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Abstract: We compared the brain activation on functional magnetic resonance imaging (MRI) during
word generation with the activation during electrical stimulation of two language-implicated acupoints in
17 healthy, Mandarin-speaking, Chinese male volunteers (age 19-26 years). All subjects were strongly
right handed according to a handedness inventory. Using a standard functional MRI procedure and a
word-generation paradigm, significant activation was seen in the left and right inferior frontal gyri (BA
44, 45) as well as the left superior temporal gyrus (BA 22, 42). Stronger activation with a larger volume was
seen in the left hemisphere. Electrical stimulation of either one of the two language-implicated acupoints,
SJ 8 (11 subjects) and Du 15 (6 subjects), without the word-generation paradigm in the same cohort,
produced significant activation in the right inferior frontal gyrus (BA 44, 46) and in the left and right
superior temporal gyri (BA 22, 42), respectively. Nevertheless, no activation was seen in the left inferior
frontal gyrus. In addition, electrical stimulation of the adjacent non-acupoints did not produce any
significant brain activation. Although our results support the notion of acupoint—brain activation, apply-
ing acupuncture at SJ 8 or Du 15 does not activate the typical language areas in the left inferior frontal

cortex. Hum. Brain Mapping 18:233-238, 2003.
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INTRODUCTION

Acupuncture is a key component of traditional Chi-
nese medicine (TCM) and has been practiced for
longer than two millennia [Kaptchuk, 2002]. As alter-
native medicine, acupuncture was not widely known
to the West until the scientific basis of acupuncture-
induced analgesia was explored in the mid-1970s. In
recent years, acupuncture has become popular among
patients and has aroused interest in the scientific com-
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munity. There are reports on the physiological basis of
TCM, for example, pulse diagnosis [Yoon et al., 1987],
acupoints [Plummer, 1980], meridians [Zhu et al,
1986], and resonance theory [Wang et al., 1995]. Other
studies have reported the therapeutic benefits of acu-
puncture in various medical disorders [Bullock et al.,
2002; Hardware and Lacey, 2002; Johnstone et al,,
2002; Kam et al., 2002; Leibing et al., 2002]. The Na-
tional Institutes of Health Consensus Development
Panel concluded that acupuncture is efficacious in
some medical conditions and may be helpful in many
other conditions [NIH Consensus Conference, 1998].
Nevertheless, its mechanisms remain elusive.

The investigation of neuronal correlates of acupunc-
ture in human brain was hindered by the lack of a
non-invasive method until the recent development of
functional brain imaging. Studies using functional
magnetic resonance imaging (fMRI) or positron emis-
sion tomography have provided evidence of acupoint—
brain correlation: acupuncture at disease-implicated acu-
points modulates the activity of the disease-related
neuromatrix. Analgesic points such as gallbladder [GB]
34, large Intestine 4, and stomach 36 have been shown to
modulate the activity of the hypothalamic-limbic sys-
tem [Biella et al., 2001; Hsieh et al., 2001; Hui et al.,
2000; Wu et al., 1997, 1999]. Activations of specific
cerebral sites were reported for the vision-implicated
acupoints (bladder [BL] 67, BL 66, BL 65, and BL 60)
[Cho et al., 1998; Siedentofp et al., 2002] and the hear-
ing-implicated acupoints (GB 43) [Cho et al., 2000]. In
addition, activations over disease-irrelevant brain sites
have also been noted when acupuncture was applied
to GB 37 or GB 34 [Gareus et al., 2002; Wu et al., 2002].
Thus, examining cerebral activation due to acupunc-
ture stimulation may clarify the central mechanism of
the therapeutic benefit of acupuncture.

According to ancient Oriental literature, at least
eight acupoints are relevant to language disorders:
small Intestine 19, sanjiao [S]] 8 of hand-shaoyang
meridian, SJ 21, GB 2, du 15 of du meridian, extra
point of head and neck (EX-HN) 12, EX-HN 13, and
EX-HN 14 [Zmiewski, 1994]. The therapeutic mecha-
nism of applying acupuncture to the language-impli-
cated acupoints is unknown. Electro-acupuncture, an
alternative of manual acupuncture, permits stimula-
tion of acupoints in an objective manner [Wu et al,,
2002]. To the best of our knowledge, functional neu-
roimaging has not been previously applied to study
the neuronal correlates of electro-acupuncture over
language-implicated acupoints. In this study, we com-
pared the brain activation on fMRI between word
generation and electrical stimulation of SJ 8 and Du 15.
SJ 8 is located in the forearm at mid-position between

the distal ulna and the distal radius and at 4 cm above
the carpoulnar junction. Du 15 is located in the de-
pression below the spinous process of the first cervical
vertebra at 1.5 cm above the midpoint of the posterior
hairline.

