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Introduction

Acupuncture, an ancient therapeutic procedure in tra-
ditional Chinese medicine, has been practiced for over
2000 years [1–4]. There has been growing interest in the
West in the application of acupuncture to control pain
since the visit of United States President Nixon to China
in 1971 [1,3,4]. More recently, the NIH Consensus
Development Panel on Acupuncture has agreed that
it is useful for the treatment of postoperative and
chemotherapy-induced nausea and vomiting, and post-
operative dental pain, based on over 2000 scientific
articles [3].

A wide variety of acupuncture techniques exists [2],
one of which is Juci. “Juci” is a technique advocated in
the oldest text on traditional Chinese medicine that
includes acupuncture, the “Huang Di Nei Jing” or the
Yellow Emperor’s Classic of Internal Medicine [5].
Whereas conventional acupuncture treatment is per-
formed on acupoints ipsilateral or bilateral to the dis-
eased side [6], Juci means contralateral acupuncture;
i.e., implanting a needle into the indicated acupoint to
treat a given disease or disorder, but on the side of the
body opposite to the disease side. This traditional tech-
nique contributes to the successful treatment of various
diseases, such as hemihidrosis, postherpetic neuralgia,
acute traumatic pain, spinogenic dizziness, and apoplec-
tic hemiplegia [7–9]. The contralateral technique is
useful when ipsilateral acupuncture is contraindicated,
e.g., in the presence of local infection, trauma, anomaly,
and post-amputation. Although several clinical reports
support the efficacy of the intriguing Juci technique, no
studies so far have compared the efficacy of conven-
tional ipsilateral acupuncture and that of Juci acupunc-
ture, especially in the trigeminal region.

There are relatively few behavioral models in labora-
tory animals dedicated to the study of nociception in the
trigeminal region. One of the important models used to
assess nociceptive processes in the orofacial region is
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the orofacial formalin test [10]. The formalin test in the
paw was originally described by Dubuisson and Dennis
[11], and it has been used widely to test various analge-
sic effects, but not for trigeminal areas [12]. Clavelou et
al. [13] developed an orofacial formalin test to assess
pain in the trigeminal region. In both models, the time
course of the response is biphasic, with an early and
short-lasting first phase, followed, after a quiescent pe-
riod, by a late prolonged (tonic) phase that mimics some
features of post-injury pain in humans [10]. In spite of
the usefulness of the assessment of trigeminal pain by
the orofacial formalin test, there are no available data to
assess the antinociceptive effect of acupuncture using
this test. Therefore, in the present study, using the
orofacial formalin test, we evaluated the analgesic
effects of acupuncture and, in addition, we assessed
whether the effects of traditional Juci were significant
or not.

Materials and methods

Animals

Forty-four adult male Wistar albino rats, weighing 200–
250g, were used in the present study. They were housed
in plastic cages with soft bedding (4 per cage) with free
access to food and water. The animals were maintained
in a climate- and light-controlled room (23 ± 1°C; 12-h:
12-h dark-light cycle with lights on at 08: 00 a.m.) for at
least 1 week prior to the experiment. Testing was car-
ried out between 11: 00 a. m. and 5: 00 p. m. in a glass
box (dimensions 30 ¥ 30 ¥ 30cm, with three mirrored
sides). The rats did not have any access to food or water
during the test. Each rat was used only once in this
study. All experiments conformed to the ethical guide-
lines recommended by the International Association for
the Study of Pain, for experimental pain in conscious
animals [14], and were approved by the Nagasaki Uni-
versity Animal Care Committee.

