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Abstract

Degpite its ancient use as a therapeutic tool to treat several ailments,
acupuncture still faces the challenge of scrutiny by Western science
both in terms of its efficacy and in terms of the characterization of its
effects and mechanisms of actions underlying these effects. We
investigated under well-controlled and carefully characterized condi-
tions the influence of electrical stimulation of acupuncture points ST-
36 (Zusanli) and SP-6 (Sanyinjiao) on the myoelectric activity of the
small intestine of 38 adult male Wistar rats. Electrical recordings
obtained by means of four electrodes chronically implanted in the
small intestine were used to assess the effects of acupuncture (electro-
acupuncture stimulation set at 2 Hz, intermittent stimulation, 1V, for
30 min). Immobilization of the animals was associated with a consist-
ent decrease (-8 = 7%) in the myoel ectric activity of the small intestine
as measured by means of the root mean square. Conversely, acupunc-
ture was able to significantly increase (overshoot) this activity com-
pared to basdline (+44 + 7%). In contrast, immobilized animals sub-
jected to sham acupuncture had only modest (nonsignificant) in-
creases in myoelectric activity (+9 £ 6%). Using carefully controlled
conditions we confirmed previous noncontrolled studies on the ability
of acupuncture to alter intestinal motility. The characterization of the
topographic and temporal profiles of the effects observed here repre-
sents a basis for future dissection of the physiological and pharmaco-
logical systems underlying these effects.
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The motor pattern of the small intestine
can be classified into two main states, fasted
and postprandial (1), which represent funda-
mentally different physiological states (2,3).
During fasting the motor activity of the small
intestine shows a highly organized pattern
and is characterized by a sequence of specif-

ic and recurrent myoelectric events defined
as migrating motor complex (1,4-6). In con-
trast, the myoelectric activity that follows
food ingestion has no regular pattern (3).
Motility disturbances of the small intes-
tine are present in various diseases and the
control of such disturbances represents a
goa of many therapeutic interventions in
both Western and Eastern medicines (7-9).
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For acupuncture, atechnique initially devel-
oped in China over 5,000 years ago, the
“energetic harmony” of the digestive tube
might be achieved through the stimul ation of
specific points such as ST-36 (Zusanli) and
SP-6 (Sanyinjiao) (10,11). Accordingly, acu-
puncture can be used to successfully treat
variousdifferent human gastrointestinal con-
ditions (12-14). Despite itswide clinical ac-
ceptance in Eastern societies, to date very
little work has been done at the experimental
level totest the efficacy of acupuncture stim-
ulation under carefully controlled conditions
and to address the features of such effectsin
areas other than analgesia (12,15).

Therelatively few investigationsthat have
been devoted to the study of the effects of
acupuncture on the digestive tract have ei-
ther provided only a subjective assessment
of the therapy or lacked adequate controls.
Hu and colleagues (13) and Lin and col-
leagues (14) have both described the conse-
guences of acupuncture for gastric motility
in humans, but neither group has used a
proper placebo group. In contrast, in awell-
controlled study using anesthetized dogs,
Qian and colleagues (16) have reported an
excitatory effect of acupuncture with in-
creased frequency and amplitude of the mi-
grating motor complex of the stomach. lwa
and Sakita (17) reported similar excitatory
effectsfor the peristaltic motility of thesmall
intestine in mice. The latter study, however,
has used a rather crude method for evaluat-
ing intestinal motility (charcoal transit), did
not report whether the animal swere anesthe-
tized or restrained for needle insertion, and
did not provide much additional relevant
information regarding the experimental pro-
tocal.

Whereas the above mentioned studies
represent an initial step towards the scien-
tific investigation of the effects of acupunc-
ture on the gastrointestinal system, they cer-
tainly represent a weak background to sub-
stantiate its clinical use. A study in the Jour-
nal of the American Medical Association

A. Tabosa et al.

has indicated that 42% of Americans used
aternative medical therapies in 1997 (18).
Acupuncture certainly is an important com-
ponent of such percentage. The current study
aims to provide a more detailed and ad-
equate evaluation of acupuncture with ob-
jective measurements under carefully con-
trolled conditions.

