Acupuncture improves white matter perfusion and
white matter integrity in vascular dementia rats: an
MRI-based imaging study
Siming Ma
Capital Medical University https://orcid.org/0000-0002-7075-2609
Lu Wang
Beijing University of Chinese Medicine
Xin-Tong Su
Beijing University of Chinese Medicine
Jin Huang
Capital Medical University
Lu-Lu Lin
Beijing University of Chinese Medicine
Jia-Kai Shao
Capital Medical University
Jing-Wen Yang (  yangjw0626@126.com )
Cun-Zhi Liu
Beijing University of Chinese Medicine

Research
Keywords: Acupuncture, ASL, DTI, cerebral blood ow, white matter, microglia activation
Posted Date: March 16th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-17355/v1
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Acupuncture improves white matter perfusion and white matter
integrity in vascular dementia rats: an MRI-based imaging study
Si-Ming Ma1, Lu Wang2, Xin-Tong Su2, Jin Huang1, Lu-Lu Lin2, Jia-Kai Shao1,
Jing-Wen Yang 2*, Cun-Zhi Liu2
1. Beijing Hospital of Traditional Chinese Medicine affiliated to Capital Medical
University, Beijing, China
2. School of Acupuncture-Moxibustion and Tuina, Beijing University of Chinese
Medicine, Beijing, China
Correspondence:
Jing-Wen Yang, School of Acupuncture-Moxibustion and Tuina, Beijing University of
Chinese Medicine, 11 Beisanhuan East Road, Chaoyang District, Beijing 100029,
China
E-mail: yangjw0626@126.com

ABSTRACT
Background: White matter lesions induced by chronic cerebral hypoperfusion (CCH)
are common pathological changes, and are associated with cognitive impairment in
vascular dementia (VaD). It has been reported that acupuncture can improve cognitive
deficits of VaD rats through increasing cortical cerebral blood flow and attenuating
neuroinflammation. However, the effects of acupuncture on white matter perfusion
and white matter structural integrity have been not investigated.
Methods: VaD was induced by bilateral common carotid arteries occlusion (BCCAO)
in Wistar rats. Morris water maze (MWM) was used to evaluated the spatial learning
and memory of rats. Arterial spin labeling imaging (ASL) and diffusion tensor
imaging (DTI) were performed to measure the cerebral blood flow and white matter
integrity in corpus callosum, external capsule, internal capsule, optic nerve and optic
tract. Pathological staining was also applied to detect the myelin loss and
neuroinflammation.
Results: BCCAO rats with declined cerebral blood flow exhibited significant worse
MWM performance, and altered DTI parameters including decreased fractional
anisotropy, elevated radial diffusivity and axial diffusivity in white matter regions.
After acupuncture treatment at GV20 and ST36, cognitive dysfunction, disruption of
white matter perfusion and integrity were reversed. Pathological results supported that

acupuncture could attenuate the loss of myelin sheath and microglia activation.
Conclusions: Our findings suggest that acupuncture treatment protects cognitive
impairment of BCCAO rats through increasing subcortical white matter perfusion and
improving white matter lesions.
Keywords: Acupuncture; ASL; DTI; cerebral blood flow; white matter; microglia
activation

1. INTRODUCTION
Vascular dementia (VaD), induced by risk factors of cardiovascular or cerebral
vascular system [1], is the second most common dementia type only to Alzheimer’s
disease [2]. Epidemiological survey demonstrated that the rate of prevalence is
strongly associated with aging [3], with the risk of doubling every 5.3 years [1, 4].
VaD is also characterized as cerebrovascular disorder, which incorporates
hemodynamics alteration including persistent cerebral blood flow (CBF) attenuation
and dysfunction of CBF regulation [5, 6]. These circulation disruptions are mainly
attribute to the aging vasculature failing to cope with biological demands, and result
in subcortical ischemia and white matter lesions [7]. Ample evidences suggest that
chronic cerebral hypoperfusion (CCH) is a leading pathophysiological mechanism of
white matter lesions in VaD [4]. Cerebral hypoxia-ischemia induced by CCH is
sufficient to trigger the white matter inflammation and oxidative stress [8, 9], which,
in turn, impacts the regulation of cerebral blood supply [4, 10]. Such imbalance of
CBF regulation would aggravate the white matter injury and contribute to the loss of
working memory or execution dysfunction [11, 12].
White matter is a subcortical structure that consists of neuronal axons, myelin
sheath and the surrounding glia cells. Due to the deep location at the nonoverlapping
area of cerebral arterioles or capillary, white matter is vulnerable to the declined CBF
[13]. White matter lesions caused by ischemia are common pathological changes in
VaD, encompasses axons damage, loss of myelin associated glycoproteins and
microglia activation [14-16]. The diffusion tensor imaging (DTI) evidences proved
that VaD individuals showed a specific pattern of white matter lesions more affected
in thalamic radiations or corpus callosum (CC) [17, 18], appeared as reduced
fractional anisotropy (FA), elevated radial diffusivity (RD) and axial diffusivity (AD)
[19, 20]. Arterial spin labeling (ASL) imaging study supported that subjects suffering

