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Abstract.

Background: Alzheimer’s disease may be effectively treated with acupoint-based acupuncture, which is acknowledged
globally. However, more research is needed to understand the alterations in acupoints that occur throughout the illness and
acupuncture treatment.

Objective: This research investigated the differences in acupoint microcirculation between normal mice and AD animals in
vivo. This research also examined how acupuncture affected AD animal models and acupoint microcirculation.

Methods: 6-month-old SAMPS8 mice were divided into two groups: the AD group and the acupuncture group. Additionally,
SAMRI mice of the same month were included as the normal group. The study involved subjecting a group of mice to 28
consecutive days of acupuncture at the ST36 (Zusanli) and CV12 (Zhongwan) acupoints. Following this treatment, the Morris
water maze test was conducted to assess the mice’s learning and memory abilities; the acoustic-resolution photoacoustic
microscope (AR-PAM) imaging system was utilized to observe the microcirculation in CV12 acupoint region and head-
specific region of each group of mice.

Results: In comparison to the control group, the mice in the AD group exhibited a considerable decline in their learning
and memory capabilities (p <0.01). In comparison to the control group, the vascular in the CV12 region and head-specific
region in mice from the AD group exhibited a considerable reduction in length, distance, and diameter r (p <0.01). The
implementation of acupuncture treatment had the potential to enhance the aforementioned condition to a certain degree.
Conclusions: These findings offered tangible visual evidence that supports the ongoing investigation into the underlying
mechanisms of acupuncture’s therapeutic effects.

Keywords: Acupuncture, Alzheimer’s disease, microcirculation, photoacoustic microscope, senescence-accelerated mouse
prone 8

INTRODUCTION

Alzheimer’s disease (AD) is the prevailing form
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impaired daily living capacity [3], and mental
behavioral abnormalities [4]. These manifestations
significantly impact the physical and mental well-
being as well as the overall quality of life experienced
by affected individuals. Consequently, due to the
increasing economic burden on individuals and soci-
ety at large, AD has emerged as a significant global
health concern and social issue, posing a substan-
tial threat to the well-being of populations worldwide
[5-10]. The etiology of AD remains incompletely
elucidated [11], and the current clinical recommen-
dations advocate for pharmacological interventions
that exhibit restricted effectiveness and notable detri-
mental effects [12—14]. Acupuncture, a therapeutic
modality rooted in Chinese medicine, holds signif-
icant importance in the management of cognitive,
mental, and behavioral disorders [15, 16]. Particu-
larly, it has gained widespread utilization in clinical
settings for the treatment of AD. The efficacy of
acupuncture therapy is attributed to the particu-
lar targeting of acupoints [17, 18]. Although some
studies had been conducted to investigate the speci-
ficity or sensitization of acupoints [19, 20], most
of them focus on in vitro pathological sections
for observation. However, it is crucial to study
the manifestation of specific functions of acupoints
in vivo.

The photoacoustic microscope (PAM) technique
had successfully surpassed the optical “soft limit” and
possesses the notable benefit of achieving high imag-
ing resolution [21]. The imaging research conducted
at a specific depth under living conditions offers a
valuable research platform for investigating the alter-
ations of acupoints in various disorders [22]. Hence,
the primary objective of this study was to examine
the disparities in the local microcirculation of acu-
points between normal mice and AD animal model
mice, utilizing an in vivo PAM. Additionally, this
study aimed to investigate the influence of acupunc-
ture on AD model animals and its consequent effects
on the local microcirculation of acupoints. In order
to enhance the understanding of acupuncture therapy
focused on acupoints, which is imperative to present
robust and unbiased visual evidence.

MATERIALS AND METHODS
Animals and ethics statement

The Sibeifu (Beijing) Biotechnology Co., Ltd
(animal lot: SCXK (Jing) 2019-0010) provided six-

month-old senescence-accelerated mouse prone 8
(SAMPS8) and senescence-accelerated mouse resis-
tant 1 (SAMR1) mouse weighing 30.0£2.0 g. The
animals were housed in the Animal Experimentation
Centre of Beijing University of Chinese Medicine,
where they were maintained under controlled condi-
tions. The temperature was kept constant at 24 &= 2°C,
and a 12-h dark/light cycle was implemented. The
animals had access to sterile drinking water and were
provided with a standard pellet diet ad libitum. Prior
to the commencement of the trial, a period of three
days was allocated for the acclimatization of all the
mice to their respective environments.

