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SUMMARY Objective: To invegtigate the analgesarelated modulation of electroencephaographic ac-
tivities by transcutaneous electric acupoint stimulation (EAS). Methods: In 15 healthy human beings,
64-channe dectroencephalogram was recorded and power spectrum anays s was employed before, dur-
ing and &ter EAS. Norracupoint eectric simulation was used as control. All suljects were asked to
rate their sensation to painful stimulations before and after treatment. Results: The relative theta pow-
er near contrarlatera centro-parieta area during EAS was negatively correlated with the pain soore &-
ter EAS. Smilarly, the beta activity during EAS near contralatera prefronta ocortex , ips-laterd infe-
rior frontal and tempora lobe, and ips-latera occipito-parietal cortex , were al negatively correlated
with pain score ater EAS. Conclusion : These changes might reflect a modulation of brain activity by
EASin gecific areas, which were in turn involved in modulation of certain apectsof pain-dgna pro-
cessng.

(J Peking Univ [ Health Sci], 2003,35:236-240)
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Acupuncture and other acupoint stimulation  mechanismsof acupuncture-induced analgesal™® | es
techniques have been used for the treatment of painful  pecialy in the field of neurotransmitter release’®! in-
dioordersfor along time. Great progresses have been relevant brain nudeil®. Endogenous opioid peptides,

made in the past decades to € ucidate the underlying

such as betarendorphin and enkephains'® , were be-
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leved to play an important role in acupuncture
induced analgeda. However , there were two main
methodologica limitations in the previous research of
acupuncture anadgeda. One is that most of the invar
sve techniques applied in animals could not be repeat-
ed in human beings; theother isthat thereis gtill yet
no universa control setting for acupuncture, which
might be one of the reasons that different groups re-
ported different, sometimes paradoxical , results.
Therefore, the mechanisms of acupoint stimulation-
induced analgesa in human beings are ill unclear.

In the past decade, eectroencgphaogram
(EEG) was used extensvely to explore brain func
tionsfor its noninvadve property and high temporal
reolution. Severa studies had addressed the mecha
nism of acupunctureinduced anagesa with EEG
method'®®l. However , these previous EEG studies
were not properly controlled (no control at al® or
only compared with anagescs’!) , and it was not
clear whether the acupuncture-related changes they
demonstrated were anyhow related with the effect of
anadlgesa. Thus, ther results were very difficult to
be properly interpreted. In the present study , a non-
acupoint stimulation sesson was employed as control
condition during EEG recording. The resultsof pow-
er ectrum anayss were a0 correlated with the ef-
fect of andgesa. Our purpose are (1) to find out if
there is any difference between the efect of acupoint
and norracupoint stimulation; and (2) to verify if the
acupuncture-induced changes of EEG activity are cor-
related with the efect of analgesa.

1 Materialsand Methods

Fifteen hedthy and right-handed male volunteers
(aged 20 - 28 years, x £ s: 23.8 £ 2. 8) were enr
rolled in this study. The experimenta procedures
were gpproved by the local ethical committee. Tranr
scutaneous electric acupoint stimulation (EAS) was
used to replace conventiona acupuncture. The eectri-
cal parameters (frequency, pulse width, intendty,
etc.) have been optimized to produce andgesic effect
dmilar as manua acupuncture. A pair of skin eec
trodes were placed on the sdlected acupoints (SP6 or
Sanyinjiao and ST36 or Zusanli) on the right leg
through which to deliver stimulation. The sham EAS
was et at norracupoints (4 cm media to ST36 and 3
cm anterior to SP6, reectively ,both located on top
of the tibia where none of the classca acupoints ex-
ists) asthe control condition. Each subject underwent
both rea and sham EAS (the order is balanced across
the subjects) separated by an interval of at least 24
hours. The intendty of stimulation varied from sub-
ject to subject, ranged from 5 to 15 mA (x £ s:
9.79% 3.57, n =15), with a subjective criterion
that the intendty should be just below the threshold
to induce pain or other uncomfortable sensation. The
frequency of gtimulation was 2/ 100 Hz (dense-anc
digerse square waves, with 2 Hz for 3 seconds and
100 Hz for another 3 seconds in a 6-second cycle) .
The width of the sgquare wave was 0. 6 msfor 2 Hz

and 0. 2 msfor 100 Hz. Each EAS treatment lasted
15 minutes.

To keep the eye-blink contamination as little as
possble, eye-closed EEG was recorded for 3 minutes
before and ater treatment. Orrgoing EEG was a0
recorded during the 15-minute EAS treatment with
subjects eyes closed. In addition, fifty painful eec
tric stimulations were delivered to the middle finger of
the right hand before and &fter treatment. All sub-
jects were asked to rate pain sensation with an 11-
point (0-10) numerical rating scale for each tria of
stimulation'®!. Before the formal recording, subjects
were acquainted with this pain rating scale, and the
intendties of the stimulation gpplied on their fingers
were individually adjusted to induce the sensation of
moderate pain (a soore of 6). The subjective pain
scores were compared with two-way ANOVA (red
EAS vs sham EAS and before vs ater treatment) .

