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Figure 1 (Color online) Experimental setup schematic. (a) Figure depicting the locations of acupoints and non-acupoint sites. (b) Participants were
instructed to rate the perceived pain intensity on a 9-point Likert scale, both at acupoints and non-acupoints. (c¢) Participants were instructed to rate the
pain level of the stimuli they received at both acupoints and non-acupoints while electroencephalography (EEG) data was simultaneously collected
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Figure 2 Line charts describing the stimulus-response function. Data

are expressed as meantstandard error (SE), and the bar graphs represent
half of the mean. ns, P>0.05; **, P<0.01; *** P<0.001
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Table 1 Stimuli intensity scores between acupoints and non-acupoints (mean+SE)

_— TR AL 5

B (nA) - e F P ny
500 1.24£0.05 1.30+0.05 0.78 0.383 0.02
1000 2.42+0.15 2.44+0.14 0.01 0.914 <0.01
1500 3.56+0.16 3.66+0.23 0.16 0.694 <0.01
2000 4.50+0.17 4.36+0.21 0.32 0.576 0.01
2500 5.15+0.18 5.26+0.22 0.22 0.642 0.01
3000 5.74+0.17 6.10+£0.22 1.90 0.177 0.05
3500 6.26+0.14 6.75+0.20 3.76 0.061 0.10
4000 6.72+0.15 7.44+0.18 9.53 0.004 0.21
4500 7.15+0.13 7.92+0.15 16.76 <0.001 0.32
5000 7.54+0.12 8.31:0.11 23.03 <0.001 0.40
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Figure 3 The effect of stimuli intensity (non-pain, low-pain, and high-pain) on ERP responses for both acupoints and non-acupoints. ERP waveforms,
bar charts, and scalp topography distributions elicited on the acupoints (red) and the non-acupoints (blue). Electrodes used to estimate ERP amplitudes
are marked with points on their respective scalp maps. Data in the bar charts are expressed as meantSE. ns, P>0.05; **, P<0.01; *** P<0.001.
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Table 2 Results of the statistical analyses of the ERP amplitudes

(1) N1 “HBFBO 0 FROV R E, Fo5,=4.38,
P=0.045, 1,7=0.12, 7Xfi(~1.69+0.39 wV)A-F-24 5 1 &
FNTARSUNL(=2.10£0.42 pV). “HE A 1 4500 bk
FF 004677, P<0.001, 7,=0.60, Fiiil#(-3.37+
0.56 uV)ifs & N LI iR 5 35 K TSR HB (- 1.70+
0.40 pV; P<0.001)FIJCoE M (-0.61+0.29 nuV;
P<0.001), EJm H307 A& N 1 IR 8 38 T 0
(P<0.001). “HIFEFRAL FHNEA A58 BAEH B3,
Fog=5.73, P=0.005, 1,’=0.16, fii SR /M0 & B, 16
ERNSAAET, 7 (—2.81£0.57 pV)izE & N1 IR
3 /NTAESUAL(=3.9340.59 uV; P=0.002), {HFEALS
Gl w7 S S S NGRS E A VA E R S 5
BEEF(P>0.05).

(2) P2. “HIBERL M FRN &, Fo5,=12.03,
P=0.002, 7,°=0.28, 7MIHIEL(10.97+1.04 uV)iF K HIP2
PR 525/ N THE A (12.5061.08 pV). “HIEEA /Y 3
W B3, Foe=63.28, P<0.001, 7,’=0.67, s
(14.53+1.24 pV)iF & 19 P2 % e i3 K T 1% 9 ) 38
(11.69+1.05 uV; P<0.001)F1JCHH 43 (8.98+0.91 pV;
P<0.001), fHJr 075 & P2k iR {2 35 K T JC IR R
(P<0.001).
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3 Wi
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AR 5 .
F P My F P My
S 4.38 0.045 0.12 12.03 0.002 0.28
il e sl 46.77 <0.001 0.60 63.28 <0.001 0.67
JER AL < fil s Y 5.73 0.005 0.16 0.71 0.44 0.02