SUBJECTS AND METHODS
Subjects

The experimental protocol was approved by the
Ethics Committee of the Chang Gung Medical Center,
Taiwan. Eighteen healthy, Mandarin-speaking, Chi-
nese male volunteers participated after providing in-
formed written consent. All were strongly right
handed with a score of more than 40 on a handedness
inventory [Snyder and Harris, 1993], in which the
highest score was 45. The subject was first familiarized
with the experimental procedures and the environ-
mental conditions to minimize anxiety and enhance
task performance. Next, the subject lay supine on the
scanning table and was supported by a body-length,
vinyl-upholstered, dense foam pad. The subject was
then fit with plastic ear-canal molds with the head
immobilized by a tightly fitting, thermally molded
plastic facial mask extending from the hairline to chin.

Imaging methods

All MRI studies were done in a 1.5 T Siemens Vision
Whole-body MRI scanner at the MRI Center of Chang
Gung Medical Center. A T,*weighted gradient-echo
echo planar imaging (EPI) sequence was used for the
fMRI scans, and in-plane resolution of 3 X 3 mm. The
field of view was 192 X 192 mm, and the acquisition
matrix was 64 X 64. During the word-generation par-
adigm, 17 contiguous axial slices of 7 mm in thickness
were acquired to cover the whole brain; each slice was
scanned 60 times in 120 sec with TR/TE/6 = 2,000
msec/60 msec/90 degrees. Following insertion of four
acupuncture needles in each subject (two inserted
over S] 8 and two over the non-acupoints at 1 cm
lateral to SJ 8 in 12 subjects; two inserted over du 15
and two over the non-acupoints at 1 cm lateral to du
15 in the remaining subjects), the language paradigm
was repeated without electrical stimulation of the acu-
points and non-acupoints. During electrical stimula-
tion of the acupoints or non-acupoints, 40 contiguous
axial slices of 3 mm in thickness were acquired to
cover the whole brain; 108 images were acquired for
each slice in 540 sec with TR/TE/6 = 5,000 msec/60
msec/90 degrees. Anatomical MRI was acquired us-
ing a T;-weighted, three-dimensional (3-D), gradient-
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echo pulse-sequence to provide high-resolution (1 X 1
X 1 mm) images of the entire brain. Extraction of the
brain from the 3-D T;-weighted images was per-
formed using the Statistical Parametric Mapping
(SPM) software (Wellcome Department of Cognitive
Neurology, London, UK).

Experimental design

The fMRI study employed a block design of RLRL
for mapping the brain activation due to the word
generation paradigm with R representing rest and L
representing the language task. Each period lasted 30
sec. The subject would fix on a small crosshair during
the resting period. There were 20 single Chinese char-
acters in each stimulating period. Each character was
shown through the goggle for 250 msec, and the sub-
ject would silently make up as many meaningful two-
character Chinese words as possible during a fixation
time of 1,250 msec [Tan et al., 2000]. To map the brain
activation due to stimulation of the acupoints or non-
acupoints, the fMRI study was repeated in a block
design of RARBRBRARARB, with R representing rest
with no stimulation, A representing stimulation over
the non-acupoints (control acupuncture task), and B
representing stimulation over acupoints (active acu-
puncture task). Each period lasted 45 sec. Bipolar elec-
trical stimulation (Electronic Acupunctoscope, Model
WQ-6F, Donghua Electronic Instrument Factory, Bei-
jing, China) of the acupoints or non-acupoints at 2 Hz
was made with the positive electrode over the left side
and the negative electrode over the right side. Inten-
sity of the stimulation was set at the mid-level be-
tween the barely perceptible and maximally tolerable
levels, and subjects closed their eyes during the acu-
point stimulation in order to reduce eye movements or
visual sensory effects.

