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Acupuncture has been used for treating various medical conditions in traditional Chinese medicine. Both
manual and electro-acupuncture stimulate specific acupoints to obtain local and systemic biological
effects, but the underlying mechanisms remain unclear. Here, we used three-dimensional tissue-
clearing technology to study acupoints on the Ren meridian of mice to reveal the distribution, density,
branching, and relationships between blood vessels and nerves. Using topological Mapper methods, we
found that sympathetic neurovascular networks were denser in the CV 4 acupoint compared with sur-
rounding non-acupoints. Furthermore, high resolution in vivo real-time vascular imaging using the near
infrared-II probe LZ-1105 demonstrated increased blood flow in the CV 4 acupoint compared with neigh-
boring non-acupoints after manual or electro-acupuncture. Consistent with earlier findings, our research
indicated that acupuncture could enhance local blood flow, and our high-resolution 3D images show for
the first time the important role of sympathetic neurovascular networks in the CV 4 acupoint.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acupuncture, with a history of over 2000 years, is an important
part of traditional Chinese medicine, and in modern times both
manual acupuncture (MA) and electroacupuncture (EA) are used
for stimulation of acupoints [1]. There are 361 accepted acupoints
distributed along 12 main meridians [2,3], and selection of the
appropriate acupoints for acupuncture has been appreciated by
physicians of traditional Chinese medicine as an effective method
for treating various diseases. CV 4 (Guanyuan), for example, is a
commonly used acupoint for the treatment of genitourinary disor-
ders such as infertility, dysmenorrhea, polycystic ovarian syn-
drome, premature ovarian failure, and urinary retention [4-9].

Much effort has been put into identifying the superficial, mid-
dle, and deep layers of acupoints [10], together with surrounding
blood vessels, nerves, connective tissues, and immune cells [11].
Considering the comprehensive and bilateral fine regulation of
acupuncture, the neuro–endocrine–immune (NEI) network might
better explain the complex mechanism behind acupuncture’s
effects [12–14]. Acupuncture might cause amplified signal trans-
mission through the NEI cascade, such as neuropeptides, hor-
mones, and inflammatory factors. Such cascades begin within the
acupoint microenvironment, spread through the meridian network
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regulated by the NEI, and end with an effect on the target organs
[14,15]. Using computed tomography, dense micro-vessels were
found in acupoints [16,17], while histochemical staining revealed
dense nerve bundles in acupoints [18–20]. However, the exact
relationships among these neurovascular components are unclear
[21].

Acupoints corresponding to those in humans have been iden-
tified in mice and rats [22,23], thus providing a basis for
in-vitro and in-vivo analyses using animal models. Tissue-
clearing is an emerging method to render large piece of tissue
or intact organs transparent, thus allowing for 3D single-cell
imaging without structural damage [24–26]. Furthermore,
recently developed noninvasive fluorescence imaging in the
near-infrared two (NIR-II, 1000–1700 nm) wavelength region
has allowed deeper tissue penetration in vivo, longer observa-
tion time, higher resolution, and lower background, thus provid-
ing the basis for investigating real-time blood flow changes in
live animals [27–29].

In this work, three-dimensional visualization of neurovascular
networks in the CV 4 acupoint at the Ren meridian using both
in vitro and in vivo real-time monitoring of blood flow before
and after acupuncture provides further understanding of the
molecular basis of the Ren meridian.
2. Materials and methods

All the reagents, antibodies, equipment, and software used in
the experiments are listed in the Supplementary table 1.

Animals and ethics

The current study was approved by the Animal Ethics Com-
mittee of Shanghai Medical College, Fudan University, Shanghai,
China (ID:20160225-013 and 20200306-004). Twenty-six adult
female nude mice and 21 C57B/6 mice were purchased from
Shanghai Laboratory Animal Center (SLAC) (Shanghai, China).
The mice were housed at 5 or 6 animals per cage under con-
trolled standard conditions (21–23 �C, 34–40% humidity, and a
12 h light/12 h dark cycle). All the mice had free access to tap
water, and they were fed the same standard laboratory chow
(SLAC, Shanghai, China). Twenty-six nude mice were randomly
divided into two groups, and eight were used for the in vitro
CUBIC experiment while 18 were used for the in vivo NIR-II
experiment (Fig. 1). For the CUBIC experiment, mice were
assigned to the control group and the EA group (n = 4). In the
in vivo NIR-II experiment, 18 mice were evenly and randomly
distributed into the control, MA, and EA groups (n = 6). The
twenty-one C57B/6 mice were randomly divided into the control
(n = 7), ovariectomy (OVX, n = 7), and ovariectomy with EA
(OVX + EA, n = 7) groups.

