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Abstract

The use of anesthetics in acupuncture analgesia is controversial. We evaluate a steady-state light anesthesia model to test whether
minimal stress manipulation and reliable measurement of analgesia could be simultaneously achieved during electroacupuncture
(EA) in animals.

A series of experiments were performed. Firstly, EA compliance and tail-flick latencies (TFL) were compared in rats under 0.1%,
0.3%, 0.5%, 0.7%, or 1.1% halothane for 120 min. Under 0.5% halothane, TFL were then measured in groups receiving EA at inten-
sity of 3, 10 or 20 volt (V), 1 or 2 mg/kg morphine, 20 V EA plus naloxone, or control. Subsequently, the effect of EA on formalin-
induced hyperalgesia was tested and c-fos expression in the spinal dorsal horn was analyzed.

Rats exhibited profound irritable behaviors and highly variable TFL under 0.1% or 0.3% halothane, as well as a time-depen-
dent increase of TFL under 0.7% or 1.1% halothane. TFL remained constant at 0.5% halothane, and needle insertion and elec-
trical stimulation were well tolerated. Under 0.5% halothane, EA increased TFL and suppressed formalin-induced hyperalgesia in
an intensity-dependent and naloxone-reversible manner. EA of 20 V prolonged TFL by 74%, suppressed formalin-induced hyper-
algesia by 32.6% and decreased c-fos expression by 29.7% at the superficial and deep dorsal horn with statistically significant
difference.

In conclusion, 0.5% halothane provides a steady-state anesthetic level which enables the humane application of EA stimulus with
the least interference on analgesic assessment. This condition serves as a minimal stress EA model in animals devoid of stress-
induced analgesia while maintaining physiological and biochemical response in the experiment.
� 2006 European Federation of Chapters of the International Association for the Study of Pain. Published by Elsevier Ltd. All

rights reserved.
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1. Introduction

Although acupuncture is commonly accepted as a
treatment of choice for many pain conditions, the mech-
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anism underlying acupuncture analgesia is still under
debate. Many outcome studies in human are classified
as ‘‘less convincing scientific data’’ for not including
sham needling to exclude the potential placebo effect
(NIH Consensus Statement, 1997; Linde et al., 2005).
Application of acupuncture to conscious animal is even
more complicated because needle insertion per se is
Association for the Study of Pain. Published by Elsevier Ltd. All rights
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Fig. 1. Photograph of the volatile anesthesia model for tail-flick test
and EA stimulation.
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actually a painful stimulus and needle manipulation,
either manual or electrical, could further irritate the ani-
mal and confound the assessment. Furthermore, tight
restraint, strong stimulus, psychological stress or fear
are well known as potent activators to produce stress-
induced analgesia (Lewis et al., 1980; Vaccarinoa and
Kastina, 2001) in awake animal models of electroacu-
puncture analgesia (EA) (Pomeranz, 1986; Takeshige
et al., 1992; de Medeiros et al., 2003). Thus, the scientific
merits of the conventional acupuncture models could be
severely reduced when the concomitant stressors are not
adequately controlled.

Many techniques had been proposed to reduce
stressors in acupuncture, including environmental
habituation, freely-moving design, spinal transaction,
decerebration, or anesthesia. Habituation attenuates
the stress in the conscious and restrained rats but it
is ineffective in suppressing the stress from needle stim-
ulation (Yang et al., 2002). One study using con-
sciously free-moving rats showed that while distress
was markedly reduced, the stimulating intensity of
EA, however, was limited to under 3 mA or 3 V and
the acupoint should be deep points, like GB30 (Lao
et al., 2001, 2004). Spinal transaction or decerebration
preserves segmental spinal reflex but sacrifices supra-
spinal descending modulation (Chung et al., 1984a,b;
Romita et al., 1997b). Similarly, anesthesia also has
its problem. Various anesthetics had been used in acu-
puncture studies, such as halothane (Bing et al., 1991;
Lee and Beitz, 1992, 1993), urethane (Murase and
Kawakita, 2000), ether (Sheng et al., 2001), pentobar-
bital (Pan et al., 1994), or combination of pentobarbi-
tal and chloral hydrate (Romita and Henry, 1996;
Romita et al., 1997a; Romita et al., 1997b). These
agents, however, theoretically would suppress the neu-
ral and behavioral responses thus interfering with the
analgesic assessment. Therefore there remains the
demand for a better acceptable stress-free model for
EA studies.