from VaD develop white matter lesions being concomitant with persistent reduction of
CBF [21]. This parenchymal CBF would remain decreased at 50% of the basic level,
and at least last two weeks [22].
Acupuncture is a nonpharmacologic therapy of traditional Chinese medicine
originated from ancient’s clinical practice, and has been operated to stimulate points
or meridian which spread over the surface of body and within many organs [23].
Clinical studies confirm that VaD patients treated with acupuncture showed
amelioration of cognitive status (memory, orientation, calculation and self-managing
ability), where the increased cortical CBF might underlie the therapeutic effects
[24-26]. Animal experiments further reveal that the beneficial effect of acupuncture
on CBF is associated with promotion of cholinergic vasodilative system or
suppression of oxidative stress in cortex [26, 27]. These researches have investigated
the role of acupuncture in cortical blood flow. Nevertheless, the effects of acupuncture
on white matter perfusion and structural integrity have not been observed. In this
study, we used ASL to monitor CBF changes of CC, external capsule (EC), internal
capsule (IC), optic tract (OT), and optic nerves (ON) in rats after bilateral common
carotid arteries occlusion (BCCAO) and acupuncture treatment. White matter lesions
were also observed by DTI so as to evaluate the disruption of white matter integrity.
Additionally, pathological changes of myelin and glia in white matter were detected to
validate the features of myelin loss and inflammatory response.

2. MATERIAL AND METHODS
2.1 Animals
Thirty two male Wistar rats (260-280g) were housed on 12/12 h light/dark cycle
with controlled temperature (24±0.5℃) in the animal facility at Dongfang hospital,
Beijing University of Chinese Medicine. Food and water were available ad libitum for
rats. Rats were randomized into four groups by digital table: sham-operated rats
(SHAM), rats subjected to BCCAO (BCCAO), BCCAO rats treated with acupuncture
(ACU) and BCCAO rats treated with non-acupoints (NON-ACU). All experiments
compliant with the procedures of the US National Institutes of Health Guide for the
Care and Use of Laboratory Animals, and were approved by the Instituional Animal
Care and Use Committee of Dongfang hospital, Beijing University of Chinese
Medicine.

2.2 Surgical procedures
VaD model was induced by BCCAO method as preciously described [28]. Rats
were anesthetized with intraperitoneal injection of sodium pentobarbital (40 mg/kg
body weight). A ventral cervical midline incision was made, and both common carotid
arteries were exposed and permanently double ligated with 4-0 silk sutures. In the
SHAM group, the same operation was manipulated as in the BCCAO group except
for artery occlusion.
2.3 Acupuncture treatment
Three days after surgery, rats received a two-week acupuncture therapy, once daily
and one-day rest after six treatments. Acupuncture needles (Hwato, China, 0.22×5mm)
were used for stimulation. In ACU group, treatment was performed at “Baihui”
(GV20) (located at midline of the head, approximately midway on the line connecting
the apices of the auricles) and bilateral “Zusanli” (ST36) (located at 2mm lateral to
the anterior tubercle of the tibia, and 5mm below the capitulum fibulae under the knee
joint) acupoints. For NON-ACU group, bilateral non-acupoints (located at 10 mm
upper to the anterior superior spine) were chosen as the insertion site. The needles
were retained for 10min before removal. All the other non-treatment groups were
performed with the same catching-grasping stimulation as the ACU group.
2.4 Morris Water Maze Test
The Morris Water Maze (MWM) test consists of a circular pool 160 cm in diameter
and was divided into 4 quadrants. During the training, all rats were subjected to 3
training trials per day for 5 consecutive days. In each trial, animals were allowed 90 s
to search the submerged platform and 10 s to remain on it. The latency to escape and
swimming speed were recorded. On day 6, the platform was removed for conducting
probe trial, and the rats were permitted to swim freely for 90 s. The time spent in
target quadrant was recorded. The experimental procedure is shown in Figure 1.
2.5 MRI acquisition
Rats were induced anesthesia and maintained in mixture of 2% isoflurane and 98%
oxygen during scanning. All images were acquired with a 7.0 T MR scanner (Bruker
BioSpin GmbH, Rheinstetten, Germany). Coronal T2WI rapid acquisition with
relaxation enhancement (RARE) was performed with the following parameters:
repetition time (TR)=5000ms; echo time (TE)=36ms; flip angle=180°; slice
thickness=0.7mm; field-of-view (FOV)=3.5×3.5cm; matrix=256×256. Perfusion