Testing procedure

The acupoint used was the Ho-ku (Large Intestine 4)
located between the first and second metacarpal bones.
Ho-ku is one of the acupoints commonly used for the
treatment of orofacial pain [15]. A stainless steel needle
(0.2mm in diameter and 3.0mm in length; KN-107 J No.
3; Seirin, Shizuoka, Japan) was inserted at the Ho-ku to
a depth of 3.0mm. In the sham acupuncture group, the
same type of needle was inserted to a non-acupoint
between the third and fourth metacarpal bones as
deeply as in the Ho-ku acupuncture group. The animal
was placed in the test box for a 30-min habituation
period. Following this habituation period, 25ml of 1.0%

formalin (diluted in sterile saline from stock formalde-
hyde 37% solution) was subcutaneously injected into
the upper lip, just lateral to the nose, through a 30-gauge
needle, and the animal was placed back in the test box
for a 45-min observation period. The acupuncture
needle was not withdrawn until the end of the experi-
ment. Leaving the needle in place for long periods of
time, even for days, is one of the variations of the nee-
dling technique, using an intradermal needle or perpen-
dicular intradermal needle, in the clinical field [16]. The
recording time was divided into 15 blocks of 3min, and
a pain score was determined for each block by measur-
ing the number of seconds during which the animals
spent rubbing the injected area with the ipsilateral fore-
or hindpaw. Figure 1 shows the time-line of the experi-
mental procedures.

The rats were randomly assigned to five groups: (1) a
control group (n = 9), which received formalin injection
without acupuncture pretreatment; (2) an ipsilateral
acupuncture group (n = 10); (3) a contralateral acupunc-
ture group (n = 11); (4) an acupuncture plus naloxone
group (n = 9), where intraperitoneal naloxone
(1.0mg·kg-1) was injected immediately before acupunc-
ture pretreatment; and (5) a sham acupuncture group
(n = 5).

A digital video camera (GR-DVX35K; Victor
Company of Japan, Yokohama, Japan) was used to
record the behavioral nociceptive response during the
orofacial test. Analysis of the behavior was made by an
investigator who was blinded to the animals’ group
assignments.

Statistical analysis

The reaction to the formalin injection was analyzed in
terms of early and late phases; the early phase being the
first 3min after the formalin injection, and the late
phase the period between 12 and 45min after the forma-
lin injection.

Data were analyzed using one-way analysis of vari-
ance (ANOVA), followed by Fisher’s protected least

1 week 30 min 45 min

Formalin s.c.

Test Box

Habituation period   Orofacial formalin test

Acupuncture 

(3 min ¥ 15 blocks) 

Fig. 1. Diagrammatic summary of the experimental
procedure
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significant difference (PLSD) test for multiple compari-
sons between groups. For all tests, the level of signifi-
cance was set at P < 0.05. Data are presented as mean ±
SEM.

Results

Effect of formalin on orofacial nociception

The injection of formalin produced the characteristic
biphasic behavioral response (Fig. 2). The early-phase
responses began almost immediately on the rat’s return
to the test box and generally disappeared within the first
3-min interval. The mean (± SEM) response time of the
early phase was 78.3 (± 7.3) s. The late-phase responses
generally began during the fourth interval (9 to 12min),
peaked during the fifth interval (12 to 15min), and
had usually dissipated by the fifteenth interval (42 to
45min). The mean response time of the late phase was
409.2 (± 44.1) s.

Effect of acupuncture on the early phase

The mean response time of the early phase in the
ipsilateral acupuncture group and contralateral acu-
puncture group were 42.5 (± 5.0) and 46.5 (± 3.1) s,
respectively. In both acupuncture pretreatment groups,
the early-phase response was significantly inhibited by
acupuncture stimulation. However, there was no signifi-
cant difference between the ipsilateral acupuncture
group and the contralateral one. Naloxone significantly
reversed the reduced nociceptive behavior in the early
phase (Fig. 3), indicating that endogenous opioids were

involved in the suppression of the orofacial nociceptive
behavior evoked by the formalin injection.