In this study, we proposed an anesthetic model
under low concentration of volatile anesthetics as an
alternative choice. The activation of endogenous opioid
releases by EA has been established by numerous stud-
ies (reviewed by Han (2003, 2004)), hence, we per-
formed a series of experiments to validate this model.
First, a dose-finding study was conducted to examine
suppressing effect of halothane at different concentra-
tions, ranging from 0.1% to 1.1%, on the tail-flick
threshold in rats. Then, we tested EA analgesia under
0.5% halothane with tail-flick test and formalin-
induced hyperalgesia. Moreover, formalin-induced c-
fos expression was analyzed to indicate neuronal
responsiveness in this model. Our study indicated that
the model proposed here could be a reliable EA model
in animals which is minimally biased by stress-induced
analgesia and anesthesia.
2. Methods

2.1. Animal preparation and anesthetic technique

The present study was performed with the approval
of the National Taiwan University Hospital Animal
Care and Use Committee and strictly followed the
guidelines of The Care and Use of Experimental Ani-
mals. Male Sprague–Dawley rats (250–350 g, CD�

(SD) IGS, National Laboratory Animal Center, Tai-
wan) were housed in groups of three to four in animal
room with temperature control at 23 ± 1 �C, 50% rela-
tive humidity, with food and water ad libitum, and 12/
12 h light/dark cycle. Experiments were performed
between 9 am to 4 pm.

The rat was first placed in a 30 · 20 · 15 cm clear
acryl chamber pre-filled with a halothane-soaked gauze
(average chamber concentration of halothane was over
5%) until the appearance of lying down, semi-closed or
fast blinking eyes, or slow breathing. The rat was then
relocated to a transparent cylinder holder circulated
with desired concentration of halothane in pure O2

delivered by an anesthetic machine at a flow rate of
2 L/min for at least 5 min. Two holes just bigger than
the rat’s thigh were made in the holder for hind limb
extension, and its rostral end was connected to the
breathing circuit (Fig. 1). Anesthetic concentration
was monitored by gas analyzer (Capnomac, Datex
Instrumentarium Corp., Helsinki, Finland) by sam-
pling from a three-way adaptor connected to the cir-
cuit and was corrected by changing the vaporizer
setting.

2.2. Study 1: Effect of halothane anesthesia on the tail

flick reflex (Fig. 2a)

2.2.1. Tail flick latency (TFL)

The rat’s tail was extended out of the holder and
tested by an algesic test machine (MK-330B, Muro-
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machi, Japan). A 2-cm segment within the distal one
third of the tail was blackened to facilitate heat absorp-
tion. A photodetector would automatically stop a timer
with a reaction time measured at 0.01 s after detecting
the tail movement. Heat from a heat projector was set
so that the baseline tail-flick time was 3–5 s and the tail
was passively removed if a withdrawal did not occur
within the ‘‘cutoff limit’’ of 10 s. Each ‘‘test latency’’
was an average of three serial withdrawal latencies, sep-
arated by 2 min, at two different spots within the black-
ened segment of the tail.

2.2.2. TFL under different halothane concentrations

In order to select an optimal anesthetic concentration
with the least suppression on the withdrawal reflex, five
different halothane concentrations: 0.1%, 0.3%, 0.5%,
0.7%, and 1.1% were tested. TFL started immediately
after the rat was placed in the holder. The first three
measurements were averaged and defined as ‘‘basal
latency’’ and the successive averaged latencies at the
10-min intervals were defined as ‘‘test latency’’, individ-
ually denoting one time point. We calculated the aver-
ages by ‘‘% change’’ of threshold as follows:

% Change ¼ test latency� basal latency

basal latency
� 100%
2.2.3. Behavioral indexes following halothane anesthesia

and needle stimulation

Four behavioral indexes were used to evaluate the
anesthetic depth and the feasibility of needle manipula-
tion: ‘‘Agitation’’ = strong body withdrawal or vigorous
rotation in the holder; ‘‘Nervous posture’’ = body curl-
ing or back curving; ‘‘Leg withdrawal’’ = leg withdrew
inside the holder when investigator manipulated the hind
leg; ‘‘Difficult needling’’ = need to re-insert the dislodged
needles more than 2 attempts during the first 30 min. In
addition, eye opening/closing, cornea and ear pinna
reflexes to soft cotton thread at the end of anesthesia
were assessed. ‘‘Oversedation’’ is defined as any two of
the three tail flick latencies within each 10-min interval
exceeding the cut-off limit. Duration of ‘‘Recovery’’
was measured from stopping anesthesia to the time of
being able to walk normally. Over-anesthetized rats were
removed from holder to avoid mortality. Rats showing
the ‘‘positive’’ behaviors were counted and the result
was presented as ‘‘(+) rat number/group number’’. Hal-
othane concentration was adjusted according to the mea-
surement of gas analyzer. Each rat could be subjected to
the concentration response study at most twice, usually
first at low then at high concentration which were sepa-
rated by 2–3 days. Electrical stimulus through needles
was briefly tested to ensure the correct needle positions.
The voltage was limited to within 5 times of the current
causing local muscle twitch and a duration less than
1 min at each trial to avoid EA effect.
2.3. Study 2: Effect of EA on tail flick reflex in halothane

anesthesia model (Fig. 3a)

2.3.1. Induction period and maintenance period of

anesthesia

From result of the concentration response study,
0.5% halothane was selected for the following Study 2
and 3. Anesthesia was divided into 2 periods: induction
period (from consciousness to steady-state anesthesia)
and maintenance period (treatment period). During
the induction period, oxygen flow was set at 2 L/min
to facilitate the anesthetic uptake, and then decreased
to 1 L/min at the maintenance period. Tail-flick tests
started at 5 min after the rat was transferred from the
anesthetic chamber to the holder, and were repeated at
an interval of 2–3 min. When the values of two succes-
sive TFL were very close with a difference within 0.5 s,
anesthesia was regarded as stable and the average from
the two was defined as ‘‘basal latency’’. Usually, 15–
20 min was enough for reaching a stable measurement
from our experience and those reported by others (Bing
et al., 1991; Cuellar et al., 2004; Kawamata et al., 2005).
The ‘‘test latency’’ was the same as that described in Sec-
tion 2.2. Maximal possible effect (MPE) was calculated
by this equation:

MPE% ¼ test latency� basal latency

cutoff limit � basal latency
� 100%
2.3.2. EA stimulation

After exposure of the lateral aspect of the right hind
limb in the rat, one pair of stainless steel needles (30G)
were applied during the first 5 min of the induction per-
iod. Needles were inserted to a depth of 5 mm, one in
the meridian point Zusanli (ST-36), located between the
tibia and fibula approximately 5 mm lateral, 5 mm lower
to the anterior tubercle of the tibia, and the other located
5 mm below the Zusanli point. This acupuncture point is
traditionally used for pain control (Pomeranz et al.,
1977). The paired needles were then connected to a stim-
ulator (Square Wave Stimulator 611, Phipps & Bird Inc.,
Virginia, USA) that generated stimuli of 4 Hz, 0.5 ms
square pulses, for a total of 30 min. The intensity was
slowly increased from local muscle twitch at the acupoint,
usually 0.7–1.0 V, to the target intensity in 5–10 min, and
then maintained at that level for another 25 min.

The rats were allocated into 8 groups which were
sham EA group: only needle insertion at acupoint with-
out electrical current; E3 group: low EA (3 V); E10
group: moderate EA (10 V); E20 group: high EA
(20 V); M1 group: intraperitoneal (i.p.) morphine
1 mg/kg; M2 group: i.p. morphine 2 mg/kg; NAL
group: E20 stimulation plus three doses of i.p. naloxone,
respectively, at 10 min before EA (2 mg/kg), 30 min
(1 mg/kg) and 60 min (1 mg/kg) after EA; and C group:
no EA nor injection as control. Morphine and naloxone
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doses were chosen according to previous animal studies
as the active comparative control (Lee and Beitz, 1992;
Takeshige et al., 1992; Han, 2003, 2004). The anesthetic
circuit was designed so that each control or sham rat
was always paired with one experimental rat treated
with either EA or morphine. Thus, this design made
each pair of rats sharing the identical anesthetic concen-
tration, exposure time, ambient temperature, and radi-
ant heat condition on the tail. Electrical stimulation or
morphine injection started at the beginning of the main-
tenance period (time 0).