Material and Methods

Adult male Wistar rats from the Central
Vivarium (CEDEME) of our University,
weighing 250-290 g at the beginning of the
experiment were used. Animalswerekept in
individual cagesin acontrolled environment
with constant temperature (23°C), 12-hlight/
dark cycles with lights on at 7:00 am and
with free access to rat chow pellets (Purina,
Nuvilab Ltda., Curitiba, PR, Brazil) and wa-
ter. All experiments were submitted to and
approved by the Animal Care and Use Com-
mittee of the University.

After a 12-h fast (with free access to
water), animals were anesthetized with thio-
nembutal, 50 mg/kg, ip. The surgical proce-
dure used has been described (19-21). The
skull was exposed for the fixation of two
small anchor screws which were attached to
an eectrical plug with dental acrylate. Nine
electrically isolated copper wires connected
to the electric plug were then inserted into
the subcutaneous tissue of the neck and tun-
neled to the abdomen. The abdominal wall
was opened and four bipolar copper elec-
trodes with silver-chloride plating at their
recording end were implanted in the small
intestine. The first of these four electrodes
was implanted 5 cm distal to the suspensory
muscle of the duodenum (ligament of Treitz)
(22) and the remaining three electrodes at
subsequent distal portions spaced 7 cm apart.
The remaining ninth wire (stainless steel)
was used as ground and implanted in the
subcutaneous fold of the right lateral ab-
dominal wall.

After an average postoperative period of
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5 days, which hasbeen reported to be enough
to alow arecovery of the regular myoelec-
tric pattern (19,23,24), animals were ran-
domly allocated to oneof threegroups:. group
I, electroacupuncture (N = 13); group II,
sham el ectroacupuncture (N = 14), and group
[, immobilized (N = 11). In each group
each animal served as its own control. A
baseline recording of animals in the interdi-
gestive state (fasting initiated 12 h before)
was obtained immediately before each ex-
perimental procedure for a total of 90 min.
For this recording, animals were smply re-
moved from their home cages and connected
viathe head plugs to a 16-channel electrica
recording equipment (CAD 12/36, Lynx Tec-
nologiaEletrénicaltda., Sdo Paulo, SP, Bra
zil). Electric signals acquired at a sample
frequency of 100 Hz, with a high-pass cutoff
filter set at 40 Hz, were then processed and
stored in a standard computer (PC, Pentium,
100 MHz, 8 MB RAM). During baseline
recordings animals were unrestricted and
remained in their individua home cages,
which were placed inside a Faraday cage (50
x 50 x 50 cm). Data anaysis was performed
with the Sisdin software (Lynx). For signd
processing, recording sessions of the elec-
tromyographic signals of 90 min each were
analyzed for every animal and the root mean
square (RMS) was calculated as described
elsewhere (25). RMS represents the inten-
sity of a signal within a fixed interval. It is
defined asthe square root of the mean sum of
spike bursts per minute squared (here over
90 min) or by the equation:

1 t=T
RMS = \/: PRAUE

T=
where T is the size of the block of data (90
min) and f (t) = value (in spike bursts/min) of
thefiltered waveform at t minus the mean of
the entire block of data. RMSis an effective
value representing the intensity of a signa

within a fixed interval, regardless of the
direction in which the signal is recorded.

