View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by AJOL - African Journals Online

Zheng et al., Afr J Tradit Complement Altern Med. (2016) 13(6):90-100
10.21010/ajtcam. v13i6.14
IMAGING OF BRAIN FUNCTION BASED ON THE ANALYSIS OF FUNCTIONAL CONNECTIVITY

- IMAGING ANALYSIS OF BRAIN FUNCTION BY FMRI AFTER ACUPUNCTURE AT LR3 IN
HEALTHY INDIVIDUALS

Yu Zheng', Yuying Wang', Yujun Lan*, Xiaodong Qu*, Kelin Lin', Jiping Zhang®, Shanshan Qu",
Yanjie Wang', Chunzhi Tang? Yong Huang*

1 School of Traditional Chinese Medicine, Southern Medical University, Guangzhou, Guangdong Province
510515, China. 2. Clinical Medical College of Acupuncture, Moxibustion and Rehabilitation, Guangzhou
University of Chinese Medicine, Guangzhou, Guangdong Province 510405, China

*Corresponding author E-mail: nanfanglihuang@163.com
*Co-corresponding author E-mail: jordan664@163.com

Abstract

Obijective: This Study observed the relevant brain areas activated by acupuncture at the Taichong acupoint (LR3) and analyzed the
functional connectivity among brain areas using resting state functional magnetic resonance imaging (fMRI) to explore the acupoint
specificity of the Taichong acupoint.

Methods: A total of 45 healthy subjects were randomly divided into the Taichong (LR3) group, sham acupuncture group and sham
acupoint group. Subjects received resting state fMRI before acupuncture, after true (sham) acupuncture in each group. Analysis of
changes in connectivity among the brain areas was performed using the brain functional connectivity method.

Results: The right cerebrum temporal lobe was selected as the seed point to analyze the functional connectivity. It had a functional
connectivity with right cerebrum superior frontal gyrus, limbic lobe cingulate gyrus and left cerebrum inferior temporal gyrus (BA
37), inferior parietal lobule compared by before vs. after acupuncture at LR3, and right cerebrum sub-lobar insula and left cerebrum
middle frontal gyrus, medial frontal gyrus compared by true vs. sham acupuncture at LR3, and right cerebrum occipital lobe cuneus,
occipital lobe sub-gyral, parietal lobe precuneus and left cerebellum anterior lobe culmen by acupuncture at LR3 vs. sham acupoint.
Conclusion: Acupuncture at LR3 mainly specifically activated the brain functional network that participates in visual function,
associative function, and emotion cognition, which are similar to the features on LR3 in tradition Chinese medicine. These brain
areas constituted a neural network structure with specific functions that had specific reference values for the interpretation of the
acupoint specificity of the Taichong acupoint.
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Introduction

Acupoint specificity has important significance for studying the basic theory of acupuncture. Acupoint specificity refers to,
after appropriate stimulation of an acupoint, the corresponding reaction produced by the body having a specificity effect compared
with the reaction induced by the stimulation of sham acupoints or other acupoints (Lai, et al., 2007, Zhang, et al., 2015).

An increasing number of studies on acupoint specificity have used the technology of brain functional connectivity. Through
the measurement of the temporal correlation of blood oxygen level-dependent (BOLD) low-frequency signals, this technology
investigates whether there is connectivity among brain areas and the strength of this connectivity, which is a dynamic mode of
dependence. A high temporal consistency among brain areas indicates the presence of brain functional connectivity, and these
areas together constitute a closely related neural network structure (Cordes D, et al., 2000). The commonly used method is to select
a brain area as the reference region and to perform comparative analysis of a time series between other voxels in the whole brain

and the reference brain area. If the low-frequency fluctuation (LFF) of the blood oxygen level shows a high temporal correlation,
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then it is considered that these brain areas and reference region constitute a brain network structure with specific functions

