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Abstract

Background
Studies have shown that exercises and the use of natural foods have favorable effects on Alzheimer's
disease (AD). The purpose of this study was to investigate the effects of resistance training (RT) with
royal jelly (RJ) on serotonin and dopamine receptors expression in hippocampal tissue of rats with AD.

Methods
In this experimental study, 56 rats with AD were randomly divided into (1) control, (2) RT, (3) RT + 100
mg/kg RJ, 4) RT + 200 mg/kg RJ, 5) 100 mg/kg RJ, 6) 200 mg/kg RJ2 and 7) sham. Also in order to
review the effects of AD induction on serotonin and dopamine, 8 healthy rats selected as healthy control
group. During 8 weeks the groups 3, 4, 5 and 6 received daily RJ with speci c doses peritoneally and
groups 2, 3 and 4 performed RT three sessions per week with 30–100 percentage of body weight.
Independent sample t- test, One way ANOVA and two-way ANOVA was used to investigate the effect of RT,
RJ and interaction of RT and RJ also Bonferroni’s post- hoc test was used to evaluate the difference
between the doses of RJ using SPSS software (P ≤ 0.05).

Results
RT had a signi cant effect on the increase of dopamine (p = 0.001) and serotonin receptors (p = 0.001);
RJ had a signi cant effect on the increase of dopamine receptor(p = 0.01) and serotonin (p = 0.001) also
RT simultaneously with RJ consumption had a signi cant interactive effect on the increase of serotonin
receptor (p = 0.001).

Conclusion
It appears that RT and RJ can enhance serotonergic and dopaminergic function in hippocampal tissue of
rats with AD, however, the effects of RJ seems to be dose dependent.

Background
Alzheimer's disease (AD) is the most common age-related neurodegenerative disorder that is associated
with behavioral disorders such as anxiety and depression (1, 2). Studies have shown that in AD, the
increased amyloid plaques and beta-amyloid formation, increase the oxidative stress, in ammation and
neuronal death as well as impair the shape and function of receptors of dopaminergic and serotonergic
system, acetylcholine, neuronal plasticity and the release of neurotransmitters in pre- synaptic and postsynaptic spaces in different parts of the brain such as the hippocampus (2). Indeed, researchers believe
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that serotonin (5-hydroxytryptamine/5-HT) and dopamine neurotransmitters are important
neurotransmitters in the plasticity and function of neurons, and AD reduces their hippocampal levels (3).
Regarding the importance of modulating these neurotransmitters and their role in preventing depression
and anxiety in AD, studies have shown that regular exercises by reduce the in ammatory factors and
modulate oxidative stress, have favorable effects on cognitive impairment and brain function (4). But it
appears that the response of serotonin and dopamine to exercise are different, so that eight weeks of
aerobic training increased serotonin, dopamine and tryptamine 5-hydroxylase (T5H) in cortex tissue of
diabetic rats (4) also regular and long-term aerobic training signi cantly improved the neurotransmitters
and markers of AD in women with dementia (5). Due to atrophy of neuronal nerves and their role in
memory and learning in the elderly; nowadays resistance training (RT) has been introduced as an
appropriate therapeutic approach to prevent AD complications (6). Although contradictory results have
been reported, although eight weeks of RT signi cantly reduced anxiety and improved mood in the elderly
(7) nevertheless 24 weeks of RT signi cantly reduced levels of serotonin, dopamine, epinephrine and
norepinephrine in elderly women (6). Given the con icting results regarding the effect of exercise on some
neurotransmitters, researchers believe that these neurotransmitters are signi cantly affected by
psychological factors; also, the effect of exercise on these variables depends on the type, intensity, and
duration of the training period (6). Although the duration of the exercise was relatively long in study of
Kim et al. (2019); it seems that the intensity of the exercises and the age of the subjects are also
in uential factors on the results. Given the inconsistency in the results, the researchers believe that the
consumption of natural ingredients has positive effects on cognitive impairments in animal models of
AD. Royal jelly (RJ) is a nutrient secreted from the working bee's jawbone and forms the queen's main
food also has antioxidant and anti-in ammatory properties on neurons (8). Previous studies have shown
that RJ consumption increased memory, learning and neurotrophins as well as decreased beta amyloid
depletion in mouse (8); RJ consumption modulated serotonin and dopamine in the cortex tissue of the
elderly rats, however, this effect was dose dependent, so that 100 mg/kg RJ had favorable effects than
50 mg/kg RJ (9). Also, RJ increased neuronal function, memory, and learning in an animal model of AD
(10). Given the role of serotonin and dopamine as important neurotransmitters in the central nervous
system and their role in the plasticity of hippocampal neurons, it seems that the use of noninvasive and
non-pharmacological approaches may be an appropriate strategy to improve cognitive function in
patients with AD. However, the mechanism of RT and RJ on serotonin and dopamine are still unclear.
Therefore, the present study aimed to review the effect of eight weeks of RT with RJ on serotonin and
dopamine receptors (5-HTR and DRD) gene expression in hippocampus tissue in an animal model of AD.

