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Abstract

Aim: To observe the rats’ learning and memory acquisition ability distur-
bance induced by BI-D1870. Methods: Male SD rats were randomly divided
into control group, solvent control group and BI-D1870 group. The rats in
the control group were intraperitoneally injected with saline, while those in
the solvent control group were intraperitoneally injected with DMSO + sul-
fobutyl-S-cyclodextrin solvent, and those in the BI-D1870 group were intra-
peritoneally injected with BI-D1870. All the rats’ appearance and behavior
were daily observed, and body weight was recorded on the day 15, 30, 45, 60,
75 and 82 of BI-D1870 injected. Morris water maze was used to screen the
rats’ learning and memory acquisition ability on the day 22 - 25, 52 - 55, and
82 - 85 of training by BI-D1870 treated. The successful rates of the rats’
memory impairment were respectively calculated for three times screening.
Results: During the whole experiment, there was no obvious difference in
appearance and fur color in all rats. The rats’ agitation began to appear on the
day 10" of BI-D1870 given. The agitation rats’ number and rats’ body weight
gradually increased along with BI-D1870 treated (P < 0.05, P< 0.01). According
to the latency of rats on the day 25, 55 and 85 in Morris water maze training,
the rats’ successful rate in the learning and memory acquisition ability im-
pairment induced by BI-D1870 was 50.00%, 62.00% and 82.00%, respectively.
Conclusion: Intraperitoneal injection of BI-D1870 can induce the rats’ learn-
ing and memory acquisition ability disorder.
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1. Introduction

Learning and memory is the most basic neurological function of the human brain,
and abnormal nerve tissue structure is accompanied by learning and memory
dysfunction [1]. Many neurodegenerative diseases, such as Alzheimer’s Disease
(AD) exist neuron loss and neural structure damage [2]. A series of studies have
shown that neurotrophic factors directly support learning and memory function
and neurogenesis decline and neuron loss are primary factors in causing cogni-
tive impairment in AD [3]. Then, it is necessary to study the learning and mem-
ory impairment caused by decreased neurogenesis.

Cyclic-AMP Response Element Binding (CREB) protein is a kind of protein in
the biological nucleus of eukaryotic cells and is regarded as a nuclear transcrip-
tion factor, which can regulate gene transcription to synthesize the neurotrophic
factors for neurogenesis [4]. BDNF-ERK-CREB, involved in CREB, is an impor-
tant signal pathway in regulating neurogenesis [5]. Ribosomal S6 Kinase (RSK),
an upstream molecule in the BDNF-ERK-CREB signal pathway, can activate CREB
phosphorylation at the 133 site, which can promote the neurotrophic factors for
neurogenesis, learning and memory formation [6]. When the activity of RSK is
inhibited, CREB phosphorylation at the Ser133 site is also inhibited, then, the
expressions of downstream genes and proteins are reduced [7] [8]. The result is
that the production of neurotrophic factors is decreased, which may lead to neu-
rogenesis reduction, learning and memory ability impairment [9].

BI-D1870, an inhibitor of RSK, can inhibit RSK activity and CREB phospho-
rylation [10], which may reduce neurotrophic factors production. Whereas, whether
BI-D1870 can result in the rats learning and memory ability impairment, is not
reported. The aim of the present study was to explore the rats’ learning and mem-
ory acquisition ability impairment induced by BI-D1870.

2. Materials and Methods

2.1. Animals

70 healthy male rats (SD, 260 - 280 g) were purchased from Beijing Huafukang
Biotechnology Co., Ltd. (Certification No. SCXK (Jing) 2019-0008), and the ex-
perimental animal production license was No. 1401180. Before the experiment,
all rats were housed in the SPF-grade Experimental Animal Center of Chengde
Medical College. The environment was kept at constant temperature (23°C +
1°C) and humidity (55% * 5%) with a light-dark cycle of 12-hour. Five rats were
raised in one cage and ate daily 100 g of food and freely drank water. The expe-
riment was begun after 7 days of feeding in animal center. The experimental pro-
tocol abided by the relevant provisions of “Guidelines for Animal Ethics and Wel-
fare” and was approved by the Animal Ethics Committee of Chengde Medical
College. The approval number was CDMULAC-20210407004. All animal experi-
ments were followed in accordance with the Regulations of Experimental Ani-
mal Administration issued by the State Committee of Science and Technology of
China on Oct. 31, 1988.
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2.2. Reagents and Instruments

BI-D1870 (Lot. 501437-28-1) and sulfobutyl-S-cyclodextrin (Lot. 182410-00-0)
were purchase from Shanghai Yuanye Bio-Technology Co., Ltd. DMSO (cell-grade,
Lot. D8371) was bought from Beijing Solarbio Technology Co., Ltd. Morris wa-
ter maze was provided by Institute of Materia Medica, Chinese Academy of Medi-

cal Science.