2.4. Study 3: EA effect on formalin-induced hyperalgesia

in halothane anesthesia model (Fig. 4a)

Four groups were included: 10 V EA, 20 V EA, sub-
cutaneous (s.c.) injection of 2 mg/kg morphine, or nor-
mal saline at the maintenance period. All rats received
intraplantar injection of 50 ll diluted formalin (5%) at
the left paws via a 26G needle at10 min after stop of
anesthesia. The rats were then transferred at an iron-
grid cage for 1-h observation. The weighted pain score,
as described by Dubuisson and Dennis (1997), was
assessed by computing the weighted average of the time
spent for each category as described in our previous
study (Sun et al., 1996). To quantify the temporal pat-
tern of pain behavior, two phases were identified: the
early phase (initial 10 min) and the late phase (20–
60 min), and the cumulative pain scores at the late phase
were compared among groups. All rats were euthanized
for subsequent immunohistochemical staining study.

2.4.1. Immunohistochemistry and Fos-like

immunoreactive (Fos-LI) neurons counting

The rats were euthanized with an overdose of sodium
pentobarbital at 60 min after formalin injection, and
then perfused transcardially with saline followed by
4% paraformaldehyde in phosphate buffer 0.1 mol/L
(pH = 7.4). The spinal cord at the lumbar enlargement
was removed, post-fixed for 4 h, and cryoprotected over-
night in 30% sucrose. Frozen sections were cut in a cryo-
stat (30 lm) and collected as free-floating sections.
Sections were incubated with primary rabbit polyclonal
anti-Fos antiserum (Ab-2, Oncogene), diluted 1:750 with
PBS 0.1 mol/L, containing 3% normal goat serum and
0.3% Triton X-100 for 48 h at 4 �C. After being washed
in PBS, they were incubated with biotinylated second
antibody (goat anti-rabbit antiserum; Vector) diluted
1: 200 in PBS for 1 h at room temperature. The sections
were reacted with elite ABC (Vectastain) diluted 1:50 for
1 h and then 0.1% diaminobenzidine solution containing
0.6% nickel ammonium sulfphate and 0.2% H2O2 as
substrate was added. All sections were mounted on gel-
atin-subbed slides, air-dried and protected with a cover-
slip for light microscopic examination. For each animal
at least ten slices of the Fos-labeled neurons in the L4-5
spinal dorsal horns were counted. Sections were exam-
ined using a dark-field microscope (Axioscope, Zeiss)
to determine the segmental level according to the grey
matter landmarks, as described by Molander et al.
(1984). The dorsal horn of each section was divided into
three regions: (1) the superficial laminae (lamina I/II),
(2) the nucleus proprius (lamina III/IV) and (3) the deep
laminae (lamina V/VI). Fos-LI neurons, which showed a
deep staining distinguishable from background in
bright-field illumination, were counted with respect to
each lamina.

2.4.2. Data analysis

All data were presented as mean ± SEM. Formalin
behavioral scores were transformed into area under
curve (AUC). Repeated measures analysis of variance
(ANOVA) or one-way ANOVA when appropriate was
conducted to compare the time effect and group differ-
ences in the study of concentration survey, EA analgesic
on tail flick test, weighted formalin pain score, and the
numbers of Fos-LI neurons. Post-hoc comparison was
performed by the least significant difference (LSD) test
when indicated. p < 0.05 was taken as statistically
significant.
3. Results

3.1. Study 1: Rats anesthetized with 0.5% halothane had

stable tail-flick latencies

All rats became anesthetized shortly after being
placed in the high halothane-prefilled chamber and were
transferred to the transparent holder at once. We found
that needle insertion should be done as soon as the rat
was placed into the holder when the rat was still deeply
anesthetized. The timing of needle insertion is especially
critical for rats under light anesthesia (e.g. 0.1% and
0.3% halothane).