MA and EA treatment

MA and EA treatments were given by professional acupunctur-
ists, and MA served as sham EA. The mice were anesthetized with
isoflurane (4 ml/min, R510-22–16, Shenzhen RWD Life Science
Co., Ltd) using an animal anesthesia device (RMAS-100921001,
Raymain Instrument Co., Ltd., China). The acupuncture needle
(0.3 mm � 25 mm; Suzhou Acupuncture Goods Co., Ltd, China)
was inserted into CV 4, located at the point about 6 mm from
the navel (three fifths of the length from the navel to the pubic
symphysis in the linea alba). For the MA group, the needle
remained superficially inserted in CV 4, while for the EA group
electrical stimulation of 0.8–1.4 mA at 2 Hz was applied to the
1 mm deep needles with an electrical stimulator (HANS-LH202,
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Huawei Co., Ltd., Beijing, China) and a reference electrode in the
tail forming a current loop [30,31]. The electrical intensity was
adjusted based on the tolerance of the mouse, and each treatment
lasted for 30 min.

Ren meridian tissue collection and the CUBIC process

The CUBIC process was performed according to the protocol of
Susaki et al. [32]. Briefly, mice were intracardially perfused with
20 ml 1 � phosphate-buffered saline (PBS) at 4 �C containing 10
U/ml of heparin to wash out the blood, followed by the same vol-
ume of 4% paraformaldehyde (PFA) at 4 �C. The mouse Ren merid-
ian was dissected out along the linea alba of the abdomen,
extending from the navel to the pubic symphysis, together with
the skin, subcutaneous tissue, and muscle. Dissected samples were
immersed in 4% PFA at 4 �C for 24 h. Before clearing, samples were
pre-treated by washing with 1 � PBS/0.01% sodium azide (SA) for
2–4 h at 37 �C on a shaker to remove the PFA. All the CUBIC clearing
steps were conducted at 37 �C on the shaker. Samples were first
washed with 50% diluted CUBIC clearing solution (25% urea, 25%
tetraethylenediamine, 15% Triton X-100) for 3 h and then incu-
bated with 100% clearing solution for 3 days until turning transpar-
ent. After washing with 1 � PBS/0.01% SA for 2 h three times, the
samples underwent immunofluorescence staining. The samples
were then washed with 50% diluted Scale solution (25% urea,
50% sucrose, 10% triethanolamine) for about 12 h until the samples
sank to the bottom of the container. This was followed by immers-
ing the samples in 100% Scale solution for at least 1 day until they
turned completely transparent.

Immunofluorescence staining

Transparent tissue samples were washed in 1 � PBS/0.01% SA
for 24 h and then incubated with primary antibodies against tyr-
osine hydroxylase (1:50, rabbit polyclonal to tyrosine hydroxy-
lase, ab112, Abcam) or platelet endothelial cell adhesion
molecule/CD31 (1:10, rabbit polyclonal to CD31, ab28364, Abcam)
dissolved in 1 � PBS/0.01% SA for 48 h, followed by washing in
1 � PBS/0.01% SA for 24 h. Samples were then incubated with
the secondary antibody (1:100, Alexa 488 anti-rabbit, A11034, Life
Technologies or 1:100, Alexa-594 anti-rabbit, A11012, Life Tech-
nologies), lectin dye (1:100, Tomato, 594DL-1177, DyLight), and
40,6-diamidino-2-phenylindole (1:100, DAPI, D9542, Sigma-
Aldrich), which were all dissolved in 1 � PBS/0.01% SA, and incu-
bated for 48 h covered by aluminum foil to avoid fluorescence
bleaching. Finally, all samples were washed with 1 � PBS/0.01%
SA buffer for 24 h.

