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Introduction: Although the positive effects of physical trainings as well as nutrition on cognitive
function are reported, but there is limited information regarding their combined effect. Present study
aimed to review the effect of royal jelly (R]) and endurance exercise (EE) on cognitive function and
pathological changes of hippocampus tissue in rats with experimental autoimmune
encephalomyelitis (EAE).
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Published: 03 Apr 2024 Methods: Forty- nine Sprague- Dawley female EAE rats were selected as sample and were assigned

to 1) EE+RJ100, 2) EE+R]50, 3) EE, 4) RJ100, 5) R]50, 6) Sham (Sh), and 7) EAE groups, also 7 healthy
rats were assigned to healthy control group (HC). Rats in EE groups were trained 4 sessions per week

IE(e);words: . (30 minutes with speed of 11-15 m/min) for five weeks and R] was injected intra- peritoneally. One-
Rg :{;\erhce training way ANOVA along with Tukey's post hoc were used for data analysis (P<0.05).
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Memory Results: The percentage of healthy cells in the C1 region (PHC), avoidance (AM) and spatial memory

Neurogenesis
Multiple sclerosis

(SM) levels in the EE group were more favorable than the EAE group (P<0.05). Also, the PHC in the
C3 and C1 regions, the AM and SM values in the R]50 and RJ100 groups were higher than those of the
EAE group (P<0.05). Similarly, AM and SM levels in the EE+R]50 and EE+R]J100 groups were
significantly more favorable than the EAE group (P<0.05). The effects of EE+R]50 and EE+R]100 on
improving SM and some subsections of AM were more favorable than the effects of RJ100 (P<0.05).

Conclusion: EE and R] (50 and 100mg/kg), alone and in combination, have favorable effects on
improving memory and neurogenesis.
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destruction of the myelin sheath, and this affects
the reduction of myelin-regenerating proteins in
the gray and white matter of the brain (4). It is
believed that the increase in the activity of
immune cells (T helper cells) can rise the NF-kB
and further this protein can induced the

Introduction

Multiple sclerosis (MS) disease is an
inflammatory and chronic disease in which
myelogenesis increases due to a disorder in the
immune system (1). Despite the limitations in

conducting human studies, the use of the
experimental autoimmune encephalomyelitis
(EAE) model can be a common method for
research related to immunodeficiency issues. It
seems that the similar mechanisms of this
modeling with MS disease can contribute to the
future of fundamental research in this field (2).
This neurodegenerative disease in the central
nervous system leads to impaired memory and
cognitive function, and more than 40- 70% of
people with MS suffer from cognitive disorders
(3). In terms of the pathophysiology of MS, blood
flow disorders, increased inflammatory factors,
and increased oxidative stress lead to the

transcription of other inflammatory factors like
IL-1 beta, IL-23, IL-17 and TNF-a in brain,
including the hippocampus (5). Since the
hippocampus is responsible for memory and
learning, increased oxidative stress and
inflammatory factors lead to neuron destruction
and cell death, which is responsible for stronger
encoding in fear-based memory, and the CA3
region, which have a more selective roles in
encoding of this memory (5,6).