Many rats under 0.1% halothane woke up from anes-
thesia, moved vigorously and withdrew their tails into
the holder which made the subsequent testing difficult
(Table 1). For the 0.3% group, needles insertion was still
difficult because of leg withdrawal hiding under the
body, or vigorous shaking at electrical stimulation.
Comparatively, the rats under 0.5% and 0.7% halothane
not only showed tolerance to the electric stimulation,
but also preserved tail reflexes and had fast recovery
from anesthesia. All rats subjected to 0.5% and 0.7%
halothane could walk normally within 5 min after stop
of anesthesia, but more rats in the 0.7% halothane group
were classified as oversedated. The results demonstrated
that anesthesia at 0.5% halothane provided an optimal
condition for EA with minimal impact on nociceptive
reflex. Therefore, 0.5% halothane was selected for the
subsequent studies.



Table 1
Behavioral indexes observed during the 120-min halothane anesthesia

Halothane concentration

0.1% 0.3% 0.5% 0.7% 1.1%

Induction period (0–30 min)

Agitation 3/5 2/8 0/8 0/8 0/5
Nervous posture 4/5 3/8 0/8 0/8 0/5
Leg withdrawal 4/5 5/8 1/8 0/8 0/5
Difficult needling 5/5 4/8 1/8 0/8 0/5

Maintenance period (30–120 min)

Eye open 5/5 8/8 6/8 4/8 1/5
Conea reflex 5/5 8/8 6/8 3/8 1/5
Ear pinna reflex 5/5 8/8 8/8 3/8 2/5
Recovery (min) <1 <3 1–5 1–5 6-10
Over-sedation 0/5 0/8 1/8 3/8 5/5
Death 0 0 0 0 1a

The data are expressed as ‘‘(+) rat number/group rat number’’. The
definition of each behavioral sign is described in the text.

a This rat appeared dyspnea 30 min after the start of anesthesia,
probably due to airway obstruction.

Fig. 2. Effect of different halothane concentrations on the tail-flick
latency (TFL). (a) Study design for concentration survey. Time points
for tail-flick test, electrical stimulation were marked by ·. (b) TFL
under various concentrations of halothane in O2for 120 min showed
concentration-dependent effects on nociceptive threshold. TFL is
expressed as ‘‘% change’’ with respective to the ‘‘basal latency’’ at
time 0 (see text). Statistical analysis was conducted by repeated-
measures analysis of variance (ANOVA) to compare the time factor,
followed by the Least Significant Difference (LSD) test for post-hoc
comparison. #p < 0.05, ##p < 0.01 for groups vs. basal latency.
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The TFL with different concentrations of halothane
are presented in Fig. 2. We chose the % change rather
than the MPE for nociceptive threshold changes because
the cutoff limit in MPE could obliterate the anesthetic
effect. Significant difference was found among various
concentration groups (F4,27 = 5.347, p = 0.003). As
shown in Fig. 2, halothane at low concentrations
(0.1% and 0.3%) caused highly variable thresholds, while
high concentration (1.1%) resulted in a time-dependent
prolongation of TFL (p < 0.05). The latencies under
0.1% or 0.3% halothane ranged from �19.4% to 9.2%
and from �12.1% to 19.9%, respectively. Rats in the
0.5% and 0.7% groups had a narrow range of values.
The maximal difference of % change of threshold (i.e.
maximal value minus minimal value) through the 120-
min duration was only 15% in the 0.5% group and
23% in the 0.7% group. Halothane-induced analgesia
was shown in the 0.7% group at the end of the study.
The TFL under 0.5% halothane was not prolonged until
120-min anesthesia.

3.2. Study 2: EA intensity-dependently prolonged tail-

flick latency in the halothane anesthesia model

In the 0.5% halothane groups, sham EA did not pro-
duce any analgesia compared with the control
(p = 0.603) or with the pre-EA baseline (Fig. 3b). Low
intensity EA (3 V) mildly prolonged the withdrawal
thresholds compared with baseline level (p < 0.05), but
had no significant difference from that of the control
or the sham EA at any time point (p = 0.052, Fig. 3b).
The MPE maintained at about 20% elevated for a long
period after stop of EA. Increasing the stimulating
intensity showed a significantly dose-dependent differ-
ence in tail-flick threshold between E10 and control as
well as between E20 and control from 10 and 30 min
after EA, respectively (F7,66 = 12.233, p = 0.00)
(Fig. 3c). EA of 20 V had higher analgesic effect than
10 V EA at 40 min after EA stimulation (p < 0.01). In
the 10 V EA group, two peak MPEs appeared at
50 min (32.0 ± 6.2%) and 70 min (34.6 ± 5.1%), whereas
maximal MPEs of the 20 V group were at 60 min
(67.2 ± 9.2%) and 90 min (74.3 ± 9.9%), all of which
far outlasted the stimulation period. Analgesic effect of
the 20 V EA is similar to the effect of i.p. 2 mg/kg mor-
phine (p = 0.538, Fig. 3d), but peak effect of morphine
appeared earlier than EA stimulation. Naloxone par-
tially reversed the 20 V EA analgesia (Fig. 4b), which
was significantly attenuated from 74.3 ± 5.1% to
13.6 ± 4.0% at time 90, with a 82% decrease (p < 0.01).
There was no hematoma, local tissue swelling or inflam-
matory changes at needle insertion sites in any rat after
the stimulation.