The experimental protocol employed in this work
was authorized by the Ethics Committee for Animal
Experimentation at the Beijing University of Chi-
nese Medicine. The experimental procedures were
conducted in accordance with the Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guide-
lines and the recommendations of the National
Institutes for Animal Research (ID: BUCM-4-
2022102001-4022). All researchers involved in this
study were certified by the Animal Experimentation
Centre at the Beijing University of Chinese Medicine.

Grouping

A total of 21 male mice were included in this study,
with 9 mice serving as the normal group (referred to
as SAMR1) and 12 mice belonging to the SAMPS
group. The SAMP8 mice were randomly assigned to
one of two groups, with 6 mice in each group. The
first group was the AD model control group (referred
to as the AD group), while the second group received
acupuncture treatment (referred to as the Acupunc-
ture group).

Groups intervention

In the Acupuncture group, sterile acupuncture nee-
dles (0.25mm x 2.5 mm; Beijing Zhongyan Taihe
Medicine Company) were inserted transversely to a
depth of 2.5mm at the ST-36 (Zusanli) and CV12
(Zhongwan) acupuncture points, as seen in Fig. 1.
The acupoints were subjected to a daily intervention
of 20 min, wherein the needles were affixed using
tape. This continuous intervention was carried out
for a duration of 28 days. Both the normal and AD
groups of mice were subjected to a 20-min immo-
bilization period, similar to the Acupuncture group,
only without the administration of acupuncture.
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Fig. 1. Selected acupoints on the mouse (ST36 and CV12).

Morris water maze test

Following a 28-day intervention period, the mice
from each experimental group underwent evaluation
using the Morris water maze. The experimental appa-
ratus utilized in this study was the Morris water maze,
which comprised a circular tank with a diameter of
120 cm and a height of 50 cm. The tank was filled
with opaque water, which was made non-transparent
by the addition of black ink, reaching a depth of
30 cm. Data collection was conducted using a TOTA-
450d video camera, manufactured in Japan, which
was securely mounted on the ceiling. The camera
was connected to a video recorder equipped with an
automated tracking system, manufactured by Daheng
Group in China. This setup allowed for the automatic
collection of data. A detachable platform with a diam-
eter of 9.5 cm and a height of 30 cm was positioned
within the pool, specifically in quadrant III. The pool
area was conceptually partitioned into four quadrants
(I, I, 1, and IV) of equivalent dimensions. Distinc-
tive visual stimuli in various geometric forms were
strategically positioned on the inside surface of each
quadrant of the tank, ensuring their conspicuousness
to the mice.

The hidden platform trial was employed to assess
the cognitive capabilities of the mice. All experimen-
tal subjects, in this case mice, underwent training in

the Morris water maze task, which involved locating
aconcealed platform. The entrance locations selected
were Quadrant I, Quadrant I, and Quadrant IV. Every
individual mouse was released from three distinct
starting positions and given a time limit of 60s to
locate the concealed platform. The escape latency of
three trials was recorded and the average value was
calculated.

The memory capacity of the mice was assessed
using a spatial probing trial. The removal of the
platform occurred on the day subsequent to the con-
clusion of the hidden platform trial. Each mouse was
subjected to a single 60-s trial in the pool, commenc-
ing from the identical initial location employed in
the concealed platform experiment. The time it took
for the platform to cross was measured and recorded
during the experiment.

Photoacoustic scope imaging

The photoacoustic imaging equipment, namely
the Hadatomo TM Z WEL5200 model, was gener-
ously provided by Advantest (China) Co., Ltd. The
system comprised a PA transmitter/receiver unit inte-
grated with a laser optical fiber positioned at the
core of an annular array transducer. Additionally,
an XY stage was incorporated to enable mechanical
two-dimensional scanning within an imaging field.
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Fig. 2. The Hadatomo TM Z WELS5200 photoacoustic imaging
system (supported by the Advantest (China) Co., Ltd).
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Furthermore, a control and signal processing unit
were included for system operation and data analysis.