2.3. Morris Water Maze and Training of Rats

Morris water maze is the equipment for testing the rats’ learning and memory
ability. It is a stainless-steel circular pool with the diameter 1.2 m and the height
0.5 m. The pool is artificially divided into four quadrants and the pool walls are
marked different type labels as reference and designated four entry points. A 10
cm diameter, 30 cm high circular glass cylindrical platform is as a safe platform
for rats to escape. During the Morris water maze training, the laboratory tem-
perature was controlled at 24°C - 25°C, the water was added to high 31.5 cm in
the pool and the temperature was kept at (23°C + 1°C). When the experiment
was conducted, the platform was placed in the middle of any quadrant of the
pool and a small amount of edible melanin was added into the maze until the
water became black and the platform was not visible. A camera is installed above
the pool connected to a computer with capture card, which recorded the swim-
ming behavior of rats in the pool. Before the day of training, all rats were placed
in the pool swimming 180 s for adaptive the water environment. When the rats
were performed the learning and memory ability assayed using Morris water
maze, the rats were conducted two trials by difference intra-point to water to
search for the platform at 4 Quadrants (Q4). On the first point of training, the
rats were put into the water by facing the pool wall from a distal point away
from the platform, and the latency required for finding the platform was record.
The rats found the platform within 60 s and stayed the platform for 20 s. If the
platform was not found within 60 s, the rats were guided onto the platform and
stayed there for 20 s and the latency was recorded as 60 s. On the second point of
training, the rats were put into the water by facing the pool wall from proximal
point away from the platform and perform the same above procedure. The rats
were allowed have physical recovery for 10 s outside the pool between the two tri-
als. The rats were trained once a day in the morning and afternoon for four con-
secutive days. The average latency was calculated from the four times training for

the learning and memory acquisition performance of rats.

2.4. Experimental Design

2.4.1. Experimental Grouping and Administration of Rats

After 7 days of adaptive feeding in the barrier environment, 70 rats were ran-
domly divided into control group and solvent control group, with 10 rats in each
group. The remained 50 rats were as BI-D1870 group. The BI-D1870 group rats
were daily intraperitoneally injected with 0.35 mg/kg BI-D1870, the solvent con-
trol group rats were daily intraperitoneal injected 10% DMSO + 90% sulfo-
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butyl- #-Cyclodextrin solvent and the control group rats were daily intraperito-

neally injected with equal volume of saline.

2.4.2. Record of the Appearance, Behavior and Weight of Rats

During the injection of BI-D1870, each rat was fed with 20 g diet per day. The
changes in appearance and behavior of rats were observed. The body weight of
rats in the three groups was recorded on day 15, 30, 45, 60, 75 and 82, and the weight
changes of rats were calculated.

2.4.3. Test the Rats’ Learning and Memory Acquisition Ability with
Morris Water Maze

The rats’ learning and memory acquisition abilities were evaluated on day of 22 -
25, 52 - 55 and 82 - 85 of BI-D1870 injected by consecutive Morris water maze
training. The latency for each rat in BI-D1870 group to find the hidden platform
on the day 4™ training, corresponding to day 25, 55 and 85 of BI-D1870 injected,
was designated as A, and that for the solvent control group was designated as B.
The Screening Ratio (SR) of learning and memory acquisition impairment in
BI-D1870 group rats was SR = (A — B)/B x 100%. When the SR of any a rat in
the BI-D1870 group was =20%, the learning and memory acquisition abilities of
this rat was regarded as disorder. Then, the successful rate of the rats’ learning and
memory acquisition abilities impairment on the day 25, 55 and 85 of BI-D1870 in-
jected was calculated. The administration of the BI-D1870 was continually given

during the Morris water maze training period.