(Greicius MD, et al., 2003). In recent years, an increasing number of studies on functional connectivity have been reported. Under
physiological conditions, some (Ren Y, et al., 2010; Zhong C, et al., 2012; You VY, et al., 2013) have compared the differences in
brain functional connectivity using specific acupoints, sham acupoints, or other acupoints, some studies (Jiang Y, et al., 2012,2013;
Zyloney CE, et al., 2010) have compared the influence of different acupuncture modalities, including sham acupuncture on brain
functional connectivity, and proposed different mechanisms for different acupuncture modalities, and some studies (Zhang G, et al.,
2013) have compared the post-acupuncture effect on brain functional connectivity. Under pathological conditions, most studies
(Chen H, et al., 2013; Chen J, et al., 2014; Liang P, et al., 2014) have compared the differences in the influences on the brain
network between acupuncture patients and healthy individuals to try to explain the mechanism underlying the treatment of related
diseases by acupuncture. However, a comparison of specific brain functional connectivity among true acupuncture at specific
points, sham acupuncture, and acupuncture at sham acupoints has not been reported.  In 1997, NIH (Acupuncture, 1997)
proposed sham acupuncture or placebo acupuncture as control groups to study the clinical effect of acupuncture in random clinic
trail (RCT) methods. The results of recently studies (Berman BM, et al., 2004; Linde KJ, et al., 2006; Andersen D, et al., 2010)
demonstrated the effective of acupuncture, but the difference between acupuncture and sham acupuncture is not determined. The
placebo acupuncture is including sham acupuncture in true acupoint and true acupuncture in sham acupoint. So, we want to analyze
the difference among the three states from the perspective of acupuncture mechanism.

LR3 is one of the important acupoints for studying the acupoint specificity in clinical settings. Our group’s previous studies
used the combination of the amplitude of low-frequency fluctuation (ALFF) and regional homogeneity (ReHo) to analyze changes in
brain functions using true versus sham acupuncture (Wu C, et al., 2014). The present study aimed to use randomized and before-after
study designs to observe and compare the changes in relevant brain areas before and after acupuncture at LR3, after true and sham
acupuncture, and after acupuncture at sham acupoints. In addition, the functional connectivity method was adopted to further
investigate the influences of acupuncture on corresponding regions in the brain from the perspective of the neural network to discuss
whether specific acupoints had specific areas in the brain and the functional connectivity among different brain areas, thus to

validate the acupoint specificity of LR3.

Data and Methods
General Data

90 healthy subjects were randomly selected from universities and colleges in Guangzhou city, China. The inclusion criteria: (1)
age between 21 and 28 years; right handedness; (2) regular diet with minimal liquor, tobacco, tea, and coffee consumption; normal
sleeping patterns (before 12 a.m.); moderate-sized body mass index of 18.5-23.9 (Chinese); no history of nervous system disease; (3)
no pain (including dysmenorrheal) or insomnia within 1 month before the test; (4) no metallic substances in the body, such as stents;
(5) no noise exposure and hypothermia; no fear of confined spaces; and (6) no acupuncture procedure within 1 month before the test.
The subjects were informed about the experiment and voluntarily signed informed consent in advance. There were only 45 subjects
completed our study. This experiment was approved by the Chinese Ethics Review Committee (ChiECRCT-2012011) and was
registered at the Chinese Clinical Trial Registry (ChiCTR-TRC-12002427).According to the complete randomized design, the 45
subjects were distributed into three groups, with each group consisting of 15 people. There were no statistically significant
differences between the groups in terms of age, height, and weight (P > 0.05; Table 1).

Table 1: Basic information of the volunteers (i +5)

LR3 Group Sham acupuncture Sham acupoint Group
Group x? P
(n=15) Group (n=15) (n=15)
Age inyears 21.80+0.56 21.80+0.86 21.87+1.18 0.048 0.976
Height incm 168.6046.81 167.60+8.58 170.07+4.52 0.397 0.820
Weight in kg 55.40+8.34 56.40+9.18 61.20+7.84 3.465 0.177
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Methods
Trials and Processing Methods

The LR3 group subjects underwent true acupuncture at LR3 acupoint, while the sham acupuncture group underwent sham
acupuncture at LR3 acupoint. The subjects in sham acupoint group underwent true acupuncture at the sham point. Subjects were
asked to pass urine and stool prior to treatment. The volunteers’ eyes were masked with eyeshades, and earplugs were

simultaneously worn so that their audiovisual system could not be stimulated. The flowchart is as followed (Figure 1).
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Y
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Y \ \
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acupuncture acupuncture acupuncture
Y Y Y
Rest Rest Rest
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Figure 1: Flowchart
2.2.2 Acupuncture Methods