images were captured using the continuous ASL with echo-planar imaging
fluid-attenuated inversion recovery (EPI-FLAIR) sequence, and the parameters are:
TR=18000ms; TE=25ms; flip angle=90°; slice thickness=2mm, FOV=3.0×3.0cm,
matrix=128×128. Acquisition of DTI using spin echo planner imaging (SE) sequence
was set by TR=6250 ms; TE=22 ms; flip angle=90°; slice thickness=0.8mm;
FOV=3.0×3.0cm; matrix=128×128, b values=0 and 1000 s/mm2 along with a total of
30 diffusion gradient directions.
2.6 Data processing
2.6.1 CBF and DTI parameters calculation
ASL images were reconstructed automatically with paravision v5.1 software
(Bruker, Pharmascan, Germany). The CC and EC were drawn manually according to
T2WI images to measure the CBF.
DTI

raw

data

was

processed

using

the

DSI

Studio

Software

(http://dsi-studio.labsolver.org). Files of 2Dseq were loaded directly into software for
distortion correction. A b-table was added to flip x, y or z coordinate, and eddy
correction was conducted for the calibration of gradient magnetic field. For the
reconstruction part, a mask was generated using DTI method to filtered out the
background region [29]. The CC, EC, internal capsule (IC), optic tract (OT) and optic
nerves (ON) were selected as regions of interest (ROIs) drawn manually according to
Paxinos rat brain atlas (Figure 4A) [30]. DTI parameters including fractional
anisotropy (FA), axial diffusivity (AD), radial diffusivity (RD), and mean diffusivity
(MD) were calculated. All imaging data was processed by one independent analyst.
2.6.2 White matter fiber tracking
Fiber tracking was conducted to depict the fiber numbers and length in 4 groups.
Fiber tracts were seeded from CC and EC in each rat. The tracking parameters was set
as follow: tracking index: FA, angular threshold ： 45 ° ; step size: 0.05mm;
smoothing: 0.01; min length: 0.1mm; max length: 30mm; seed orientation: Primary.
The fiber density (fiber number/ voxel number) and fiber length were calculated
according to the previous study [20].
2.7 Immunohistochemistry
After the behavioral text, all rats were injected with an overdose sodium
pentobarbital (100mg/kg). The brain tissues of rats were collected and embedded in
optimal cutting temperature compound. Brain frozen tissues were sectioned with a

freezing microtome to a thickness of 10 μm. Brain sections were washed by PBS,
blocked with 3% hydroxide and incubated with primary antibodies to myelin basic
protein (MBP, 1:100, Abcam), ionized calcium binding adapter molecule1 (Iba-1,
1:1000, Abcam) and glial fibrillary acidic protein (GFAP, 1:1000, Abcam) at 4°C
overnight. Subsequently, the sections were incubated with biotinylated secondary
antibodies (1:100, ZSGB-BIO) and 3,3′diaminobenzadine tetrahydrochloride (DAB)
as a chromogenic substrate (Solarbio). DAB immunolabeled sections were captured
using an optical microscope (Nikon DS-Ri2). All measurements were analyzed
blindly by a researcher using ImageJ v2.0.0 software.
2.8 Statistical analysis
Statistical analysis was performed using SPSS v22.0 software. Graphs were
generated by Graphpad Prism 8 software. Results of Morris water maze were
analyzed by two-way repeated measures ANOVA. CBF, DTI parameters, fiber
numbers, fiber length, MBP density, Iba-1 number and GFAP number were compared
using one-way ANOVA followed by post hoc Tukey’s test. Correlation analysis
between CBF and FA in SHAM and ACU group were conducted with two-tail
Pearson’s correlation. All data are presented as mean ± standard error of mean
(SEM), and p＜0.05 was set statistically significant.

