetes and swimming training on
myelinated fibers morphometry
Measured from the sacrificed animal’s sciatic nerve at the
end (the 56th day) of the study, the myelin sheath thick-
ness of group C was 3.16±0.09 µm, that of the group E
was 3.50±0.09 µm, that of group D was 2.56±0.08 µm;
that of group ExD was 3.17±0.09 µm, and that of group
DEx was 2.94±0.18 µm. Average myelin sheath thick-
nesses of group D were significantly smaller when com-
pared to the control group (Fig. 6). A significant increase
in average myelin sheath thicknesses was found in groups
ExD and DEx when compared to the group D values. We
can therefore say that the exercise, which was applied
before and after induction of diabetes, prevents myelin
damage. Also, there was a significant difference in the
average myelin sheath thicknesses between the control
and exercise groups (3.16±0.09 µm and 3.50±0.09 µm,
respectively) (Fig. 6).

DISCUSSION

The results of this study demonstrate the protective and
the therapeutic effects of swimming exercise on periph-
eral diabetic neuropathy of STZ-induced diabetic rats.
STZ as an antibiotic produced by Streptomyces achro-
mogenes and anticancer agent has been widely used to
induce diabetes in a variety of animals by affecting de-
generation and necrosis of pancreatic β-cells (22). STZ
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Fig. 2 - Body weight on the day of injection [streptozotocin (STZ)], 28 days and 56 days later. C: control group; E: exercise group; D:
diabetic group; ExD: diabetic after exercise group; DEx: exercise after diabetic group. Statistical significances are shown to the right
of the figure.
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causes Type 1 (insulin-dependent) diabetes mellitus (23).
Different strategies have been proposed to inhibit dia-
betes-induced abnormalities. Neuropathy is the most se-
vere and the least understood complication of diabetes
(24). The treatment of diabetes peripheral neuropathy
has traditionally focused on the control of hyperglycemia.
The impact of an intensive glycemic control on diabetes
peripheral neuropathy has been widely evaluated (25),
but with controversial results.
Increased blood glucose and reduced nerve perfusion
are important factors in the etiology of DPN. Also, the
development of therapies to prevent the action of gen-
eration of free radicals may influence the progression of
DPN. Daily moderate exercise can be beneficial to dia-
betes due to reducing free radical production and blood
glucose, and to increasing peripheral blood flow. The
treatment of exercise may affect CMAP amplitude, CMAP
latency, and nerve conduction velocity (NCV) values are
used as an index of neuropathy, thereby inducing adap-
tive changes in the neuromuscular system in response to

exercise training. Exercise training has been known to be
effective in Type 2 diabetes by increasing insulin sensi-
tivity, but there is not enough knowledge as to how ex-
ercise acts in Type 1 experimental diabetes (26).
In the present study, it was found that the treatment of
exercise inhibited the progression of diabetic neuropathy
(Fig. 2-6). However, exercise treatment did not affect glu-
cose levels in either ExD and DEx groups (Fig. 1), al-
though the exact reason is unclear. In our study, the
severity of diabetes, estimated as plasma glucose con-
centration, was not affected by the exercise training. In
our study, the elevated blood glucose concentration at
the beginning and the end of the experimental period
clearly indicates the persistent hyperglycemia in the STZ-
induced diabetic rats. Likewise, Wallberg-Henriksson et
al. (27) demonstrated that physical training in insulin-de-
pendent diabetics results in unchanged blood glucose
control. Also, Franz indicated (28) that exercise may cause
a further rise in blood glucose levels in persons with
marked hyperglycemia and physical training improves
glucose tolerance in individuals with non-insulin-depen-
dent diabetes mellitus. However, our result is not con-
sistent with another study result (26), which indicated a
significant decrease by exercise training in the elevated
serum glucose in STZ-induced diabetic rats with the
elapse of the experiment.
Carrington et al. (29) reported that all diabetic rats
showed decreased body weight compared to control
rats. In our study, exercise affected body weight, which
increased in non-diabetic rats (groups C and E), while
it decreased in group D (Fig. 2). Exercise treatment pro-
tected group ExD from the weight loss caused by STZ-
induced diabetes along with protecting against the di-
abetes. However, in group DEx decreases were not pro-
tected in body weights of D group. Lee et al. (30) re-
ported that, compared to the control group, the hy-
perglycemia group showed significant weight loss but
treadmill exercise had no effect on the weight of the
hyperglycemic rats. It is therefore clear that our results,
obtained by using swimming exercise treatment, are
not in line with their data obtained by using treadmill
exercise treatment.
In many studies, CMAP amplitude, CMAP latency, and
nerve conduction velocity (NCV) values are used as an
index of neuropathy in diabetic rats (8, 24, 31). Slowed
nerve conduction velocity (therefore increased CMAP la-
tency) develops within 2 weeks just after the onset of hy-
perglycemia in diabetic rats (32). Saini et al. conclude (33)
that acute hyperglycemia attenuates motor NCV and
nerve blood flow.
There have been reports on the effect of diabetes on
NCV, CMAP amplitude and CMAP latency. While many
researchers (8, 24, 29, 31, 34) have reported decreased
CMAP amplitude and NCV, and increased CMAP laten-
cy after diabetes, compared to the control group, some
investigations on animal models have shown increased
CMAP amplitude and NCV, and decreased CMAP laten-
cy by drug therapy in diabetics (8, 24, 31, 34). Tesfaye et
al. (16) have reported impaired peripheral nerve blood
flow and NCV in diabetic neuropathy and they have also
shown that exercise has induced conduction velocity in-
crement. In our study, CMAP amplitude and CMAP la-

Days
Group 0th day 56th day

C

E

D

ExD

DEx

Fig. 3 - Records of the compound muscle action potential
(CMAP) in control, exercise, and diabetic rats at the beginning
(0th day) and at the end (56th days) of experiment. Calibrations
for all traces are shown in upper left; vertical bar =2.33 mV; hor-
izontal bar =1.50 msec.
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tency values were used as an index of neuropathy in di-
abetic rats. The measurement of CMAP amplitude is im-
portant because it informs us about the summated ac-
tivity of the synchronously activated muscle fibers inner-
vated by the axons and motor units represented in that
muscle. Thus, amplitude provides an estimate of the
amount of functioning nerve and muscle. CMAP latency
is the time required for the action potentials in the fastest
conducting fibers to reach the nerve terminals and acti-
vate the muscle fibers.

