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Abstract

Background: The Alzheimer disease (AD) induces the central and peripheral nervous system disruption by increasing oxidative
stress; therefore, it induces disruption of the physical condition as well as occurrence of chronic pain.
Objectives: The present study aimed at investigating the interactive effects of endurance training (ET) on positive and negative
slope and royal jelly (RJ) consumption on motor balance and pain threshold in animal model of AD.
Methods: The current experimental study was conducted on 49 male Wister rats with AD divided equally into seven groups includ-
ing AD control (ADC), ET on positive slope (ETPS), ET on negative slope (ETNS), sham (RJ solvent) (SH), ETPS + RJ, ETNS + RJ, and RJ.
In order to investigate the effect of AD induction on motor balance and pain threshold, seven rats were assigned into the healthy
control (HC) group. The rats in the ET groups performed ET for four weeks and five 60-minute sessions weekly, and the RJ groups
received 100 mg/kg RJ daily for four weeks. One-way ANOVA and two-way ANOVA with Bonferroni post-hoc tests were employed to
analyze the data (P ≤ 0.05).
Results: ETPS, ETNS, and RJ consumption significantly increased motor balance in rats with AD (P≤0.05). Also, ET and RJ consump-
tion had interactive effects on increasing the motor balance in rats with AD (P≤0.05). ETPS significantly reduced pain threshold in
rats with AD (P ≤ 0.05); nevertheless, ET and RJ consumption had no interactive effects on reduction of the pain threshold in rats
with AD (P ≥ 0.05).
Conclusions: It seems that to improve the motor balance in AD, ETPS and ETNS can be employed with RJ consumption.
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1. Background

Today, one of the important medical goals is to improve
the quality of life in people with cognitive impairment
and motor limitation and reduce unknown pain caused by
dementia (1, 2). It is reported that unknown pain causes
health problems and reduces quality of life in patients
with dementia; studies also show that such pain can re-
duce desire to perform physical activity by decreasing the
range of motion (3). The noted disorders in people with
mental impairment induce an impairment called falling
syndrome, which affects a significant number of elderly
people (1).

Clinically, the Alzheimer disease (AD) and central and
peripheral nervous system disorders impair the sensory-

motor system and cause pain (3, 4). Since increased in-
flammation and decreased function of the nervous system
are closely related to pain and decreased muscle strength
and balance (5), it seems that increased oxidative stress
caused by AD in the central and peripheral nervous system
reduces neurotrophins (4), range of motion and balance,
and increases chronic and unknown pain; therefore, it has
significant effects on progression of AD.

Today, physical activity is considered as an undeniable
necessity for the health and well-being by researchers. Ex-
ercise seems to be associated with increasedβ-endorphins
in the somatic nervous system, decreased function of the
sympathetic nervous system (6), and increased coordina-
tion of the nerve and muscle for voluntary control of body
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movements; it also improves the performance of this sys-
tem and reduces peripheral pain (6, 7). In this regard, re-
searches show that regular exercise increases the static and
dynamic balance (8, 9), pain relief, and quality of life (8) in
the elderly; it also reduces pain in elderly rats (10). Never-
theless, it was observed that core stability training had no
significant effect on balance (11).

According to contradictory results regarding the effect
of exercise type on balance and pain, using complemen-
tary medicine and natural products due to fewer side ef-
fects can improve symptoms of degenerative disorders. Re-
cently, many researchers investigated the biological effects
of the royal jelly (RJ) secreted by hypopharyngeal and sub-
mandibular glands of young bees (12). Researchers report
that RJ by differentiation, proliferation, and repair of neu-
rons has desirable effects on various brain parts associated
with movement and balance (13) and induces its analgesic
effects by increasing serotonin (14). In this regard, the con-
sumption of 800 mg/kg RJ had pain relief, anti-depressant,
and anti-anxiety effects on postmenopausal females (14).

2. Objectives

The mechanism of action and effect of the type of mus-
cle contraction seem to be essential factors in increasing
the dynamic and static balance. To the best of authors’
knowledge, no study was conducted so far on the effects
of eccentric and concentric endurance training (ET) on bal-
ance or RJ consumption on the treatment of some diseases;
therefore, authors tried to open a new window of research
for sport nutritionists. The present study aimed at investi-
gating the interactive effects of ET on positive slope (ETPS)
and negative slope (ETNS) along with RJ consumption on
motor balance and pain threshold in animal model of AD.