Effect of acupuncture on the late phase

The mean response durations of the late phase in the
ipsilateral acupuncture group and the contralateral one

Fig. 2. Time course of the orofacial for-
malin test. Face-rubbing responses after
the injection of 25ml of 1.0% formalin.
In all groups, typical biphasic response
was observed. Namely, an early-phase
response began almost immediately and
generally disappeared within the first 3-
min interval. A late-phase response gener-
ally began during the fourth interval (9 to
12 min), peaked during the fifth interval
(12 to 15 min), and usually dissipated by
the fifteenth interval (42 to 45min). CTR,
control group, which received formalin
injection without acupuncture pretreat-
ment (n = 9); IPSI, ipsilateral acupuncture
group (n = 10); CONTRA, contralateral
acupuncture group (n = 11); ACU+NAL,
acupuncture plus naloxone group (n = 9);
SHAM, sham acupuncture group (n = 5).
Open symbols indicate P < 0.05 compared
to the control group. Error bars indicate
SEM

# †

* *

Fig. 3. Comparison of face-rubbing responses in the early
phase. Contra- and ipsilateral acupuncture pretreatment
significantly inhibited the face-rubbing response.
Intraperitoneally administered naloxone (1mg·kg-1)
significantly reversed the reduced behavior. *P < 0.05 com-
pared to the control group. #P < 0.05 compared to the acu-
puncture group. †P < 0.05 compared to the ipsilateral
acupuncture group. Error bars indicate SEM. CTR, control
group; CONTRA, contralateral acupuncture group; IPSI,
ipsilateral acupuncture group; ACU+NAL, acupuncture plus
naloxone group; SHAM, sham acupuncture group
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were 188.2 (± 20.6) and 189.4 (± 19.8) s, respectively. As
in the early phase of the orofacial formalin test, the late-
phase response was significantly inhibited in both acu-
puncture pretreatment groups. There was no significant
difference between the ipsilateral and contralateral acu-
puncture groups. Naloxone significantly reversed the
effect of acupuncture in the late phase (Fig. 4).

Effect of sham acupuncture on
the formalin-induced behavior

The characteristic biphasic behavioral response was ob-
served in the sham acupuncture group, as was in all the
other groups (Fig. 2). The mean response time of the
early phase was 73.0 (± 6.9) s. This was significantly
different from that in the ipsilateral acupuncture group,
and there was no significant difference between the con-
trol group and the sham acupuncture group (Fig. 3).
The mean response time of the late phase was 371.0
(± 46.8) s. Similar to the early phase, this was significantly
different from that in the ipsilateral acupuncture group,
and there was no significant difference between the con-
trol group and the sham acupuncture group (Fig. 4).

Discussion

In the present study, we demonstrated that the orofacial
formalin test is useful for assessing the analgesic effects
induced by acupuncture in the trigeminal system and,
furthermore, we showed that contralateral acupunc-

ture is as effective as the ipsilateral one. This is in agree-
ment with several studies which have suggested that
unilateral acupuncture exerts its effects bilaterally
or contralaterally in non-trigeminal regions [17,18]. A
significant contralateral effect of acupuncture has been
reported in some studies [17–19]. However, the mecha-
nism underlying it is not fully understood.