Data analysis

Post-processing of fMRI data was done using Mat-
lab software (Math Works, Natick, MA) and SPM
software. The fMRI images were grouped according to
the period of data collection: resting state and lan-
guage task as well as resting state, control acupunc-
ture task, and active acupuncture task. Activation
maps were calculated by comparing the images ac-
quired during each task state with those acquired
during the respective resting state except that images
obtained during active acupuncture task were com-
pared to that of control acupuncture task and resting
state. The fMRI images were motion-corrected, coreg-
istered to anatomical images and smoothed by a 8-mm

full-width half-maximum Gaussian kernel. In addi-
tion, the fMRI images were normalized to the brain
template adopted by the International Consortium for
Brain Mapping (ICBM) [Mazziotta et al., 1995]. Phys-
iological noise was filtered using a window function
that corresponds to hemodynamic impulse response
function (HRF). The first level SPM t-contrast map was
generated for each subject under each task state using
a boxcar function convolved with an empirically de-
rived HRF at a threshold of P = 0.001 (uncorrected).
The second level analysis of random effects was used
for comparisons within each group of subjects under
each task state at a threshold of P = 0.01 (uncorrected).
Brodmann'’s area (BA) designations were applied us-
ing the Talairach Daemon [Lancaster et al., 2000]. In
this study, significant activation in the inferior frontal
(BA 9, 44, 45, 46), superior temporal (BA 22, 42), an-
gular (BA 39), supramarginal (BA 40), and fusiform
(BA 19, 37) gyri was considered relevant to the lan-
guage task [Binder et al, 1994; Booth et al., 2002;
Brunswick et al., 1999; Buchel et al., 1998; Noppeny
and Price, 2002; Poldrack et al., 1999; Tan et al., 2000;
Thierry et al., 1999]. One subject did not contribute to
the group activation map during language task or
stimulation of acupoints and non-acupoints related to
SJ 8 because no activation was seen in the first level
SPM t-contrast map. Thus, 17 subjects contributed to
the activation map of the language task; there were 11
and 6 subjects, respectively, for electro-acupuncture
over SJ 8 and du 15.

RESULTS

Age of the subjects ranged from 19 to 26 years
(median = 22 years). Table I summarizes the regions
of significant activation due to the language task or
acupoint stimulation. During the language task, posi-
tive activation was seen in the left inferior frontal
gyrus (BA 44, 45) and the left superior temporal gyrus
(BA 22, 42) as well as in the right inferior frontal gyrus
(BA 44; Fig. 1A and Table I). The volume of the acti-
vated region was larger in the inferior frontal gyrus
(BA 44, 45) than the superior temporal gyrus (BA 22,
42). In addition, stronger activation of a larger volume
was seen in the left than right hemisphere. During
stimulation of SJ 8, the right inferior frontal gyrus (BA
44, 46) gyri showed positive activation (Fig. 1B and
Table 1). During stimulation of du 15, the left (BA 22,
42) and right (BA 22, 42) superior temporal gyri
showed positive activation with a larger volume of
activation on the left side (Fig. 1C and Table 1). No
activations were found in the typical language area of
the left inferior frontal gyrus during stimulation of
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TABLE I. Regions of significant activation during language task or during stimulation of S] 8
or Du I5 relative to the respective resting state

Language task

Stimulation of SJ 8 Stimulation of Du 15

(n=17) (n = 11) (n = 6)
Coordinates Coordinates Coordinates
- Vol. - Vol. Vol.

Activated regions BA x y z (@mm?® x y z (mm® x y z  (mm®)
R inferior frontal gyrus 44 55 18 16 14,192 48 12 16 17,899

R inferior frontal gyrus 46 40 32 16 8,949

L inferior frontal gyrus 44,45 55 15 16 48,256

L superior temporal gyrus 22,42 —-64 —40 16 880 —-62 —44 16 20,960
R superior temporal gyrus 22,42 63 —30 16 11,648

BA, Brodmann’s area.

these two language-disorder-related acupoints. The
volume of activated regions was smaller than that
obtained during the language task. Electrical stimula-
tion of the adjacent non-acupoints did not produce
any significant brain activation.

