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Abstract
Introduction: APP/PS1 transgenic mice are established natively AD-like animal model. The present study 
used this animal model to study the effects of stems and leaves flavonoids from Scutellaria baicalensis Georgi 
(SSF) on APP/PS1 transgenic mice learning and memory ability with Morris water maze, jumping platform, 
dark box and shuttle box test. The results demonstrated that SSF markedly improve the learning and memory 
ability in APP/PS1 transgenic mice, and the four behavioral tests of Morris water maze, jumping platform, 
dark box and shuttle box are also suitable methods for evaluating the learning and memory ability of animals.
Objective: To study the effects of SSF on the learning and memory ability in APP/PS1 transgenic mice by 
several behavioral experiment methods.

Methods: APP/PS1 transgenic mice were randomly divided into model group and three doses of SSF treated 
groups. While, the same period C57BL/6J mice were used as the control group. The APP/PS1 transgenic mice 
in the drug group were given continuous daily and orally administration of 50, 100 and 200 mg/kg SSF for 77 
days. On the day 51 of administration, four behavioral experimental methods, including Morris water maze, 
jumping platform, dark box and shuttle box were supplied to test the learning and memory ability of all mice 
and continually administered SSF during the test.

Results: Compared with the control group, Morris water maze test found that model group mice had a 
significant longer latency to find the hidden platform, shortened swimming time in the target quadrant, and 
reduced number of crossing platforms (P<0.05, P<0.01). The detection of jumping platform and dark box 
showed that the latencies of the model group for jumping off the platform and entering the dark box were 
significantly shortened, and error times received by electric shocks was significantly increased (P<0.05, 
P<0.01). The shuttle box test reported that the number of active avoidance in the model group was significantly 
decreased, while the times of passive avoidance and non-response were significantly increased (P<0.05, P< 
0.01). However, the three doses of SSF markedly shortened or prolonged the latency of APP/PS1 transgenic 
mice to find the hidden platform, jump off the platform and enter the dark box, as well as reduce the errors 
times of electric shock (P<0.05, P<0.01).

Conclusion: SSF can improve the learning and memory impairment of APP/PS1 mice by different behavioral 
test.
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Introduction
Alzheimer’s disease (AD) is a global public health crisis [1]. 
According to the data of “World Alzheimer Report 2019 Attitudes 
to Dementia” released by the Alzheimer’s disease International 
(ADI), there are more than 50 million AD patients worldwide in 
2019 and will reach 152 million by 2050. The report also estimated 
that the current global treatment cost will be 1 trillion $ and will 
enhance to 2 trillion dollor by 2030, which will have a heavy 
economic and psychological burden to the families and society [2].

AD is a degenerative disease of the central nervous system, and 
the patients with progressive learning and memory impairment 
and cognitive dysfunction are the main clinical symptoms [3]. 
A variety of animal models were established in the laboratory to 
study the pathophysiology and drug screening of AD. Among them, 
the transgenic animal model of AD was based on genetic theory. 
Wengenack et al. used gene targeting technology to breed APP/
PS1 double transgenic mice, which showed typical neurology and 
dysfunction like AD, namely characteristic neuronal pathological 
changes and learning and memory impairment. The model of APP/
PS1 transgenic mice is the closest to the clinical manifestations 
and neuropathological changes of AD patients, and is also usually 
used to study the pathophysiology and new drug research in the 
laboratory for AD [4, 5].

SSF is extracted from the stems and leaves of Scutellaria baicalensis 
Georgi and scutellarin is the main ingredient. Studies have shown 
that SSF not only has the effects in antibacterial, antiviral, anti-inf
lammatory, antioxidant, hypolipidemic and myocardial protection, 
but also can improve the learning and memory function in many 
kinds of AD model animals [6-8]. However, it has not been 
reported whether SSF can improve the learning and memory 
impairment of mice with transgenic mice. The aim of present study 
is to investigate the effects of SSF on the learning and memory 
ability for APP/PS1 transgenic mice.