2.5. Statistical Analysis

All data were analyzed by SPSS 26.0 Statistical Software, and were expressed as
mean + standard deviation. One-way ANOV A was used to calculate the mean
values of multiple samples. The Least Significant Difference (LSD) test was ap-
plied to the groups with homogeneous variance, whereas the Games-Howell test
was used for the groups with heterogeneous variance. Values at £ < 0.05 were con-

sidered statistically significant.

3. Results
3.1. Influence of BI-D1870 on Appearance and Behavior of Rats

During the whole experiment, there was no obvious difference in the appearance
in all rats, with the pure and white, bright and smooth fur. One rat appeared
agitation on the day 10™ of intraperitoneal injection of BI-D1870. With the pro-
longation of intraperitoneal injection of BI-D1870, some rats appeared varying
degrees agitation and the number of rats with agitation increased to 32.00% on
the day 85™ of BI-D1870 given.

3.2. Influence of BI-D1870 on Body Weight of Rats

Figure 1 shows the influence of BI-D1870 on the body weight of rats. The food
intake of rats in each group was not significantly changed, but, the rats’ body
weight in BI-D1870 group was higher than that of control group and solvent
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control group. The rat’ body weight in BI-D1870 group increased by 27.53% (P <
0.05) and 94.66% (P < 0.01) on day 15 respectively, by 6.55% (£ > 0.05) and
—-16.15% (P > 0.05) on day 30 respectively, by —8.78% (2 > 0.05) and —19.64%
(P> 0.05), respectively on day 45, by —18.93% (2> 0.05) and 17.65% (P > 0.05)
respectively on day 60, by 88.13% (2 < 0.01) and 50.66% (P < 0.05) on day 75
respectively, by 23.13% (2> 0.05) and 26.13% (P < 0.05) on day 82 respectively,

as compared with control group and solvent control group.

3.3. Influence of BI-D1870 on the Rats’ Learning and Memory
Acquisition Abilities
3.3.1. Successful Rate of the Rats’ Learning and Memory Acquisition
Abilities Impairment on Day 25 of BI-D1870 Injected

Figure 2 is the result of rats’ learning and memory acquisition abilities tested
during 22 - 25 days of intraperitoneal injection BI-D1870 treated. The latency of
three groups to find the platform was gradually shortened during the 4 days
training in the Morris water maze. There was no significant difference in the la-
tency to find the hidden platform between the control group and the solvent con-
trol group. Compared with the control group, the latency of the BI-D1870 group
to find the platform was increased by 10.63% (22 d, P> 0.05), 91.63% (23 d, P <
0.05), 148.96% (24 d, P < 0.01) and 172.96% (25 d, P < 0.01), respectively, during
4 days training in the Morris water maze. Compared with the solvent control group,
the latency of rats in the BI-D1870 group to find the platform was increased by
1.57% (22 d, P> 0.05), —13.63% (23 d, P> 0.05), 84.01% (24 d, P < 0.05) and
185.86% (25 d, P < 0.01), respectively, during 4 days training in the Morris water
maze. According to the rats’ swimming performance in each group on day 25 of
Morris water maze training, 50.00% of the rats treated with BI-D1870 got the

impaired learning and memory acquisition abilities.

-@-control group

--solvent control group

-4-BI-D1870 group

—

Mean weight changes in rats (g)

15d 30d 45d 60d 75d 82d
Experimental days

Figure 1. The influence of BI-D1870 on the body weight of rats. Mean
weight changes of rats in control group, solvent control group and BI-D1870
group were recorded on day 15, 30, 45, 60, 75 and 82. "P< 0.05, "P< 0.01
vs solvent control group.

DOI: 10.4236/jbm.2023.111009

86 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.111009

C.J.Zhangetal.

35 r -@-control group

-+-solvent control group
-4-B|-D1870 group

30 ¢

25

20

Latency/s

15

10 |

Training day/d

Figure 2. The latency of rats’ learning and memory acquisition
abilities tested on the day 22 - 25 of intraperitoneal injection of
BI-D1870 with Morris water maze. The average value of latency
every day was regarded as the learning performance of the rats
and the results on day 25 of intraperitoneal injection of BI-D1870
was the successful rate of rats’ learning and memory acquisition
ability impairment. "P< 0.05, “ P< 0.01 vssolvent control group.