Methods
In this experimental study, 64 male Sprague-Dawley rats with an average age of eight weeks, and a mean
weight of 250±20.12 g were purchased from the Animal Breeding Center of Islamic Azad University,
Marvdasht Branch. After transferring the rats to the Sport Physiology Laboratory of this academic unit,
for adaptation to the laboratory environment, all rats were kept for one week with free access to water
and food. On the eighth day, 56 rats were injected a single dose of 8 mg/kg of trimethylethyltin (TMT)
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(Sigma- Aldrich, MERK Company, CAS Number: 1065-45-1) peritoneally (11). Fourteen days later rats with
AD were randomly divided into 7 groups of 8 rats including 1) AD control, 2) RT, 3) 100 mg/kg RJ
(RJ100), 4) 200 mg/kg RJ (RJ200), 5) RT+RJ100, 6) RT+RJ200, and 7) sham. Also in order to review the
effects of TMT on serotonin and dopamine, 8 healthy rats selected as healthy control group. Before start
the research protocol, for con rmation of AD induction by TMT, spiritual memory measured by Y- maze
test in health control and AD control groups. Then, after con rmation of AD induction research protocol
started. During 8 weeks the groups 3- 6 received daily RJ with speci c doses peritoneally (12); groups 2, 5
and 6 performed RT three sessions per week with 30- 100 percentage of body weight (13) and group 7
received RJ solvent (saline) peritoneally. It should be noted that, the only difference between the control
and the sham groups is that the sham group received the RJ solvent (saline); however the control group
did not receive any material. RJ purchased from Jihad Daneshgahi and transferred to animal lab. RJ was
kept at a temperature of 4 C throughout the period, and the daily dose was dissolved with saline and
injected peritoneally (12).
RT protocol
RT protocol consisted of an eight-week climb up on a ladder (with 1 meter high, 4 cm distance between 2
steps and vertical slope). Before each training session, rats climbed on ladder, three repetitions without
weight and without rest between repetitions to warm up. RTs were designed based on the weights of rats,
so that in the rst week, rats lifted 30 percent of their body weight in four sets of two repetitions with a
rest interval of 30- 45 seconds between each repetition and a recovery interval of 1- 2 minutes between
each set. This trend continued until in the eighth week, rats lifted 100 percent of their body weight (14).
Indeed weights selected at the start of the training were 30% of the body weight of rats and increased by
100% of body weight in the nal week (14).
Y maze test for spiritual memory evaluation
The Y maze test consists of three arms made of MDF. Each arm is 46cm long, 15cm high and 15cm wide,
with equal angles to each other and the arms are connected through a central enclosure. To do this test,
the rat was rst placed at the end of an arm and allowed access to all areas of the maze within a 5-min
interval. The number of times which the animal entered each arm was observed and recorded. The
animal enters the arm when the hind legs of the animal were fully enclosed in the arm, alternating
behaviors as successful and serial entry into all arms in the three overlapping sets was intended. Thus
the percentage of alteration (PA) observed to maximum frequency (the total number of arms entered)
was multiplied by 100.
Sampling method
Forty eight hours after the last training session and RJ injection, all rats were anesthetized with ketamine
(70 mg/kg) and xylosine (3-5 mg/kg). After anesthesia, the hippocampus tissues of rats were extracted.
After washing and weighing, the hippocampus tissues were transferred to cryopreserved specimens for
storage and frozen at -80 ° C.
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Measurement of serotonin and dopamine receptors
For molecular analysis at the gene expression level, rst, extraction of RNA from the hippocampus tissue
was carried out according to the manufacturer's protocol (RNA extraction kite; Yekta Tajhiz Company),
then; drawing on the light absorbance property at wavelength of 260 nm, the concentration and degree of
purity of the RNA sample was quantitatively obtained using the following equation:
C (µg/µl) = A260× × d/1000
After extracting RNA with high purity and high concentration from all of the samples, cDNA synthesis
steps were taken according to the manufacturer's protocol (K1622; Fermantaz Company), and then the
synthesized cDNA was used for reverse transcription reaction. Initially, the designed primers for genes
were examined, and then genes expressions were examined by quantitative q-RT PCR method. The
sequence of primers presented in Table 1.
Table 1. Primers Sequence Used in This Study
5’- CGTGCTTGCCATTCAGAAA -3’

