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Abstract

The acute effect of acupuncture on Alzheimer’s disease, i.e., on brain activation during treatment, has been reported. However, the effect of
long-term acupuncture on brain activation in Alzheimer’s disease is unclear. Therefore, in this study, we performed long-term needling at
Zusanli (ST36) or a sham point (1.5 mm lateral to ST36) in a rat Alzheimer’s disease model, for 30 minutes, once per day, for 30 days. The
rats underwent "°F-fluorodeoxyglucose positron emission tomography scanning. Positron emission tomography images were processed
with SPM2. The brain areas activated after needling at ST36 included the left hippocampus, the left orbital cortex, the left infralimbic
cortex, the left olfactory cortex, the left cerebellum and the left pons. In the sham-point group, the activated regions were similar to those in
the ST36 group. However, the ST36 group showed greater activation in the cerebellum and pons than the sham-point group. These findings
suggest that long-term acupuncture treatment has targeted regulatory effects on multiple brain regions in rats with Alzheimer’s disease.

Key Words: nerve regeneration; neurodegeneration; acupuncture; Zusanli (ST36); Alzheimer’s disease; long-term treatment; positron emission
tomography; rat; mechanism; targeting effect; compensation; multi-target regulation; neural regeneration
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Introduction

Alzheimer’s disease (AD) is characterized by progressive
memory loss and cognitive dysfunction. Recently, acupunc-
ture is playing an increasingly greater complementary role
in treating AD. Researchers have shown that acupuncture
is safe and effective and that it can improve cognition and
overall functioning, thereby improving the quality of life of
AD patients (Simoncini et al., 2015; Zhou et al., 2015; Zhang
et al,, 2016). However, the mechanisms underlying the thera-
peutic effects of acupuncture in AD remain unclear.

A striking feature of AD is glucose hypometabolism in
brain regions related to cognition. Reductions in glucose me-
tabolism are found in the hippocampus, bilateral precuneus
and the posterior cingulate, and are correlated with symp-
tom severity and functional decline in patients (Dukart et al.,
2013; Roy et al.,, 2014). These changes are also seen in cogni-
tively normal patients with AD (Lai et al., 2015; Tahmasian
et al., 2015). Furthermore, in animal models, '*F-fluorode-
oxyglucose (FDG) uptake is lower in several brain regions,
such as the olfactory bulb, hippocampus and cerebral cortex,
observed by our research group (Lu et al., 2015). These find-
ings are similar to those of Xiao et al. (2015). Therefore, in
the present study, we examined cerebral glucose metabolism
in the brain using "*F-FDG positron emission tomography
(PET) in a rat model of AD.

Acupuncture has been demonstrated to have a beneficial
effect on cognitive impairment (Li et al., 2016). Our previous
studies in the rat showed that acupuncture increases blood
perfusion and glucose metabolism in various brain regions,
including the pyriform cortex of the left and right limbic
systems, the olfactory cortex of the left and right temporal
lobes, the right amygdaloid body, and the right hippocampus
(Lu et al., 2014; Lai et al., 2015).

Our present study has a number of unique features. First,
only one acupoint, Zusanli (ST36), was chosen for treat-
ment. According to traditional Chinese medicine theory, a
deficiency of spleen and stomach is the fundamental cause
of AD. ST36 is an acupoint of the Stomach Meridian of
Foot-Yangming, and plays an essential role in regulating the
function of the spleen and stomach. In our previous report,
we performed a preliminary study of acupuncture at ST36
and a non-acupoint (Lu et al., 2014). In the present study, we
combined acupuncture at ST36 with PET for a clearer obser-
vation of acupuncture’s mechanism of action.