Sxty-four channe EEG recordings, including
two pairs of bipolar eectro-oculogram (EOG) chan-
nels, were continuoudy performed by the ANT EEG
sysem (Enschede, Netherlands) , with the éectrode
montage following the internationa 10-20 system
( Blectro-Cap International , Inc. , Dayton, OH,
USA). The impedance of dl channels was st below
10 K2. The dgnds in dl channds were referred to
one earlobe, but will be rereferred to the averaged
sgnal across adl channels on the scap in the off-line
anayss. EEG data were sampled at 256 Hz, with a
gain of 20 and a band-passof 1 - 30 Hz (digital filter-
ing off-line) .

After rgection of EOG contamination, filtering ,
and re-referring , each set of EEG data were subjected
to power ectrum analyss with commercially avail-
able oftware NeuroExplorer (Nex Technologies, Lit-
tleton MA, USA). Then the result is snt to
Matlab®to summarize the EEG power at each eec
trode in the following bands: delta (1 - 3.9 Hz) ,
theta (4- 7.4 Hz) , dphal (7.5- 8.9 Hz) , dpha2
(9- 13.4 Hz) , betal (13.5- 24.4 Hz) , and beta2
(24.5 - 30 Hz). The relative EEG power (%) in
three conditions (before, during, and after treat-
ment) was compared with oneway anadyss of vari-
ance (ANOVA) band by-band and channel-by-chan-
nel. Furthermore, noticing that there is a difference
between the analgedc efect of EAS, we divided the
subjects into two groups: regponders (those who
showed decreased pain score ater EAS treatment)
and non-regponders (those who showed increased pain
score dfter EAS treatment) . The number of regpon-
dersfor EAS and control stimulation is 9 and 8 sub-
jects, regectively, out of the overall 15 subjects.
The comparion between regponders and non-regpon-
ders and that between read and sham EAS were a0
done by two-way ANOVA in ome representative
channelsof each lobe (FZ, Cz, T7, T8, P1, PZ,
P2,0Z). Findly, we found the difference of EEG
power gpectrum between EAS reponders and non-re-
gonders (see results) in ome sective channds.
Hence, correlation analyss was performed between
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the relative EEG power of the onrgoing EEG during
the EAS treatment and the averaged pain score ater
treatment across the fifteen subjects. For clearer pre-
sentation of the results, the P vaues of the correa
tion anadyds in each channe were logarithmicaly
trandormed and projected to the scalp with commer-
cidly available software ASA (ANT, Enschede,
Netherlands) .

2 Results

There was no dgnificant difference between the
pain scores obtained before and after either kind of
treatment (real or sham EAS (data not shown, P>
0.05). Two-way ANOVA showed that inter-subject
variation explained 86 % of the tota variation ( P <
0.000 1). EEG during either rea or sham EASin

most of the subjects was aphadominated (Fig. 1).
There was no dgnificant difference on the réeative
EEGpower of different time and different treatment
(ANOVA , data not shown). However , ater divid
ing the subjects into reponders and non-regponders,
we found theta rhythm of responders during real EAS
at PZchannd (11.04+1.16,x £ s, n=9) was sg
nificantly higher than those of nonrregponders
(6.23£0.76, xts;,n=6) (P<0.01). Smilar-
ly , betal rhythm at T8 channe of regonders
(14.79+1.32, x = s¢, n = 9) was dgnificantly
higher than that of non-responders (7. 63 + 1. 23,
X*s;,n=6) (P<0.01). No dgnificant difference
was detected between regponders and nonrresponders
of sham EAS.
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Note that dpha rhythm (around 10 Hz) was dominated in dl four channels representing different brain areas
Figure 1 Example of power gectrum andyssof EEG during red or sham EAS

More detailed information about the relationship
between the theta and beta rhythm and analgesc -
fect of EAS wasfound in the correlation anayss. It
was found that the theta rhythms (4 - 7.4 Hz) in
channelsof CPZ, CP1, CP3, PZ, P1 and P3 during
EA S were negatively correlated with pain score ater
EAS (for a sample corrdlation see Fig. 2) ,i. e. the
lower the pain soore in a subject (meaning a better
analgesc efect) , the higher ratio the theta rhythms
arein overall EEG power. In the topographic repre-
sentation (Fig. 3) , a brighter oolor in the image
showed more dgnificant correlation. As shown in the
firg row of Fig. 3, the most prominent area with
theta activity highly corrdlated with the analgesc -
fect of EASwasléeft parieta corticesincluding prima
ry omatosensory area (Sl) , which is contralatera to
the dte of stimulation. Smilarly , we found that be-
tal and beta2 rhythms (13.5 - 30 Hz) in four chan
ne-clusters, including F3, F5, F7, FC3, FC5 and
FT7 (projecting to contraateral prefronta cortex) ;
F6, F8, FT8, C6 and T8 (projecting ipslatera infe-
rior frontal cortex) ; CP6, TP8, P8 and PO8 (pro-

jecting to ipslatera inferior tempord cortex) ; as well
asPz, P2, P4, P6, PO4, OZ and O2 (projecting to
ipslatera occipito-parietal cortex) during EAS were
al negatively corrdlated with pain score ater EAS
(see the second and third rows of Fig. 3). No such
clustered correation could be detected in other broad
band in real EAS sesson, and no correlation could be
found in sham EAS, either (see right column of Fig.
3).