Methods and Materials
Experimental Animal
APP/PS1 and C57BL/6J mice were purchased from Beijing 
HFK Bioscience Co., Ltd., experimental animal production 
license No.: SCXK (Beijing) 2019-008. They were raised in 
the barrier environment of the Experimental Animal Center of 
Chengde Medical College (license No.: SYXK (Ji) 2117-001). 
The temperature was maintained at 23-25 oC, the humidity was 
55%±5%, and the light/dark cycle of 12h/12h was maintained, and 
the mice were allowed to eat freely and adapt to the experiment 
after 1 week purchased. The animal experiment process followed 
the relevant ethical requirements of the “Guiding Opinions on 
being kind to Experimental Animals” issued by the Ministry of 
Science and Technology of the People’s Republic of China in 
2006, and has been approved by the Ethics Committee of Chengde 
Medical College (license No.: CDMULAC-20190226-002).

Drugs and Testing Equipment
Scutellaria baicalensis Georgi was identified by Professor Zhao 
Chunying, Chengde Medical College and Scutellaria baicalensis 
Georgi stems and leaves flavonoids were prepared by the Institute 
of Traditional Chinese Medicine, Chengde Medical College (Lot.: 
20100618). Morris water maze (Institute of Medicine, Chinese 

Academy of Medical Sciences), SuperSdt jump platform, Super 
APAS shuttle box and SuperPas avoidance dark box (Shanghai 
Xinruan Information Technology Co., Ltd.).

Experimental Design
30 male 4-month-old APP/PS1 transgenic mice were randomly 
divided into four groups with 6 mice in each group, including 
model group and three doses of SSF-treated groups. 6 C57BL/6J 
mice served as the control group. The three doses of SSF-treated 
groups were orally daily administrated SSF at dose of 50, 100 and 
200 mg/kg for 77 days. The control group and APP/PS1 model 
group were given the same volume of saline, respectively, for 77 
days.

On the day 51 of administration, the Morris water maze was 
used to test the learning and memory abilities of the mice for 11 
consecutive days. On the day 64 of administration, the passive 
avoidance memory acquisition ability of the mice was tested 
by jumping platform for 2 consecutive days. On the day 68 of 
administration, the dark box was used to detect the non-spatial 
passive avoidance memory ability of the mice for 2 consecutive 
days. On the day 72 of administration, the non-statement memory 
ability of mice was tested by shuttle box for 5 days. After the end 
of each behavioral test, the mice rested for 2 days and began a new 
round of testing.

Behavioral Experimental Methods to Detect the Learning and 
Memory Ability of Mice Morris Water Maze Equipment
The Morris water maze is a circular pool with a diameter of 120 
cm and a depth of 50 cm, with a water depth of 31.5 cm and 
temperature at 23±2 oC [9]. The water was become white by adding 
proper amount of edible white colorant. The pool is imagined 
equally divided into four quadrants, and mark four distinctive 
markers at equal distances around the pool wall as water entry 
points. According to the experimental requirements, a cylindrical 
transparent plexiglass platform with a diameter of 10 cm and a 
height of 30 cm was placed in the middle of one of the quadrants, 
hidden under the water surface for 1.5 cm. A camera is installed 
above the pool, which is connected to the graphic analysis software 
of the acquisition card to link the computer for capturing the 
swimming behavior of the mice (measured by latency, swimming 
trajectory and crossing times and other behavioral targets.). The 
latency of mouse was recorded when they found the hidden 
platform. When the mouse found and climb the platform within 60 
s, they were allowed to stay there for 20 s. If a mouse did not find 
the platform within 60 s, the experimenter guided the mice to climb 
onto the platform and stayed there for 20 s, and the latency was 
recorded as 60 s. The measurement of mice learning and memory 
abilities were conducted twice a day in the morning and afternoon, 
in which trial one point was far away from the platform and one 
point was close to the platform. The average of the 4 latencies was 
used as the performance of the day. During the test in the Morris 
water maze, all the surrounding spatial signals were guaranteed to 
be constant.

Test of Memory Acquisition Ability of Mice
The positioning navigation trial was conducted to test the memory 
acquisition ability of mice on the day 1-5 of Morris water maze 
task, corresponding to the day 51-55 of administration. The hidden 
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platform was placed in the second quadrant, and the average 
latency of the test at 4 points per day was taken as the day’s score, 
and SSF continued during the test.