AD requires a long-term treatment because of the progres-
sive neurodegenerative changes. Another study focused on
Shenmen (HT7) and showed that acupuncture at HT7 effects
cerebral glucose metabolism after a 30-day treatment (Lai
et al., 2015). Both ST36 and HT7 are commonly used acu-
points for the treatment of AD. Hence, in the current study,
a 30-day treatment regimen was used with "*F-FDG PET to
further explore the mechanism of long-term acupuncture
treatment at ST36 in a rat model of AD. Different from the
previous studies which mostly focused on only one mecha-
nism, the study hypothesized that acupuncture treated AD
from several aspects.
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Materials and Methods

Experimental animals

Seventy-five 2-month-old Sprague-Dawley rats (38 males
and 37 females) weighing 200-250 g were provided by the
Animal Center of China Academy of Chinese Medical Sci-
ences (Beijing, China; license No. SCXK (Jing) 2011-0007).
The study protocol was approved by the Ethics Commit-
tee of Guangzhou University of Chinese Medicine (No.
SPF20110032). The experimental procedure followed the
the United States National Institutes of Health Guide for the
Care and Use of Laboratory Animals (NIH Publication No.
85-23, revised 1986), and “Consensus Author Guidelines on
Animal Ethics and Welfare” produced by the International
Association for Veterinary Editors (IAVE).

AD model establishment

Several studies have shown the feasibility of intraperitoneal
injection of D-galactose (Shanghai No. 2 Reagent Company,
Shanghai, China) combined with injection of ibotenic acid
(Sigma-Aldrich, St. Louis, MO, USA) into the basal nuclei to
generate a rat model of AD (Budni et al., 2016; Karthick et
al., 2016). D-galactose accelerates the natural aging process,
which contributes to the pathogenesis of AD. Ibotenic acid
impairs the long-term memory of rats.

The 75 rats were housed in separate cages with controlled il-
lumination (12-hour light/dark cycle), humidity and tempera-
ture (18-22°C). The rats were randomly divided into a normal
group (n = 15; 8 males, 7 females) and a pre-model group (n
= 60; 30 males, 30 females). The latter group received 0.96%
D-galactose (prepared in 0.9% saline; Guangxi Nanning Bai-
hui Pharmaceutical Group Co., Ltd., Nanning, China) by in-
traperitoneal injection (5 mL/kg) every day for 6 weeks. After
that, the rats in the pre-model group were anesthetized and
placed in a stereotaxic apparatus (Xian Northwest Photoelec-
tric Instrument Factory, Xian, China), given a slow injection
of 1 uL 5 pg/uL ibotenic acid (prepared in 0.9% saline) into
both sides of the brain. The syringe was left in place for 10
minutes after the 10-minute injection (Zhong et al., 2005a, b).
Two weeks later, 15 rats (7 males, 8 females) in the pre-model
group died in the procedure. The remaining 45 rats in this
group were equally and randomly divided into the following
three groups: model group (7 males, 8 females), ST36 group (8
males, 7 females) and sham-point group (7 males, 8 females).
The ST36 group and sham-point group then received a 30-day
acupuncture treatment. The normal and model groups served
as control groups, receiving no acupuncture treatment.

S$T36 and sham point locations

ST36 is located 5 mm directly below the capitulum fibulae,
according to Acupoint Location for Experimental Animals
(Hu, 2003). Based on a previous study (Lin et al., 2013), the
selected sham point is 1.5 mm distal to the ST36 point. In
this experiment, we used points on the right side of the rats.

Acupuncture treatment

The treatment continued for 30 days (Lai et al., 2015). Each
rat was acupunctured once per day at the Experimental An-
imals Center of the China Academy of Chinese Medical Sci-
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ences from 08:00 to 12:00, and each single needling session
lasted for almost 30 minutes. After the overlying skin was ster-
ilized, sterile acupuncture needles (0.18 mm in diameter and
9 mm in length, manufactured by the Beijing Zhongyan Taihe
Medical Instrument Co., Ltd., Beijing, China) were inserted
perpendicularly into the ST36 point or sham-point to a depth
of approximately 3 mm with uniform twisting, lifting and
thrusting. Each needling lasted for 30 minutes and was per-
formed once per day. After the 30-day treatment period, the
rats (including the healthy control and pre-model rats) were
subjected to the Y-maze test and "*F-FDG-PET imaging.