3. RESULTS
3.1 Effects of acupuncture on cognitive impairments in VaD rats
We used MWM to examine spatial learning and memory to observe the effects of
acupuncture on cognitive impairments. In BCCAO group, rats spent more time on
finding the hidden platform than SHAM group in the MWM test (Figure 2A). The rats
treated with acupuncture at ST36 and GV20 showed better escape latency than
BCCAO rats from day 2 of the probe trial (compared with BCCAO group, p＜0.01),
and acupuncture at non-acupoint did not improve the performance. For the time spend
in target quadrant (Figure 2B), there was a markedly decrease in BCCAO group
(compared with SHAM group, p ＜ 0.0001). Acupuncture at GV20 and ST36
significant increased the time that rats spent in the target quadrant (compared with
BCCAO group, p ＜ 0.01), but no significant difference was found between
NON-ACU group and BCCAO group (p=0.9871). Among the four groups, there was
no significant difference in swimming speed (Figure 2C), suggesting the unaffected

motor function.
3.2 Effects of acupuncture on the white matter CBF
The location of ROIs including CC and EC was marked at brain heatmaps (Figure
3A). As shown in Figure 3B, CBF in CC and EC is significant decreased to 13.159
ml/100g/min in BCCAO rats (p＜0.01, compared with 20.713 ml/100g/min in SHAM
group). However, in ACU group, the white matter perfusion improved to 20.209
ml/100g/min (p＜0.01, compared with BCCAO group). Furthermore, there was no
significant difference between BCCAO and NON-ACU group (p=0.5177, CBF of
NON-ACU: 14.699 ml/100g/min), which means acupuncture at non-acupoint did not
protect the white matter from CCH.
3.3 Effects of acupuncture on white matter integrity in DTI
FA, RD, AD, and MD values in CC, EC, IC, ON, and OT were calculated using
DSI studio (Figure 4A). As shown in figure 4B, significant decrease of FA and
increase of RD in all representative ROIs were observed in BCCAO rats in
comparison to SHAM group (CC: p＜0.0001, EC: p＜0.0001, IC: p＜0.05, ON: p＜
0.0001, OT: p＜0.0001), suggesting an extensive damage of white matter integrity.
After a two-week acupuncture treatment, the aggravated tendency of FA and RD
induced by BCCAO was reversed (except RD value in ON). In NON-ACU group,
non-acupoint treatment did not rescue the effects of BCCAO surgery on FA and RD in
all ROIs. Statistical differences of AD in CC (p＜0.01) and MD in OT (p＜0.01) were
also observed between SHAM and BCCAO group. But these two DTI indices were
not affected by acupuncture. Similarly, Results of fiber tracking demonstrated that a
prominent reduction of fiber density induced by BCCAO was attenuated by
acupuncture (p ＜ 0.01), while the fiber length was not affected by surgery or
acupuncture treatment. Besides, Pearson’s correlation analysis revealed that CBF was
positive correlated with FA values (r = 0.9395, r = 0.9428, respectively) and white
matter fiber density (r = 0.9756, r = 0.9712, respectively), and negative correlated
with RD values (r = 0.9711, r = 0.9537, respectively) in SHAM and ACU group
(Figure 4C).
3.4 Effects of acupuncture on white matter pathology
To evaluate the pathological changes of all types of glia in white matter region, we
examined the myelin basic protein (MBP, located at membrane of oligodendrocyte),
Iba-1 and GFAP expression (Figure 6). We found that MBP was reduced significantly

at the 14th day after BCCAO surgery (compared with SHAM group, p＜0.001), while
acupuncture treatment alleviated the MBP loss effectively in CC (compared with
BCCAO group, p＜0.01). Synchronously, the number of Iba-1 positive microglia in
CC was increased significantly in BCCAO group (compared with SHAM group, p＜
0.001), and decreased in ACU group (compared with BCCAO group, p＜0.001),
indicating that the prominent neural inflammation in white matter was reduced by
acupuncture at GV20 and ST36 but not non-acupoint. There was no remarkable
variance of GFAP-positive astrocyte number among the four groups.