Test of Memory Retention Ability of Mice
On the day 6 of the probe trial, corresponding to the day 56 of 
administration, the memory retention ability of the mice was 
measured. The hidden platform was removed from the water maze, 
and the swimming trajectory of the mice in the water maze within 
60 s and the swimming time and number of crossings in the target 
quadrant were recorded. SSF was continually administered during 
the test.

Test of Memory Re-Learning Ability of Mice
On the day 7-10 of Morris water maze task, corresponding to 
the day 57-60 of administration, the opposite platform trial was 
performed to detect the re-learning ability of mice. The hidden 
platform in the water maze was placed the opposite side of the 
original position, and the test was continued for 4 days. The SSF 
was continued during the test. 

Test of Swimming Speed of Mice
In order to exclude the difference in swimming speed caused by 
individual differences of mice, the swimming speed of the mice was 
measured on the day 11 of the Morris water maze, corresponding 
to the day 61 of administration. The platform was over the 1.5 cm 
of the water surface. The swimming distance and time of the mice 
for reaching the visible platform was being used to evaluate the 
swimming speed of mice.

Jumping Platform Experiment
In the open space, animals spend most of their time moving 
around the edges and corners to test the passive avoidance 
memory acquisition ability animals, and the jumping platform box 
is equipment for detecting passive avoidance memory acquisition 
ability of the animal. The jumping platform box is designed with 
an insulated cylindrical platform in the center in the square space, 
and a copper grid is placed at the bottom and can be electrified. 
When the animal is placed on the platform, the animal will almost 
immediately jump off the platform and explore the surroundings 
according to their nature. When the animal jumped off the 
platform the animal was electric shock, and then, the animal jump 
on the platform again to avoid the electric shock. Sometime, some 
animals will jump to the energized copper grid again, and then 
quickly jump back to the platform after being the electric shock, 
repeating the cycle [10].

Before the training, mice were put in the jumping platform box 
to familiar to the environment for 3 min. When the experiment 
was conducted, the copper grid was electrified by 32 V alternating 
current and the mice were trained for 5 min. The first time of each 
mouse jumping off the platform and the number of electric shock of 
mouse jumped off the platform were recorded within 5 min of the 
training period. This time and number of electric shock is named 
the latency and the number error, respectively. If a mouse stayed 
on the platform for more than 5 min, the latency was recorded 
as 300 s and to be the score of mouse learning test. The above 
experiments were repeated 24 h later, as memory test results. The 
jumping platform box needs to be wiped with 75% ethanol before 

the next mouse test was started, in order to remove the odor of the 
previous mouse.

Dark Box Experiment
The dark box was used mice the learning and memory ability of 
non-spatial passive avoidance, according to the mice life habit for 
liking dark and avoiding light [10]. The dark box is composed of 
two parts of the same size as the light box and the dark box. A 
semi-circular small hole is at the middle baffle of the two boxes for 
mice to pass through. There are copper grids that can be energized 
at the bottom, and the electrical stimulation is placed at dark box. 
When the mice enter the dark box, the mice will be electrically 
shocked. 

In the test, the mice were placed in the bright box by their back to 
the middle baffle hole. When the mice entered the dark box, and 
then immediately escape to the bright box because of electrical 
shock. The process was performed after 24 h for testing the mice 
memory. The first time of each mouse entering the bright box and 
the number of electric shock of mouse were recorded within 3 
min of the test. This time and number of electric shock is named 
the latency and the number error, respectively. If a mouse did not 
enter the dark box within 3 min, the dark avoidance latency was 
recorded 180s.The dark box needs to be wiped with 75% ethanol 
before the next mouse test was started, in order to remove the odor 
of the previous mouse.

