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— Comparison of Brain Activation Images Associated with Sexual Arousal Induced
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a.Acupoint-SP6

Fig. 1. Anatomical
acupoint and (b) a sham acupoint
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Table 1, Definition of Anatomical areas and their abbreviations including Brodmann's area(BA)

Cerebral region

Anatomical area

Abbreviation code-BA*

Inferior frontal gyrus 1IFG-44.,45
Frontal lobe Gyrus rectus GR-11
Subcallosal area SCA-25
Central region Rolandic operculum RO-43
Superior temporal gyrus STG-22
Temporal lobe Middle temporal gyrus MTG21
Neocortex Inferior temporal gyrus ITG-20
region Supramarginal gyrus SMG-40
Parietal lobe Angular gyrus AG-39
Precuneus PCU-7
Superior occipital gyrus SOG-17,18
Middle occipital gyrus MOG-18,19
Occipital lobe Inferior occipital gyrus 10G-18,19
Fusiform gyrus FUSI-18,19
Lingual gyrus LING-17,18,19
Putamen PUT
Globus pallidus GLO
Basal ganglia Head of caudate nucleus hCN
Body of caudate nucleus bCN
Amygdala AMYG
) Thalamus THL
Limbic Diencephalon Hypothalamus HTHL
system Hippocampus HIP
Limbic lobe Parahippocampal gyrus PHIP
Anterior cingulate gyrus aCIN-24,32,33
Posterior cingulate gyrus pCIN-23,33
Insular cortex Insular cortex INS
White matter Genu of corpus callosum gCC
tract Splenium of corpus callosum sCC

* BA : Brodmann area
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Fig. 2. An axial series of the brain activation associated with
acupuntural stimulation at (a) SP6 acupoint and (o) sham-
point
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based) in the (@) neocortex region and (b) limbic system
activated by acupuntural stimulation at SP6 and shampoint
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Fig. 4. An axia series of the brain activation associated
with (a) visual stimulation and (b) acupuntural stimulation at
SP6 acupoint

Table 2A, Activation ratio(%, the number of activated volunteers based) and brain activity(%, activated
pixels based) in the neocortex region activated by visual stimulation