On the other hand, studies show that exercises
are effective as a non- pharmacological solution
for improvement of some diseases such as
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neurological impairments (7). In such a way that
exercise by improving molecular- cellular
pathways dependent on neurotrophins,
improving neurogenesis and increasing blood
flow to the brain can help in psychological
disorders in animal models of neurological
disorders (7), improving memory in the EAE
model (2) as well as improve memory and
learning in human subjects (8). Researchers have
pointed out that exercise for four weeks and five
sessions with an intensity of 17 m/min in the last
week and a duration of 30 minutes led to an
improvement in cognitive performance with the
Morris Maze test (2). It has been noted that
exercise leads to pain reduction, cognitive
function improvement, and inflammatory factors
reduction in the EAE model (9). Li et al, reported
that exercise for eight and ten weeks, three
sessions a week, leads to improved memory in
patients with MS. as well as aerobic exercises
improved the memory of patients with MS (10).
Also, in recent years the researchers pay
attention to consumption of antioxidant
supplements along with exercise to reduce some
risk factors of neurodegenerative diseases (11).
Royal jelly (R]J) is a whitish yellow slimy
substance and produced worker bee. This
material contains nutrients that are the main
food of the queen and the larvae of the hive. R]
contains 12- 15% protein, 10- 12%
carbohydrate, 3- 7% sterol, fatty acid, mineral
elements and various vitamins (12). Studies have
shown that this substance acts as a
neurotransmitter due to its properties similar to
acetylcholine, and by improving the neuron's
antioxidant function, it leads to increased oxygen
supply to the brain tissue, facilitating
neurogenesis, neuronal differentiation, and
improving brain glucose metabolism (13). It has
been reported that 50 and 100 mg/kg R]
consumption led to the reduction of
inflammatory factors and the increase of anti-
inflammatory markers, as well as the
improvement of anxiety and depression in rats
with EAE. In addition the same effect of two
doses on the variables has been reported (13).
However, 3% of the diet R] did not improved
learning and memory in rats with Alzheimer's
disease (AD) (12). Also, in patients with MS, the
R] consumption reduced inflammatory factors

(14).
Although in previous studies, the physical
trainings simultaneously with R]
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supplementation improved inflammatory factors
(13,14), anxiety, depression (15), balance, pain
tolerance threshold (11), myelin reproduction
(16), physical performance and anthropometric
characteristics (17) in the conditions of
neurodegenerative disorders, but few studies
have investigated their simultaneous effect on
cognitive markers and tissue pathology in the
hippocampus. It appears that the effect of

exercise along with consumption of antioxidants
should be further investigated (18). Therefore,
using different doses can lead to more
information in this field. Considering the growing
trend of neurodegenerative diseases in societies;
conducting fundamental studies to better
understand the synergistic effect of exercise and
the appropriate dose of R] along with exercise
can lead to providing a suitable solution for
conducting human studies. Therefore, this
manuscript reviewed the effect of R]
consumption and endurance exercise (EE) with
two doses of 50 (RJ50) and 100 (R]J100) mg/kg
on cognitive function and changes in
hippocampus tissue pathology in an animal
model of EAE.

Materials & Methods

Present study was experimental study. Fifty-
three female rats (weighing 200-220 g and aged
8- 10 weeks) selected as sample. For keeping rats
in standard laboratory situation, the 12-hour
light- dark cycle controlled by a timer as well as
all rats access to food and water freely. Relative
humidity was 55% and temperature was
between 22- 24°C.

Grouping and EAE induction

To induction of EAE model on the eighth day, the
spinal cords of 20 guinea pigs (obtained from
Center of Iranian Pasteur Institute) were
extracted after anesthesia with ketamine and
xylosin, then the spinal cord tissue of the guinea
pigs were immediately immersed in a nitrogen
tank and then were beaten in an oven filled with
nitrogen. They were then mixed with normal
saline and placed in a shaker until it is completely
homogenized then mixed with compound
freund's adjuvant (CFA) inaratio of 1 to 1 to form
an emulsion solution. After preparing the
solution, 53 rats were injected subcutaneously
with 400 microliters of antigen and adjuvant
mixture in the back area and 100 microliters in
the pillow area of each rat with a needle (No. 25)
after complete anesthesia. After the injection of
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CFA solution and antigen (guinea pig marrow);
the daily course of the disease was evaluated.

All animal categorized based on the disorder. The
classification was as follows: 7: death, 6:
paralysis four limbs, 5: paralysis of both legs, 4:
paralysis of one leg, 3: walking disorder, 2: tail
paralysis and 1: tail movement disorder (19,20).
Also 2 rats died after 14 days of emulsion
injection and 2 rats were removed from the
research due to inability to move and complete
paralysis. Finally, 49 rats with EAE were included
in the study.

Then animal were divided in research groups
according to the disease scale; So that all seven
disease scales were placed in all groups so that
there is no difference in terms of clinical evidence
in the research groups. 49 rats assigned in 1)
EE+R]100, 2) EE+R]50, 3) EE, 4) RJ100, 5) RJ50,
6) Sham (Sh), and 7) EAE groups also 7 healthy
rats assigned in healthy control group (HC).
During 5 weeks the groups 3 and 6 received 50
mg/kg of R] intra- peritoneal, and groups 4 and 7
received 100 mg/kg of R] daily by intra-
peritoneal injection (21), in addition, groups 5, 6
and 7 performed 30 minutes EE at a speed of 11
m/min for five sessions per week (22,23).