Forward

5’-ATATACATCGGTCTCGGTGG -3’

Reverse

5’- CGGTACCTCATCGCTGCATA -3’

Forward

5’- AAACACTGTTGCAATGCCCC -3’

Reverse

5’- TTAGGAACTTCGTCGGCACC -3’

Forward

5’- CCATCTTGCGCTTTGCTTCA -3’

Reverse

B2m

DRD

5-HTR

Statistical analysis
Independent sample t- test was used for con rmation of AD induction by compare the results of Y maze
test between healthy control and AD control groups. One way ANOVA and Bonferroni’s post- hoc tests
were used to investigate the effects of AD and RJ solvent on the research variables. Also, two-way ANOVA
was used to review the effect of RT, RJ and interaction of RT and RJ also Bonferroni’s post- hoc test was
used to evaluate the difference between the doses of RJ using SPSS software (P≤0.05).

Results
The results of Y maze test, genes expression levels of 5-HTR and DRD are presented in Fig. 1–4
respectively. The results of independent sample t- test showed that percentage of alteration (P = 0.001)
(Fig. 1) and total number of arm entries (P = 0.02) (Fig. 2) in AD control group was signi cantly lower
than healthy control group.
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The results of one-way ANOVA test showed that there were signi cant differences in DRD (P = 0.001) and
5-HTR (P = 0.001) levels in healthy control, AD control and sham groups.
The results of Bonferroni’s post- hoc test showed that DRD and 5-HTR genes expression levels in AD
control and sham groups were signi cantly lower than healthy control group (P = 0.001) (Figs. 3 and 4).
The results of two-way ANOVA test showed that RT (F = 15.06, P = 0.001, Eta = 0.67) and RJ (F = 4.93, P =
0.01, Eta = 0.19) had a signi cant effect on increase of DRD; however, the interaction of RT and RJ on
DRD was not signi cant (F = 1.48, P = 0.23, Eta = 0.06) (Fig. 4). Also the results of Bonferroni’s post- hoc
test showed that 200mg/kg RJ had more effect on increase of DRD rather than 100 mg/kg RJ (P = 0.01)
(Fig. 3).
The results of two way ANOVA test showed that RT (F = 39.66, P = 0.001, Eta = 0.48) and RJ (F = 76.60, P
= 0.001, Eta = 0.78) had a signi cant effect on increase of 5-HTR, also the interaction of RT and RJ on
increase of 5-HTR was signi cant (F = 9.71, P = 0.001, Eta = 0.31). The results of Bonferroni’s post- hoc
test showed that 100 mg/kg RJ (P = 0.04) and 200 mg/kg RJ (P = 0.001) had a signi cant effect on
increase of 5-HTR nevertheless 200mg/kg RJ had more effect on increase of 5-HTR rather than 100
mg/kg RJ (P = 0.001) (Fig. 4).