Shuttle Box Experiment
The active avoidance learning is a basic behavioral phenomenon, 
which reflects the animal’s ability of non-statement memory 
[11]. The shuttle box is usually used to test the non-statement 
memory of animals. The shuttle box is consisted of non-toxic, 
light-proof and sound-proof medical ABS plastic and with two 
identical compartments [12]. There is semi-circular small hole at 
the bottom for animals passing through the two compartments. A 
copper grid is put at the bottom for the electrical stimulation. A 
LED bulb and a loudspeaker set the top of the box provide the 
light stimulation and sound stimulation, respectively. A camera 
placed on the top of the box is linked to the data collected system, 
which tracks and analyzes the animals’ behavior in the shuttle box. 
The mice were put into the shuttle box 5 min for acclimatizing the 
box environment ahead of the training. On the beginning of the 
experiment, the experiment parameters need to be set, including 
conditioned stimulation of buzzing sound and light for 5 s, and 
unconditioned stimulation of electrical shock by 5 s, 0.5 mA.

In the induction training phase, the mice were put into the left 
box by facing the wall. The test stated after the mice acclimate 
the environment the box for 30 s. After the mice received the 
conditioned or unconditioned stimulation, the mice escaped 
the stimulation to the opposite side from the round hole. The 
contralateral side was also given the same conditioned and 
unconditioned stimulation by an interval of 30 s. The same process 
was repeatedly and kept 300 s.If the mouse did not escape the both 
conditioned and unconditioned stimulation, the record is as no 
response. This training was lasted for 4 d. The test was carried 
out on the 5 d trained and the number of active avoidance, passive 
avoidance and non-response were recorded as the mice’s learning 
and memory score. The shuttle box needs to be wiped with 75% 



ethanol before the next mouse test was started, in order to remove 
the odor of the previous mouse.

Statistical Analysis
All data are analyzed by SPSS21.0 Statistical Software, and the 
values are expressed as Mean± SEM. Morris water maze data was 
processed by two-way ANOVA. The data of jumping platform, 
shuttle box and dark box are processed by one-way ANOVA. 
P<0.05 was considered statistically significant.

Results 
Morris Water Maze Test the Effect of SSF on Learning and 
Memory of APP/PS1 Mice
The Effect of SSF on APP/PS1 Mice Memory Acquisition 
Ability by Morris Water Maze Test
The positioning navigation trial on day1-5in the Morris water 
maze was used to measure the memory acquisition ability of mice. 
As shown in Figure 1, the time for mice in the model group to find 
the hidden platform was significantly increased (P<0.01). On the 
day 1-3 of the test, there was no statistical significance between the 
control group and model group (P>0.05). But on the day 4-5 d test, 
the model group spent 50.8% and 58.12% higher time to find the 
hidden platform than that of control group (P<0.01). Interesting, 
On the day 4-5 d of water maze test, the latency of mice decreased 
by 29.26% (d 4, P<0.01) and 47.01% (d 5, P<0.01) in SSF 50 mg/
kg group, by 58.67% (d 4, P<0.01) and 57.26% (d 5, P<0.01) in 
SSF 100 mg/kg group, and by 76.65% (d 4, P<0.01) and 75.12% 
(d 5, P<0.01) in SSF 200 mg/kg group, respectively. 

Figure 1: Effects of SSF on memory acquisition and re-learning 
impairment in APP/PS1 mice. The positioning navigation trial 
was used to evaluate memory acquisition by 5 consecutive days 
on the day 1-5 in the Morris water maze test. The reversal trial 
was used to evaluate memory re-learning of rats by 4 consecutive 
days on day 7-10 in the Morris water maze test. The line graph 
plots showed the mean latency to find the hidden platform for each 
group on the day 1-5 and 7-10 in the Morris water maze test. Data 
were analyzed by two-way ANOVA (day × group) with repeated 
measures. Mean ± SEM. ##P<0.01, compared with control group. 
**P<0.01, compared with model group.