Y-maze test

Learning and memory abilities were tested using the Y-maze
test system (Zhenhua Teaching Instrument Factory, Yu-
anyang, China). A correct response was noted only if the rat
directly moved into the secure arm of the Y-maze when it
received a foot shock (0.6 mA). The rats were trained until
they had reached the learning criterion; namely, having 9
correct responses within 10 consecutive training trials. The
Y-maze test results were calculated as the time required by
the rats to reach the learning criterion. The shorter the time
required for training, the greater the capacity for learning.
The tests were carried out by professionals in a quiet and
dim room, with a fixed training time.

"F-FDG-PET imaging

On day 31, all of the rats were sent to the PET-CT Center of
the Experimental Animals Center of the No. 301 Chinese
People’s Liberation Army General Hospital after 24 hours of
fasting. The rats underwent the following procedure: (1) The
blood sugar level was determined; (2) The rats were allowed
to rest for 20 minutes in a dark room; (3) A tracer (‘°F-EDG,
synthesized with Mini Tracer accelerator, 0.11 mci/kg dosage,
PET-CT Center of the Experimental Animals Center of the
No. 301 Chinese PLA General Hospital, Beijing, China) was
injected via the tail vein; (4) The rats were allowed to rest for
40 minutes; (5) The rats were subjected to PET scans (Siemens,
Germany). PET scans were performed on a Biograph Duo
BGO scanner (Siemens). The images encompassed the whole
brain and neck. The matrix size of the PET images was 128 x
128 x 63, and the format was ANALYZE 7.5.

PET image post-processing was performed using the
pixel statistics analysis software SPM2, based on the Matlab
platform (the Institute of High Energy Physics of the Chi-
nese Academy of Sciences, Beijing, China). Pre-processing
and data analysis were performed using our self-developed
toolbox for voxel-wise analysis of rat brain images based
on SPM8 (Welcome Department of Cognitive Neurology,
London, UK), which comprised a FDG-PET rat brain tem-
plate and atlas in Paxinos & Watson space (Nie et al., 2013).
The images of all rats in the model, sham-point, ST36 and
normal groups were pre-processed using the following main
steps: (1) segmentation; (2) normalization; (3) smoothing.

Statistical analysis and image processing
Y-maze data were analyzed by one-way analysis of variance and
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Figure 1 Learning and memory skills assessed by Y-maze test.
*P < 0.05, vs. normal group; #P < 0.05, vs. model group (mean + SD, n =
15, one-way analysis of variance and the least significant difference test).

Table 1 Increased glucose metabolism in different brain regions in
the normal group compared with the model group

Peak coordinates (mm)

Anatomical structures Max_T X Y V4
Right auditory cortex 418 645 530 -3.72
Right cingulate gyrus 4.85 0.10 311 2.04
Left dorsal thalamus_lateral 4.24 -1.59 6.44 -2.04
nucleus group
Left hippocampus 3.86 -5.96 556 —4.92
Left midbrain_inferior colliculus  3.54 -2.85 495 -7.56
Left midbrain_tegmentum of 3.63 -2.84 5.56 —7.80
midbrain
Right piriform cortex 3.77 413 831 0.36
Right prelimbic cortex 5.07  0.09 321 252
Left sensory cortex 389 —415 249 -0.36
Left striatum 5.11 —4.01 296 -0.60

T: t-value in the t-test.

the least significant difference test, and were expressed as the
mean * SD and processed with the Statistical Package for the
Social Sciences version 13.0 software (SPSS, Chicago, IL, USA).
A value of P < 0.05 was considered statistically significant.

Results

Effects of long-term acupuncture at ST36 on learning and

memory abilities in AD rats

After acupuncture, the ST36 and sham-point groups dis-
played a significant improvement in learning and memory
functions, evidenced by the reduction in the length of time
required for training to achieve the learning criterion in the
Y-maze test (Figure 1).