Lightsheet imaging and image analysis

The lightsheet microscope (Lightsheet Z.1, Zeiss, 5X, German)
was used to image the intact transparent samples, and Imaris
software (Imaris 9.5, Oxford Instruments PLC, UK) was used to
perform the 3D analysis of the obtained images. Several algo-
rithms in the Imaris software were used in this research, includ-
ing Filament, Surface, Coloc. The Filament algorithm was used for
tracing nerves and vessels and for identifying branching, while
the Surface algorithm was used for reconstructing irregular mor-
phologies and for calculating volumes. The Coloc algorithm was
used to analyze the overlap between two selected channels. ‘‘Ves-
sel/Nerve Diameter” was automatically calculated after tracing
with Filament, and ‘‘Vessel/Nerve density” was calculated as the
number of vessels/nerves divided by tissue volume, where the
number was automatically calculated by Filament and the volume
was automatically calculated by Surface. ‘‘Capillary branching den-
sity” was calculated as the number of vessels with branching
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Fig. 1. Experimental methodology flow. EA, electroacupuncture; MA, manual electroacupuncture; OVX, ovariectomy; CUBIC, clear, unobstructed brain/body imaging
cocktails and computational analysis; H&E staining, hematoxylin and eosin staining.
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divided by the total number of vessels, where both numbers were
automatically calculated after tracing with Filament. ‘‘Overlap
between vessel and nerve” was automatically calculated by Coloc,
which was set to calculate the overlap between the channels
for vessels and nerves.

Topological data analysis

Original data was obtained from the Filament algorithm in
Imaris after reconstruction of the original lightsheet imaging data.
Mapper is a computation tool for topological data analysis that is
used to extract key 3D information such as intensity, localization,
colonization, etc., and to re-express it in 2D form [33]. The first step
is to choose a proper filter (a function mapped to a real number or
higher-dimensional Euclidean space). The second step is to divide
the value of the filter into certain intervals (the value of filter is
shown by the color of the node). According to the needs of the sit-
uation, if a finer structure is required then the segmentation is
finer. The third step is to cluster the pre-images of each interval,
and the fourth step is to make the final connection graph (every
clustered class is shown as a node in the results, and the number
of nodes shows how much data it contains). If the intersection
between two classes is not empty, then these two classes are con-
nected by a line. The more branching points, the looser the internal
structure connection.

NIR-II imaging

All the NIR-II imaging was conducted according to the proto-
col of Li et al. [34]. LZ-1105 was used as the molecular dye for
NIR-II imaging because its absorption and emission wavelength
are beyond 1000 nm and because of its long blood circulation
time (half-life of 3.2 h). Briefly, mice were anaesthetized with
2% sodium pentobarbital (30 mg/kg, P-3761, Sigma-Aldrich,
USA) and intravenously injected with LZ-1105 (5 mg/kg, 25-
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gauge needle) in the tail at the beginning of the experiment. A
640 � 512 pixel InGaAs NIRvana640LN camera and a home-
built InGaAs array detector (Princeton Instruments NIRva-
na640LN) was used to collect all of the NIR-II images. The exci-
tation laser was a 1064 nm laser diode at a power density of
~70 mW/cm2 (lower than the safe exposure limit of 1.0 W/cm2

as determined by the International Commission on Nonionizing
Radiation Protection), and the emission was collected with a
1,400 nm long-pass filter (FEL1400,Thorlabs, Inc., USA). Through-
out the imaging process, the mouse was fixed on a stable stage.
Images and movies were processed with the LightField imaging
software (v6.11, Teledyne Digital Imaging, USA) and MATLAB
(R2015b, MathWorks, USA). The exposure time for all images
was 300 ms.
Ovariectomy, estrogen assay, and uterine histology and morphometry

The OVX and OVX + EA groups underwent bilateral ovariectomy
after isoflurane anesthesia. Bilateral ovaries were ligated and dis-
sected following the protocol of Souza et al.[35]. The control group
underwent sham surgery, and only a small amount of fat tissue
around the ovaries was dissected out. After surgery, daily intra-
muscular injection of penicillin (2,500 U) was administered for
3 days. Two weeks after ovariectomy, mice in the OVX + EA group
received 3 days of EA treatment. Estrogen was assayed with
enzyme-linked immunosorbent assay (ELISA) kit (Beijing Sino-UK
Institute of Biological Technology) following the manufacturer’s
protocol.