The Effect of SSF on APP/PS1 Mice Memory Retention Ability 
by Morris Water Maze Test
On the day 6 in the Morris water maze test, the probe trial was 
used to detect the memory retention ability of mice. The result 

in Figure 2 showed that the swimming time, platform crossing 
times (Figure 2A) and swimming trajectory (Figure 2B) in the 
target quadrant were significantly decreased in the model group 
mice. The swimming time and the number of crossing platforms in 
the target quadrant of model group reduced 32.61% (P<0.01) and 
63.24% (P<0.01), as compared with control group. however, APP/
PS1 transgenic mice, three doses of SSF increased the swimming 
time and platform crossing times of APP/PS1 transgenic mice 
in the target quadrant by 11.58%, 55.67% (50 mg/kg, P<0.05, 
P<0.01), 43.06%, 51.55% (100 mg/kg, P<0.01), 26.33%, 59.94% 
(200 mg/kg, P<0.01), respectively.

Figure 2: Effects of SSF on memory retention in APP/PS1 mice. 
The probe trial was used to evaluate memory retention of mouse 
on day 6 in the Morris water maze test. A: Mean of swimming 
time, and crossing number, respectively, in the target quadrant 
within 60 s in the probe trial (no platform). Data were analyzed 
by one-way ANOVA with the multiple-range test. Mean ± SEM, 
##P<0.01, compared with control group. *P<0.05, **P<0.01, 
compared with model group. B: Typical swimming-tracking 
paths of mice in probe trial. A: Control group, B: model group, 
C: SSF 50 mg/kg group, D: SSF 100 mg/kg group, E: SSF 200 
mg/kg group.

The Effect of SSF on APP/PS1 Mice Memory Re-learning 
Ability by Morris Water Maze Test
The opposite platform trial on day 7-10 in the Morris water maze 
was used to assay the re-learning ability of mice. As shown in 
Figure 1, the model group took longer latency to find the hidden 
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platform than control group. The latency of model group increased 
39.76% (d 9, P<0.01) and 40.40% (d 10, P<0.01), respectively, 
as compared with control. However, the mice in the three dose of 
SSF groups spend shorter time to find the platform in 7-10 d test, 
but no statistical significance (P>0.05). In the Morris water maze 
9-10 days test, compared with model group, the latency decreased 
by 15.7% (d 9, P<0.05) and 23.65% (d 10, P<0.01) in SSF 50 mg/
kg group, decreased by 35.25% (d 9, P<0.01) and 39.83% (d 10, 
P<0.01) in SSF 100 mg/kg group, and decreased by 47.72% (d 
9, P<0.01) and 47.48% (d 10, P<0.01) in SSF 200 mg/kg group, 
respectively.

The Effect of SSF on APP/PS1 Mice Swimming Speed by 
Morris Water Maze Test
The swimming speed of mice was measured by the visual platform 
test on the day 11 of the Morris water maze. There was no 
significant difference in the time required for each group of mice to 
find the visual platform (P>0.05). This result showed that there is 
no obvious difference in swimming physical strength of all group 
mice, which indicated that individual differences was excluded for 
disturbing the results of Morris water maze detection.

Figure 3: Effect of SSF on swimming speed by in APP/PS1 
mice. The mice rat swimming speed was calculated by the visible 
platform trial on the day 11 of the Morris water maze test. Data 
were analyzed by one-way ANOVA with the multiple-range test. 
Mean ± SEM. n = 6. 

The Effect of SSF on APP/PS1 Mice Short-term Passive 
Avoidance Memory Acquisition Ability by Jumping Platform 
Test
The second day of jumping platform test was used to assay the 
mice the short-term memory acquisition ability. As shown in figure 
4, the latency was reduced by 57.95% (P<0.01) and the errors 
times increased by 84.21% (P<0.01) in model group, as compared 
with the control group. Three doses of SSF increased the latency 
51.68% by SSF 50 mg/kg (P<0.01), 52.08% by SSF 100mg/kg 
(P<0.01) and 54.30% by SSF 200 mg/kg (P<0.01), and the number 
of errors decreased by 50.95% (SSF 50 mg/kg, P<0.01), 68.42% 

(SSF100 mg/kg, P<0.01) and 71.93% (SSF200 mg/kg, P < 0.01), 
respectively, higher than that of control group.

Figure 4. The effect of SSF on short-term memory acquisition 
ability in APP/PS1 mice was test by jumping platform. A: The 
latency of jumping platform during the test. B: Errors times 
jumping platform during the test. Data were analyzed by one-way 
ANOVA with the multiple range test. Mean ± SEM, ##P<0.01, 
compared with control group. **P<0.01, compared with model 
group.