a) MAHFIR 35 (P<0.05)
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Table 3 Correlation between subjective rating scores and ERP

amplitudes
A hE IRFUR ST IR BT A SR
N1 ~0.26 0.31
e[S
P2 0.08 -0.10
o NI ~0.20 0.31
ACIA i
P2 0.29 —0.24
o N1 ~0.50" 0.20
=9
P2 —0.02 —0.14
N1 —0.17 0.13
L3
P2 0.25 —0.12
s NI —0.05 0.15
E[F¢1a JiST]
P2 0.33 -0.21
N N1 -0.13 0.02
iR
P2 0.26 -0.11

a) *, P<0.05
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Do we feel more pain at acupoints? Behavior and ERP study
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The theory of acupoints has existed in traditional Chinese medicine for millennia. Acupoints are specific points on the
surface of the human body, comprising dynamic composite structures composed of mast cells, blood vessels, and nerves
that reflect pathological information. The stimulation of certain acupoints can regulate specific physiological functions of
the body. Pain is a prevalent clinical condition and a globally recognized health problem. While medications can offer
effective pain treatment, their use is often associated with negative effects such as addiction and side effects. Therefore,
there is an urgent need to explore effective non-pharmacological analgesic methods. Fortunately, interventions like
acupoint therapy have shown positive effects on pain management. Acupoint analgesic therapy is widely utilized
worldwide due to its advantages of fewer adverse effects, wider applicability, and rapid results. Although studies have
explored the differences between acupoints and non-acupoints in terms of tissue structure and physiological characteristics,
the distinctions in pain perception between acupoints and non-acupoints have not been adequately investigated. It is
necessary to explore pain perception characteristics and the cognitive neural mechanisms of acupoints in-depth. Therefore,
the present study combined behavioral and event-related potential (ERP) experiments to investigate whether the perception
of electrical stimulation differs between acupoints and non-acupoints.

In Experiment 1, a series of electrical stimuli (intensity range: 500—5000 pA, in ascending steps of 500 pA) were
presented to 36 participants in incremental steps. The participants judged the stimulus intensity by self-report using a 9-
point Likert scale, initially to explore the difference in perception between acupoints (Neiguan, Zusanli) and non-acupoints
(3 cm lateral to the acupoint). It was found that the perception of higher-intensity electrical stimuli (4000—5000 pA) at
acupoints was significantly lower than at non-acupoints, while no significant differences were observed in the perception of
lower-intensity electrical stimuli (500—4000 pA) between acupoints and non-acupoints.

Experiment 2 employed ERP technology to explore the differences in perceiving three types of electrical stimuli (no-
pain, low-pain, and high-pain) at acupoints and non-acupoints in 32 participants. The stimuli in Experiment 2 were
determined based on the results of Experiment 1. Specifically, the mean values of electrical stimuli with acupoints and non-
acupoints ratings of 3 (significant sensation but no pain), 5 (significant but tolerable pain), and 7 (intense but not extreme
pain) were selected as no-pain, low-pain, and high-pain stimuli, respectively, based on the stimulus-response function of
each participant.

Compared to non-acupoints, high-pain stimuli were perceived as less painful at acupoints and judged less negatively,
with smaller N1 amplitudes. In contrast, these differences did not exist for low-pain and no-pain stimuli. The present
study’s findings reveal that acupoints induced lower pain perception in response to high-pain stimuli compared to non-
acupoints, suggesting inherent physiological distinctions possibly governed by specific neural mechanisms.

In conclusion, the present study provides empirical evidence supporting distinct pain perception at acupoints, thereby
advancing our understanding from both behavioral and cognitive neural perspectives and offering valuable insight for
advancing traditional Chinese medicine.

pain, ERP, acupoints, cognitive neural mechanisms
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