Figure 3 shows the swimming distance of rats to find the hidden platform in
each group on the day 4™, corresponding to the day 25 of intraperitoneal injec-
tion of BI-D1870, for measurement of learning and memory acquisition abilities
by Morris water maze training. BI-D1870 can result in the longer swimming
distance to find the hidden platform than that of control group. The swimming
distance in the BI-D1870 group increased 104.48% (P < 0.01) and 68.97% (P <
0.05), as compared with the control group and solvent control group. Meanwhile,
there was no significant difference between the control group and the solvent con-
trol group in the swimming distance.

Figure 4 is the rats’ swimming trajectory in Morris water maze training from
day 22 to 25 of BI-D1870 treated. The swimming trajectory is the edge type >
trend type > linear type for control group and solvent control group, and is the
edge type > trend type for BI-D1870 group in looking for the hidden platform.
The trajectory of BI-D1870 group in Morris water maze swimming was significantly
longer than that of control group and solvent control group, which was consistent
the swimming distance of the result in Figure 3.

3.3.2. Successful Rate of the Rats’ Learning and Memory Acquisition
Abilities Impairment on Day 55 of BI-D1870 Injected

Figure 5 is the result of the rats’ learning and memory acquisition abilities tested
during 52 - 55 days of intraperitoneal injection BI-D1870 treated. Along with the
increase of training days, the latency of rats to find the hidden platform of three
groups was gradually shortened in Morris water maze training. The latency of
BI-D1870 group to find the hidden platform increased by 2.76% (52 d, > 0.05),
3.53% (53 d, P> 0.05), 6.51% (54 d, P> 0.05) and 126.66% (55 d, P < 0.01), re-
spectively, as compared with the control group, by 13.48% (52 d, P > 0.05),
-2.96% (53 d, P> 0.05), 8.64% (54 d, P> 0.05) and 121.89% (55 d, P < 0.01), re-
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spectively, as compared with the solvent control group. There was no significant
difference between the control group and the solvent control group. According
to the rats’ swimming performance in each group on day 25 of Morris water maze
training, 62.00% of the rats treated with BI-D1870 got the impaired learning and
memory acquisition abilities.

—~60 r

N w B a
o o o o
T T T T

=
o
T

Swimming distance ( mm

o

Figure 3. The swimming distance of rats’ learning and memory
acquisition abilities tested on the day 22 - 25 of intraperitoneal
injection of BI-D1870 with Morris water maze. The average value
of swimming distance on day 25 was regarded as the learning
performance of the rats. " P< 0.01 vs solvent control group.

Control group Solvent control group BI-D1870 group

I = | 17 1 n

Il &

4 day of swimming‘s"‘

‘_
training

m o

Figure 4. The swimming trajectory of rats’ learning and memory acquisition abilities tested
on the day 22 - 25 of intraperitoneal injection of BI-D1870 with Morris water maze.
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Figure 5. The latency of rats’ learning and memory acquisition
abilities tested on the day 52 - 55 of intraperitoneal injection of
BI-D1870 with Morris water maze. The average value of latency
every day was regarded as the learning performance of the rats and
the results on day 55 of intraperitoneal injection of BI-D1870 was
the successful rate of rats’ learning and memory acquisition ability
impairment. “ P < 0.01 vs solvent control group.

Figure 6 is the swimming distance of rats in each group to find the hidden
platform on the day 4", corresponding to the day 55 of intraperitoneal injection
of BI-D1870, for determination of learning and memory acquisition abilities by
Morris water maze training. The swimming distance in BI-D1870 group was
prolonged by 41.65% (P < 0.01) and 27.58% (P < 0.05), respectively, than that of
control group and solvent control group. There was no significant difference
between the control group and the solvent control group in the swimming dis-
tance.

Figure 7 is the swimming trajectory of Morris water maze training in rats
from day 52 to 55. The swimming trajectory of control group and the solvent
control group is the trend type > linear type and the BI-D1870 group rats freely
swam to search for the hidden platform. The trajectory in the BI-D1870 group
was significantly longer than that of the control group and the solvent control
group on day 55 of intraperitoneal injection of BI-D1870, which was parallel the

swimming route of the result in Figure 6.