The Effect of SSF on APP/PS1 Mice Memory of Non-spatial 
Passive Avoidance Ability by Dark Box Test
The second day of dark box test was used to determine the memory 
of non-spatial passive avoidance. Figure 5 showed that the latency 
of reduced by 69.04% (P<0.01), and the errors times increased by 
65.79% (P<0.01) in model group, as compared with control group. 
However, three doses of SSF increased the latency by 59.99% (SSF 
50 mg/kg, P<0.01), 63.08% (SSF 100 mg/kg, P<0.01), 61.78% 
(SSF 200 mg/kg, P<0.01), respectively. The errors times decreased 
by 70.01% (SSF 50 mg/kg, P<0.01), 56.52% (SSF 100 mg/kg, 
P<0.05) and 59.42% (SSF 200 mg/kg, P<0.05), respectively.
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Figure 5: The effect of SSF on non-spatial passive avoidance in 
APP/PS1 mice was test by dark box. A: The latency of dark box 
during the test; B: Errors times of dark box during the test. Data 
were analyzed by one-way ANOVA with the multiple-range test. 
Mean ± SEM, ##P<0.01, compared with control group. **P<0.01, 
compared with model group.

The Effect of SSF on APP/PS1 Mice Non-statement Memory 
Ability by Shuttle Box Test
The non-statement memory ability of mice was detected using 
shuttle box by the number of active avoidance, passive avoidance 
and non-reaction of mice. The results shown in figure 6, compared 
with the control group, the active avoidance times decreased by 
49.28% (P<0.01), the passive avoidance times increased by 72.5% 
(P<0.01), and the non-reaction times increased by 91.1% (P<0.01), 
respectively in model group. It is interest that three doses of SSF 
increased by 53.95% (SSF 50 mg/kg, P<0.01) , 48.53% (SSF 100 
mg/kg, P<0.01) and 53.95% (SSF 200 mg/kg, P<0.01) in the active 
avoidance number; reduced by 90% (SSF 50 mg/kg, P<0.01), 70% 
(SSF 100 mg/kg, P<0.01), and 90% (SSF 200 mg/kg, P<0.01) in 
the passive avoidance times, reduced by 91.11% (SSF 50 mg/kg, 
P<0.01), 73.3% (SSF 100 mg/kg, P<0.01) and 77.33% (SSF 200 
mg/kg, P<0.01)in the non-response number respectively.

Figure 6: Effects of SSF on non-statement memory in APP/
PS1 mice was test by shuttle box. Active avoidance times, 
passive avoidance times and non-reaction times were measured, 
respectively. Data were analyzed by one-way ANOVA with 
the multiple-range test. Mean ± SEM, ##P<0.01, compared with 
control group. **P<0.01, compared with model group. 

Discussion
Experimental evaluation of animal behavior is widely used in 
neuroscience fields, especially in the evaluation of cognitive 
dysfunction of animal models and the physiological mechanisms 
of the related diseases [13,14].The learning and memory 
impairment is the most important clinical manifestation in AD, and 
the behavioral monitored is the most common method to assess 
learning and memory function [15]. In the laboratory, there are 
many strategies to detect animal behavior including the Morris 
water maze, the Barnes maze and the eight-arm maze, and other 
methods like shuttle box, jumping platform and dark box.

The Morris water maze was proposed and designed by British 
neurologist Morris in 1981. It is used to test the hippocampus-
dependent learning and memory abilities of animals [16], and 
is regarded as the “gold standard” in behavioral neuroscience 
research [17]. Then, the Morris water maze test has become 
the first classical method for evaluating the spatial learning and 
memory in laboratory, especially in the study of various cognitive 
disorders, such as AD [18]. The Morris water maze mainly can test 
the learning and memory of three phases, including the memory 
acquisition, memory retention and memory re-learning. In the 
Morris water maze test, the positioning navigation trial is used 
to measure the animal memory acquisition. This tested principle 
is based on that the animal is familiar to the spatial location of 
the surrounding subject through repeated learning and takes the 
shorter latency to find the hidden platform. The latency will be 
prolonged, when the spatial memory ability decreases of animal. 
The probe trial is used to detect the animal memory retention. This 
tested principle is based on that the animal memorizes the spatial 
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position of the platform after the learning. The swimming time and 
the crossing number of animal in the target quadrant express the 
animal memory retention ability in the probe trial. The opposite 
platform trial is used to detect the memory re-learning ability of 
animals. This tested principle is based on that the brain extracts 
something from previous knowledge and experience [14,19]. 