Some of the recordings (9%) made with
specific leads were discarded due to techni-
cal problems such as loss of contact, poor
baseline with excessive noise, and unsuit-
able signal to noise ratio. Therefore, the
number of availablerecordingsfor eachgroup
is not necessarily the number of animalsin
that group times four (the number of elec-
trode leads implanted in each animal).
After recording baselineactivity, animals
were divided into one of the above three
groups. Group | animals (13 animals sub-
jected to electroacupuncture, corresponding
to atotal of 48 useful recordings) were then
restrained for 30 min, during which time
electroacupuncture (2 Hz, with an electrical
current of faradic, bipolar and asymmetrical
wave, at approximately 1-V intensity; KWD
808-11 electrostimulator, China) was applied
through astainlesssteel 0.25mm/2cmneedle
with acopper handle bilaterally inserted into
the ST-36 (Zusanli) and SP-6 (Sanyinjiao)
points. The choice of these acupoints (points
of acupuncture) was based on their reported
abilities to stimulate intestinal activity (11,
12). The localization of such points was
based both on rat anatomical references (26)
and on a point localizer (basically an impe-
dance meter; Plexus T20, Lautz, Rio Claro,
SP, Brazil). In the rat, ST-36 (Zusanli) is
located approximately 1 mm lateral to the
tibial tuberosity, whereas SP-6 (Sanyinjiao)
islocated in the posterior border of thetibia,
0.5 mm above the medial malleolus, both of
which are easily located by manual inspec-
tion (see Figure 1). The needle was inserted
into the ST-36 point at a depth of approxi-
mately 0.5 mm, and just abovethe skin at the
SP-6 point (as there is no great muscular
mass under this ared). A number of reports
ondifferent animal specieshaveclearly dem-
onstrated that the location of acupuncture
points follows a similar distribution in dif-
ferent mammals (for areview, see 27). The
use of impedometers allowsthe clear defini-
tion of points and nearby non-points (27-
30). Point localizers are often used in both
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Figure 1. Photograph depicting
the precise location of needle
insertion in a group | animal (elec-
troacupuncture). The needle (see
insertion marked with a black
dot) at the most distal part of the
hind limb corresponds to point
SP-6 (Sanyinjiao) and the more
proximal needle (see black dot)
corresponds to ST-36 (Zusanli).
White dots correspond to stimu-
lation points used for the sham
group (group II).
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human and veterinary acupuncture to find
theappropriate acupuncture points. Anatomi-
cal studies have shown that acupuncture
points have a specific histological pattern
(e.g., more mast cells, higher density of sen-
sory receptors and capillary vessels) which
correlates with a lower electrical resistance
of the underlying skin (31-33). After appli-
cation of eectroacupuncture the animal was
placed back in its home cage, allowed a 10-
min resting period, and then subjected to a
subsequent 90-min period of electrical re-
cording of myoelectric activity. Data analy-
sisfor al groupswas based on acomparison
of the data obtained before and after the
procedure.

For group Il animals (14 animals sub-
jected to sham acupuncture, corresponding
to atotal of 52 useful recordings) all proce-
dures were similar to those used for group |

e

Table 1. Change in root mean square of the myo-
electric activity recorded in the proximal 1/3 of the
small intestine at four different locations for each
of the three experimental groups (electroacupunc-
ture, sham electroacupuncture and immobilized)
compared to the baseline condition (control re-
cording).

Electroacupuncture (N = 48) 44 + 7*
Sham electroacupuncture (N = 52) 9+6
Immobilized (N = 40) 87

Data are reported as means + SEM of the percent
variation over baseline recording for each animal.
P =0.0001 (ANOVA followed by Fisher PLSD post
hoc test).

*P<0.05 compared to immobilized or to sham-
stimulated animals.
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animals except that electrostimulation was
applied to neighboring skin areas (lessthan a
0.5-cmdistancefromtheacupoints) for which
impedance analysis did not reveal a lower
skin resistance compared to adjacent areas.
Location of the stimulation points used for
group | and Il animalsisillustrated in Figure
1. Finaly, for group 111 animals (11 animals
subjected to immobilization, corresponding
to atotal of 40 useful recordings) after the
baseline recording animals were restrained
for 30 min, returned to their home cages,
alowed a 10-min recovery period, and then
subjected toa90-minrecording session. Elec-
trical activity for each condition was nor-
malized for its specific control (baseline re-
cording). Data are reported as mean varia
tions from control £+ SD. Positive values
indicate increasesin the parameters of myo-
electrical activity, whereas negative values
indicate decreases in these activities.
Stetistical differences were first deter-
mined by one-way analysis of variance
(ANOVA), followed by the Fisher PLSD
test for post hoc comparisons. Comparisons
between different times for a given group
were performed by repeated measures
ANOVA followed by the Fisher PLSD test
for post hoc comparisons. The level of sig-
nificance was set at P<0.05 in all tests.

Results

Immobilization of the animals was asso-
ciated with aconsistent decreasein the myo-
electric activity of the small intestine (Table
1). Conversely, acupuncture applied to points
ST-36 (Zusanli) and SP-6 (Sanyinjiao) in
immobilized animals not only normalized
this diminished activity but also increased it
(overshoot) compared to baseline (see Fig-
ure 2). In contrast, immobilized animals sub-
jected to sham acupuncture had only modest
(nonsignificant) increases in myoelectric
activity. Thus, acupuncture induced a sig-
nificant increase in the myoelectric activity
of the small intestine compared to either
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sham acupuncture or immobilization alone
(see Table 1).