2.2.2.1 Acupoints Localization
LR3: On the dorsum of the foot, in the depression anterior to the junction of the first and second metatarsal bones (Chinese

National Standards GB/T12346) (Figure 2).
Sham point: On the midpoint of the line connecting the anterior superior iliac spine and lateral border of the patella, 2 cm inside.
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Figure 2: The location of the acupoints
Acupuncture Operation

The physician’s hands and volunteers’ skin around the acupoints were sterilized with alcohol before needling. DONGBANG
needles (0.30 x (25-45 mm); DONGBANG AcuPrime, Exeter, UK) were used in this study. The acuponits are stimulated bilaterally.

(1) Sham acupuncture at the LR3 acupoint: In accordance with a previously published method of sham acupuncture (Huang Y, et
al., 2012), the auxiliary part of the tube was applied to the skin, with a sham needle placed in the tube over the acupoint. The sham
needle was then tapped to make its tip touch the skin without puncturing it and was maintained in place for 30 min.

(2) True acupuncture at the LR3 acupoint: The tube needling technique was used; the needle handle was tapped softly using a
forefinger. The puncturing depth was controlled. After removal of the tube, the needle was vertically punctured at 15+2 mm. After
developing needle sensation, twirling at an angle of 90-180° and a frequency of 60-90 times/min and lifting and thrusting at a range
of 0.3-0.5 cm and a frequency of 60-90 times/min were conducted. After manipulating the needle for 1 min, the needle was held in
place for 30 min. During the 30 min, the physician repeated this manipulation for 1 min every 10 min.

(3) True acupuncture at the sham point: The same procedure was followed as that of true acupuncture at the LR3 acupoint.

Resting-state fMRI Scan

The subjects were awake, with normal respiration, and lay supine on an examination bed. The head was placed in a foam
headrest for maximum restriction of passive and active movements of the head. The subjects were instructed to avoid any systematic
mental activity, and visual and audio stimulations were minimized with earplugs and eyeshades. Scanning was initiated once the
subjects were familiarized with the circumstances.

Experiments were performed using a GE 3.0T MRI scanner with an 8-channel head coil. The MRI data (resting-state BOLD
sequence) were collected at before needling and 15 min after withdrawing the needle. The scanning parameters are the same as those
in our previous study (Wu C, et al., 2014). (Figure 3)

TIWI BD_LD BOLD TIWI
2m51s  6min 6min 2m51s

REST Stimulate REST
15min T 30min 15min

Figure 3: The scan flowchart
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Image Processing and Analytical Methods

Preprocessing was carried out using Data Processing Assistant for Resting-State fMRI (DPARSF) (Yan & Zang, 2010,
http://www.restftMRI.net), which is based on Statistical Parametric Mapping (SPM8) (http://www.fil.ion.ucl.ac.uk/spm) and the
Resting-State fMRI Data Analysis Toolkit (REST, Song et al., 2011. http://www.restfMR1.net) (Yan CC, et al., 2010; Song XW, et

al., 2011). This includes DICOM format conversion, removal of 10 time points before image scanning, time correction, correction of

the head movement, space standardization and space smoothing. After preprocessing, all 45 subjects were included in the statistical
analysis.
ReHo Analysis
The parameters are the same as those in our previous study (Wu C, et al., 2014). ALFF analysis: using REST1.8 software,
linear tendency of the data after preprocessing (space smoothing was completed) was removed by linear regression. Time and curve
were convolved using Hamming bandpass filtering. ALFF was obtained (0.01-0.08 Hz). ALFF of each subject was computed, so
ALFF maps were obtained. ALFF value was divided by the mean of the whole brain, and standardized ALFF was obtained.
ROI Identification
Regarding our ALFF results, comparing these three groups, the highest peak scores were in the right cerebrum temporal lobe
[36, -45, 9]. In the present study, we followed the work of Greicius et al (Grecius MD, et al., 2003) to select our region of interest
(ROI). We chose the above three regions as our seed points, which is the center of a sphere with a radius of 1 mm.
fMRI Analyses
We used the REST1.8 software and ROIs mentioned above to analyze functional connectivity.
Statistical Analyses
Data were analyzed using REST1.8 software. In the statistical analysis, t-test was used to explore the differences between
before and after acupuncture in LR3, true and sham acupuncture in LR3, between acupuncture in LR3 and sham acupoint. Rest1.8
software Viewer was employed to identify the precise anatomical position in the brain with statistical significance on the
corresponding MNI coordinate (AlphaSim correction P < 0.05, continuous voxel > 85). The results are presented as images

visualized with the BrainNet Viewer (Xia et al., 2013, http://www.nitrc.org/projects/bnv/).