Endurance Training Protocol

ET was started 10 days after confirmation of EAE
induction. To acquaint the rats with ET in the first
week, the rats trained daily for 5- 25 minutes
(slope of 11% and speed of 6 m/min). The
training protocol in the first week was 25
minutes (speed of 11 m/min). Then two minutes
were added to the training time every week until
that in fifth week the time reached 35 minutes.
During the training protocol, the slope of the
treadmill was 11% as well as speed was
considered to be 11 m/min (22,23).

Royal Jelly Consumption

In order to prepare the R], 462 mg of fresh R]
(purchased from the Jihad agricultural center of
Marvdasht city) was dissolved in 6.3 cc of normal
saline. In the following, 30 international units of
the solution were injected intraperitoneally to
the 100 mg/kg dose groups and 15 international
units to the 50 mg/kg groups (21).
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Assessment of Passive Avoidance Memory
(AM)

This test was conducted over two consecutive
days, which included three stages of
familiarization with the environment, acquisition
and recovery.

At first stage which is phase of familiarization
with the environment, animal kept in the lab
environment 30 minutes before the beginning of
this phase. Next, the animal placed in the light
compartment, then after 5 seconds, the guillotine
door of the shuttle box was opened, and the
animal allowed exploring the environment of the
shuttle box. After the rat entered the dark
compartment and explored; after 10 seconds, the
animal returned to the cage. The criterion for
entering the dark compartment for the rat was
100 seconds, and if the rat did not enter the dark
compartment during this period of time, the rat
was excluded from the memory test process.

Next, in the second stage, which was known as
the training and memory acquisition phase (30
minutes after the first stage), the animal again
placed in the light compartment in the same way,
and after 5 seconds the guillotine door was
opened and the rat was allowed to enter the dark
compartment. At this time, after the rat entered
the dark compartment, the guillotine door was
closed and an electric shock of 50 Hz, 1 milliamp
was given to the rat for 3 seconds. Then the rat
was returned to her cage after 15- 20 seconds.
After two minutes, the rat was again placed in the
light compartment, and if she entered the dark
compartment, she was given the same amount of
electric shock through the metal bars on the
bottom of the device. But if she did not enter the
dark compartment for two minutes, the test
ended and the rat was slowly returned to her
cage.

After 24 hours of the memory acquisition phase,
the final phase was performed. At this stage, the
rat was placed in light compartment and after 5
seconds the guillotine door was opened and the
rat was allowed to move freely in the shuttle box
rooms for five minutes. During this period, the
time it takes for the rat to enter the dark
compartment (secondary latency); the time the
rat spent in the dark compartment and the
numbers of times the rat entered and exited the
dark compartment were recorded (24,25).

J Nutr Fast Health. 2024; 12(2): 90-98.
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Assessment of Spatial Memory (SM)

Y-maze device was used for evaluation of spatial
memory. It is worth mentioning that the Y-
shaped maze was made of three MDF arms and
each arm was 15 cm wide, 15 cm high and 46 cm
long. Also, the arms of the Y maze are equilateral
and are connected through a central area. To
perform this test, animal placed at the end of arm
A in such a way that it could access all areas of the
maze within an 8-minute time frame. During this

time, the movement time and the path of the
animal were recorded. The entry of the animal
into the arm was considered when the rear legs
of the animal were completely placed inside an
arm and interval behaviors were considered as
consecutive successful entries (serial) into all
arms in sets of 3. For calculate the percentage of
non- repetitive intervals, the below formula was
used.

100 x (2 - total number of intervals/ number of non- repeating intervals) (24,25).