Analysisof theresultsfor thethreegroups
tested for each of the four recording leads
yielded a more detailed view of the effects
(see Table 2). Resultsfrom leads T1 and T2
(more proximal recording sites) consistently
indicated a dtatisticaly significant excita-
tory action of acupuncture compared to im-
mobilization alone or to sham acupuncture.
In contrast, recordingsfrom leads T3 and T4
did not permit a significant distinction be-
tween animal's subjected to acupuncture and
animal's subjected to sham acupuncture. Y et,
even a the level of the T4 lead the increase
in myoelectric activity induced by acupunc-
ture was significantly different from the re-
cordingsaobtai ned fromimmobilized animals.

Of the 13 animals that constituted group
I, 4 (31%) showed increases in myoelectric
activity for al four recording leads. For the
remaining 9 animals, the observed changes
in myoelectric activity were either not uni-
form acrossthe different leads (e.g., increase
inT1land T2 but not in T3 and T4) or were
very modest changes of less than 15% of
baseline. Of the 48 recordings obtained for
group | animals none showed a decrease of
myoel ectricactivity greater than 13% of base-
line. The largest increase in myoelectric ac-
tivity seen for group | animals was 188%
over baseline (lead T2 of rat Amftll). For
approximately one third of group | animals
theincreased activity was not uniform across
the different leads. Intragroup variability for
recordings from leads T1 and T3 of group |
animals was rather small as compared to the
variability seen at leads T2 and T4. Despite
thisvariability, the excitatory effects of elec-
troacupuncture were more intense at proxi-
mal (T1and T2) than at distal recording sites
(T3 and T4).

Analysisof myodlectricactivity withtime
clearly showed the effects of acupuncture. A
comprehensive view of the myoelectric ac-
tivity of group | animals over timeis provid-
ed in Figure 3. By separately anayzing the

results shown in Figure 1 for each individual
animal over time, it can be seen that, asearly
as during the first minute of the recording
period (i.e., approximately 30 min after the
onset of acupuncture stimulation and right
after itstermination) the myoelectric activity
of 4 of the 13 group | animals (31%) was
increased by more than 50% over baseline.
Similarly, consideration of the mean myo-
electric activity of the initial 10 min of re-
cording indicated that for 8 of those animals
(62%) therewasanincreasein activity greater
than 20%. Despite variations from animal to
animal and over time, ingroup | animalsasa
whole acupuncture induced an increase of
over 20% in myoelectric activity when the
10-min period from the 31st to the 40th min
(therefore the middle part of the recording
session) or from the 81st to the 90th min (the
last 10-min period of the recording session)
was considered in 53% (7/13) and 67% (6/9)
of the animals, respectively. For some indi-

. .
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Figure 2. Electromyographic re-
cordings from a group | animal
(electroacupuncture) during
baseline control recording prior
to stimulation (A) and 10 min
after electroacupuncture stimu-
lation (B). Note the increase in
the number and amplitude of
the myoelectric motor complex
in B compared to A. Calibration
bars: 10 min and 100 mV.

Table 2. Change in root mean square of the myoelectric activity recorded in the
proximal 1/3 of the small intestine at four different locations for each of the three
experimental groups (electroacupuncture, sham electroacupuncture and immobilized)
compared to the baseline condition (control recording).

Terminals
T1 T2 T3 T4
Electroacupuncture (N = 13) 37 £ 10** 56 + 17** 32 + 12 49 + 18*
Sham electroacupuncture (N = 14) -4 + 14 7 +16 19+ 9 12 + 12
Immobilized (N = 11) -8 + 12 -8 = 16 -11+16 -5+ 10

Data are reported as means + SEM of the percent variation over baseline recording for
each animal and terminal.

P = 0.0001 (ANOVA followed by Fisher PLSD post hoc test).

*P<0.05 compared to immobilized animals.

*P<0.05 compared to sham-stimulated animals.

Braz ) Med Biol Res 35(6) 2002
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vidual animals, however, the increase in
myoel ectric activity in these three time win-
dows was even greater, as can be seen in
Table 3.