4. DISCUSSION
In current study, the MWM results suggest that spatial learning and memory in
BCCAO rats was improved by acupuncture. Since these cognitive impairment
performance are associated with white matter lesions in CCH [20, 31]，we used
MRI-based ASL and DTI to evaluate the white matter perfusion and the white matter
microstructure after BCCAO and acupuncture for the first time. In CC, where the
white matter fibers are the most abundant, the loss of MBP was protected by
acupuncture at GV20 and ST36. In addition, we found significant microglia activation
in white matter regions was attenuated after acupuncture treatment. This pathological
change furtherly profiled the protective effect of acupuncture on white matter in
BCCAO-induced VaD rats.
Large number of studies suggested that spatial learning and memory are impaired
in BCCAO rats. As a peripheral stimulation, acupuncture could improve the
performance of dementia rodents in MWM by elevating the CBF velocity and volume
of prefrontal lobe and hippocampus [32, 33]. In this study, GV20 and ST36 were
selected based on our published results as an ideal combination of acupoints that is
benefit on memory deficits in BCCAO-induced VaD rats [34, 35]. Consistent with
previous studies, we found that BCCAO rats with increased escape latency and
decreased time in target quadrant in probe trial showed declined white matter CBF. In
contrast, VaD rats treated with two-week acupuncture had better MWM performance
and white matter perfusion. These outcomes indicate that acupuncture can improve
cognitive dysfunction of VaD rats by increasing the white matter CBF.
DTI is a sensitive MRI technique that could highlight the changes of white matter
microstructure in term of diffusion properties of tissue in vivo [17]. FA and MD

represent the white matter organization in general, while RD and AD reflect quality of
the myelin sheath and the axon integrity, respectively [36]. Human study indicated
that subcortical VaD patients had decreased FA and increased MD in all white matter
regions except occipital areas [37]. But the DTI parameters reported in experimental
VaD rats showed more heterogeneous, characterized by remarkable alteration of FA,
RD and AD in ON, OT and EC 2 weeks after BCCAO, or significant reduces of MD,
RD and AD in CC and EC 5 weeks after surgery [20, 38]. We combined ASL with
DTI and found that predominant reduction of CBF volume correlated with significant
white matter disintegration at 2 weeks after surgery, appeared as lower FA and higher
RD values in white matter regions, which was in line with previous study. After
acupuncture treatment, FA, RD and white matter perfusion were significantly
ameliorated. Therefore, we conclude that compromised myelin sheath (represents
oligodendrocyte) but not neuroaxonal damage was rescued by acupuncture.
Visualizing results furtherly explained the specific changes of DTI parameters. In
this part, we produced quantitative analysis of white matter based on previous study,
which suggested the remarkable decreased fiber density and fiber length 4 weeks after
BCCAO [20]. However, we only observed contrasting changes in fiber density but not
fiber length in four groups, indicating that the wrapped myelin sheath was damaged
by ischemia, but neuroaxon structure was still intact. Given that our MRI acquisition
were arranged at the 13th day after surgery, we speculate that the axon had not been
attacked by ischemia. Taken together, our diffusion imaging outcomes proved
partially that acupuncture treatment protects myelin sheath integrity of subcortical
white matter from CCH in VaD rats.
We also observed the specific pathological changes of white matter to evaluate the
demyelination and neuroinflammation. In alignment with the DTI results, we found
that the loss of MBP expression and the increase of Iba-1 positive cells were
prominent in rats with BCCAO, and a two-week acupuncture treatment halted the
pathological process. These findings suggest that the disintegration of white matter
characterized by loss of myelin sheath and microglia activation could be attenuated by
acupuncture. It is worth noting that astrogliosis was not significant in our study.
According to the previous work, both the astrocyte and microglia contribute to the
neuroinflammation and white matter lesions in VaD rats [39]. This might attribute to
the different chronic hypoperfusion model: bilateral common carotid artery stenosis

that used in that experiment. Although we did not observe the astrocyte activation, our
study does not rule out the possibility that astrocyte plays crucial role in protective
effects of acupuncture in white matter lesions. Therefore, the further work needs to be
done in order to elucidate the glia-associated neural circuits that acupuncture could
regulate in VaD rats.

5. CONCLUSIONS
In present study, we used neuroimaging and immunohistochemistry technique to
investigate the effects of acupuncture on cognitive dysfunction of CCH-induced VaD
rats. Our results reveal that acupuncture protects spatial and learning memory of
BCCAO rats through increasing subcortical white matter perfusion, improving white
matter integrity and attenuating myelin loss. Intensive studies of down-stream neural
circuits in VaD are encouraged to confirm the efficacy of acupuncture in VaD.