Result

The changes in functional connectivity before and after acupuncture in LR3

We selected the right temporal lobe as the ROI to compare the changes in functional connectivity before and after acupuncture
in LR3: right cerebrum superior frontal gyrus, limbic lobe cingulate gyrus and left cerebrum inferior temporal gyrus (BA 37),
inferior parietal lobule. (Table.2, Figure 4)

Table 2: The changes in functional connectivity before and after acupuncture in LR3

Cluster Size Peak Peak MNI
Cluster Regions HS BA
(voxels) intensity coordinate
Superior Frontal
1 R - 275 -4.3844 18 42 -18
Gyrus
Limbic Lobe
2 R - 124 -4.0361 6 21 33
Cingulate Gyrus
Inferior Temporal
3 L 37 1278 -5.7516 -51 -39 -21
Gyrus
Inferior Parietal
4 L - 99 -3.7757 -42 -39 27

Lobule

HS: hemispheres BA: Brodmanns area. The same below.
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Figure 4: The changes in functional connectivity before and after acupuncture in LR3

(The positive numbers (colors) represent activation, negative number s (colors) represent de activation.)

The changes in functional connectivity between true and sham acupuncture in LR3

We selected the right temporal lobe as the ROI to compare the changes in functional connectivity between true and sham
acupuncture in LR3: right cerebrum sub-lobar insula and left cerebrum middle frontal gyrus, medial frontal gyrus. (Table.3,
Figure.5)

Table3: The changes in functional connectivity between true and sham acupuncture in LR3

Cluster
Peak Peak MNI
Cluster Regions HS BA Size . . .
intensity coordinate
(voxels)
Sub-lobar
1 R - 146 -3.3825 42 21 18
Insula
Middle Frontal
2 L - 95 -3.9104 21 36 42
Gyrus
Medial Frontal
3 L - 110 -3.2984 -15 51 6

Gyrus
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Figure 5: The changes in functional connectivity between true and sham acupuncture in LR3

(The positive numbers (colors) represent activation, negative number s (colors) represent de activation.)

3.3 The changes in functional connectivity between acupuncture in LR3 and sham acupoint

We selected the right temporal lobe as the ROI to compare the changes in functional connectivity between acupuncture in LR3

and sham acupoint: right cerebrum occipital lobe cuneus, occipital lobe sub-gyral, parietal lobe precuneus and left cerebellum

anterior lobe culmen. (Table.4, Figure.6)
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Table 4: The changes in functional connectivity between acupuncture in LR3 and sham acupoint

Cluster
) ) Peak Peak MNI
Cluster Regions HS BA Size . . .
intensity coordinate
(voxels)
Occipital Lobe
1 R - 95 3.5757 18 -84 3
Cuneus
Occipital Lobe
2 R - 139 4.3823 30 -90 -6
Sub-Gyral
Parietal Lobe
3 R - 110 4.6498 18 54 42
Precuneus
Cerebellum
4 Anterior Lobe L - 1443 4.3066 -3 57 24
Culmen
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Figure 6: The changes in functional connectivity between acupuncture in LR3 and sham acupoint

(The positive numbers (colors) represent activation, negative number s (colors) represent de activation)

Discussion

We compared the differences of ALFF after acupuncture at LR3, sham acupuncture at LR3 and sham acupoint acupuncture,
and found the highest peak score was in the right temporal lobe. Thus, we chose this lobe as the seed point, which is the center of a
sphere with a radius of 1 mm, to compare the indexes in different conditions. Both sham acupoint and LR3 belong to the lower limbs.
LR3 belongs to liver meridian, while sham acupoint belongs to non-meridian. The sensory function and motor function of LR3 area
are controlled by the femoral nerve, which are issued by the L2-4 spinal nerves. Meanwhile, the sensory function and motor function
of sham acupoint area are controlled by the lateral popliteal nerve, which are issued by the L4-5, S1-2 spinal nerves. In order to
avoid the influence of innervations from the same neurons, we selected the sham acupoint from different areas.