For group Il animals, variations were
much more pronounced than those reported

Variation of RMS power over baseline (% of control)

80 —
60 —
40 — @ Electroacupuncture
QO Sham electroacupuncture
A Immobilization
20 —
0

115

1630

3145 4660 6175  76-90

Time (min)

Figure 3. Variation of root mean square (RMS) power over baseline recordings of the
intestinal myoelectric activity as measured over time in 6 consecutive time bins (each bin of
15-min duration). Electroacupuncture (N = 13, filled circles), animals subjected to electro-
acupuncture at points ST-36 (Zusanli) and SP-6 (Sanyinjiao); sham electroacupuncture (N =
14, open circles), animals with needle inserted and stimulated at non-acupuncture points;
immobilized (N = 11, triangles), animals subjected only to immobilization.

P = 0.0001 (repeated measures ANOVA).

*P = 0.0001 compared to immobilized animals (Scheffé F-post hoc test).

*P = 0.0001 compared to sham animals (Scheffé F-post hoc test).

Table 3. Number of animals subjected to acupuncture stimulation (group I) with a
greater than 20% increase in myoelectric activity over baseline, as measured by root
mean square or a greater than 40% increase in myoelectric activity over baseline
during the initial 10 min of recording (1-10) or in the middle portion of the recording
session (31-40) or at the end of the recording session (81-90).

Increase 1-10 min 31-40 min 81-90 min
Greater than 20% 62 (8/13) 54 (7/13) 67 (6/9)
Greater than 40% 23 (3/13) 54 (7/13) 44 (4/9)

Braz ) Med Biol Res 35(6) 2002
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above. Consistent increases in myoelectric
activity across al recording leads were not
seen for any given animal. Of the 14 animals
that constituted this group, 6 (43%) had in-
creasesin myoelectric activity at some leads
coexisting with decreases at other recording
leads. However, in 7 other animals dramati-
cally decreased activity (a reduction of as
much as 64% from baseline, lead T2 of rat
ATO008) recorded at some leads coexisted
with either stable or increased myoelectric
activity at others. Finaly, for the remaining
animal in group Il, activity was close to
baseline and quite uniform across all four
leads. The largest increase in myoelectric
activity seen for group Il animas was of
148% over baseline (lead T2 of rat Amft10).
Analysisof the myoel ectric activity of group
[ animals at the individual level over time
also did not yield any clear-cut picture. As
can be seen in Figure 3, as awhole, animals
subjected to sham acupuncture seemed to
show atendency to adight decreasein myo-
electric activity over time.

Animalssubjectedtoimmobilizationonly
(group 11 animal s) had thegreatest decreases
in myoelectric activity over baseline of al
groups (up to a 86% reduction from baseline
for lead T3 of rat Amft12). Variability across
different leads, however, was similar to that
seen for group |l animals, with most of the
rats having either combined increased/de-
creased (36% of the animals) or combined
stable/decreased (27%) myoelectric activity
compared to baseline. The largest increase
in myoelectric activity seen for group Il
animals was 76% over baseline (lead T2 of
rat Amft2). Asshownin Figure 3, asagroup,
animals subjected to immobilization seemto
have atendency (not statistically significant)
to recover to baseline levels (corresponding
to 1 onthey axis).

For animals subjected to sham acupunc-
ture (group Il animals) we observed a ten-
dency, which did not achieve statistical sig-
nificance, to increased myoelectric activity
compared to restrained animals. Y et, despite
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this modest increase in myoelectric activity
seen for group |1 animals, the mean activity
was still significantly lower than that ob-
served in group | animals (P = 0.01). Simi-
larly to group 111 animals (immobilization),
the results for group Il animals were rather
uniform acrossthefour different leads. Anal-
ysis of the recordings as a whole reveaed
clear differences between the three groups
(P=10.0001), which were still significant for
electrodes T1, T2 and T4, but not for eec-
trode T3 (P = 0.06), when analyzed sepa-
rately.