Our findings show that CMAP amplitude values in group
D were less than in the C and E groups (Fig. 3 and 4), sug-
gesting that sciatic nerves with diabetic neuropathy have
axonal degeneration. In this study, it was demonstrated
that moderate exercise application markedly increased
the amplitude of CMAP in the ExD group only (Fig. 3 and
4). Also, our findings show that CMAP latency values in
the D group were higher than in the C and E groups (Fig.
5), suggesting that rats with diabetic neuropathy have a
motor dysfunction. The CMAP latency increment in dia-
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Fig. 4 - Exercise applied before induction of diabetes prevents the decrease in amplitude of compound muscle action potential
(CMAP), which mainly reflects axonal dysfunction, in diabetic rats. C: control group; E: exercise group; D: diabetic group; ExD: dia-
betic after exercise group; DEx: exercise after diabetic group. Statistical significances are shown to the right of the figure.

Fig. 5 - Exercise restores the increment in compound muscle action potential (CMAP) latency in diabetic rats. C: control group; E: ex-
ercise group; D: diabetic group; ExD: diabetic after exercise group; DEx: exercise after diabetic group. Statistical significances are shown
to the right of the figure.
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betic rats was significantly prevented by exercise treat-
ment in both ExD and DEx groups (Fig. 5). The CMAP la-
tency increment, in other words slowing of nerve con-
duction, has been documented early in the course of di-
abetes in experimental rats (hyperglycemic neuropathy)
(34). A decreased sodium concentration gradient across
the axonal membrane has been linked to slowing nerve
conduction (35). Several exercise-induced vascular and
metabolic changes could be invoked to explain the ef-
fects of training on DPN development. Human and ex-
perimental studies suggest that short-term exercise stim-
ulates endothelium-dependent vasodilatation (14) and
therefore, increases endoneurial blood flow. It is known
that exercise training exposes the vessels to repeated
episodes of hyperemia (14). Some investigators have pro-
posed that diabetic neuropathy causes a defect in Na+-
K+-ATPase activity and an alteration of signal transduc-
tion pathways in the nerve (7). Therefore, in our study, ex-
ercise-induced nerve function changes could also be re-
lated to an improvement of Na+-K+-ATPase activity. In
fact, training has been reported to increase the concen-
tration of Na+-K+-ATPase in rat muscle cells (36).
The beneficial effect of exercise on diabetic neuropathy
was also confirmed by morphological analyses at the
end of experiment. Morphometrical analysis of the swim-
ming exercise trained nerves verified the electrophysio-
logical results in our study. Eight weeks after the STZ in-
jection average myelin sheaths of group D were signifi-
cantly thinner compared to control values (Fig. 5), as pre-
viously reported (24, 37, 38). On the other hand, mor-
phometric analysis of exercise-trained diabetic groups
for 8 weeks shows significantly thicker myelin sheaths
when compared to untrained diabetic rats (Fig. 5). Av-
erage myelin sheath thicknesses did not differ signifi-
cantly when the two exercise treatment groups (ExD and
DEx) were compared. In this study, the group ExD was
used to demonstrate the protective effect and the group

DEx was used to demonstrate the therapeutic effect of
swimming exercise on DPN of STZ-induced diabetic rats.
Indeed, it was seen that only the exercise before the in-
duction of diabetes (ExD) had positive effects on the pre-
vention of the decrease in body weight and the therapy
of the axonal damage induced by diabetes (Fig. 2, 3,
and 4). But both the exercise before induction of dia-
betes (ExD) and the exercise after the induction of dia-
betes (DxE) had positive effects on the therapy of myelin
damage as shown electrophysiologically (Fig. 5) and
morphologically (Fig. 6).
The results of this study demonstrate an amelioration ef-
fect of swimming exercise in a rat model of DPN. In this
model, exercise partially reversed diabetes-induced loss
in nerve functions (CMAP amplitude and CMAP latency)
and body weight, and impairment in myelin sheath thick-
ness. Exercise was effective as a protective and thera-
peutic method where it was applied for 4 weeks before
the induction of diabetes (ExD), and also in the other
method where it was applied immediately, after the in-
duction of diabetes (DEx).
Since DPN develops motor and sensory neuropathy, DPN
is a damaging factor in the life quality of diabetic patients
(4) and a leading cause of non-traumatic foot amputation
(3). Our findings show that sub-maximal aerobic exercise
training, such as swimming, can positively affect and mod-
ify motor neuromuscular parameters in diabetic patients;
hence it can increase the life quality of diabetic patients.
In conclusion, these results indicate that swimming exercise
has a beneficial effect on peripheral neuropathy in STZ-in-
duced diabetic rats, irrespective of blood glucose levels.
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Fig. 6 - Exercise applied before and after
induction of diabetes prevents myelin
damage. C: control group; E: exercise
group; D: diabetic group; ExD: diabetic
after exercise group; DEx: exercise after
diabetic group. Statistical significances
are shown to the right of the figure.
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