Visual IFG GR SCA RO STG MTG ITG SMG AG PCU SOG MOG 10G FUSI LING
1. PJH 2.87 3.19 26.20 0.24 3.34 0.74 1.02 0.13 - 3.14 - 0.41 7.79 1.71 0.05
2. SWH 2.51 1.01 7.54 6.01 8.32 8.00 1.13 0.16 - 0.29 0.94 3.58 13.91 0.16
3.KEK 16.76 0.20 13.00 15.53 29.55 14.35 9.07 32.58 14.48 3.46 29.98 23.46 9.24 15.94
4. KWK 31.64 0.20 6.35 3.95 17.61 29.37 4.26 30.62 26.55 34.41 23.17 47.69 7.08 3.09 5.89
5.YDO 15.93 - 4.20 17.09 13.42 25.41 14.22 22.98 16.62 6.66 28.23 30.99 50.03 22.47 16.88
6. SMJ 1.66 8.69 10.54 7.57 7.02 3.54 5.86 213 2.38 22.45 14.58 3.32 14.41 293 15.99
7.LEM 15.09 9.68 0.83 1.93 4.97 10.02 6.56 8.97 1.91 0.59 7.44 213 3.31
8. CEK 15.44 4.37 2.66 0.83 15.48 33.36 12.19 272 8.66 0.11 18.84 37.05 23.34 0.78 3.68
9. CEH 20.10 4.22 6.76 27.75 16.60 11.96 1.05 5.21 8.88 8.91 9.47 18.77 3.33 4.85 7.31
10. KHH 9.27 6.95 11.05 2.85 10.76 16.22 16.88 279 - 0.44 345 20.07 53.88 7.82 270
11. KJH 11.66 597 47.60 6.36 21.31 30.21 11.94 6.83 56.11 24.52 13.39 18.23 0.04 0.76 1.05
12. AHR 6.23 250 19.14 13.44 7.79 13.74 6.14 5.56 1.07 3.52 10.16 13.71 27.71 525 19.99
13. SEA 290 0.42 3.70 9.64 9.44 3.54 4.70 23.81 12.67 4.89 26.71 18.89 10.11 17.20
14. BJE 7.9 225 7.50 225 0.06 3.00 1.99 2.08 27.38 41.20 25.16 3.38 22.76
15. HKJ 18.80 1.47 - 16.70 1211 12.16 4.31 25.84 3.75 1.88 5.62 39.37 25.99 17.70 298
16. KEO 10.55 0.86 9.10 10.51 6.91 3.89 1.48 0.17 26.21 52.18 71.46 7.98 8.56
17. SKE 0.31 0.12 2.05 3.67 13.05 9.51 6.39 1.22 0.22 10.38 34.46 64.30 21.83 10.23
18.CYJ 1.30 0.96 4.01 1.09 10.30 8.96 4.50 1.07 0.96 7.15 31.64 7711 15.61 32.27
19. HJY 3.9 - 1.02 12.58 5.1 7.03 9.49 40.45 10.01 1.87 1.01 21.02 69.25 16.45 15.45
20. KJH 5.31 1.24 0.67 6.02 4.22 218 0.06 0.10 9.33 20.35 37.13 6.22 12.58
21.LH 541 - - 0.22 5.90 4.54 4.31 0.13 4.67 26.74 18.30 28.48 47.92 517 52.71
Ave 9.79 2.88 11.65 7.87 9.07 13.32 7.25 9.06 10.93 8.71 11.86 24.63 31.39 8.54 12.75
+SD 8.00 279 13.63 7.36 5.92 10.25 4.68 11.10 14.60 10.50 9.07 15.16 24.79 6.84 12.49
Act. Ratio(%) || 100.00 | 66.67 57.14 90.48 100.00 [ 100.00 | 100.00 | 100.00 | 90.48 95.24 95.24 | 100.00 | 100.00 | 100.00 | 100.00
Wt. Ave 9.79 1.92 6.66 7.12 9.07 13.32 7.25 9.06 9.89 8.30 11.30 24.63 31.39 8.54 12.75
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Table 2B, Activation ratio(%, the number of activated volunteers based) and brain activity(%, activated