Effects of long-term acupuncture at ST36 on multi-
regional brain activation in AD rats

Compared with the model group, the normal group exhib-
ited a higher level of glycol metabolism in the right auditory
cortex, right cingulate gyrus, left lateral nucleus group of the
dorsal thalamus, left hippocampus, left inferior colliculus
and tegmentum of the midbrain, right piriform cortex, right
prelimbic cortex, left sensory cortex, and the left striatum
(Table 1 and Figure 2). Compared with the model group,
the ST36 group exhibited a higher level of glycol metabolism
in the left hippocampus, left infralimbic cortex, left medulla
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Figure 2 Changes in glucose metabolism in different brain regions in
the normal group compared with the model group (coronal view).
The color (gradient shown in the vertical bar in the lower right) in-
dicates the relative degree of glucose metabolism. A brighter color
indicates higher metabolism. The numbers represent the coordinates
of each virtual brain slice. Glucose metabolism in normal rats was rel-
atively increased in the right auditory cortex, right cingulate gyrus, left
lateral nucleus group of the dorsal thalamus, left hippocampus, left in-
ferior colliculus and tegmentum of the midbrain, right piriform cortex,
right prelimbic cortex, left sensory cortex, and the left striatum.

Figure 3 Changes in glucose metabolism in different brain regions
in the Zusanli (ST36) group compared with the model group (coronal
view).

Differences are color-coded. Glucose metabolism was relatively in-
creased in the ST36 group in the left hippocampus, left infralimbic cor-
tex, left medulla oblongata, left inferior colliculus of the midbrain, left
olfactory cortex, left orbital cortex, left tegmentum of pons, and the left
prelimbic cortex.

1162

Figure 4 Changes in glucose metabolism in different brain regions
in the Zusanli (ST36) group compared with the sham-point group
(coronal view).

Differences are color-coded. Glucose metabolism in the ST36 group
was relatively higher in the left anterior lobe, posterior lobe of the
cerebellum, left basilar part of the pons and the left tegmentum of the
pons.

Table 2 Increased glucose metabolism in different brain regions in
the Zusanli (ST36) group compared with the model group

Peak coordinates (mm)

Anatomical structures Max_ T X Y V4

Left hippocampus 398 —6.09 587 516
Left infralimbic cortex 3.67 -0.46 429 324
Left medulla oblongata 462  -3.07 684 -10.92
Left midbrain_inferior colliculus  3.74 -2.98 4.67 -7.80
Left olfactory cortex 470  -6.36 625 —4.68
Left orbital cortex 410 -0.88 321 5.16
Left pontine_tegmentum of pons  3.96 ~ -3.47  7.24 -10.68

Left prelimbic cortex 3.66 -0.72 398 3.24

T: t-value in the ¢-test.

Table 3 Increased glucose metabolism in different brain regions in
the Zusanli (ST36) group compared with the sham-point group

Peak coordinates (mm)

Anatomical structures Max_T X Y Z

Left cerebellum_anterior lobe 3.98 -2.40 396 -10.92
Left cerebellum_posterior lobe 3.90 -2.80 3.67 -11.16
Left pontine_basilar part 3.86 -0.84 949 -8.04
Left pontine_tegmentum of pons  3.94  -3.74 722 -10.68

T: t-value in the ¢-test.
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Figure 5 Changes in glucose metabolism in different brain regions
in the sham-point group compared with the model group (coronal
view).

Differences are color-coded. Glucose metabolism in the sham-point
group was relatively higher in the right auditory cortex, left infralimbic
cortex, left orbital cortex, left prelimbic cortex and the right sensory
cortex.

Figure 6 Changes in glucose metabolism in different brain regions in
the Zusanli (ST36) group compared with the normal group (coronal
view).