Sampling

All rats were treated with 15 mg/kg xylosin and
80 mg/kg ketamine (Alfasan Company;
Netherlands) in 12 hours of fasting. First upper
part of the skull was removed and brain tissue
was separated then hippocampus tissue after
extraction was placed in 10% formalin solution
to evaluate their pathology. It is worth
mentioning that 24 hours later, the buffer
solution of 10% formalin was changed again and
after being transferred to the laboratory, it was
used to check the pathological changes.

Hematoxylin-eosin Method

In this method, in order to evaluate the tissue, it
was done using a microtome device. First,
paraffin blocks were prepared from the
hippocampus tissue. In this method, 5 micron

Figure 1-1
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thick blocks were prepared from the
hippocampus tissue separately in coronal
sections and then placed on the slide. Then the
tissue was used by staining with hematoxylin,
which changes the color of the nucleus to pink,
and eosin, which is a special dye for the
cytoplasm, which changes the color of the
cytoplasm to blue. In the following, healthy cells
in the C3 and C1 regions were checked by an
optical microscope with 100 times magnification.

Statistical Analysis

In this research, the data were reported based on
the mean and standard deviation. Shapiro- Wilk,
one-way ANOVA along with Tukey's post- hoc
tests were used for statistical analysis of data
(P<0.05).

Figure 1-2
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Figure 1. Percentage of healthy cells in C1 (1-1) and C3 (1-2) regions in research groups

(P=0.001) significant decrease compared to HC group; ### (P=0.001) significant increase compared to EAE group; $$ (P=0.01)

significant increase compared to RJ50 group; & (P=0.05) and &&& (P=0. 001) significant increase compared to EE group
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Results

Percentage of Healthy Cells in €1 and C3
Regions

The results showed that percentage of healthy
cells in C3 and C 1 regions in the research groups
were different (P<0.05). Tukey's post- hoc test
showed that in the EAE group the percentage of
healthy cells in the C1 region was less than the HC
group (P<0.05). Percentage of healthy cells in the
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C1 region in EE+R]J100, EE+R]50, EE, RJ100 and
R]50 groups was more than EAE group (P<0.05)
as well as in EE+R]J100 group was high in
compare to RJ50 group (P<0.05) (Figure 1-1).

In the C3 region, percentage of healthy cells in the
EAE group was less than HC group (P<0.05),
nevertheless in EE+R]J100, EE+R]50, RJ100 and
RJ50 groups was more than EAE and EE groups
(P<0.05) (Figure 1-2).

i Figuer 22

: 4 #in
Figuer 2 Py
10
2 9 uy  &&&
2 504 g tH
=] )0 o iy .
E )0
4t )0
- 0
)
- 00
( 5 & D » < o ®
> - 2> o\ N L2 e 3
< & H & \1}'\ & \\\\
& F

Figure 2. Latency in entering the dark compartment (2-1), the time of staying in the dark compartment (2-2), the number of
entering the dark compartment (2-3), the percentage of non-repetitive intervals (2-4) in research groups
wx% (P=0.001) significant difference compared to HC group; # (P=0.05), ## (P=0.01) and ### (P=0.001) significant difference

compared to EAE group; $$$ (P=0.001) significant difference compared to RJ50 group; & (P=0.05) and &&& (P=0.001) significant
difference compared to EE group, *** (P=0.001) significant difference compared to RJ100 group; +++ (P=0.001) significant
difference compared to EE+R]50 group and ¥¥ (P=0.01) significant difference compared to EE+R]100 group

Avoidance and Spatial Memory

The levels of the percentage of non-repetitive
intervals, the number of entering the dark
compartment, the time spent in the dark
compartment and the latency in entering the
dark compartment in the research groups were
different (P<0.05). The latency in entering the
dark compartment HC group was higher than
EAE (P<0.05), nevertheless in EE+R]J100,
EE+R]50, RJ100, RJ50 and EE groups was more
than EAE group (P<0.05) also in EE+R]J100,
EE+R]J50 and EE groups was more than R]J50
group (P<0.05). In EE+RJ100 and EE+R]50
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groups was more than RJ100 group (P<0.05) as
well as in the EE+R]J100 group was more than
EE+R]J50 and EE groups (P<0.05) (Figure 1-2).
The time spend in the dark compartment in HC
group was less than EAE group (P<0.05),
nevertheless in EE+R]J100, EE+R]50, EE, RJ100
and RJ50 groups was less than EAE group
(P<0.05) also in EE+R]J100 group was higher than
EE group (P<0.05) (Figure 2-2).