The annular array transducer had a concave sur-
face with a geometric focus of 6 mm and a center
hole (1 mm) for the laser outlet. The concave geom-

etry was divided into four ring-shaped PZT elements
(a center frequency of 60 MHz £ 20%) with a min-
imum diameter of 1 mm and a maximum diameter
of 6 mm. The Nd: YAG laser was selected to irradiate
532 nm pulsed beams at a repetition rate of 1 kHz and
a pulse width of 1.2 ns. The emitted pulse energy was
measured to be 16 w J pulse. While the PA transmit-
ter/receiver unit was raster-scanned by the XY stage,
an event of emitting a laser pulse and receiving PA
signals was repeatedly performed to acquire the three-
dimensional distribution of the optical absorbers in
the imaging field. In each receiving event, the PA
waves generated at the object by the laser irradiation
were received by each element of the annular array
transducer and recorded at a sampling frequency of
500 MHz (Fig. 2).

The experimental animals (21 mice from each
group) were anesthetized with isoflurane gas (using
a concentration of 2.5% during induction anesthe-
sia and maintaining a concentration of 2%) for skin
preparation. Hair was removed from the abdomi-
nal CV12 (Zhongwan) acupoint region and the head
region with depilatory cream (Fig. 3). After skin
preparation, the animals were anesthetized with gas
for 30 min before undergoing photoacoustic imaging
scanning. Continuous anesthesia during the scanning
process. Following the completion of the scan, the
Euclid R2.00 software (developed by Adventure Co.,
Ltd.) was employed to quantify and gather image
and microcirculation data pertaining to the region
of interest (ROI) measuring 6 mm x 6 mm x 6 mm
(as depicted in Fig. 3). This included the measure-
ment of vascular characteristics such as length (in

Fig. 3. Regions of interested selected on the mice (Left: the head region, Right: CV12 (Zhongwan) acupoint region, 6mm x 6 mm).
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Fig. 4. Results of hidden platform trial in the Morris water maze test. A) The changes of escape latency with the training days of each group.

B) The differences of each group during each training days.

millimeters), distance (in millimeters), sinuosity, and
diameter (in millimeters) within the specified regions.

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS) version 25.0 (SPSS, Inc., Chicago, IL, USA)
was used to conduct statistical analyses, and data were
reported as means =+ standard deviation. For all com-
parisons, the significance threshold was set at 0.05.
Multivariate analysis of variance (ANOVA) with
repeated measures was used for the general linear
model using the SPSS software, and pairwise com-
parison was used for different groups and different
measurement times. Mauchly’s test of sphericity was
used to assess whether there were relations among
the repeatedly measured data. The One-way ANOVA
statistical test was employed to analyze the variations
among the Normal, AD, and acupuncture groups for
each dataset. The application of Pearson correlation
analysis was employed to examine the relationship
between microcirculation data of acupoints and the
head.

RESULTS

Acupuncture could improve the spatial learning
and memory ability of SAMPS mice

The escape latency of hidden platform trial could
reflect the spatial learning ability of the experimen-

tal animals. As we could see from the Fig. 4, the
escape latency was shortened with the training days
increased. The normal group performed best of the
three groups (p < 0.05). What’s more, the acupuncture
group performed better than the AD group (Fig. 4A).
Especially, at the first day of training, the acupunc-
ture group performed significantly better than the AD
group (Fig. 4B). Notably, at the last day of training,
the escape latency of normal group was a little bit of
longer than the fourth day and there were no signif-
icantly differences of the three groups. We assumed
that might be the training fatigue of mice.

The times of crossing the platform region in the
probe trial could reflect the spatial memory ability
of the experimental animals. More times of cross-
ing the platform region, better the memory ability
of the animal has. In the Fig. 5A, the times of
crossing the platform region of normal group was
significantly more than AD and acupuncture group
(compared with AD group, p <0.01; compared with
acupuncture group, p <0.05), and acupuncture group
was also more than AD group (p <0.01). Figure 5B
showed the search strategy, which was an indica-
tor that measure the analytical and problem-solving
abilities of animals. As showed in Fig. 5B, the
search strategy of normal group was more likely
linear based type, AD group was belonged to edge
type and acupuncture group was belonged to trend
type. The search strategy of dementia animals may
undergo abnormal changes. For example, there are
only edge type to random type, or random type to
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Fig. 5. Results of spatial probe trial in the Morris water maze test. A) The differences of the times of crossing the platform region of each
group in the spatial probe trial. B) The search strategy of each group in the spatial probe trial.

edge type, and trend type and linear type are relatively
rare.