In these comparisons, we found that after acupuncturing at LR 3, the seed point could have a special functional connectivity
to superior frontal gyrus, middle frontal gyrus, medial frontal gyrus, occipital lobe, inferior temporal gyrus, inferior parietal lobule,
cingulate gyrus, insula, cuneus, precuneus and cerebellum anterior lobe, most of which are associated with function of emotion and
vision.

Frontal lobe has always been playing an important part of brain function in emotion. Yang (Yang W, et al., 2016) found that
compared to healthy participants, depressed patients had more activities in superior frontal gyrus, inferior frontal gyrus, superior
parietal lobule and inferior temporal gyrus, which could demonstrate that these patients recruited had more frontal and parietal
inhibitory control resources. Dai (Dai XJ, et al., 2014) had reported that the ReHo of superior frontal gyrus in left insomnia female
patients were decreased. The abnormal spontaneous activity areas provided important information on the neural mechanisms
underlying emotion and sleep-quality impairment. Li (Li G, et al., 2015) used negative emotional pictures to stimulate depressed
patients who had experienced SLEs and found that their medial frontal gyrus were activated. Townsend JD (Townsend JD, et al.,
2013) compared bipolar disorder patients to healthy participants and found deactivation in medial frontal gyrus of the patients. With

the help of rfMRI, Liu (Liu Q, et al., 2015) found lower functional connectivity in middle frontal gyrus of Premenstrual syndrome
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than that in healthy volunteers. These previous studies have indicated those specific frontal gyri are closely related to the emotion.

In addition, there are some other brain regions are related to emotion. Engelen T (Engelen T, et al., 2015) used transcranial
magnetic stimulation (TMS) to stimulate inferior parietal lobule (IPL) and found it specifically enhanced fearful body processing,
which could demonstrate that IPL plays a causal role in processing of fearful bodies. Potvin S (Potvin S, et al., 2015) found that
neutral images prompted hyper-activations in the cingulate gyrus in schizophrenia patients. A research (Kwan CL, et al., 2000)
showed that stabbing pain could activate some parts of the anterior cingulated. Liu (Liu Q, et al., 2015) also showed that there
were significantly positive correlations between the stress perception scores and functional connectivity in the middle frontal gyrus
and cuneus. The Beck Depression Inventory scores in the Premenstrual syndrome group were correlated negatively with the
functional connectivity in the middle frontal gyrus and precuneus while correlated positively with the functional connectivity in the
medial temporal gyrus. McPherson MJ (McPherson MJ, et al., 2016) discovered that emotional intent directly modulated functional
connectivity of limbic and paralimbic areas such as the amygdala and insula in jazz pianists. Ebisch SJ (Ebisch SJ, et al., 2015)
found that individual differences in emotional susceptibility were associated with differential anterior insula in responses to primary
sensory (flavor) stimuli.

Besides these brain regions related to emotions, inferior temporal gyrus (BA 37) (Brodmann K, 1909) and occipital lobe are
also found related to visual process. In previous studies, Siedentopf (Siedentopf CM, et al., 2002) suggested that acupuncture at
acupoints on the foot activated the visual cortex and treated vision-related disease. Simultaneously, fMRI studies (Wu C, et al., 2014;
Yan B, et al., 2005) confirmed that acupuncture at LR3 specifically activated BA19, which was also participant in visual process.

This study had several limitations. First, the selection of the sham acupoint has no unified standard, and the selection of sham
acupoints at different locations might have different influences on the study results. Secondly, the selection of ROls also has a certain
influence on the study results. The selection of seed points and radius in this study also requires validation. Finally, we mainly
performed specificity studies of LR3 in healthy individuals and it is not known whether similar results can be found in patients.
Therefore, the treatment guidance in a clinical setting is uncertain.

In summary, we found that acupuncture at LR3 mainly specifically activated the brain functional network of participates in
visual function, associative function, and emotion cognition, which are similar to the features on LR3 in tradition Chinese medicine.
In our study, we not only confirmed the function of LR3 from brain functional connectivity, but also compared sham acupuncture

and sham acupoint states to conclude the specificity of LR3.
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