The number of entering the dark compartment in
HC group was lower than EAE group (P<0.05),
nevertheless in EE+R]J100, EE+R]50, EE, RJ100

J Nutr Fast Health. 2024; 12(2): 90-98.
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and RJ50 groups was less than EAE group
(P<0.05) (Figure 3-2).

The percentage of non-repetitive intervals in HC
group was higher than EAE group (P<0.05),
nevertheless in EE+R]J100, EE+R]50, EE, RJ100
and RJ50 groups was less than EAE group
(P<0.05), in EE+RJ100 and EE+R]50 groups was
more than RJ50 group (P<0.05), in EE+R]J100 and
EE+R]J50 groups was less than R]J100 group
(P<0.05) as well as in the EE+R]J100 group was
higher EE+R]50 and EE groups (P<0.05) (Figure
4-2).

Healthy cells: The nucleus is purple in color and
completely visible; the cell is round and has a
definite range. Arrow in EAE group indicates cell
damage.

Unhealthy cells: Damaged cells of the nucleus are
not visible, and the shape of the cell is changed
from round to spherical or triangular, with no
apparent range. In the EAE group, the percentage
of healthy cells decreased, EE and R] led to an
improvement in the percentage of healthy cells.
But this improvement was more favorable in the
simultaneous EE and R] groups.

Discussion

In present study the percentage of healthy cells
in the C1 region, AM and SM in the EE group
improved compare to EAE group. Nowadays, due
to the limitations in human studies, EAE
modeling is used for more detailed investigations
of MS disease. The animal model with EAE is one
of the most widely used models for investigating
inflammatory mechanisms in MS. Researchers
believe that regular exercise for more than three
weeks can suppress inflammatory factors,
reduce  axonal demyelination, improve
neurogenesis, improve neuronal plasticity,
increase regulation of neurotrophins and
increase antioxidants in hippocampus tissue in
EAE models (9). Researchers showed that ET
strengthened the action of immune cells (Band T
cells) as well as improved the function of
dendritic cells (26). Also TGF-B, IL-17, anxiety
and depression in EAE rats reduced following ET
(13). These researchers attributed the
mechanism of improvement in cognitive
performance following exercise to the
improvement of the function of immune cells
such as regulatory T and stated that exercise are
effective in modulating the function of type 1 and
2 macrophage cells, this ultimately leads to the
reduction of inflammatory cytokines and

J Nutr Fast Health. 2024; 12(2): 90-98.

improvement in myelination and neurotrophins
(13). In study of Lohrasbi et al, ET reduced
demyelination markers in the hippocampus of
rats with EAE via reducing inflammatory
receptors (16). In a study, researchers showed
that ET reduced the time to reach the platform of
the water Morris maze (improving memory) in
rats with EAE (2). Also, early exercise training
reduced cell death in the C1 region and memory
(27). Also researchers showed that aerobic
training reduced apoptosis and necrosis in the C1
hippocampus of rats with diabetes disease (28).
These researchers attributed the improvement
of memory to the function of neurotrophins such
as increasing the expression of BDNF and its
receptor in hippocampal neurons, regulating
glucocorticoids, modulating the function of the
HPA axis. In addition, the available information
regarding changes in the percentage of healthy
cells following exercise in the hippocampus of
EAE models is limited. But it seems that exercises
increase catecholamines, increase cerebral blood
flow, increase the density of capillaries in the
hippocampus, and reduce IL-13 and TNF- a
which lead to reduction of apoptosis and
ultimately increase of the percentage of healthy
hippocampus cells (29).