Discussion
The results showed that induction of AD with TMT signi cantly decreased the 5-HTR and DRD genes
expression levels in hippocampus tissue of rats. TMT is a neurotoxin that has been widely used to
simulate AD, so that with the mechanism of increased in ammation and oxidative stress, induces
apoptosis in microglia and astrocytes also it is associated with decreased neuronal plasticity and
neurotransmitter dysfunction (15). Studies show that TMT causes a dopaminergic, serotonergic
hippocampal system defect (15, 16). On the other hand, the results of present study showed that RT
increased DRD and 5-HTR genes expression in hippocampus tissue of rats with AD. Dopamine and
serotonin are neurotransmitters that exhibit different changes in response to various exercise activities,
so that changes in the ratio of secretion of these hormones following short and vigorous exercise
activities can cause fatigue. However, long-term activities have positive effects on resting and basal
levels of these neurotransmitters as a factor for neuronal plasticity (17). Exercises by increase in brainderived neurotrophic factor (BDNF) levels, sensitivity of neurotransmitter receptors in synaptic space,
neurogenesis, endorphin release, dopamine carriers, serotonin as well as modulated tyrosine hydroxylase
receptor activity, increase the expression of serotonin and dopamine receptors (18, 19). In line with the
present study, it has been shown that eight weeks of RT signi cantly increased the expression of type 2
and 3 dopamine receptors (19) as well as increased serum levels of serotonin and dopamine (18) in
methamphetamine users. In addition serotonin and dopamine levels were also higher in active subjects
than inactive individuals (20); nevertheless 24 weeks of RT signi cantly reduced serum levels of
serotonin, dopamine, epinephrine and norepinephrine in elderly women (6). It appears that the differences
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in the results of noted study with the present study can be due to differences in measurement method,
baseline levels of variables as well as intensity of exercise.
The results also showed that RJ signi cantly increased 5-HTR and DRD genes expression in
hippocampus tissue of rats with AD and effects of RJ on serotonin and dopamine was dose dependent
so that high dose had greater effect on increase of serotonin and dopamine rather than low dose.
Researchers believed that consumption of RJ in stress conditions modulates catecholamines, in other
words, RJ consumption by increasing neurotrophins levels is effective in neuronal plasticity, which
increased the levels of serotonin and dopamine and its receptors in the hippocampus and improved the
spatial memory of 18-month-old rats (9). Studies have shown that RJ consumption has a protective
effect on dopaminergic neurons by increasing the gene expression of glial cell-line derived neurotrophic
factor (GDNF) (21). Consumption of honey and RJ also appears to increase serotonin levels by reducing
in ammatory factors such as interferon gamma (IFN-γ), reducing apoptotic factors such as caspase-3,
improving noradrenaline levels, and improving neurotrophins levels; This can improve the performance of
the serotonergic system (22). In line with the present study, 5 days of RJ consumption regulated
neurotransmitters, notably that 500 mg/kg RJ had more favorable effects on neurotransmitters than 100
mg/kg RJ (9); Also, 50 mg/kg RJ consumption for eight weeks had a signi cant effect on modulating
levels of alanine, aspartic acid, glutamic acid and histidine but decreased gamma- aminobutyric acid
(GABA) levels (23). Although there is limited information on the effect of RJ on dopamine and serotonin,
but Almeer et al. showed that RJ consumption increased antioxidant enzymes, anti-apoptosis markers,
and serotonin also decreased oxidative stress cortex tissue of cadmium-poisoned mice (24).
In present study the interaction of RT and RJ consumption on increase of 5-HTR was signi cant; however,
this interaction was not signi cant on DRD levels. Despite numerous reviews, no studies have been found
to investigate the interactive effect of RT and RJ on neurotransmitters, so the present study was limited in
comparison with the results of other studies. However, it seems that exercises can enhance the increase
of expression of type 1–5 dopamine receptors and serotonin receptors by increasing neurotrophins,
dopamine and serotonin transporter (18, 19); also RJ by antioxidant and anti-apoptotic effects increases
the expression of dopamine and serotonin receptors in hippocampus tissues of rats with AD (9, 23, 24).
Therefore, RT and RJ consumption seem to have synergistic effects on increased expression of 5-HTR by
noted mechanisms; But regarding the lack of interactive effect of RT and RJ on increase of dopamine, the
researchers showed that RJ at low and short doses has no signi cant effect on dopamine and
noradrenaline modulation (9). Regarding the antioxidant pathway of RJ on neurotransmitters, it seems
that lack of measurement of oxidative and antioxidant pathways along with evaluating survival of CA1
hippocampal neurons following TMT injection (for con rmation of AD induction) were the limitations of
this study. Therefore, it is recommended that these factors be measured in future studies along with
dopamine and serotonin.

Conclusions
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It seems that RT and RJ can enhance serotonergic and dopaminergic functions in hippocampal tissue of
rats with AD, however, the effects of RJ seems to be dose dependent.
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Figure 1
Percentage of alteration in healthy control and AD control groups *** P≤0.001 Signi cant decrease
compared to healthy control group
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Figure 2
Total number of arm entries in healthy control and AD control groups * P≤0.05 Signi cant decrease
compared to healthy control group

Page 13/15

Figure 3
DRD gene expression levels in eight groups of study # # # P≤0.001 Signi cant decrease compared to
healthy control group *** P≤0.001; ** P≤0.01 Signi cant effect on increase of DRD compared to AD
control group + + P≤0.01 Signi cant effect on increase of DRD compared to RJ100
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Figure 4
5-HTR gene expression levels in eight groups of study # # # P≤0.001 Signi cant decrease compared to
healthy control group *** P≤0.001; * P≤0.05 Signi cant effect on increase of 5-HTR compared to AD
control group + + P≤0.01 Signi cant effect on increase of 5-HTR compared to RJ100 $$$ P≤0.001
Interactive effects of RT and RJ on increase of 5-HTR
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