Differences are color-coded. Glucose metabolism in the ST36 group
was relatively higher in the left amygdaloid body, right anterior lobe,
left cerebellar nucleus, left posterior lobe of the cerebellum, left piri-
form cortex, and the left tegmentum of the pons.

oblongata, left inferior colliculus of the midbrain, left olfac-
tory cortex, left orbital cortex, left tegmentum of the pons,
and the left prelimbic cortex (Table 2 and Figure 3). Com-
pared with the sham-point group, the ST36 group showed a
higher level of glycol metabolism in the left anterior lobe and
posterior lobe of the cerebellum, left basilar part of the pons,

Figure 7 Changes of in glucose metabolism in different brain regions
in the sham-point group compared with the normal group (coronal
view).

Differences are color-coded. Glucose metabolism was relatively higher
in the sham-point group in the right anterior lobe, right posterior lobe of
the cerebellum, left hippocampus, right infralimbic cortex, left superior
colliculus of midbrain, right orbital cortex and the right visual cortex.

Table 4 Increased glucose metabolism in different brain regions in
the sham-point group compared with the model group

Peak coordinates (mm)

Anatomical structures Max_T X Y Z
Right auditory cortex 391 6.07 348 492
Left infralimbic cortex 3.51 -046 429 324
Left orbital cortex 4.29 -047 391 420
Left prelimbic cortex 3.79 -0.60 3.80 3.72
Right sensory cortex 3.76 593 3.14 444

T: t-value in the t-test.

and the left tegmentum of the pons (Table 3 and Figure 4).
Compared with the model group, the sham-point group
showed a higher level of glycol metabolism in the right au-
ditory cortex, left infralimbic cortex, left orbital cortex, left
prelimbic cortex and right sensory cortex (Table 4 and Fig-
ure 5). Compared with the normal group, the ST36 group
showed a higher level of glycol metabolism in the left amyg-
daloid body, right anterior lobe, left cerebellar nucleus and
left posterior lobe of the cerebellum, the left piriform cortex,
and the left tegmentum of the pons (Table 5 and Figure 6).
Compared with the normal group, the sham-point group
displayed a higher level of glycol metabolism in the right
anterior lobe and right posterior lobe of the cerebellum, left
hippocampus, right infralimbic cortex, left superior collicu-
lus of the midbrain, right orbital cortex, and the right visual
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Table 5 Increased glucose metabolism in different brain regions in
the Zusanli (ST36) group compared with the normal group

Table 6 Increased glucose metabolism in different brain regions in
the sham-point group compared with the normal group

Peak coordinates (mm)

Peak coordinates (mm)

Anatomical structures Max_T X Y Z Anatomical structures Max_T X Y Z
Left amygdaloid body 371 558 775 -3.00 Right cerebellum_anterior lobe 512 0.14 204 -10.68
Right cerebellum_anterior lobe 4.73 0.14 2.48 -10.68 Right cerebellum_posterior lobe  3.63 0.29 230 -11.88
Left cerebellum_cerebellar nucleus 3.59  -1.86 535 -11.40 Left hippocampus 359 -141 307 -5.16
Left cerebellum_posterior lobe 412 -0.92 6.01 -11.64 Right infralimbic cortex 4.83 0.61 450 3.24
Left piriform cortex 428 585 774 -3.00 Left midbrain_superior colliculus 3.85  -1.40  3.28 -5.88
Left pontine_tegmentum of pons  3.50  -1.05  6.58 -11.64 Right orbital cortex 4.97 1.01 4.48 3.72
Right visual cortex 450 490 273  -7.08

T: t-value in the ¢-test.

cortex (Table 6 and Figure 7).

