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Abstract

Objectives: Diabetic neuropathy is a type of nerve disorders caused by diabetes which leads to disruptions of axonal transports
and exercise can result in its improvement. However, mechanisms and the impact of exercise in these disruptions are not fully
understood. So, the purpose of this research is to investigate the effect of endurance exercise on contents of Kinesin - 5 and Dynein
motor proteins in sciatic nerves of male Wistar rats with diabetic neuropathy.
Methods: A number of Twenty - four male Wistar rats were randomly placed in four groups of six each: diabetes control, diabetes
exercise, healthy control, and healthy exercise. Intraperitoneal injection of streptozotocin (STZ, 45 mg/Kg) was used for induction
of diabetes. Moderate - endurance exercise protocol was performed for 6 weeks, two weeks after injection of STZ and diabetic neu-
ropathy was proven by mechanical allodynia and thermal hyperalgesia tests. 24 hours after the last training session, the rats were
dissected and their sciatic nerves were extracted. The contents of Kinesin - 5 and Dynein motor proteins were examined with enzy-
matic method (ELISA).
Results: Moderate - endurance exercise significantly improves mechanical allodynia and thermal hyperalgesia in rats. A significant
correlation was observed between mechanical allodynia and thermal hyperalgesia with resting levels of blood glucose (r = 0.68, p
= 0.001, r = 0.82, p = 0.001, respectively). A significant increase was observed in contents of Kinesin - 5 and Dynein motor proteins
in diabetes control compared with healthy control and diabetes exercise groups (p < 0.05). A significant increase was obtained in
contents of Kinesin - 5 and Dynein motor proteins in healthy exercise group compared to healthy control group (p < 0.05).
Conclusions: The results demonstrate that one of the possible factors involved in axonal transport dysfunction in diabetic neu-
ropathy can be STZ induced upregulation of Kinesin - 5 and Dynein motor proteins in diabetic rats. Endurance exercise as a non -
medication strategy can moderate the increase.
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1. Background

Diabetes is one of the most common metabolic dis-
eases worldwide. It has serious complications such as
nephropathy, neuropathy, and retinopathy, as well as car-
diovascular problems, gastro - intestinal disorders, im-
mune system impairment and atrophy of skeletal muscle
(1). Reduction in capacity of nerve regeneration, among
various complications of diabetes disease, is the main fac-
tor involved in human and animals with diabetic neuropa-
thy. In addition to permanent changes in diabetic neuropa-
thy, nerve damage stimulates specific changes in damage
of neurotropic factors, their receptors, and intracellular

signaling pathways associated with altered neuronal func-
tions. However, the mechanisms of these changes have not
been fully explained (1). Neuropathy induced by diabetes
through different methods and mechanisms leads to de-
struction patterns in neurons, which initially affects sen-
sory neurons and then motor neurons (or motoneurons)
(2). In diabetic neuropathy, along with enhancement in du-
ration and severity of diabetes, sensory impairments usu-
ally occur earlier than impairments of motoneurons func-
tion and will emerge first in the lower limbs. In general,
motoneurons are not considered as the main goal in dia-
betes disease. Although it is predicted that they are faced
with less damages in diabetic neuropathy, it has not been
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proven in laboratory studies. Reduced motor nerve con-
duction velocity is one case that confirms this issue. Long
- term diabetic neuropathy has also been accompanied
by reduced action potential of lower muscle motor com-
bination in human attempts. In addition, non - sustain-
able neuromuscular connections are reported in these pa-
tients. However, this form of motor neurons involvement
is much lower (3). Neuronal targeting in diabetic patients
has unique features. In particular, targeting and damage
of sensory neurons occurs in diabetes before disruption of
motor neurons. The pattern of nerve damage observed in
diabetes is dying back, and loss of lower axons before com-
plete destruction of nervous tree is a characteristic. The
dying back pattern which is reflected in longer axons is
caused by impairment in production or onward transfer of
essential proteins (3).