3. Methods

The current experimental study was conducted on 56
male rats obtained from the Animal Breeding Center of
the Islamic Azad University, Marvdasht Branch, Iran. An-
imals were transferred to the sports physiology lab and
maintained under standard conditions for seven days in
transparent polycarbonate autoclaving cages with the op-
timum temperature of 20°C - 24°C, relative humidity of
55% - 65%, 12:12 hour light-dark cycle, and free access to wa-
ter and standard food pellets including crude protein 23%,
crude fat 3.5% - 4.5%, crude fiber 4% - 4.5%, ash maximum
10%, calcium 0.95% - 1%, phosphorus 0.65% - 0.75%, salt 5%
- 5.5%, humidity maximum 10%, lysine 1.15%, methionine
0.33%, methionine + cysteine 0.63%, threonine 0.72%, and
tryptophan 0.25%. On the 8th day, 49 rats were injected 8

mg/kg trimethyltin chloride (TMT) intra-peritoneally (15)
and three days (15) later after confirmation of hippocam-
pus degeneration, AD symptoms were observed by a num-
ber of behavioral changes in rats. These clinical symp-
toms included muscle tremors, elevated body tempera-
ture, nausea, seizure, and tail twists. The rats with AD were
equally divided into seven groups including AD control
(ADC), ETPS, ETNS, sham (RJ solvent) (SH), ETPS + RJ, ETNS +
RJ, and RJ. Also, in order to investigate the effects of AD in-
duction on motor balance and pain threshold, seven rats
were assigned into the healthy control (HC) group. ETPS
(at a speed of 16 m/minute on a positive slope) and ETNS
(at a speed of 16 m/minute on a negative slope) groups ran
on a treadmill for five 60-minute sessions weekly for four
weeks (16). The RJ groups received 100 mg/kg RJ daily for
four weeks (17); 48 hours after the last training session and
JR administration, the motor balance was measured by a
rotarod apparatus and pain threshold was measured by a
hot plate device.

3.1. Endurance Training Protocol

In order to perform ET, the rats ran for five minutes at a
speed of 8 m/minute on a zero-inclined treadmill; then, ran
with +15% and -15% slopes at the speed of 15 cm/second in
the 1st week; 5 cm/second was added to the speed of tread-
mill per week. At the end of each training session, rats were
cooled down for five minutes at a speed of 8 m/minute on
a zero slope (16).

3.2. Motor Balance Test

The ability of rats to maintain balance and motor co-
ordination was measured using a rotarod (Danesh Salar
Iranian Company, Iran). For this purpose, the rats were
placed on the device for three minutes for acclimation and
were trained based on the original protocol (10 rpm cy-
cling speed with 7 rpm2 velocity) and after 30 minutes,
the balance test was performed (10 rpm with 7 rpm2 ve-
locity), which was approximately 10 - 11 rpm. The duration
of balance maintenance on the wheel was recorded in sec-
onds for each animal. The total time was 300 seconds. The
test was performed for each rat in triplicate with approx-
imately 30 minutes interval, and the average was consid-
ered in the analysis (18).

3.3. Pain Threshold Test

To acclimate the animals to the device, the rats were
placed on a hot plate device for about three minutes while
it was off. On the test day, the rats were placed on a hot
plate heated to 52.8°C and the interval between the place-
ment of the rat on the device and the first reaction includ-
ing lifting the leg, jumping, and trembling the feet simul-
taneous with lifting was considered as the pain threshold
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at the time that was measured by a chronometer; besides,
to prevent tissue damage, the test lasted less than 60 sec-
onds for each rat (19).

3.4. Statistical Analysis

To analyze the data, the Shapiro-Wilk, one-way ANOVA,
two-way ANOVA, and Bonferroni post-hoc tests were used
(P ≤ 0.05).

4. Results

Mean and standard deviation of motor balance and
pain threshold in the rats are shown in Figures 1 and 2.
The results of one-way ANOVA showed a significant differ-
ence in motor balance among HC, ADC, and SH groups (P
= 0.001). The results of Bonferroni post-hoc test showed
that AD induction had a significant impact on the reduc-
tion of motor balance (P = 0.003); however, there was no
significant difference in motor balance between SH and
ADC groups (P = 0.94) (Figure 1). The results of one-way
ANOVA showed a significant difference in pain threshold
among HC, ADC, and SH groups (P = 0.002). The results of
Bonferroni post-hoc test showed that AD induction had a
significant impact on the reduction of pain threshold (P =
0.01); however, there was no significant difference in pain
threshold between SH and ADC groups (P = 0.75) (Figure
2). The results of two-way ANOVA showed that training (P
= 0.002) and RJ consumption (P = 0.005) significantly im-
proved the motor balance in rats with AD; also, training
and RJ consumption had an interactive effect on the im-
provement of motor balance in rats with AD (P = 0.001).
The results of Bonferroni post-hoc test showed that ETPS (P
= 0.001) and ETNS (P = 0.001) significantly improved mo-
tor balance and no significant difference was observed be-
tween the results (P = 0.59) (Figure 1). The results of two-
way ANOVA showed that training (P = 0.01) significantly
increased pain threshold in rats with AD; nevertheless, RJ
consumption (P = 0.61) had no significant effect on pain
threshold; also, training and RJ consumption had no inter-
active effects on pain threshold in rats with AD (P = 0.65).
The results of Bonferroni post-hoc test showed that ETPS (P
= 0.01) significantly increased pain threshold; while ETNS
had no significant effects on this variable (P = 0.99) (Figure
2).