For uterine histology and morphometry, each uterus was dis-
sected completely from the junction of the cervix, and uterine
weight was recorded after removing the peripheral fat and excess
fluid. The uterus was then kept in 4% PFA at room temperature for
24 h, embedded in paraffin, and sectioned at a thickness of 5 lm
followed by hematoxylin and eosin staining (Thermo Fisher Scien-
tific, USA).
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10.1. Statistical analysis

All data were analyzed by GraphPad Prism (v 8.0.2, GraphPad
Software, Inc., San Diego, CA, USA) and are presented as
means ± standard errors. Using the Shapiro–Wilk test, the distribu-
tions were first tested for all the datasets and shown to be nor-
mally distributed. One-way ANOVA and Dunnett’s comparison
were performed to calculate the significance between the groups,
and two-way ANOVA was used to compare the groups when exam-
ining two independent variables. P < 0.05 was set as the limit for
statistical significance.
11. Results

11.1. 3D neurovascular architecture in acupoints and non-acupoints

To explore the 3D neurovascular structures of acupoints, part of
the Ren meridian extending from CV 3 to CV 7 was dissected out
and cleared by CUBIC for large-tissue 3D imaging (Fig. 2a). Using
the linea alba and inferior abdominal vessels as anatomic land-
marks, CV 3 (Zhongji), CV 4 (Guanyuan), CV 5 (Shimen), and CV 7
(Yinjiao) were found to be located at four quintile points with a
distance between them of about 2,000 lm along the linea alba in
the middle of two inferior abdominal vessels (Supplementary
video 1). A square area of 500 lm � 500 lmwas defined as an acu-
point, and four equal-size areas located about 1000 mm away from
CV 4 in the up, down, left, and right directions were defined as non-
acupoints, where the 1000 mm distance from the CV 4 was just at
the mid-point between two acupoints on the Ren meridian
(Fig. 2b). The 3D structures of the acupoints were stratified and
divided into skin and muscle layers. Based on the positional rela-
tionship between the neurovascular network and muscle fibers,
the muscle layer was further sub-divided into two groups, one par-
allel to the muscle fibers and the other almost perpendicular to the
muscle fibers. The muscle-parallel neurovasculature consisted of
capillaries and parallel nerves, and the perpendicular neurovascu-
lature consisted of perpendicular vessels and perpendicular nerves
(Fig. 2c, Supplementary video 2).

Denser sympathetic neurovascular networks in the CV 4 acupoint
compared with the neighboring non-acupoints

According to the classification described above, the 3D neu-
rovasculatures were constructed for CV 4 and the surrounding
non-acupoints including CV 4-U (up), CV 4-D (down), CV 4-L (left),
and CV 4-R (right) (Fig. 3a-c). The spatial parameters of vessels,
including density, diameter, and branching density, were calcu-
lated. Although there were no changes in diameters of vessels
and nerves, there was a small change in capillary density in the
muscle layer (Supplementary Fig. 1a). Interestingly, the capillary
branching density was much higher in acupoints as compared to
non-acupoints (Fig. 3d, e). Furthermore, ratios of overlapping
between nerves and vessels were higher in CV 4 compared to
non-acupoints (Fig. 3f, g).

Topologic analysis showing fewer neurovascular branching points at
acupoints

The spatial features of the reconstructed neurovascular 3D
structures centered in the CV 4 acupoints were further analyzed
using topological methods. First, plotting the 3D vascular struc-
tures of CV 3–7 and mapping their skeletons revealed branching
points that could affect the efficiency of the blood flow [36,37]
(Fig. 4 for CV 4 and supplementary Fig. 4 for CV 3, 5, 7). We traced
vessels centered in CV 4 (Fig. 4a) and mapped the vasculature of
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both acupoints and non-acupoints in order to explore the continu-
ity between acupoints and non-acupoints (Fig. 4b). We further
plotted vessel branching point and vessel length, and as shown
in Fig. 4c the acupoint showed fewer branching points and longer
vessel length compared with non-acupoints. Moreover, the Mapper
algorithm was used to further analyze the branching points of
sympathetic neurovascular networks in CV 4 and surrounding
non-acupoints. As shown in Fig. 4d, different levels of branching
points could be found. Similar to the vasculature, the neurovascu-
lar network showed fewer branching points in acupoints (Fig. 4e).
EA increased blood flow in CV 4 but not in the surrounding non-
acupoints

To investigate if the observed sympathetic neurovascular net-
work could lead to blood flow changes after the stimulation of
the acupoints, we further compared the blood flow differences
between CV 4 and its surrounding non-acupoints in vivo. Using
NIR-II real-time imaging, we quantitatively recorded the blood
flow changes induced by MA or EA (Fig. 5a). Both MA and EA
induced gradual increases in blood flow in CV 4 during the
30 min treatment, with EA being more effective than MA. After
the 30 min treatment period, the blood flow induced by EA lasted
longer than MA (Supplementary Fig. 5b-c). In contrast, the blood
flow in the non-acupoints surrounding CV 4 did not show any
changes during the whole recording period (Fig. 5b-c dashed lines).
15. Discussion