3 Discussion

One reason for the lack of globa analgesc efect
of EAS ocould probably be attributed to the moderate
intendty of painful stimulation employed in the cur-
rent study. Another reason was probably the well-
known individua variation of acupunctureinduced
analgesal’® . Both in experimentswith ratsand dlinic
practice with human beings, diversfied regponses to
acupuncture analgesa were observed. However , there
is no acceptable criterion to differentiate high regpon-
ders from low-regponders. The norinvasve EEG
made it possble to find some mechanism related with
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this phenomena in human beings.

In the current study , we did not find any dgnifi-
cant change in the relative EEG power at each eec
trode, either during or &ter real or sham EAS, com
pared with the basdine. It seemed, at first glance,
that there was no difference between the rea and
sham EAS. However , since there were very big vari-
ance for both the relative EEG power and the anal-
gesc efect among the subjects, it became interesting
to test whether there might be correation between
the relative EEGpower and the andgesc effect across
subjects.

Our results showed that acupoint stimulation
oould gecificaly induce ome changesof EEG activity
that correlated with the post-stimulation pain score
(reflecting andgedc effect) ; while nor-acupoint
sham EAS could not. Thus, this might be the first
report of EEG study oconcerning acupoint specificity
(no literature was found in PubMed with key words
of* EEG acupoint norracupoint”) . Negative correla
tion was found between the post-stimulation pain
soores and the relative power dendty of theta during
the simulation. In a placebo-controlled double-blin-

o an

ded crossover study, Bromm et al.!*! found that
the opioid anagedcs like meperidine could increased
theta activity of gpontaneous EEG. Hencein the pre-
sent study , the better analgesc efect in ome of the
subjects might due to the more profound release of the
endogenous opioid peptides induced by EAS??!,
therefore the more abundent theta activity in those
subjects.
20
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Reative theta activity was represented as the percentage of the overal
EEGpower. r= - 0.6526,P=0.008 4.
Figure 2 Correation anadyss between theta activity during EASin
channd CP1 and pain soore ater EAS treatment ( n = 15)
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P vaues werefirs tranformed into its negative logarithm based on 10, then assgned the same sgn asthe corrdation coefficients. Notethat dl correda
tion represented in this graph is negative 0 that the grayscdeisfrom - 3to0 0.“ T” meanstop and* N” means nose.
Figure 3  Topographic presentations of the P vauesof the corrdationandyssin each channd

It should be noted that correlation between theta
rhythm and the pain sore is the strongest in con-
tralatera centro-parieta area, including the primary
omatosenory cortex (SI). Sngle cel recordings in
ratst*?! and monkeyst*®! had proved there were noci-
ceptive neuronsin Sl that repponded to noxious stim-
uli and the activity of these neurons correlated with
duration and intendty of the stimulus. In human be-
ings, the same concluson that Sl wasinvolved in the
coding of panintendty was drown via imaging stud-
ies™ 151 Therefore, the correlation between the
analgesc efect and theta power in the area near Sl in
the present study indicated that the activation of the
endogenous opioidergic transmisson induced by EAS

treatment might be able to modulate the process ng of
the s=nory and discriminative dimenson of pain sg-
nal.

However , theta rhythm is not the sole band of
EEGthat related with analgeda, as reveded by our
present study and the work of Watson et all*®!. wat-
2on et al found that beta rhythm was correlated pos-
tively with pan threshold, which is in acocordance
with what we found in the current study that higher
relative power in beta bands correlate with lower pain
sore (i. e. , better anagesc efect). It should be
noted that the involved areas of betacorrelation with
analgedc effect were more extendve than that of theta
rhythm. Al it tended to involve brain areas of both
dde. Theinvolved brain areas were contraatera pre-
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fronta cortex , ipslatera inferior frontal and temporal
lobe, and ipslatera occipito-parieta cortex. All these
areas have been repeatedly mentioned to be involved
in the dfective and cognitive dimendon of
Thus, €ectric acupoint stimulation
might exert its analgesc efect by modulating the ac-
tivity of these areas and therefore change the process
ing of the afective and cognitive dimenson of pain
sgnd.

In concluson, our results suggested that there
was a difference between acupoint and non-acupoint
gimulation from the EEG examination. Changes of
theta and beta rhythm in some ecific brain areas,
during transcutaneous dectric acupoint stimulation,
are important for the efectiveness of EASinduced
analgesa.

pai nl7 17 18]
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