The passive avoidance experiment is that the animal avoids certain 
disgusting things by learning to get rid of certain behaviors. The 
tested methods include the jumping platform, the dark box and 
upward avoidance experiment and other avoidance tests. Both 
the jumping platform and black box can all detect the passive 
memory acquisition ability through avoiding the electric shock 
[15]. The jumping platform experiment makes use of the living 
habits of animals in the open space, most of the time at the edges 
and corners, there mainly tests the animal’s short-term memory 
acquisition ability, which not only observes the influence of drugs 
on the memory process, but also observes the influence in learning 
ability. This test is regarded the high sensitivity. The dark box test 
is designed according to the mice’s the dark habits, which belongs 
to passive avoidance response, and mainly represents the non-
spatial memory of animals. It is highly sensitive to the memory 
process, especially to the re-learning memory [20]. The learning 
and memory ability of the animal was tested by the latency of 
jumping off the platform and entering the dark box or the number 
of errors by electric shocked.

The shuttle box test is used to test the non-statement memory ability. 
Non-statement memory refers to the memory that needs repeated 
training and accumulated through long-term repeated experience, 
which is related to actual operation and practice. The mice can 
actively avoid harmful stimulation and non-statement memory 
acquired through shuttle training [11]. In the test, the light or sound 
and electrical stimulation were used to detect the shuttle behavior, 
including active avoidance number, passive avoidance number and 
no response number. When the number of active avoidance was 
decreased, and the number of electric shock was increased, the 
learning and memory ability of animal was indicated poor.

In the present study, Morris water maze, jumping platform, dark 
box and shuttle box were used to study the effect of SSF on the 
learning and memory ability in APP/PS1 transgenic mice. The 
results showed that the latency of APP/PS1 transgenic mice to find 
the hidden platform was significantly prolonged, the swimming 
time in the target quadrant was significantly shortened, and the 
number of times crossing the platform was significantly reduced 
in the Morris water maze test, compared with the control group. 
In the detection of jumping platform and dark box, the latency of 
APP/PS1 transgenic mice jumping off the platform and entering 
the dark box was significantly shortened, and errors times received 
by electric shocks was significantly increased. In the shuttle box 
test, APP/PS1 transgenic mice was found that the active avoidance 
times was significantly decreased, while the passive avoidance 
times and non-response times were significantly increased. 
However, three doses of SSF markedly shortened or prolonged 
the latency of APP/PS1 transgenic mice in varying degrees and 
reduced errors times by electric shock. These results indicated 
that SSF administered for 77 days can significantly improve the 
learning and memory ability of APP/PS1 transgenic mice, and 

the four behavioral tests of Morris water maze, jumping platform, 
dark box and shuttle box are also suitable methods to detect the 
learning and memory ability of animals.

Conclusion
AD is a progressive and irreversible degenerative disease of the 
central nervous system in the middle-aged and elderly population. 
The clinical manifestations of AD patients are the gradual decline 
of memory ability and the impairment of learning and cognitive 
function, and even damage their independent living ability. The 
present study used APP/PS1 transgenic mice, natively AD-like 
model, to detect their the memory acquisition, memory retention, 
memory re-learning, passive avoidant learning and memory and 
non-statement memory by Morris water maze, jumping platform, 
dark box and shuttle box. The results showed that SSF was found 
to have an improvement in the learning and memory impairment 
of APP/PS1 transgenic mice, which suggested that SSF may be 
beneficial effect in treatment of AD. Morris water maze, jumping 
platform, dark box and shuttle box are also suitable methods for 
evaluating the learning and memory ability of animals.
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