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Abstract. In this study, three-month-old APP / PS1 double transgenic mice were subjected to 

ultrasound intervention for investigating the effect of ultrasound intervention. The Morris water maze 

test showed that the ability of learning and memory of US group was significantly improved than that 

of the AD group (p <0.05), during the navigation and space exploration phases. The amyloid plaque 

content in the brain was detected by immunohistochemistry. The deposition of amyloid plaques in the 

brain of the US group was less than that in the AD group, but there was no significant difference 

between the CN group and the US group. The results showed that the learning and memory ability of 

APP / PS1 double transgenic mice was significantly improved after the intervention of ultrasound 

with frequency of 1MHz and power of 0.3W/cm2, and the amyloid plaques were reduced. 

1. Introduction 

Alzheimer’s disease [1] is an age-associated neurodegenerative disorder, owing to the death of 

central nervous cells. Primary manifestations of Alzheimer’s disease include cognitive impairment, 

alterations in behavior, daily life ability disorder, eventually bedridden and incontinence. 

Nonpharmacologic and pharmacologic interventions are available, although none prevents or 

cures the disease. Pharmacologic therapies are intended to slow the progression of disease and 

improve symptoms. Drugs [2] currently approved for Alzheimer’s include cholinesterase inhibitors 

(donepezil hydrochloride [donepezil], galantamine hydrochloride [galantamine], rivastigmine tartrate 

[rivastigmine], and tacrine hydrochloride [tacrine] and memantine, an N-methyl-D-aspartate (NMDA) 

receptor antagonist. Although these drugs have been approved for listing, researchers did not stop 

verifying the efficacy of approved drugs and further exploring AD treatment method. 

The advantages of ultrasound stimulation are that it does not necessitate surgery or genetic 

alteration, but it confers spatial resolutions superior to other noninvasive methods such as transcranial 

magnetic stimulation [3]. 

  Ultrasound in the medical field is developing rapidly, for example, induced focused ultrasound 

damage, clear protein aggregates, open the blood-brain barrier then regulate neuronal function and 

other increasingly diverse new applications, expanding the application of medical ultrasound in the 

field of nervous system [4, 5]. 

Activated glial cells increase the clearance of amyloid by swallowing amyloid, transcranial 

ultrasonography can activate microglia, thereby promoting its ingestion of amyloid [6]. Studies have 

shown that microglia and astrocytes are activated in the cortical region after irradiation with focused 

ultrasound (f = 1 Hz). 

Therefore, we hypothesized that ultrasound intervention can improve the APP/PS1 double 

transgenic mice ś learning and memory ability and reduce the amyloid plaques. The main objective of 

this study evaluate the effectiveness of ultrasound intervention on APP / PS1 double transgenic mice, 

which provides a reference for application prospects of the Ultrasound technology for AD 

intervention.  
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2. Materials and methods 

2.1 Animals. 

The research shows that APP / PS1 double transgenic mice[7,8] Aβ42 levels were elevated at the 

third month of age, 5 months or even earlier appeared deposition of senile plaques in the brain, in 9 

months with a large number of senile plaques in the brain. The presence of amyloid plaques in the 

cerebral cortex and hippocampus of mice increased with age. This is consistent with the development 

and symptoms of human AD. 

Twenty APP / PS1 double transgenic mice and ten non-transgenic control mice (Beijing Huafu 

Kang Biological Technology Co., Ltd, SCXK (Beijing) 2014-0004，No.11401300029102) were 

used in this study, Male, three months old, weighing 20-22g. 

 Among these twenty APP / PS1 double transgenic mice were divided into the following two 

experimental groups with n=10 for each group. (1) AD group: no Ultrasonic treatment. (2)US group: 

with ultrasonic treatment. The remaining ten non-transgenic control mice were group3 following the 

same treatment as the control group. 

2.2  Ultrasonic radiation parameters and methods. 

According to the characteristics of the experiment, the safety and the reference literature, the 

parameters of the ultrasonic intervention of APP / PS1 double transgenic mice were P=0.3W/cm2，    

f = 1 Hz, daily treatment for 10min, sustained 6w, remove the mouse head hair with a depilatory 

cream in the first intervention. Before each intervention, the medical ultrasonic coupling agent was 

applied to the mice head to ensure that the ultrasound probe was closely coupled with the mice head. 

 
A. After hair removal      B. Ultrasound treatment of mice 

Figure 1. Ultrasonic intervention 

2.3 Evaluation method.  

2.3.1 Morris water maze test [9, 10]. 

The Morris water maze (MWM) is a test of spatial learning for rodents that relies on distal cues to 

navigate from start locations around the perimeter of an open swimming arena to locate a submerged 

escape platform. Spatial learning is assessed across repeated trials and reference memory is 

determined by preference for the platform area when the platform is absent. Evaluation of the 

indicators are: track; swimming speed; from the release to the mouse to climb the underwater 

platform swimming time. 