5. Discussion

Results of the present study showed that induction of
AD by TMT significantly reduced the motor balance and
pain threshold in rats. However, four weeks of ETPS and
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Figure 1. Motor balance in the study groups; data are expressed as mean ± SEM. **,
P < 0.01 comparison of ADC and HC groups; +++, P < 0.001 a significant effect on the
improvement of motor balance; $$$, P < 0.001 an interactive effect on the improve-
ment of motor balance (HC, healthy control; ADC, the Alzheimer disease control; SH,
sham; ETPS, endurance training on positive slope; ETNS, endurance training on neg-
ative slope; RJ, royal jelly).
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Figure 2. Pain threshold in the study groups; data are expressed as mean ± SEM. **,
P <0.01 comparison of ADC and the HC groups; ++, P < 0.01 a significant effect on the
increase of pain threshold (HC, healthy control; ADC, the Alzheimer disease control;
SH, sham; ETPS, endurance training on positive slope; ETNS, endurance training on
negative slope; RJ, royal jelly).

ETNS significantly improved motor balance, and ETPS sig-
nificantly increased pain threshold in rats with AD. TMT is
an organotin compound that causes selective destruction
in the central nervous system. It is a neurotoxin, which
induces neuronal death in the entire central and periph-
eral nervous system (15). The increased oxidative stress pro-
duced by TMT in the cells induces damage to nociceptors
(20) and causes behavioral disorders, loss of balance, and
muscle seizure in various areas of the body (15). It is re-
ported that the administration of 8 mg/kg of TMT signifi-
cantly reduces the density of the granular cells in the rat
follicles (21), increases the level of reactive oxygen species
(22), and elevates pain in the central and peripheral ner-
vous system (23). On the other hand, the present study
showed that ETPS significantly improved motor balance
and increased pain threshold in rats with AD. Authors be-
lieve that physiological adaptations to exercises can im-
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prove the utilization of motor units and increase the vital-
ity of the motor cortex in elderly people (24) through the
reduction of oxidative stress and sympathetic system ac-
tivity (25) as well as the increase of neurotrophins (26). In
line with the present study findings, physical activity had
a significant effect on the improvement of static and dy-
namic balance in the elderly (24); exercise training had a
significant effect on improving motor balance and quality
of life (27), and modified exercises had significant pain re-
lief effects (28); nevertheless, weight-bearing training did
not have a significant effect on dynamic balance in elderly
males (29). The contradictory results can be explained
by differences in the statistical population, type, intensity,
and duration of exercises.

The results of the present study showed that RJ con-
sumption significantly improved motor balance in rats
with AD; however, it had no significant effect on pain
threshold. It is reported that RJ consumption, in addition
to antioxidant effects, could mimic the activity of brain-
derived neurotrophic factor and directly help the regen-
eration of neural cells and neurogenesis (13). RJ helps to
improve balance maintenance through a regulatory mech-
anism of increasing the steroid receptors and serotonin
(as a major factor in pain management) (13) and also the
increase in the expression of proteins involved in hyper-
trophy (30). Although studies are limited to the effect
of RJ consumption on motor balance maintenance, re-
searchers showed that the dose-dependent RJ consump-
tion had a significant effect on the improvement of balance
in mice (30); also, consumption of 800 mg RJ for 12 weeks
had significant pain relief and anti-depressant effects in
postmenopausal females (13). The incompatibility of the
noted findings with those of the present study could be
attributed to differences in the statistical population and
dose of RJ; therefore, it seems that further studies in this
area can be hopeful to improve motor balance and reduce
pain.

Both ETPS and ETNS with RJ consumption had interac-
tive effects on motor balance in rats with AD; nevertheless,
they had no interactive effects on pain threshold. Accord-
ing to the reported studies, common mechanisms of ac-
tion of exercises and RJ consumption in improving motor
balance and pain threshold could increase antioxidant fac-
tors (13, 25) and neurotrophins (13, 26). Also, the dose of RJ
seems to play an important role in exerting its analgesic ef-
fects. Therefore, it is suggested that different doses of RJ
be examined in future studies. Considering the physiolog-
ical effects of exercise and RJ consumption, it seems that
the lack of evaluation of physiological changes in the cen-
tral and peripheral nervous system related to motor bal-
ance and pain such as muscle mass, strength, and sero-
tonin and prostaglandin levels were the limitations of the

current study. Therefore, it is recommended measuring
these physiological indicators along with motor balance
and pain threshold in future studies.

5.1. Conclusions

It seems that ET on positive and negative slope and RJ
consumption separately and in combination have desir-
able effects on motor balance improvement in rats with
AD; however, analgesic effects were just observed in ET on
positive slope.
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