Studies show that numerous neurodegenerative dis-
eases such as Alzheimers, Charcot - Marie - Tooth, amy-
otrophic lateral palsy, Huntington, and Parkinsons will
arise in case of creation of disruption in Kinesin and
Dynein motor proteins (4-7). This is while molecules and
various substances such as mitochondria, P75, GAP - 43,
Trk A, Trk B, BDNF, Amyloid Precursor Protein (APP), and
SNAP25 are transferred onward by these motor proteins
in neurons (8). On the other hand, performed studies on
rats with diabetic neuropathy show reduction in many of
these substances and molecules (4). Conversely, increased
activity in the form of regular exercise enhances ductility
and antioxidant system and up - regulation of neutrophils
and prevents neurons apoptosis (9). Exercise can also be
accompanied by RNA biosynthesis, increased axonal trans-
port, and increased neural sprouting followed by nerve cut
(10). In contrast, the majority of observed sensory and mo-
tor nerves disorders in diabetic neuropathy are attributed
to mitochondrial disorders in different parts of neurons,
and multiple synaptic deficits (5, 11, 12). With regard to the
involvement of neural motor proteins disorder in many
of neurodegenerative diseases, it is possible that they also
have a role in loss of sensory and motor neurons caused by
diabetic neuropathy disease. On the other hand, Exercise
as a non - pharmacological approach, has had beneficial ef-
fects on the motor proteins. Given the sensory and motor
neurons disorders in diabetic neuropathy, the effect of en-
durance exercise on contents of Kinesin - 5 and Dynein mo-
tor proteins in sciatic nerves of male Wistar rats with dia-
betic neuropathy will be discussed in this research.

2. Methods

A total of 24 adult male Wistar rats, weighing 271.3± 11.2
g, and 10 weeks old were prepared from department of pro-
duction & breeding of animals’ laboratory, Razi research

institute and transferred to animals’ laboratory of Tarbiat
Modarres University. All rats were kept in controlled envi-
ronmental conditions with an average temperature of 22
± 3 ˚C, 12:12 dark/light cycles. All the ethics of working with
animals were examined and approved by ethics committee
of Tarbiat Modarres University. After two weeks of orienta-
tion and animals’ adaptation to the new environment and
achieving to optimal weight of 326.3 ± 8.4 g (2), the rats
were randomly devided into four groups of six each: group
I (diabetes control), group II (diabetes exercise), group III
(healthy control), and group IV (healthy exercise). Neuro-
pathic pain behavioral testing was conducted as an indi-
cator of performance of sensory neurons, two weeks after
induction of diabetes (2) and after ensuring sensory neu-
ropathy had been obtained in rats (13), a 6 - week endurance
exercise protocol was performed (14). At first, during the
orientation phase and in order to habituate to laboratory
conditions (treadmill and manipulation exercises), the an-
imals were given exercise on a treadmill, 5 days a week for
10 - 15 minutes at a speed of 10 m/min. The rats were ex-
posed to behavioral testing for 3 days (2 times for each test-
ing) for adaptation to behavioral tests (15). 2 weeks after
induction of diabetes and by re - running pain behavioral
tests, as well as ensuring incidence of neuropathic pain in
diabetic groups, the endurance exercise protocol was then
carried out for 6 weeks (14). All training sessions were held
at the end of sleep cycle of the rats and during 4 - 6 p.m.
Behavioral tests were also conducted between 7 a.m and 10
a.m, to avoid meddler or confounding factors such as stress
- induced antinociception (15).

2.1. Diabetes Induction

After passing 12 hours of food deprivation, STZ solution
(45 mg/Kg dissolved in fresh citrate buffer 0.5 mol/L, pH 4.5;
Sigma, St. Louis, MO) was intraperitoneally injected for in-
duction of diabetes. The non - diabetic rats also received
an equivalent volume of citrate buffer. After passing of 48
hours from the injection and without fasting conditions,
measured blood drops were obtained with a small injury
by lancet on rats’ tail veins. A glucometer strip was used o
drop of blood was then placed on. The strip was read by
a glucometer device (Glucotrend 2, Roche Company, and
Germany). The rats with blood glucose levels higher than
300 mg/dL were considered as diabetic (2).