 

                                 
Figure 2. Water maze                          Figure 3. Water maze quadrant and platform distribution 
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2.3.2 Immunohistochemistry. 

 Rats were sacrificed by deep anesthesia using 3% pentobarbital and perfused through the heart 

with cold phosphate-buffered saline (PBS), followed by 4% paraformaldehyde. Brains were removed 

from the skull on the ice, and post-fixed in the 4% paraformaldehyde for 48 h. And then followed by 

water rinse with water, alcohol dehydration transparent, dip wax, embedding, slicing, mounting and 

baking sheets, the slices at 65 ℃ dry (1 h). 

2.4 Statistical analysis. 

 The experimental data were organized with office excel 2013, and then computer-analyzed using 

SPSS program. Data are expressed as mean ± SEM. Statistical analysis was conducted by one-way 

analysis of variance (ANOVA), followed by Bonferroni or SNK. A P-value of less than 0.05 was 

considered statistically significant. 

3. Results 

3.1  Morris water maze test 

The Morris water maze (MWM) is a test of spatial learning and Short-term memory for rodents. 

After six weeks of treatment, the three groups of mice were subjected to a six-day Morris water 

maze test. According to the executive rule, since the first day of the mouse was in the early stage of the 

semester, most mice did not find the hidden platform in time, and the results of the first day were not 

statistically analyzed. The statistical analysis of the relevant indicators that the first 2-5 days of 

navigation stage and the 6th day of the space exploratory stage was carried out. 

The first section was the positioning of navigation experiments, detection of mouse space learning 

ability. Statistical analysis was conducted by one-way analysis of variance (ANOVA). With the 

increase in the number of training days, the three groups of mice in the specified time find the correct 

rate of hidden platform increased, the latency of the search platform is decreasing. On the third day, 

the latency of the CN group was shorter than that of the AD group (p <0.05) , on the fourth day, the 

latency of the US group was shorter than that of the AD group (p <0.05), there was no significant 

difference in the latency that seek the hidden platform between the CN group and the US group (p> 

0.05), as shown in Figure 4. As shown in Figure 5, there was no statistically significant difference in 

swimming between the three groups (F = 1.156, p> 0.05).From the above , indicating that the overall 

reducing trend of the latency and the time difference between groups is not caused by swimming 

speed. 

 
Figure 4. The latency looking for                          Figure 5. The swimming speed 

  hidden platform latency 

From the action track, the search strategy of the hiding platform of the mouse is from the edge of 

the "aimless", the random to the trend, the linear transformation, and with the training time, this trend 

is more obvious, as shown in Figure 6. 
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Figure 6. The diagram of searching strategy typical trajectory 

The second stage, space exploration stage detect mouse spatial memory. After the hidden platform 

was removed, its residence time at the target quadrant were recorded and analyzed to detect the 

memory ability of the mouse. Statistical analysis was conducted by one-way analysis of variance 

(ANOVA) showed that there was a significant difference in the residence time of SE quadrant in the 

three groups (F = 6.905, p <0.05). As shown in Figure 7, AD group compared with CN group in SE 

quadrant residence time was significantly reduced (p <0.05) , AD group than the US group in the SE 

quadrant of the residence time is also significantly reduced (p <0.05),there was no significant 

difference in the residence time of SE quadrant between the US group and the CN group (p> 0.05). As 

shown in Figure 8, there was no difference in swimming speed between the three groups (F = 1.439, 

p> 0.05).  

 
Figure 7. The time of stay in the SE quadrant         Figure 8. The swimming speed 

There was no difference in swimming speed between the groups of mice during the navigation and 

space exploration phases. In addition, ultrasound intervention did not affect the athletic ability and 

visual acuity of the mice. The water maze can be more objective and scientific evaluation of the 

ability of learning and memory of mice. The experiments of locating navigation and space exploration 

show that the ultrasound intervention can improve the spatial learning and memory ability of APP / 

PS1 double transgenic mice. 