DISCUSSION

Previous studies have reported the important left
cortical sites for language in right-handed subjects.
Left fusiform gyrus (BA 19, 37) appears to contain
orthographic representations of words [Brunswick et
al., 1999; Buchel et al., 1998]. Wernicke’s area (BA 22)
within the left superior temporal gyrus (BA 42) and
the surrounding left angular (BA 39) and supramar-
ginal (BA 40) gyri are involved in the integration of
auditory and visual signals as well as the interpreta-
tion of words [Binder et al., 1994; Booth et al., 2002;
Thierry et al., 1999]. Broca’s area (BA 44, 45) and the
surrounding left inferior frontal gyrus (BA 9, 46) are
important for language output [Noppeny and Price,
2002; Poldrack et al., 1999; Thierry et al., 1999]. In the
present study, intense activation is seen over the left
and right inferior frontal gyri (BA 44, 45) as well as the
left superior temporal gyrus (BA 22, 42) during the
language task of generating meaningful two-character
Chinese words. Stronger activation of a larger volume
is seen over the left hemisphere, which is dominant for
language in right-handed people. Our results are in
accordance with the literature. In addition, the right
homologous areas of the left cortical sites are active
during a language task [Luke et al., 2002; Tan et al.,
2000].

S] 8 and du 15 are two important treatment points
for language disorders [Zmiewski, 1994]. It is interest-
ing to explore the neuromatrix associated with stimu-
lation of these two acupoints and compare the acti-

vated sites with that of common language tasks.
Stimulation of SJ 8 but not non-acupoint near SJ 8
activates the right inferior frontal gyrus (BA 44, 46),
which is also involved in the processing of some lan-
guage tasks [Tan et al., 2000]. Stimulation of du 15 but
not non-acupoint near du 15 activates the left and
right superior temporal gyri (BA 22, 42) with a larger
volume of activation on the left hemisphere. Activa-
tion of the superior temporal gyrus is more related to
semantic than syntactic processing of Chinese [Luke et
al., 2002]. However, the pattern of brain activation
associated with language task is not consistent with
that associated with electro-acupuncture. While dis-
tinctive brain sites are activated upon stimulation of
these two language-implicated acupoints, the left in-
ferior frontal gyrus, which is the typical site activated
by the language task, is not involved. Given the com-
plexity of the language system and simplicity of the
current stimulation paradigm as compared to actual
acupuncture therapy, the present results should not be
taken to refute the potential benefit of these two acu-
points in language disorders. It is possible that mod-
ulation of the activity of the right homologues of the
left inferior prefrontal areas during stimulation of SJ 8
or du 15 is beneficial in some specific types of lan-
guage disorders. Further studies using functional neu-
roimaging should be conducted to compare the acu-
point-related neuromatrix with other language tasks.

In conclusion, applying acupuncture at SJ 8 or du 15
does not activate the typical language areas in the left
inferior frontal cortex. Nevertheless, our results sup-
port the notion of acupoint-brain correlation and the
proposition that acupuncture at disease-implicated
acupoints modulates the activity of the disease-related
neuromatrix. The present results also suggest that acu-
puncture treatment at SJ 8 or du 15 may improve
certain language disorders by activating the right ho-
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T-value

Z=14

Figure I.

Normalized SPM t-maps (in color) overlaid on the corresponding
axial T,-weighted images (in gray scale labeled with the height [Z]
in mm relative to the bicommissural line) showing statistically
significant (P < 0.01) brain activations due to the language task in
a group of |7 subjects (A) or bipolar electrical stimulation of S 8
in a subgroup of || subjects (B) or of du 15 in a subgroup of 6
subjects (C). During the language task (A), activation is seen in the
left inferior frontal (BA 44, 45) and superior temporal (BA 22, 42)
gyri as well as the right inferior frontal gyrus (BA 44). Activation is

mologous areas of the typical language areas. Explor-
ing the brain activation during acupoint stimulation
may reveal the central neural mechanism of acupunc-
ture treatment. Further functional neuroimaging stud-
ies on treatment-relevant acupoints are warranted.

also seen in the left thalamus and left deep white matter. Stimu-
lation of §) 8 (B) produces activation in the right inferior frontal
gyrus (BA 44, 46). Smaller areas of activation are also seen in the
right frontal white matter, right deep white matter, left frontal
white matter, left occipital lobe, and right occipital lobe. Stimula-
tion of du 15 (C) produces activation in the left and right superior
temporal gyri (BA 22, 42). Small areas of activation are also seen
in the white matter underneath the right and left middle frontal

gyri.
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