3.3.3. Successful Rate of the Rats’ Learning and Memory Acquisition
Abilities Impairment on Day 85 of BI-D1870 Injected

Figure 8 is the measured data of the rats’ learning and memory acquisition abil-
ities during 82 - 85 days of intraperitoneal injection BI-D1870 treated. Along
with the increase of Morris water maze training days, the latency of rats in three
groups to find the hidden platform was gradually decreased. There was no nota-
ble difference in the latency between the control group and the solvent control
group. the latency of the BI-D1870 group for finding the hidden platform in-
creased by —1.17% (82 d, P> 0.05), 22.73% (83 d, P> 0.05), 52.13% (84 d, P>
0.05) and 92.64% (85 d, P < 0.05), as compared with the control group, and in-
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creased by —24.60% (82 d, P> 0.05), 35.25% (83 d, P> 0.05), 56.56% (84 d, P >
0.05) and 97.02% (85 d, P < 0.05), as compared with the solvent control group,
for consecutive 4 days Morris water maze training. According to the rats’ swim-
ming performance on day 85 of Morris water maze training, 82.00% rats received
intraperitoneal injection of BI-D1870 appeared the impaired learning and mem-

ory acquisition abilities.
25 *
20

15

{EREIN

Swimming distance (mm)

Figure 6. The swimming distance of rats’ learning and memory
acquisition abilities tested on the day 52 - 55 of intraperitoneal in-
jection of BI-D1870 with Morris water maze. The average value of
swimming distance on day 55 was regarded as the learning perfor-
mance of the rats. "P< 0.05 vssolvent control group.

Control group Solvent control group BI-D1870 group
M s 1

1 day of swimming“c’"”

training

I e, |
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),
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Figure 7. The swimming trajectory of rats’ learning and memory acquisition abilities tested
on the day 52 - 55 of intraperitoneal injection of BI-D1870 with Morris water maze.
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Figure 8. The latency of rats’ learning and memory acquisition abil-
ities tested on the day 82 - 85 of intraperitoneal injection of BI-D1870
with Morris water maze. The average value of latency every day was
regarded as the learning performance of the rats and the results on
day 55 of intraperitoneal injection of BI-D1870 was the successful
rate of rats’ learning and memory acquisition ability impairment. "P
< 0.05 compared with solvent control group.

Figure 9 is the swimming distance of each group to find the platform on day
4™, corresponding to the day 85 of intraperitoneal injection of BI-D1870, for as-
say of learning and memory acquisition abilities by Morris water maze training.
There was no significant difference between the control group and the solvent
control group in the swimming distance. The swimming distance in the BI-D1870
group was respectively, higher 24.73% (P < 0.05) and 22.67% (P < 0.05) than that
of the control group and solvent control group.

Figure 10 is the swimming trajectory of Morris water maze training in each
group from day 82 to 85. The swimming trajectory was trend type > linear type
in control group and solvent control group, and was edge type or trend type in
BI-D1870 group for searching for the hidden platform. Moreover, the swimming
trajectory in the BI-D1870 group on day 85 of Morris water maze training was
significantly longer than that of the control group and the solvent control group,

which was consistent the swimming distance of the result in Figure 9.

4. Discussion

It is well known that the learning and memory are the basic cognitive function of
human and may appear disorder in the neurodegenerative diseases, including AD
[11]. Studies have shown that the neurotrophic factors can directly affect the learn-
ing and memory function [12]. The neurogenesis reduction and neuronal loss
also contribute to the cognitive impairment of animals.

The neurogenesis plays the important role in compensating the neuron loss
and neuronal damage, and the neurogenesis is also regulated by multiple signal
pathways and signal molecular [13]. Of which, RSK is a Ser/Thr protein kinase
and can modulate the cell division, survival and differentiation [14] [15]. RSK
can independently move into the nucleus and catalyzes CREB to phosphorylate
and promote the genes and protein expression for nerve growth factor. These
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nerve growth factors can expedite the neural cell proliferation and differentia-
tion, prompt the neurogenesis and advance to ameliorate the cognitive deficits
[16] [17]. BI-D1870 is RSK inhibitor and can inhibit the activity of RSK and
suppress the transcription activity of CREB [18]. This result can result in the de-
creased nerve growth factors, and advance to disturb the neuronal repair, neu-
rogenesis and differentiation.