Also, healthy cells in the C3 and C1 regions,
avoidance and spatial memory in the RJ100 and
RJ50 groups improved compare to EAE group.
Available data show that 10-hydroxy-2-decanoic
acid (10HDA) is one of the main components of
R] and this substance has the most
neurobiological effects. So that; this material can
accept electrons and neutralize free radicals due
to its empty capacity. Therefore, this substance
can act directly as an antioxidant and can be
involved in neuronal protection (30). In addition,
it seems that R], due to its estrogenic effects, can
activate protein synthesis pathways, and from
this pathway, increase the expression of BDNF,
NGF, IGF-1, and improve spatial memory in
animal models with AD (31). The researchers
showed that 150 mg/kg/day R] increases the
healthy cells in the C1 region of rats with
temporal lobe epilepsy (32). In this context,
researchers have shown that 150 and 300 mg/kg
R] can improve the antioxidant system, increase
the expression of BDNF, serotonin, dopamine,
acetylcholine, reduce apoptotic markers and
improve tissue conditions by examining the
pathology (30). In addition, similar to the present
study, these researchers did not report a
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significant difference in the two doses. Silva et al,
reported that 100 mg/ml R] improved
antioxidants, improved spatial memory, reduced
neuronal damage, and improved neuronal
differentiation in rats with AD (31). Researchers
showed that 50 and 100 mg/kg RJ consumption
led to improvement of spatial memory, fear-
based memory (avoidance), improvement of
antioxidants, reduction of free radicals,
reduction of A in AD rats (33). It has been
reported that the 50 and 100 mg/kg R]
consumption improved exercise performance
and anthropometric indicators in rats with EAE
model (16). Although other studies have also
shown that R] with the mechanism of modulating
the function of B and T cells, reducing IL-17, IL-
23, and myelin damage markers can improve the
cognitive functions (depression and anxiety)
(13,16).

The results showed that healthy cells in the C3
and C1 regions, the avoidance and spatial
memory in the EE+RJ100 and EE+R]50 groups
improved compare to EAE group. Also, the effects
of EE+R]J50 and EE+R]100 on improving spatial
memory and some subsections of memory were
more favorable than the effect of EE, R]J50 and
RJ100. Data show that exercise and R] can be
effective in improving neurogenesis with the
mechanism of increasing the transcription of
antioxidants, improving some neurotrophins
such as cannabinoids (15), improving
myelination, reducing oxidative stress, and
improving some micro RNAs (16). It also seems
that exercises are effective in improving memory
and learning performance by improving
peripheral BDNF, increasing myokines, and
increasing the expression of the TrKB receptor
(2). While R] can improve memory and learning
by neutralizing free radicals, improving
antioxidant capacity, stimulating the
transcription of antioxidants, and increasing
neurotrophins in the central nervous system
(30). The data shows that these two
interventions simultaneously with similar
mechanisms can improving memory and
reducing hippocampal cell damage. Researchers
showed that combination of ET and R] led to
improved expression of cannabinoid receptor
type 1 and improved pain tolerance in rats with
EAE model (15). Indeed the combination EE and
R] on these indicators was more favorable than
the effect of each one alone. Lohrasbi et al,
reported that ET+R]J100 had a more favorable
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effect on reducing demyelination markers than
ET, RJ and ET+R]J50 (16). Dehkordi et al, (2022)
reported that the combination effects of ET and
R] in improving anthropometric indicators and
exercise performance of rats with EAE model
was far more favorable than the effect of each one
alone (17). Therefore, the beneficial effect of
these two interventions on improving
neurogenesis and neuronal protection is not far
from expected. Considering the effect of
neurotrophins in improving memory and
neurogenesis, lack of evaluation of
neurotrophins such as BDNF and NGF along with
their molecular- cellular mechanisms can be the
limitations of this research. Thus measure these
proteins in future studies can be suggested as
well as according to the role of the oxidant-
antioxidant system in neurobiology, it appears
that the lack of evaluation of the factors of this
system is another limitation of this research.
Therefore, evaluate these indicators in future
studies can be suggested. As the formation of
amyloid plaques and inflammatory markers play
a special role in memory impairment in EAE
conditions; therefore, enabling to measure these
indicators is another limitation of the this
research; therefore evaluate these variables in
future studies for a better understanding of
molecular- cellular mechanisms can be
suggested.

Conclusion

Although EE and R] (50 and 100mg/kg) alone
and their interactive effects have favorable
effects on improving memory and neurogenesis.
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