The above results illustrated two points, one was
the SAMR 1 mice (normal group) had a better learning
and memory ability than SAMPS8 mice (AD group),
the other was acupuncture treatment at the acupoint
ST36 and CV12 could improve the leaning and mem-
ory ability of SAMPS8 mice to a certain extent.

Differences between SAMPS8 and SAMRI mice at
the selected acupoint region in photoacoustic
imaging and effects of acupuncture on
microcirculation of SAMPS mice

The top view of the photoacoustic imaging of
CV12 acupoint region of each group was showed in
the Fig. 6 (6 mm x 6 mm). As observed, the CV12
acupoint region exhibited the highest vascular density
and hemoglobin density in the normal group, accom-
panied by the most intricate structure and branches.
Conversely, the aforementioned markers among the
AD group had the lowest values. Furthermore, it was
observed that the acupuncture group had higher levels
of vascular density and hemoglobin density com-
pared to the AD group.

Euclid R2.00 (Adventure Co., Ltd.) could extract
the vascular feature from the original photoacoustic
image by analyzing the vascular skeleton (centerline)
and noise removal (Fig. 7A). Euclid R2.00 could
also collect the microcirculation data of the region
of CV12 acupoint including the length (mm), dis-
tance (mm), sinuosity, and diameter (mm) of vascular
in the regions. We found the length, distance and
diameter of this region in the normal group were
significantly higher than AD group (at length and dis-
tance, p <0.01; at diameter, p < 0.05). Meanwhile, the
length and distance of this region in the acupuncture
group were also significantly higher than AD group
(p <0.05). However, there was no significantly differ-
ence in the sinuosity of this region in the three groups
(Fig. 7B-D).

Differences between SAMPS and SAMR1 mice at
the head region in photoacoustic imaging and
effects of acupuncture on microcirculation of
SAMPS8 mice

The top view of the photoacoustic imaging of head
region of each group was showed in the Fig. 8 (6
mm x 6 mm). As we all seen, the within the head
region in normal group, the vascular density and
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Fig. 6. The top view of photoacoustic images of CV12 acupoint region of each group (6 mm x 6 mm).
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Fig. 7. Microcirculation differences at CV12 acupoint region of each group.

hemoglobin density were highest and the structure
and branches were the most complex. On the con-
trary, the above indicators in the AD group were all
the lowest. Moreover, in acupuncture group the vas-
cular density and hemoglobin density were higher
than AD group.

We found the length and distance of the head region
in the normal group were significantly higher than
AD group (p <0.05). Meanwhile, the length and dis-
tance of this region in the acupuncture group were
also significantly higher than AD group (p <0.05).
However, there was no significant difference in the

sinuosity and diameter of this region in the three
groups (Fig. 9B-D).

We used correlation analysis to explore the rela-
tion between the head region and the CV12 acupoint
region, as illustrated in Fig. 10. These findings
revealed that the length of vascular in the CV12
acupoint region had a significant correlation with
the length of vascular in the head region (r=0.75,
R2=0.56, p<0.01, Fig. 10A). Similarly, the distance
of vascularin the CV12 acupoint region also had a sig-
nificant correlation with the distance of vascular in the
head region (r=0.82, R2=0.67, p<0.01, Fig. 10B).
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DISCUSSION