25
20

15 f

Swimming distance (mm)

Figure 9. The swimming distance of rats’ learning and memory
acquisition abilities tested on the day 82 - 85 of intraperitoneal in-
jection of BI-D1870 with Morris water maze. The average value of
swimming distance on day 85 was regarded as the learning per-
formance of the rats. "< 0.05 vs solvent control group.

Control group Solvent control group BI-D1870 group

1day of swimming
training
2 day of swimming /'\
training ( > )
\y
3 day of swimming
training

4 day of swimming

training

Figure 10. The swimming trajectory of rats’ learning and memory acquisition abilities tested
on the day 82 - 85 of intraperitoneal injection of BI-D1870 with Morris water maze.
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There has been evidence showing that Neuropsychiatric Symptoms (NPSs),
such as anxiety, apathy and irritability, are often associated with cortical damage
of temporal lobe, middle frontal gyrus and limbic system in AD patients [19]. AS
sedimentation is an important driving factor for the development of apathy and
anxiety in the aged [20]. The frequency and severity of NPS may increase along
with the deterioration of cognitive ability [21]. The continuous response of agi-
tation and stress can cause excessive neuronal autophagy and lead to the irre-
versible deterioration even the death of neurons, which further aggravates AD
development [22] [23]. In this experiment, it was found that BI-D1870 could re-
sult in the rats’ agitation. This effect of BI-D1870 may produce the neurotoxicity,
destroy the brain’s limbic system and cortical function, which may simulate the
anxiety, irritability and other neurological symptoms in rats.

TRKB is the start switch for intracellular and extracellular signal transmission
[24] [25]. The extracellular signal molecular BDNF can combine with TRKB and
activate CREB to regulate neurogenesis and neuronal function [26]. TRKB and
BDNF are mainly expressed in the hypothalamus regions, and the hypothalamus
is the key area in regulating animal diet and energy balance [27]. It was reported
that the energy consumption of TRKB knockout mice is markedly decreased, while,
the daily food intake of BDNF knockout mice is dramatically increased and the
brown fat decomposition and energy consumption are notably decreased, which
may result in the mice obesity [28]. The present study found that BI-D1870 re-
sulted in the rats’ body weight increased, which may be from BI-D1870 inhibit-
ing RSK and CREB, and advance to lower BDNF and TRKB expression, thereby
reducing the lipolysis ability and energy consumption, finally the rats’ weight
was increased.

Morris water maze is the “gold standard” for testing the learning and memory
ability of rats [29] [30]. In the present study, the learning and memory acquisi-
tion of rats were determined with Morris water maze. The latency refers to the
time when the rats successfully find the platform after entering the water. The
longer latency spent of rats finding the platform indicates the impaired learning
and memory ability of rats. The results of the present experiment showed that
BI-D1870 significantly prolonged the latency of rats to find the hidden platform,
which indicated that BI-D1870 can destroy the rats’ learning and memory.

The swimming trajectory of rats represents different strategies for finding the
hidden platform [31]. With prolonging the training time, the trajectory of con-
trol group and the solvent control group swam to search for the hidden platform
was usually “edge type > random type > trend type > linear type”, and that
BI-D1870 group swam to look for the platform was usually by “edge type > ran-
dom type or random type > edge type”. This result was consistent with the rats’
searching for strategy with the learning and memory disorders.

The present study found that there were 50.00%, 62.00% and 82.00% of rats to
appear learning and memory impairment by intraperitoneal injection of 0.35
mg/kg BI-D1870 for 25, 55 and 85 days. The results indicated that BI-D1870 can
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disturb the rats’ learning and memory acquisition ability and the number of rats
with learning and memory acquisition disorder increased to more than 80.00%
with BI-D1870 treated over 85 days. In addition, we also found on day 85 of
treatment of BI-D1870 caused the inhibition in RSK activity and CREB phospho-
rylation at the Ser133 site in rats’ hippocampus and cerebral cortex by Western blot

and immunofluorescence measured (Data in press other journals).

5. Conclusion

In conclusion, intraperitoneal injection of 0.35 mg/kg BI-D1870 for 85 days to
rats offers a valuable in vivo animal model to better understand learning and mem-
ory acquisition impairment. This model provides a fast and simple experimental
protocol with a high model successful rate. Later, if BI-D1870 will be found to
result in the rats” two characteristic pathological changes of SP and NFTs in the
brain like AD, this rats’ model may be as an AD model to study the neuronal
pathology, including the neurogenesis.
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