pixels based) in the limbic system activated by visual stimulation

Visual PUT GLO hCN bCN AMYG THL HTHL HIP PHIP aCIN pCIN gCcC sCC INS
1. PJH 0.38 1.28 8.30 53.26 10.81 1.84 20.20 9.32 74.90 10.32 74.97 15.50 3.47
2. SWH - - - - 2.271 - - 3.71 19.28 4.21 0.34 0.60 0.03 3.19
3. KEK 11.80 27.58 5.64 13.00 - 26.71 23.08 0.55 5.81 10.07 3.07 3.01 0.41 3.44
4. KWK 18.49 30.02 5.64 25.54 10.66 34.18 16.22 37.22 19.16 6.06 46.33 2.39 8.72 1.91
5.YDO 11.03 36.19 43.67 9.91 32.34 26.36 64.05 22.35 18.58 20.18 28.29 34.28 18.71 14.48
6. SMJ 2.18 3.77 11.70 4.95 5.19 20.25 5.69 4.83 7.67 2.95 26.54 1.45 2.81 5.49
7.LEM 14.65 0.96 0.03 - - 0.29 1.80 4.1 0.02 10.49
8. CEK 4.21 10.27 2.62 5.90 29.60 0.70 3.56 1.75 0.18 1.96
9. CEH 6.93 1.44 7.82 22.32 59.44 7.53 49.56 26.17 13.51 1.06 5.77 38.40
10. KHH 0.07 4.25 12.70 7.69 243 17.50 0.81 3.87 9.48 0.11 3.86
11. KJH 23.84 15.36 30.95 20.51 4.94 92.48 3.59 11.77 243 16.88 0.46 3.23
12. AHR 0.69 0.48 6.03 1.86 0.02 1.67 3.28 8.03 3.09 6.08 4.69
13. SEA 7.91 1.63 5.55 0.75 12.40 0.01 38.27 3.67 2.83 20.13
14. BJE 7.20 9.74 0.49 3.39 16.42 6.49 0.05 1.26
15. HKJ 522 0.43 2.00 16.55 1.63 5.17 16.30 0.14 2.83 8.18
16. KEO 0.69 0.17 6.63 0.06
17. SKE 0.17 0.64 4.72 0.23 4.73 3.40 43.62 0.52 2.46 1.84
18.CYJ 1.96 - 0.13 0.15 5.77 2.64 18.52 23.05 0.62 1.12 0.66
19. HJY 11.86 2.39 12.82 0.17 1.01 2.51 1.68 20.60 0.39 2.75 11.41
20. KJH - 1.36 1.17 0.05 0.32 11.37 3.31 - 8.28 -
21. LUH 0.37 1.45 31.96 0.56 4.71 5.39 16.98 9.61 0.54
Ave 8.09 8.68 8.50 10.71 11.21 14.37 22.94 8.98 13.84 8.99 19.09 8.84 4.85 6.93
+SD 7.12 12.94 11.09 9.62 14.77 15.94 29.49 13.74 9.83 16.96 15.55 17.77 6.33 9.06
Act. Ratio(%) || 71.43 66.67 90.48 23.81 76.19 85.71 52.38 95.24 100.00 90.48 47.62 90.48 57.14 95.24
Wt. Ave 5.78 5.79 7.69 2.55 8.54 12.31 12.02 8.55 13.84 8.13 9.09 8.00 2.77 6.60
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Table 3A, Activation ratio(%, the number of activated volunteers based) and brain activity(%, activated
pixels based) in the neocortex region activated by acupunctural stimulation at SP6 acupoint

SP6 IFG GR SCA RO STG MTG ITG SMG AG PCU SOG MOG 10G FUSI LING
1. PJH 16.10 5.23 61.21 13.39 48.32 41.83 31.50 7.46 6.40 4.09 3.77 18.61 32.92 27.03 12.30
2. SWH 3.42 - - 2.31 1.61 0.51 0.06 0.01 - 0.59 0.62 0.09 0.13 0.36 0.07
3.KEK 7.% - - 3.41 6.10 6.51 5.68 6.77 229 0.76 2417 19.25 9.77 15.74 19.29
4. KWK 29.88 0.74 4.40 51.20 26.86 29.35 4.83 71.48 53.07 51.20 33.29 4478 3.42 16.23 28.47
5.YDO 3.53 9.92 0.51 221 13.51 11.63 5.12 1.47 0.11 0.57 0.14 0.75 0.24 6.35 3.94
6.LEM 0.70 - - 225 0.63 0.57 0.60 2.00 5.66 4.41 - - 0.04 0.20 1.72
7.CEK 5.81 - 1.13 4.21 19.95 15.93 7.00 4.64 0.18 5.89 0.12 0.61 - 8.56 13.49
8. CEK 1.10 - - 2.10 2.3 1.60 1.46 4.05 0.73 0.31 28.38 13.77 10.25 273 7.66
9. CEH 13.46 253 2.46 791 5.9 3.80 1.37 0.34 273 229 0.03 0.63 1.12 6.48 0.95
10. KHH 6.74 - - 3.90 23.06 29.31 34.33 22.98 6.41 0.08 6.65 28.64 49.54 32.48 520
11. KJH 1.30 - 2.05 3.43 21.70 3.59 1.06 6.69 0.15 1.17 - 0.30 0.05 0.01 1.86
12. AHR 8.30 - 15.86 8.86 20.22 12.77 1.91 21.91 9.14 8.58 0.86 517 251 3.62 7.88
13. BJE 2.61 - - 24.57 20.42 8.15 0.83 52.09 0.85 15.53 12.28 21.26 14.75 5.31 6.21
14. KEO 10.16 - - 19.24 42.52 4.45 8.71 44.78 4.37 0.77 8.30 1.91 0.75 21.57 29.35
15. SKE 3.48 0.22 10.13 2.57 3.4 3.05 2.16 6.27 18.80 14.60 5.81 6.71 276 277 2.07
16. HKJ 6.44 - - 6.18 5.34 8.75 4.45 6.82 0.28 4.08 0.20 8.92 6.51 1.20 227
17.CYJ 7.36 3.78 13.10 45.85 27.82 3.81 3.19 40.02 4.58 0.31 023 0.42 0.28 1.37 5.81
18. HJY 15.03 - - 20.03 13.54 6.48 6.37 50.84 25.51 5.28 348 7.29 1.48 3.71 0.20
19. KJH 2.89 - 0.51 2.29 11.48 11.61 6.12 6.30 37.94 30.62 9.35 19.57 1.73 2.07 2.81
20. LH 9.35 - 4.71 19.98 11.68 3.04 6.27 23.98 16.24 3.79 2.87 5.64 1.08 9.40 10.24
Ave 7.78 3.74 10.55 12.29 16.34 10.34 6.65 19.04 10.29 7.75 7.81 10.75 7.33 8.36 8.09
+SD 6.89 3.56 17.61 14.37 13.14 11.07 9.33 21.35 14.46 12.62 10.35 12.04 12.93 9.42 8.69
Act. Ratio(%) || 100.00 | 30.00 55.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 95.00 100.00 | 90.00 95.00 95.00 100.00 | 100.00
Wt. Ave 7.78 1.12 5.80 12.29 16.34 10.34 6.65 19.04 9.77 7.75 7.03 10.21 6.97 8.36 8.09