Currently, there is ongoing research that is continu-
ously advancing our understanding of the mechanism
of acupuncture intervenes in AD. The current body of
reviews indicated that the combination of acupunc-
ture and medicine yielded more benefits for people
with AD in comparison to the use of medication
alone [15, 23-28]. In the realm of animal experi-
mentation, numerous research had been conducted to
investigate the presence of acupuncture intervention
in AD through diverse mechanisms [29], including
to alterations in synaptic morphology and structure

by regulation of some relevance protein expression
[30, 31], mitigation of AR deposition [32, 33] and
excessive tau protein phosphorylation [34-37], inhi-
bition of central nervous system inflammation and
neuronal apoptosis [38—40], and resistance against
oxidative stress [41, 42]. Acupuncture is an inter-
vention based on acupoints, and multiple literature
studies on the selection of acupoints for AD acupunc-
ture intervention have found that ST36 (Zusanli)
and CV12 (Zhongwan) acupoints were one of the
more commonly used acupoints in AD acupunc-
ture intervention [28]. For the intervention in this
research, we specifically selected bilateral ST36 and
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CV12 acupoints. The primary selection criteria were
based on the extensive clinical research on acupunc-
ture intervention, which had consistently shown that
stimulating the ST36 acupoint might significantly
improve the clinical symptoms of patients with AD
[43]. Furthermore, animal experiments have demon-
strated that the ST36 acupoint could enhance the
cognitive functions and slow down the progression
of the central nervous system in animal models of
AD. This was achieved through the activation of var-
ious signaling pathways such as TLR4/NF kB [44,
45], INK [46], melatonin [47], RhoA/ROCK [48],
and P38 [49], with a particular emphasis on restoring
the balance of gut microbiota [46, 50, 51]. Simulta-
neously, our team has discovered, via several prior
experimental investigations, that acupuncture could
enhance the cognitive functions of SAMPS8 mice
by rectifying the dysbiosis of gut microbiota [52].
Hence, in this study, drawing from traditional Chi-
nese medicine theory, we chose the acupoints, ST36
and CV12, which were most closely associated with
regulating intestine function, for our intervention.
Through the examination of the brain’s microcircu-
lation, we aim to uncover the precise influence and
consequences of acupuncture intervention on the cen-
tral nervous system. In addition, we also found that
the GV20 (Baihui) acupoint region, situated at the
apex of the mouse’s head, was frequently selected
as a target for intervention in cases of AD [53, 54].
According to the acupoint sensitization hypothesis,
acupoints serve as the points where diseases manifest
and are also the specific areas targeted for therapy [55,
56]. Can manipulating the ST36 and CV12, which
impact the microbiota’s function, lead to alterations in
microcirculation within certain regions of the head?

To investigate the correlation between the periph-
eral and central areas, we specifically chose the head
region as the focal point for observing photoacoustic
imaging in this investigation.

Biomedical imaging technology had a significant
role and finds extensive used in the field of medicine
[22, 57]. It facilitated the differentiation between
healthy and sick tissues by analyzing the biological
information present in biological tissues, including
but not limited to hemoglobin [58, 59], melanin [60],
bilirubin [61], lipids [62—-64], and water [65]. The
spatial arrangement of this biological data inside
the organism was indicative of the tissue’s function-
ality and pathological condition. A more in-depth
examination of this data might provide significant
foundational knowledge for the timely identification,
intermediate therapeutic evaluation, and ultimate
treatment results of many diseases within the field
of biomedical sciences [66, 67].

Photoacoustic microscopy (PAM) technology
offered enhanced imaging resolution for biological
applications, although at the expense of reduced pen-
etration depth [22]. The photoacoustic signal of a
photoacoustic microscopy imaging system is gen-
erated at the point where the light and sound focal
points overlap. Therefore, photoacoustic microscopy
imaging systems are usually divided into two types
based on the type of focal point: acoustic resolu-
tion PAM (AR-PAM) and optical resolution PAM
(OR-PAM) [68]. In the above two systems, AR-PAM
has explored various biomedical information [69],
such as microvascular networks and internal organ
structure imaging in anatomical imaging, oxygen sat-
uration, hemodynamic processes, and vasodilation in
functional imaging, and has also conducted many



570  J. Jiang et al. / Visualization of Microcirculation at Acupoints in vivo of AD Animal Model with Photoacoustic Microscope

studies in fields such as cardiovascular disease [59,
70, 71], cerebrovascular disease [72-76], dermatol-
ogy [77-79], and oncology [80-83].