Contralateral effects mediated by spinal interneu-
rons, in particular, are a putative mechanism of the Juci
effect, i.e., interaction between both sides of the spinal
cord have been demonstrated in recent studies [20–22].
Electrophysiological studies have shown that a sig-
nificant proportion of neurons in the dorsal horn are
inhibited by noxious stimulation of the homologous
contralateral territory [20,22]. With regard to acupunc-
ture, Bing et al. [23] have investigated the effects of
manual acupuncture on the activities of medullary
neurons located in the subnucleus reticularis dorsalis of
the rat. Although the responses of the wide dynamic
range neurons to contralateral stimuli were three to five
times greater than those to the corresponding ipsilateral
stimuli, the responses of nociceptive specific neurons
were only slightly weaker from ipsilateral parts of the
body than from their contralateral counterparts. Actu-
ally, it has been reported that unilateral interventions,
including acupuncture, produce a bilateral or con-
tralateral effect [7–9,24–26]. Bileviciute-Ljungar and
Lundeberg [25,26] have reported that a contralateral
injection with a local anesthetic reduced nociceptive
behavior and inflammatory edema formation in rats
following acute carrageenan-induced inflammation
and mononeuropathy. Further, an electrophysiological
study by Bileviciute-Ljungar et al. [24] was in agree-
ment with these findings. These observations suggested
that spinal interneurons have an important role in pro-
ducing the Juci effect. Besides interactions between the
two sides, projections of trigeminal afferents to the con-
tralateral medullary horn contribute to the Juci effect.
In several studies, it has been demonstrated that neu-
rons within the medullary dorsal horn receive input
from both the ipsi- and contralateral trigeminal areas
[27,28]. In addition, the trigeminal nuclei also receive
afferent input from the upper extremities [15]. There-
fore, the neuronal activities elicited by contralateral ho-
ku acupuncture may exert their effects by modulating
neuronal input from the pathological region with which
the Ho-ku region share a pathway.

Other mechanisms underlying the Juci effect are an-
algesia via endogenous opioids [29] and/or diffuse nox-
ious inhibitory controls (DNIC) [30]. Acupuncture is
known to stimulate the release of endogenous opioids,
and the analgesic effect of acupuncture has been re-
ported to be reversible by the opioid receptor antago-
nist naloxone [29,31]. This effectively explains why
acupuncture in one part of the body can affect pain in

# †

* *

Fig. 4. Comparison of face-rubbing responses in the late
phase. Contra- and ipsilateral acupuncture pretreatment
significantly inhibited the face-rubbing response.
Intraperitoneally administered naloxone (1mg·kg-1)
significantly reversed the reduced behavior. *P < 0.05 com-
pared to the control group. #P < 0.05 compared to the acu-
puncture group. †P < 0.05 compared to the ipsilateral
acupuncture group. Error bars indicate SEM. Abbreviations
are the same as those in Fig. 3
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another region. Le Bars et al. [32,33] have shown that
the activities of neurons in the spinal cord and trigemi-
nal dorsal horn are inhibited by various noxious stimuli
applied to areas of the body surface remote from the
excitatory receptive fields of the neurons, and they
dubbed the phenomenon DNIC. A close relationship
between DNIC and acupuncture analgesia has been
suggested [30,34]. DNIC-induced analgesia is also re-
versed by naloxone [30,35]. In the present study, the
antinociceptive effect of acupuncture on the formalin-
induced behavior was confirmed to be reversed by the
pretreatment with naloxone.

Recently, Cho et al. [36] demonstrated that a specific
acupoint (Bladder 67) appeared to be associated with
the vision-related occipital cortex, using functional
magnetic resonance imaging (fMRI), providing evi-
dence to support the hypothesis that acupoints are re-
lated to specific internal organs. Hui et al. [37] have
reported that unilateral acupuncture stimulation
showed bilateral neuronal modulation of cortical and
subcortical structures. Another study also found that
unilateral acupuncture exerted an effect on the central
nervous system bilaterally [38]. Although the mecha-
nisms underlying these acupuncture-induced central
changes have not been clarified, these findings offer
some rationale for the contralateral Juci effect of unilat-
eral acupuncture.

In the orofacial formalin test, intervention should not
affect motor performance, because rubbing is the only
parameter of the nociception [10]. In the present study,
we investigated the effect of needling on a non-acupoint
and proved that mere needling beside Ho-ku, did not
affect the rubbing activities. Therefore, the reduced
nociceptive behavior in the “Juci” and ipsilateral acu-
puncture groups is attributed to the acupuncture effect.

In summary, we investigated the efficacy of the ‘Juci’
technique using the orofacial formalin test. Ipsi- and
contralateral acupuncture techniques produced similar
anti-nociceptive effects. Our results provide supporting
data for the use of the “Juci” technique, because it was
as effective as the ipsilateral technique.
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