Discussion

The current data confirm and expand the
conclusions derived from previous work on
this area (12-17). Similar results were ob-
tained by Qian and colleagues (16) who
demonstrated in dogs a significant increase
in both the frequency and the amplitude of
the dow waves of the migrating motor com-
plex at the level of the stomach after the
application of acupuncture at points ST-36
(Zusanli) and CS-6 (Neiguan). Also, lwa
and Sakita (17) have reported excitatory ef-
fects on small intestine motility of electro-
acupuncture applied to mice, although they
did not describe the specific acupoints used.
In contrast, work by Hu and colleagues (13)
and Lin and colleagues (14) has demon-
strated an inhibitory effect induced by acu-
puncture on tachyarrhythmia, nausea and
dizziness in human subjects. These seem-
ingly opposite results obtained with acu-
puncture in fact might reflect its balancing
nature rather than an exclusive excitatory or
inhibitory effect it might have. Accordingly,
we propose that the excitatory effect re-
ported here and el sewhere (see Refs. 16 and
17) might have to do with the depressed
baseline of myoelectric activity of the small
intestine that these animals had (or should
havehad) by being anesthetized or restrained.
Even though the above mentioned work on
laboratory animals does not report whether

the animals were anesthetized or restrained
itisclear that, in contrast to humans, it might
be virtually impossible to keep an acupunc-
ture needle inserted into a given site in a
nonanesthetized unrestrained laboratory ani-
mal. Therefore, when applied over a de-
pressed baseline activity, such asthat seenin
the current study, acupuncture yielded an
excitatory, reactive effect. Conversely, when
applied over a background of increased ex-
citability, such asthat present in human stud-
ies, it yielded an inhibitory and once again
reactive effect. A recent demonstration of
thisoverall compensatory effect of acupunc-
ture has been made by Y ao (34) based on the
lowering of blood pressure observed when
acupuncturewas applied to hypertensiverats
and the lack of any effect when it was ap-
plied to normotensiverats. Such aharmoniz-
ing effect might be present in a few situa
tions even in Western medicine. One of such
examples is the use of lithium sats as a
therapeutic means both as a treatment of
mania or depression (35).

Our results with the sham animals sug-
gest that stimulation per se, regardless of
whether applied to an acupoint or to anearby
non-acupoint, might induce physiologic ef-
fects. Yet, it is clear from the current results
and from the extensive literature on acu-
puncture making use of sham controls, that
as a rule the results obtained from stimula-
tion of acupoints are greater and significant-
ly different from those obtained from stimu-
lation of non-acupoints. The difference be-
tween acupoints and non-acupoints might be
that the skin and body areas associated with
acupoints have been characterized as having
a higher concentration of capillaries, sen-
sory receptors and mast cells (31,33). The
difference between acupoints and non-
acupoints would therefore be of a quantita-
tive rather than a qualitative nature.

According to our data, the most intense
effects of acupuncture on the myoelectric
activity of the small intestine were found at
the recording sites more proxima to the
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Braz ) Med Biol Res 35(6) 2002



738

sponsory muscle of the duodenum (T1 and
T2). It has been shown that in the more
proximal portionsof the small intestinethere
may be a spontaneous oscillator, as opposed
to a forced oscillator, due to its capacity to
keep cycling even in the absence of external
stimulation (2,24,36). Despite its ahility to
keep cycling myoelectric activity in the ab-
sence of an extrinsic neura input (2), it has
been shown that its activity might be modu-
lated by such externa influences (36). In
fact, extrinsic neural or pharmacological in-
fluence is always stronger on this oscillator,
i.e, a a proxima as compared to a more
distal level (37,38). The stronger effects of
acupuncture on the myoelectric activity of
the small intestine observed in the current
experimentsfor themoreproximal electrodes
are therefore in agreement with the above
findings.

The currently reported temporal profile
of the effect of acupuncture on intestinal
myoel ectric activity constitutes an important
additional characterization of such effect.

A. Tabosa et al.

As shown in the Results section, the effects
of acupuncture were aready clear right at
the first minute of recording, when indi-
vidual animalswere analyzed, and gradually
increased with time over the subsequent 89
min of recording. The latency and duration
of the observed effects of acupuncture are
compatible with those reported for the ef-
fectsof different pharmacol ogical procedures
on intestinal motility (1,39,40). In addition,
theresults shown in Figure 3 clearly indicate
that, whereas animals in the sham group
differed from controls (animals subjected to
immobilization) only at initial time points
(from 1 to 15 and from 16 to 30 min), ani-
mals in the acupuncture group significantly
differed from controls at almost all time
points. Inthissense, analysis of the temporal
profile of the effect of acupuncture might be
of help in further dissociating its effect due
to stimulation of a specific set of points
(acupaints) from those only associated with
the needling of nonspecific skin areas (non-
acupoints).
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