2.2. Behavioral Tests for Assessment of Diabetic Neuropathy

Mechanical allodynia and thermal hyperalgesia tests
were used for investigation of diabetic neuropathy. Von
Fery (USA Stoelting) different filaments in the range of 2
to 60 g were used for measurement of mechanical allody-
nia to determine sensitivity of skin to contact stimulates.
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Each test was started by filament with minimum weight
and filaments with higher weight were used in the lack of
response to minimum weight filaments. In the case that
response (lift of foot by animal) was observed 2 consecu-
tive times, the same weight was considered as Paw With-
drawal Threshold (PWT), and the test was finished. In the
case that the animals did not respond to any of the fila-
ments, such as the filament number 60, then 60 was con-
sidered as the threshold response. Each test was performed
3 times at intervals of at least 3 minutes. Their mean num-
ber was considered as Paw Withdrawal Threshold. Mechan-
ical allodynia measurement before administration of STZ
was conducted 14 days after injection. Thermal hyperalge-
sia was measured by the modified method of Hargreaves et
al. (1988) (13).

2.3. Endurance Exercise Training

The training was performed with intensity of 60-70%
of maximal oxygen uptake (14). The exercise group per-
formed endurance exercise with moderate-intensity of
treadmill exercises in a 5 - session program in a week for 6
weeks. Speed and duration of treadmill exercise was grad-
ually increased from 10 m/min for 10 minutes in the first
week, 10 m/min for 20 minutes in the second week, 14 - 15
m/min for 20 minutes in the third week, 14 - 15 m/min for 30
minutes in the fourth week, to 17 - 18 m/min for 30 minutes
in the fifth week. All exercise variables in the final week (the
sixth week) were kept constant in order for the obtained
adaptations to reach to steady state conditions (15).

2.4. Tissue Extraction Method and Measurement of Kinesinand
Dynein Proteins

The rats were anesthetized by intraperitoneal injection
of ketamine (90 mg/Kg) and xylazine (10 mg/Kg), 24 hours
after the last exercise session. The sciatic nerves were iso-
lated from certain parts with equal size. They were then
frozen in liquid nitrogen at -80 ˚C and kept for further
analysis (16). The tissues in Nonidet P - 40 (NP - 40) buffer
(containing Tris, Triton × 100 and NaCl), with cocktail in-
hibitors were homogenized by electrical homogenizer and
the concentration of total protein was measured by Brad-
ford method. The amount of Dynein and Kinesin - 5 (KIF5B)
was measured by enzymatic method (ELISA), using CUS-
ABIO kit (catalog number CSB - EL007292RA) and Life Sci-
ence kit (catalog number E95507RA), respectively.

2.5. Statistical Analysis

Kolmogorov–Smirnov test was used to determine the
quality of data. Two - way ANOVA, One - way ANOVA, and
Post Hoc Scheffe Tests were used to determine significance
of difference between variables and their interaction. A
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Figure 1. Paw Withdrawal Latency (PWL) changes in thermal hyperalgesia test in var-
ious groups. * Significant difference with Healthy Control group (p < 0.01); # Signif-
icant difference with Healthy Exercise group (p < 0.01); † Significant difference with
Diabetes Control group (p < 0.01)

significance level (P ≤ 0.05) was determined for investiga-
tion of hypothesis tests and to decide whether to accept
or reject the hypothesis. All statistics procedures were per-
formed using SPSS version 17.

3. Results

Blood glucose levels in diabetic groups were signifi-
cantly higher than in healthy group (p = 0.0001) at the
beginning of the exercise program, this significant differ-
ence still existed after 6 weeks of endurance exercises (p
= 0.0001). Blood glucose levels in diabetes exercise group
were significantly lower than in diabetes control group (p
= 0.0001) at the end of the exercise program (Table 1). Ini-
tial weight of rats in different groups did not have signifi-
cant difference (p = 0.07). However at the end of study, the
mean of body weight changes in diabetes control and dia-
betes exercise groups was significantly lower than healthy
control (p = 0.0001 and p = 0.001, respectively). The mean
of body weight in diabetes exercise group was significantly
lower than diabetes control (p = 0.04) (See Table 1).