In the present study, we first performed the tissue-clearing
CUBIC method to make the Ren meridian samples completely
transparent, and then we reconstructed the 3D neurovascular
structure of acupoints CV 3–7. According to the histological strati-
fication and spatial position in relation to the muscle fibers, we
defined a novel classification model for the neurovascular 3D
structure that formed the basis for our further quantitative and sta-
tistical analysis. In our model, we collected the data in a cuboid
with a length and width of 500 lm surrounding acupoints CV 3–
7 in order to compare the variations among them. Considering
the diameter of the acupuncture needle (0.12 ~ 0.25 mm) [38],
we chose 500 lm to make sure including the whole acupoint area.
We found the capillary branching and sympathetic neurovascular
networks of CV 4 to be significantly denser compared with the sur-
rounding non-acupoints. Mapper, an analytical method for high-
dimensional data, was used to estimate the topological features
of the sympathetic neurovascular networks in CV 4. The observed
amplification structures were consistent with the in vivo NIR-II
results in which EA and MA induced more intense blood flow in
CV 4 compared with the surrounding non-acupoints. In our study,
EA of CV 4 could improve the reproductive endocrine function in
ovariectomized mice, as manifested by elevated estrogen levels,
and could improve the uterine morphology, which reflected the
comprehensive regulatory effects of acupuncture (Supplementary
Fig.6).

Numerous theories have been put forth to explain the mecha-
nism of acupuncture [21,39]. The nervous system, especially the
peripheral nervous system, has long been thought to be the main
basis for acupuncture’s effects [40]. Multiple nerve endings and
specialized receptors accumulate in acupoints, which form the
complex afferent sensory system [41]. Regulation of the internal
viscera is mediated by the autonomic nervous system (ANS), and
acupuncture might influence ANS regulation patterns through
stimulation of the neurovascular structures of acupoints, especially
the sympathetic nervous system [12,42,43]. This visceral connec-
tion is widely used to manage visceral diseases in the clinic [44].



Fig. 2. The location and stratificationof theneurovascular 3Dstructureof acupoints andsurroundingnon-acupoints froma randomlychosenmousea). Location, sampling, andCUBIC
treatment of Ren meridian tissues consisting of CV 3, 4, 5, and 7. b). 3D structure of the vasculature in the Ren meridian highlighting acupoints and non-acupoints. The anatomic
landmarks of the linea alba and the two IAVs (inferior abdominal vessels) are shown as the white dashed line and arrows, respectively. Insets show enlarged acupoints with vessels
and capillaries. c). The stratified neurovascular 3D structure of CV 4. Left panel: Acupoints could be divided into the upper skin layer and lower muscle layer. Middle panel: Blood
vessels (Red) and sympathetic nerves (Green) were identified. The upper skin layer consisted of non-parallel and non-intermingled nerves and vessels. The lowermuscle layer could
be divided into the upper region with parallel vessels and nerves, whereas the lower region had perpendicular vessels and nerves. Right panel: Horizontal view of the neurovascular
relationships at different depths. Thin arrows: vessels and nerves in the skin layer. Thick arrows: parallel capillaries and nerves in the upper region of muscle. Arrowhead:
perpendicular vessels and nerves in the lowermuscle layer. (For interpretation of the references to color in this figure legend, the reader is referred to theweb version of this article.)
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Fig. 3. Denser sympathetic neurovascular networks in the CV 4 acupoint compared with the neighboring non-acupoints 3D structure of CV 4 and surrounding non-acupoints
showing a) vascular networks (red, lectin; blue, DAPI), b) neural networks (green, TH; blue, DAPI), and c) merged staining. d). Denser capillary branching in CV 4 compared
with surrounding non-acupoints. e). Representative graphs showing vascular staining in CV 4 and CV 4-R. Capillary branching density in muscle = number of vessels with
branching/total number of vessels f). Ratio of overlapping vessels and nerves. g). representative graphs showing denser neurovascular networks in CV4 compared to CV 4-L.
n = 4/group, *p < 0.05, **p < 0.01, ***p < 0.001. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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In our work, we found that topologically reduced branching and
enriched sympathetic neurovascular interactions might form the
structural basis of the acupoint, thus revealing the important role
of the ANS in acupuncture.