Table 3B, Activation ratio(%, the number of activated volunteers based) and brain activity(%, activated
pixels based) in the limbic system activated by acupunctural stimulation at SP6 acupoint

SP6 PUT GLO hCN bCN AMYG THL HTHL HIP PHIP aCIN pCIN gCC sCC INS
1.PJH 1.08 - 23.86 - 61.77 3.63 66.05 52.33 22.09 13.41 16.89 19.21 2.56 1.99
2. SWH 2.80 - - - - 0.37 - 0.72 0.53 0.15 - - - 3.59
3.KEK 0.01 0.11 - - 1.75 14.09 - 13.87 8.08 2.06 - - 0.25 5.14
4. KWK 66.90 86.03 52.10 | 100.00 | 17.60 92.95 51.51 40.18 63.85 3.42 60.67 1212 33.44 27.99
5.YDO 7.70 24.81 8.05 0.16 39.57 8.90 - 28.13 5.31 4.00 1.15 14.75 1.50 8.23
6.LEM - - - - 19.11 1.62 - 4.54 6.37 - 0.17 0.18 0.38 1.61
7.CEK 4.18 8.40 34.38 23.84 - 16.42 - 4.24 18.27 24.36 1.71 23.80 10.35 9.50
8.CEK - - - - 0.23 0.07 0.33 1.00 1.32 1.50 3.39 0.37 3.24 1.46
9. CEH 8.65 4.57 8.30 8.36 - 25.86 3.51 18.79 12.47 24.95 20.22 9.41 7.08 10.99
10. KHH 1.1 3.40 - 1.1 1.2 4.94 - 6.81 9.61 0.10 2.04 5.41 4.67 3.79
11. KUJH 0.26 - 0.33 - - 10.47 33.28 0.09 0.53 1.81 0.23 273 1.53 3.49
12. AHR 14.20 33.63 5.1 - 41.26 18.77 1.67 23.28 14.90 8.45 0.04 5.46 - 24.72
13.BJE 1.31 - - - 7.58 11.75 3.34 18.02 3.20 0.40 - 0.07 1.06 19.21
14. KEO 17.23 717 - - 66.14 1.09 2.34 39.13 35.16 10.70 0.04 4.57 0.63 62.11
15. SKE 8.75 - 6.64 13.47 30.01 0.67 - 8.07 13.55 0.05 34.00 4.43 4.06 7.74
16. HKJ - - - - 1.40 3.74 - 7.1 8.19 6.20 - 5.60 - 0.86
17.CYJ 4.05 22.16 1.86 - 16.72 8.14 14.88 21.29 10.53 0.53 4.61 0.23 0.30 39.47
18. HJY 0.07 - - - 5.48 0.01 - 7.93 9.47 0.28 - 0.73 - 20.63
19. KJH 0.16 0.90 6.82 - 0.52 12.57 5.18 1.65 11.51 17.35 3.16 3.65 2.81 2.25
20. LUH 9.38 25.61 2.63 - 17.31 23.59 28.26 43.96 19.51 0.42 8.40 0.18 4.96 23.67
Ave 8.70 19.71 13.64 26.16 20.48 12.98 19.12 17.06 13.72 6.32 10.45 6.27 4.93 13.92
+SD 15.88 24.85 16.37 36.98 21.60 20.42 2276 16.10 14.42 8.16 16.93 7.00 8.09 15.74
Act. Ratio(%) || 85.00 55.00 55.00 30.00 80.00 100.00 [ 55.00 | 100.00 | 100.00 | 95.00 75.00 90.00 80.00 100.00
Wt. Ave 7.39 10.84 7.50 7.85 16.38 12.98 10.52 17.06 13.72 6.01 7.84 5.64 3.94 13.92
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Comparison of Brain Activation Images Associated with Sexual Arousal Induced
by Visual Stimulation and SP6 Acupuncture : fMRI at 3 Tesla