The mean change in Paw Withdrawal Latency (PWL) in
thermal hyperalgesia test and before beginning of exer-
cise program (two weeks after induction of diabetes) in di-
abetes groups was significantly lower than healthy groups
(p = 0.0001). After exercise program, only the mean change
of diabetes control was significantly lower than the other
groups (p = 0.0001) (See Figure 1).

The mean change of Paw Withdrawal Threshold (PWT)
in mechanical allodynia test before beginning of exercise
program (two weeks after induction of diabetes) in dia-
betes groups was significantly lower than healthy groups
(p = 0.0001). After exercise program, although the mean
change of diabetes exercise was significantly lower than
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Table 1. Changes in Body Weight and Blood Glucose Levels in the Studied Groupsa

Variables Groups Before Exercise After Exercise

Body weight (g)

Diabetes Controlb , c 330 ± 16.3 297.6 ± 21.7

Diabetes Exerciseb , c , d 334.3 ± 17.2 276.1 ± 27.4

Healthy Control 315.29 ± 13 382.1 ± 42

Healthy Exercise 318.6 ± 15.4 353.6 ± 32.5

Blood glucose levels (g/mL)

Diabetes Controlb , c 356.7 ± 20.8 511.9 ± 30.5

Diabetes Exerciseb , c , d 345 ± 14.2 457.4 ± 15.3

Healthy Control 99.7 ± 9.7 99.8 ± 6.5

Healthy Exercise 100.3 ± 6.9 92.8 ± 7.6

aValues are expressed as Mean ± SD.
bSignificant difference with Healthy Control group (p < 0.01).
cSignificant difference with Healthy Exercise group (p < 0.01).
dSignificant difference with Diabetes Control group (p < 0.01).
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Figure 2. Paw Withdrawal Threshold (PWT) changes in mechanical allodynia test
in various groups. * Significant difference with Healthy Control group (p < 0.01); #
Significant difference with Healthy Exercise group (p < 0.01); † Significant difference
with Diabetes Control group (p < 0.01)

the healthy groups (p = 0.001), it was significantly higher
compared with diabetes control (p = 0.04) (See Figure 2).

All rats in exercise groups were able to consistently per-
form 6 weeks of endurance exercises. The results of Two
- way Analysis of Variance (diabetes × exercise) showed a
significant effect of interaction in the amount changes of
Kinesin - 5 and Dynein motor proteins (p = 0.00 and p =
0.02, respectively) (Table 2). The results suggested a sig-
nificant increase in the contents of Kinesin - 5 and Dynein
motor proteins in diabetes control compared with healthy
control and diabetes exercise (Kinesin - 5: p = 0.001 and
p = 0.001; Dynein: p = 0.04 and p = 0.001, respectively);
also, a significant increase in the contents of Kinesin - 5 and
Dynein motor proteins healthy exercise was obtained com-
pared with healthy control (p = 0.01 and p = 0.02) (See Table
2).

Table 2. Changes of Kinesin - 5 and Dynein in the Studied Groupa

Groups
Variables

Kinesin - 5 (ng/mL) Dynein (pg/mL)

Diabetes Control 1.62 ± 0.07 0.34 ± 0.05

Diabetes Exercise 1.50 ± 0.09b 0.39 ± 0.04b

Healthy Control 1.45 ± 0.1b 0.3 ± 0.04b

Healthy Exercise 1.57 ± 0.12c 0.35 ± 0.04b , c

aValues are expressed as Mean ± SD.
bSignificant difference with Diabetes Control group (p < 0.05).
cSignificant difference with Healthy Control group (p < 0.05).