ABBREVIATIONS
CCH: chronic cerebral hypoperfusion; VaD: vascular dementia; BCCAO: bilateral
common carotid arteries occlusion; MWM: Morris water maze; ASL: Arterial spin
labeling; DTI: diffusion tensor imaging; CBF: cerebral blood flow; ROIs: regions of
interest; CC: corpus callosum; EC: external capsule; IC: internal capsule; ON: optic
nerve; OT: optic tract; FA: fractional anisotropy; RD: radial diffusivity; AD: axial
diffusivity; MD: mean diffusivity; MBP: myelin basic protein; Iba-1: ionized calcium
binding adapter molecule 1, GFAP: glial fibrillary acidic protein.
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Figure legends
Figure 1. Experiments procedures
BCCAO: bilateral common carotid arteries occlusion.
Figure 2. Acupuncture ameliorates spatial and learning memory of VaD rats.
A. Escape latency and B. Swimming speed in training, and C. The percentage of time
spent in the target quadrant in probe trial were measured in SHAM, BCCAO, ACU,
and NON-ACU groups by using Morris water maze. Data are presented as mean ±
SEM (n=6 per group). ** p＜0.01, *** p＜0.001, **** p＜0.0001, respectively,
compared with SHAM group; & p＜0.05, && p＜0.01, &&& p＜0.001, respectively,
compared

with

BCCAO

group.

SHAM:

sham-operated

group,

BCCAO:

BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36
group, NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.
Figure 3. Acupuncture improves white matter perfusion of VaD rats.
A. Reconstructed cerebral blood flow map, and the white matter ROIs (red dotted
line). B. the quantification of cerebral blood flow of whiter matter regions by arterial
spin labeling. Data are presented as mean ±SEM (n=8 per group). ** p＜0.01. ROIs:
regions of interest, ON: optic nerve, CC: corpus callosum, EC: external capsule, IC:
internal capsule, OT: optic tract, SHAM: sham-operated group, BCCAO:
BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36
group, NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.
Figure 4. Acupuncture protects white matter integrity from cerebral chronic
hypoperfusion of VaD rats.
A. The white matter ROIs drawn from T2WI image of rat brain. B. Quantification of
DTI parameters in the white matter ROIs in SHAM, BCCAO, ACU, and NON-ACU
groups by using diffusion tensor imaging. C. In corpus callosum, the two-tail
Pearson’s correlation analysis revealed significant positive correlation between CBF
and FA, and negative correlation between CBF and RD. Values are presented as mean
±SEM (n=8 per group). * p＜0.05, ** p＜0.01, *** p＜0.001, **** p＜0.0001,
respectively. ROIs: regions of interest, FA: fractional anisotropy, RD: radial
diffusivity, AD: axial diffusivity, MD: mean diffusivity, CC: corpus callosum, EC:
external capsule, IC: internal capsule, ON: optic nerve, OT: optic tract, CBF: cerebral
blood flow, SHAM: sham-operated group, BCCAO: BCCAO-operated group, ACU:
BCCAO-operated + acupuncture at GV20 and ST36 group, NON-ACU:

BCCAO-operated + acupuncture at non-acupoints group.
Figure 5. Visualization and quantification of white matter tracts indices in rats.
A. Visualization of corpus collosum-associated white matter ROIs by reconstructing
DTI images. B. quantification of whiter matter fiber density (fiber number/voxel) and
fiber length in SHAM, BCCAO, ACU, and NON-ACU groups. Data are presented as
mean ± SEM (n=8 per group). C. In corpus callosum, the two-tail Pearson’s
correlation analysis revealed significant positive correlation between CBF and fiber
density. ** p＜0.01. ROIs: regions of interest, SHAM: sham-operated group, BCCAO:
BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36
group, NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.
Figure 6. Acupuncture attenuates loss of myelin sheath and microglia activation
in VaD rats.
A. Immunostaining of MBP, Iba-1+ and GFAP+ glia, and B. Calculations of MBP+
area, Iba-1+ cell number and GFAP+ cell number in white matter of SHAM, BCCAO,
ACU, and NON-ACU groups. Scale bar: 50μm, data are presented as mean ±SEM
(n=6 per group). ** p＜0.01, *** p＜0.001. MBP: myelin basic protein, Iba-1:
ionized calcium binding adapter molecule 1, GFAP: glial fibrillary acidic protein,
SHAM:

sham-operated

group,

BCCAO:

BCCAO-operated

group,

ACU:

BCCAO-operated + acupuncture at GV20 and ST36 group, NON-ACU:
BCCAO-operated + acupuncture at non-acupoints group.