Nam-Gil Choi -

Jae-Bok Han" - Seong-Joo Jang”

Department of Radiology, Chonnam National University Hospital

v Department of Radiology, Dongshin University

Purpose @ This study was performed not only to compare the brain activation regions associated with
sexual arousal induced by visual stimulation and SP6 acupuncture, but also to evaluate its differential
neuro—anatomical mechanism in healthy women using functional magnetic resonance imaging (fMRI) at 3

Tesla (T).

Subjects and methods : A total of 21 healthy right—handed female volunteers (mean age 22 years,
range 19 to 32) underwent fMRI on a 3T MR scanner. The stimulation paradigm for sexual arousal
consisted of two alternating periods of rest and activation. It began with a 1—minute rest period, 3
minutes of stimulation with either of an erotic video film or SP6 acupuncture, followed by 1—minute rest,
In addition, a comparative study on the brain activation patterns between an acupoint and a shampoint
nearby GB37 was performed. The fMRI data were obtained from 20 slices parallel to the AC—PC line on
an axial plane, giving a total of 2,000 images. The mean activation maps were constructed and analyzed
by using the statistical parametric mapping (SPM99) software,

Results : As comparison with the shampoint, the acupoint showed 5 times and 2 times higher activities
in the neocortex and limbic system, respectively. Note that brain activation in response to stimulation with
the shampoint was not observed in the regions including the HTHL in the diencephalon, GLO and AMYG

in the basal ganglia, and SMG in the parietal lobe.

In the comparative study of visual stimulation vs. SP6 acupuncture, the mean activation ratio of stimulus
was not significantly different to each other in both the neocortex and the limbic system (p (0.05). The
mean activities induced by both stimuli were not significantly different in the neocortex, whereas the
acupunctural stimulation showed higher activity in the limbic system (p < 0.05).

Conclusions : This study compared the differential brain activation patterns and the neural mechanisms
for sexual arousal, which were induced by visual stimulation and SP6 acupuncture by using 3T fMRI.
These findings will be useful to understand the theory of traditional acupuncture and acupoint channel in

scientific point of view.

Key Words : functional magnetic resonance imaging (fMRI), visual stimulation, SP6
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