3.2 Immunohistochemistry. 

The mice’s behavior test was performed after the intervention, and then the amyloid plaque content 

in the brain was detected by immunohistochemistry. The results showed that amyloid deposition was 

not found in the hippocampus of the CN group and the US group, and a small amount of amyloid 

deposition occurred in the brain of the AD mice in the 4.5-month-old AD group, this is consistent 

with the presence of sedimentary amyloid plaques in the brain of APP / PS1 mice around the age of 

four months found in the relevant study [11-12], as shown in Figure 9. 

 speed  time  
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Figure 9. A The region of CN group mice hippocampus; B The region of AD group mice 

hippocampus; C: The region of US group mice hippocampus 

4. Discussion  

At this stage the main medical point of view for the amyloid plaque hypothesis[13,14]:  an 

imbalance between production and clearance of Ab42 was initiating factor in Alzheimer’s disease 

(AD), persistent deposition of amyloid plaques further leads to Tau protein fibron tangles, neuronal 

degeneration, and dementia. Genetics, physiology, biochemistry and behavioral studies have shown 

that Aβ42 plays a main role in the pathogenesis of AD [14,15]. Aged plaques are formed by 

extracellular deposition of Aβ42-like proteins, these aggregates impair neuronal activity by severely 

disrupting nerve fibers, causing serious damage to cell bodies and axons [16]. In conclusion, the 

ultimate occurrence of AD is closely related to the long-term imbalance between Aβ42 production 

and clearance. 

Transcranial ultrasound is a safe and effective technique for regulating brain function, for example, 

low-frequency focused ultrasound can act on specific regions of the brain to alter the 

electrophysiology and synaptic plasticity of experimental animals [3]. Ultrasound can also regulate 

neuronal activity, and even promote the brain's advanced cognitive function and awareness of the 

improvement. In the hippocampus region of mice, low-frequency ultrasound can regulate neuronal 

activity by influencing sodium and calcium channels [17]. In the motor area of the cerebral cortex, 

ultrasound can stimulate neurons and trigger the activity of mice. Ultrasound stimulation of the 

subcortical deep region, the same can cause changes in neuronal activity and hippocampal structural 

vibration, at the same time, and did not observe the increase in the target area temperature anomalies 

[18]. Angelika Alonso et al, showed that cell albumin was phagocytosed after 30 min of ultrasound 

treatment, and the effect was still effective after 24 h, the activated microglia played a major role; at 

the same time, the study found that activation of microglia at the same time, did not cause neuronal 

death and glial cell damage, which Streit et al's findings are consistent, that ultrasound can be a safe 

way to activate the nerve glue Cytokines [19,20]. 

The central nervous system immune response contributes to the reduction of amyloid protein in the 

brain [21]. Clinical imaging and neuropathological studies have shown that microglia in the central 

nervous system can maintain the normal physiological activity of the brain, and the activated 

microglia can protect the central nervous system [22]. Microglia is closely related to amyloid in AD 

patients and in the brain of transgenic mice that produce amyloid plaques [23,24] There are many 

microglia around their amyloid plaques [25]. Simard et al ,observed that microglial cells in the 

activated state invade into the deposited amyloid plaques, which were also found in other experiments, 

and this phenomenon of invasion occurred after the formation of amyloid plaques, that is , 

sedimentary amyloid plaques induce microglia invasion, At the same time, experiments with APP / 

PS1 mice showed that microglia in the activated state could swallow amyloid plaques deposited in the 

central nervous system [26],transcranial ultrasonography can activate microglia, thereby promoting 

its ingestion of amyloid . Studies have shown that microglia and astrocytes are activated in the cortical 

region after irradiation with focused ultrasound (f = 1 Hz), and their activation is manifested as an 

increase in the size and shape of the glial cells, whereas the number of cells is not increase. Activated 

glial cells increase the clearance of amyloid by swallowing amyloid. In addition, there is another 
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similar study that the use of ultrasound treatment (f = 12MHz, t = 3min) in vitro  the microglia cells, 

morphological observation of increased in the size and shape of the glial cells, indicating that 

microglia can be activated by ultrasound [6], activated glial cells may be swallowing amyloid, thereby 

reducing amyloid plaques. 

Animal experiment model in line with the development of human disease, the effectiveness of the 

study can be used as an important part of the medical device animal test, that is, the actual use of 

medical equipment and intended use to meet the compliance. 

The subjective of this study was APP / PS1 double transgenic mice, an animal model that 

conformed to the development of the typical pathologic features of human AD. The animal's 

experimental results support further clinical trials. And the entire experimental process and 

experimental conditions are also in line with the norms, therefore, the study can simultaneously 

evaluate the effectiveness of interventions. Which provides a reference for the application of 

ultrasound in the intervention of AD. 

5. Summary 

The results showed that the learning and memory ability of APP / PS1 double transgenic mice was 

improved after the intervention of ultrasound with frequency of 1MHz and power of 0.3W/cm2, and 

the amyloid plaques were reduced. 
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