Figures

Figure 1
Experiments procedures. BCCAO: bilateral common carotid arteries occlusion.

Figure 2
Acupuncture ameliorates spatial and learning memory of VaD rats. A. Escape latency and B. Swimming
speed in training, and C. The percentage of time spent in the target quadrant in probe trial were measured
in SHAM, BCCAO, ACU, and NON-ACU groups by using Morris water maze. Data are presented as mean ±
SEM (n=6 per group). ** p0.01, *** p0.001, **** p0.0001, respectively, compared with SHAM group; &
p0.05, && p0.01, &&& p0.001, respectively, compared with BCCAO group. SHAM: sham-operated
group, BCCAO: BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36 group,
NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.

Figure 3
Acupuncture ameliorates spatial and learning memory of VaD rats. A. Escape latency and B. Swimming
speed in training, and C. The percentage of time spent in the target quadrant in probe trial were measured
in SHAM, BCCAO, ACU, and NON-ACU groups by using Morris water maze. Data are presented as mean ±
SEM (n=6 per group). ** p0.01, *** p0.001, **** p0.0001, respectively, compared with SHAM group; &
p0.05, && p0.01, &&& p0.001, respectively, compared with BCCAO group. SHAM: sham-operated
group, BCCAO: BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36 group,
NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.

Figure 4
Acupuncture protects white matter integrity from cerebral chronic hypoperfusion of VaD rats. A. The white
matter ROIs drawn from T2WI image of rat brain. B. Quanti cation of DTI parameters in the white matter
ROIs in SHAM, BCCAO, ACU, and NON-ACU groups by using diffusion tensor imaging. C. In corpus
callosum, the two-tail Pearson’s correlation analysis revealed signi cant positive correlation between CBF
and FA, and negative correlation between CBF and RD. Values are presented as mean ±SEM (n=8 per

group). * p0.05, ** p0.01, *** p0.001, **** p0.0001, respectively. ROIs: regions of interest, FA:
fractional anisotropy, RD: radial diffusivity, AD: axial diffusivity, MD: mean diffusivity, CC: corpus
callosum, EC: external capsule, IC: internal capsule, ON: optic nerve, OT: optic tract, CBF: cerebral blood
ow, SHAM: sham-operated group, BCCAO: BCCAO-operated group, ACU: BCCAO-operated + acupuncture
at GV20 and ST36 group, NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.

Figure 5
Visualization and quanti cation of white matter tracts indices in rats. A. Visualization of corpus
collosum-associated white matter ROIs by reconstructing DTI images. B. quanti cation of whiter matter
ber density ( ber number/voxel) and ber length in SHAM, BCCAO, ACU, and NON-ACU groups. Data are
presented as mean ± SEM (n=8 per group). C. In corpus callosum, the two-tail Pearson’s correlation
analysis revealed signi cant positive correlation between CBF and ber density. ** p0.01. ROIs: regions
of interest, SHAM: sham-operated group, BCCAO: BCCAO-operated group, ACU: BCCAO-operated +
acupuncture at GV20 and ST36 group, NON-ACU: BCCAO-operated + acupuncture at non-acupoints
group.

Figure 6
Acupuncture attenuates loss of myelin sheath and microglia activation in VaD rats. A. Immunostaining of
MBP, Iba-1+ and GFAP+ glia, and B. Calculations of MBP+ area, Iba-1+ cell number and GFAP+ cell
number in white matter of SHAM, BCCAO, ACU, and NON-ACU groups. Scale bar: 50μm, data are
presented as mean ±SEM (n=6 per group). ** p0.01, *** p0.001. MBP: myelin basic protein, Iba-1:
ionized calcium binding adapter molecule 1, GFAP: glial brillary acidic protein, SHAM: sham-operated
group, BCCAO: BCCAO-operated group, ACU: BCCAO-operated + acupuncture at GV20 and ST36 group,
NON-ACU: BCCAO-operated + acupuncture at non-acupoints group.