Acupoints are rich in vessels and nerve endings, but due to the
limitations of gross anatomy and pathological sections, neurovas-
2241
cular 3D structures have been difficult to observe. In our present
study, we used the CUBIC method to completely preserve the skin,
subcutaneous tissue, and muscles together with the 3D inter-
spersed vessels and nerves, which allowed us to accurately visual-
ize and quantitatively analyze the 3D features of the intact
acupoints (Supplementary Fig. 1). We chose CUBIC rather than



Fig. 4. Topological analysis of the neurovascular 3D structure of acupoints and non-acupoints from a representative mouse from the control group. a). 3D view of the vascular
structure of CV 4. b). Tracing of the topological skeleton centered in CV 4. (Red, CV 4; white, CV 4-R; gray, CV 4-U; black, CV 4-L) c). Blood vessel length in relation to branching
level. At the acupoint, fewer branching points and longer vessel lengths were found. d). Representative levels of branching points found in acupoints and non-acupoints. e).
Representative images for differentMapper analyses comparing non-acupoints with CV 4. The number on the node shows the amount of contained data. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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CLARITY that we used in previous work because of the shorter
clearing time (3 days vs 42 days) and the better clearing efficiency
[45]. Although acupoints have been assumed to have different
structural bases, we did not find any significant differences in the
density, diameter, branching level, or sympathetic neurovascular
networks between CV 3, 4, 5, and 7 (Supplementary Fig. 2). In addi-
tion, no obvious difference was found in 3D neurovascular struc-
tures before and after single 30 min EA (Supplementary Fig. 3).

Topological methods are powerful tools for analyzing large
genomic datasets, and their application has led to important bio-
logical results in the fields of evolutionary biology, cancer geno-
mics, and complex diseases [46]. The biggest advantage of
Mapper used in our present research was to handle high dimen-
sional data and reveal its topological features when compared with
traditional mathematical methods. Furthermore, when compared
with other topological methods,Mapper could preserve continuous
2242
variations and small-scale similarities among data points by using
different adapted filters [47]. Using Mapper, the sympathetic neu-
rovascular network could be classified into different levels, in
which the lower level possessed fewer branching points and thus
had better transmission efficacy [36,37]. Interestingly, the sympa-
thetic neurovascular network of the CV 4 acupoint was revealed to
be at a lower level compared with the surrounding non-acupoints
(Fig. 4e), suggesting its better blood flow and neural signal trans-
mission ability.

Furthermore, we indirectly explored the signal transmission
ability of sympathetic neurovascular networks in vivo. One com-
mon local physiological change induced by MA/EA is the redness
of the skin, which is suggested to be related to increased blood flow
under the regulation of sympathetic nerves [48–50]. Here we took
advantage of the deep light-penetration and high spatial–tem
poral-resolution of NIR-II imaging, thus precisely observing blood



Fig. 5. NIR-II real-time imaging of blood flow in CV 4 and surrounding non-acupoints. a). Nude mice underwent control, MA, and EA treatment at CV 4. b). Blood flow
monitoring during the 30 min MA or EA treatment and for 30 min after removal of the needle. The dotted circle indicates the CV 4 region. c). Restricted cubic spline curves of
the real-time blood flow changes in CV 4 and non-acupoints at different times after MA or EA treatment. n = 6/group.
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flow changes in the CV 4 acupoint and surrounding non-acupoints
[51–54]. In addition to previous findings of EA-induced local blood
flow [55], we distinguished the CV 4 acupoint and non-acupoint
more precisely and found rare blood flow in the surrounding
non-acupoints after EA in the CV 4 (Fig. 5c). We used MA in our
present research as sham EA, and MA induced weaker and
shorter-lasting blood flow suggesting that even slight stimulation
of the CV 4 acupoint can lead to a certain degree of increased blood
flow.

Of course, the limited number of specimens, the lack of human
specimens, and the difficulties of 3D imaging in vivo are limitations
of this research and need to be further improved.
16. Conclusion

Denser sympathetic neurovascular networks were identified as
3D architectural features of the CV 4 acupoint. Further topological
analysis revealed its advanced blood-flow and sympathetic-neural
signal transmission ability, and NIR-II revealed increased blood
flow in the CV 4 acupoint but not in the surrounding non-
acupoints as a result of EA.
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