4. Discussion

The neuropathic pain model of systemic injection of
STZ was performed in this study to investigate chronic ef-
fects of increased activity in the form of endurance exer-
cise on behavioral response of neuropathic pain. The ob-
tained results from this study showed that increased ac-
tivity in the form of moderate endurance exercise can im-
prove neuropathic pain responses in mechanical allodynia
and thermal hyperalgesia. This result is consistent with
some studies suggesting the significant effects of exercise
training on neuropathic pain responses in various pain
models (11, 15). Conversely, some studies have failed to con-
firm the effects of exercise training on improvement of
neuropathic pain (17). The reason for the difference could
be due to difference in type of pain creation model (15, 17).
The present study showed that moderate intensity exercise
training caused a significant reduction in blood glucose
levels in diabetes exercise group. Since muscles are the
most common place for consumption of resting metabolic
fuel, the increased muscular activity during aerobic exer-
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cise increases fuel requirements. Therefore, the factor that
affects the reduction of blood glucose levels, also improves
pain behavioral responses.

The results suggested that diabetes could result in the
increase of Kinesin - 5 and Dynein proteins in sciatic nerves
of diabetic rats which is in consistent with studies showing
that axonal transport motor proteins in other neurodegen-
erative diseases such as Alzheimers, Charcot - Marie - Tooth,
amyotrophic lateral palsy, Huntington, and Parkinsons are
subject to change (7). Studies showed many molecular dis-
orders such as down regulation of mRNA, structural pro-
teins such as neurofilaments and tubulin subunits, and
other proteins such as GAP - 43, Trk A, CGRP in sensory neu-
rons of STZ - diabetic rats (16, 18). On the other hand, on-
ward axonal transport NT - 3, BDNF, AND p75NTR is reduced
in diabetic rats (4, 8). So it seems that the amount of mo-
tor proteins is faced with down-regulation in these condi-
tions on contrary with the findings of this research. So,
here we are faced with a fundamental question: why does
expression of motor proteins increase in diabetic neuropa-
thy conditions? The results of a study performed by Bap-
tista et al. (2013) showed that diabetes leads to increase
in expression and amount of Kinesin and Dynein in hip-
pocampus of the rats. The researchers, based on the fact
that hyperglycemia is a major factor in complications of di-
abetes, and in relation to cause of enhancement of the mo-
tor proteins, examined kinetics and the number of the pro-
teins in hippocampal neurons in vitro and in conditions
of high levels of glucose. The results suggested that en-
durance exercise prevents increase in contents of Kinesin
- 5 and Dynein motor proteins in sciatic nerves with di-
abetic neuropathy. In line with the results, Molten et al.
(2004) showed that voluntary running on enhances nerve
regeneration in sensory neurons after sciatic nerve dam-
age. They attributed increase of sensory neurons regener-
ation to increase in expression of synapsin I, NT - 3, BDNF,
and GAP - 43 (19).

It seems that neurons in response to increased activ-
ity in the form of endurance exercise, act in a rational and
efficient method. Another problem is the reason for in-
crease of the motor proteins in pathologic conditions of
diabetic neuropathy. The pattern of nerve destruction in
diabetes disease is as dying back model that is character-
ized by loss of lower axons before complete destruction
of nervous tree. The dying back model is induced by pro-
duction or onward transport of essential proteins that are
characterized in longer axons. According to the results of
this study, based on increase of axonal motor proteins con-
tents due to diabetes, as well as endurance exercise and
performed studies on axonal abnormalities in other neu-
rodegenerative diseases, a new possible hypothesis in the
field of axonal transport and neuronal degenerative dis-

ease can be presented by the name of Cargo & Driver The-
ory (3).

4.1. Conclusion

The present study generally shows that moderate - en-
durance exercise can have chronic effects on improvement
of neuropathic pain. So, this research suggests that one of
the possible factors involved in dysfunctional axonal trans-
port in diabetic neuropathy, is due to the increase of Ki-
nesin - 5 and Dynein motor proteins’ contents in sciatic
nerves of diabetic rats. Conclusively, Endurance exercise
can be considered as a non - pharmacological strategy for
neuropathic pain.
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