Discussion

Our results demonstrate that long-term acupuncture treat-
ment has therapeutic efficacy for AD. Rats in the ST36 group
finished the Y-maze test in a shorter time compared with the
sham-point and model groups, suggesting an improvement of
symptoms. *F-FDG PET was applied in the study to provide
insight into the underlying mechanisms. Memory disorder,
one of the prominent features of AD, is reflected pathologically
as a reduction in glucose metabolism in several brain regions
of AD rats compared with the normal group. These regions in-
cluded the hippocampus, the tegmentum of the midbrain, the
prelimbic cortex, the auditory cortex, the striatum and the cin-
gulate gyrus. ST36 is a key acupoint in acupuncture treatment
for many brain diseases, especially AD. After needling at ST36,
glucose metabolism was increased in brain regions in the left
hippocampus and the left prelimbic cortex. These changes are
evidence of a targeted effect of acupuncture on multiple brain
areas. Needling at ST36 also stimulated other brain regions,
including the left infralimbic cortex, the left medulla oblon-
gata, the left olfactory cortex, the left orbital cortex and the
left tegmentum of the pons. We speculate that these effects of
acupuncture enhance brain function and ameliorate cognitive
impairment, in line with the study by Wang et al. (2012).

In addition to cognitive impairment, a number of AD pa-
tients also suffer from behavioral and psychiatric symptoms,
among which agitation and depression are the most com-
mon (Tsai et al., 2013). In our experiment, the orbital cortex,
the medulla oblongata and the tegmentum of the pons were
activated after needling at ST36. As a part of the prefrontal
cortex, the orbital cortex is considered of vital importance
in the control of emotions. When damaged, this control, es-
pecially the inhibition of impulsivity, can be perturbed (Kuo
et al., 2015). AD patients can also exhibit disturbances in
eating and circadian rhythms (Kai et al., 2015; Musiek et al.,
2015), which are related to the medulla oblongata and the
tegmentum of the pons. As AD progresses, some patients
may experience motor system dysfunction, which is also as-
sociated with pontine activity (Lam et al., 2013; Takakusaki
et al,, 2016). In the present study, the left tegmentum of the
pons was activated after needling at ST36 in both the nor-
mal and model groups, with a larger increase in the latter.
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This suggests that acupuncture at ST36 may be effective for
treating AD. Although studies on the effects of acupuncture
on non-cognitive symptoms are lacking, acupuncture might
produce an overall improvement in the disease.

The sham-point group shared some similarities with the
ST36 group, compared with the model group, as both groups
exhibited an upregulation of glucose metabolism of the left
infralimbic cortex, left orbital cortex and left prelimbic cor-
tex. The Y-maze test results were also similar among the sh-
am-point and ST36 groups. One possible reason for these sim-
ilarities is that ST36 and the sham-point are part of the same
nerve segment (Ren et al., 2014). When needling at ST36 or
the sham point, the brain regions connected with these nerve
segments were activated. Furthermore, the locations of ST36
and the sham point are close, particularly in the rat. The brain
regions activated in both the ST36 and sham-point groups in-
cluded the left cerebellum and the left pons. Moreover, the sh-
am-point stimulation activated the right auditory cortex and
the right sensory cortex. Damage to the auditory cortex can
be reflected in verbal episodic memory impairment in AD
(Dhanjal et al., 2013). Therefore, an increase in metabolism
could account for the targeted therapeutic effect of acupunc-
ture. In addition, it is reported that nearly half of AD patients
have hallucinations (Murray et al., 2014). This might be relat-
ed to dysfunction of the sensory cortex. PET observation has
not been previously reported for needling at the sham point
for treating AD, and therefore requires further study.

This study has a couple of limitations. First, our AD model
was generated by intraperitoneal injection of D-galactose com-
bined with the injection of ibotenic acid into the basal nuclei.
Other studies have used transgenic mice, which better mimic
the most salient characteristics of AD. Second, we used only
one acupoint. Acupuncture at multiple acupoints is generally
required for clinical treatment. The therapeutic effectiveness of
long-term acupuncture for treating AD involves three mech-
anisms: targeting the affected regions, compensation by other
brain regions, and the targeted regulation of multiple regions.
The latter appears to be the most important. Our study pro-
vides insight into the mechanisms underlying the beneficial
effects of acupuncture for the treatment of AD.
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