Although a series of studies have been carried
out around photoacoustic imaging technology, few
studies have applied this technology to the study
of acupoints. In the early stage of our research
project, photoacoustic imaging technology was used
to explore the local vascular structure of ST36 and
GB34 in the mouse model of knee osteoarthritis [84].
However, because there was a certain degree of over-
lap between the modeling site of knee osteoarthritis
and the observation area of interest of photoacous-
tic imaging. In this study, we selected SAMPS8 mice,
an AD animal model without surgical modeling,
to observe the local microcirculation of its specific
acupoint, and to observe the effect of acupuncture
intervention on the local microcirculation of specific
acupoint region.

The results of this experiment demonstrate a
notable difference in the microcirculation organi-
zation of the CV12 region between SAMP8 mice
and SAMRI mice. The measurements of vascular
length, distance, and diameter in the abdomen CV12
region of SAMP8 mice, aged 7-month (28 days
post-intervention at 6-month), shown a statistically
significant reduction compared to those of SAMRI1
mice The findings of this study might partially val-
idate our prior research findings about the intestinal
microbiota of SAMPS8 mice [52]. It was noteworthy
that SAMP8 mice also exhibits an imbalance in their
intestinal microbiota, which was positively associ-
ated with the deterioration of cognitive functions,
namely learning and memory abilities. Simultane-
ously, it was observed that the vascular length and
distance in the abdomen CV12 region exhibited a
significant degree of enhancement after a 28-day
consecutive acupuncture treatment at CV12. Further
experimentation will be required to ascertain if this
alteration in structure has the potential to induce mod-
ifications in both the structure and functionality of
the gut microbiota. Furthermore, within the scope
of this investigation, we also conducted observations
on the microcirculation at the designated region of
head, which served as a control site devoid of any
acupuncture intervention. The research findings indi-
cated a significant reduction in the vascular length
and distance of the head region of SAMPS mice
compared to SAMRI. Furthermore, a positive cor-
relation was observed between the vascular length
and distance in the head and those in the abdom-
inal CV12 region. This offered the opportunity to

assess the cerebral microcirculation by examining the
alterations in microcirculation of related acupoints.
However, for a more precise understanding of the
cerebral microcirculation, it might be necessary to
investigate the imaging of brain microcirculation in
model animals after craniotomy in later experimen-
tal investigations. It is important to acknowledge that
prolonged acupuncture treatment may lead to notable
alterations in cerebral microcirculation. However, the
precise mechanisms behind these changes need addi-
tional investigation.

While this study had yielded some promising
findings via the use of photoacoustic imaging tech-
nology, it was important to acknowledge that there
were still several limitations within the scope of
the experimental investigation. The imaging platform
used in this study was the AR-PAM. Furthermore,
it is worth considering the potential integration of a
multi-wavelength OR-PAM imaging system in fur-
ther study. This innovative approach might have
promise for uncovering a greater depth of micro-
circulation information. Moreover, this study only
analyzed the local microcirculation of the CV12
region after acupuncture intervention, whereas the
ST36 region was not included in the analysis. One of
the operational rationales was to the diminutive size
of the ST36 region in mice, which was significantly
impacted by the presence of subcutaneous bones. In
this experiment, the imaging depth of photoacous-
tic imaging is 6 mm. In the ST36 acupoint region of
mice, the imaging depth of 6 mm was affected by
local tibia, resulting in a large amount of noise in
the image, making it impossible to conduct statistical
analysis. Therefore, when analyzing the local micro-
circulation data of acupoints, we have to abandon the
statistical analysis of photoacoustic imaging data in
the ST36 acupoint region. For future investigations,
we will use rats or rabbits as the experimental subjects
for AD models. This choice will enable us to get a
more comprehensive understanding of the microcir-
culation information in each acupoint location during
the progression of the illness.

Conclusion

This work used AR-PAM to investigate the micro-
circulation of the CV12 region and the head region
in SAMP8 and SAMRI1 mice. Significantly, a con-
spicuous discrepancy was detected between the two
kinds of mice. Concurrently, we have shown the
influence of acupuncture intervention on the micro-
circulation of the CV12 region and the head region in
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SAMPS8 mice. The present research provided visual
data that might be used to further investigate the
impacts and mechanisms of acupuncture interven-
tion in AD. In subsequent research, the focus will
consistently be on observing the modifications of
specific acupoints, while simultaneously exploring
the fundamental mechanisms via which acupuncture
intervention influences AD.
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