3.3. Study 3: EA suppressed formalin-induced

hyperalgesia and decreased c-fos expression in halothane

anesthesia model

The typical biphasic nocifensive response was present
after intraplantar injection of 5%, 50 ll formalin in all
groups (Fig. 4b). The 10 V and 20 V EA obviously



Fig. 3. EA effect on TFL in 0.5% halothane model. (a) Study design for procedures of EA stimulation, tail-flick test, morphine, saline, or naloxone
administration. (b–d) Maximal possible effect (MPE) illustrates the effect of sham EA, EA of 3 V (E3), 10 V (E10), and 20 V (E20), morphine at the
doses of 1 mg/kg (M1) or 2 mg/kg (M2), and E20 plus naloxone (NAL) on TFL under 0.5% halothane. Horizontal thick bar indicates the EA
stimulating period. Repeated measures analysis of variance (ANOVA) and one-way ANOVA were conducted to compare the time factor and group
differences. Post-hoc comparison was performed by the Least Significant Difference (LSD) test. #p < 0.05, ##p < 0.01 for E3 group vs. its pre-EA
basal latency. *P < 0.05, **p < 0.01 vs. C (c) or vs. NAL (d); +p < 0.05, ++p < 0.01 vs. E3 (c) or vs. M2 (d). §p < 0.05, §§p < 0.01 vs. E10 (c) or vs. M1
(d) (b) M1: i.p. morphine, 1 mg/kg; M2: i.p. morphine, 2 mg/kg ; NAL: E20 plus i.p. naloxone 2 mg/kg at time �10, 1 mg/kg at time 30 and 60,
respectively.
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inhibited the behavioral hyperalgesia induced by forma-
lin, and this suppression mainly appeared at the late
phase. They significantly decreased cumulative pain
score of the late phase by over 30% (form 15.27 ± 0.75
in control group to 11.56 ± 0.76 in the E10 and
10.30 ± 1.20 in the E20 group, p < 0.01) (Fig. 5d). The
20 V EA is approximately equipotent to s.c. 2 mg/kg
morphine given 40 min before formalin injection. EA
of 20 V had stronger inhibitory effect than 10 V EA at
the latter-half of the late phase, though without statisti-
cal significant difference. Unlike EA, morphine had a
significant suppressive effect at both the early and late
phase of the formalin test (Fig. 4c).

Induction of Fos-LI neurons by 5% formalin injec-
tion was predominantly located in L4-5 dorsal horn ipsi-
lateral to the side of formalin injection, and mostly
distributed at the superficial and deep laminae (Fig
5a), which clearly indicated hyper-excitation of the
post-synaptic secondary neurons or interneurons by for-
malin. This neuronal excitation could be significantly
inhibited by either pretreatment with 20 V EA or
2 mg/kg morphine to the extent of 29.7% and 42.6%
decrease, respectively (p < 0.05, Fig. 5d). More specifi-
cally, morphine and 20 V EA suppressed the Fos expres-
sion at the superficial and deep laminae of dorsal horns
(Fig. 5b and c), whereas 10 V EA only decreased Fos-LI
neurons at the deep laminae (not shown).
4. Discussion

The aim of this study was to search for a low con-
centration of halothane to enable EA manipulation
and reproduce analgesia in rats with minimal stress.
Our data showed that rats tolerated needle insertion
and EA stimulation well under 0.5% or higher concen-
tration of halothane. At 0.5% halothane, TFL was
constantly maintained for 120 min, and EA stimulation
could prolonged TFL, suppressed formalin-induced
hyperalgesia and inhibited c-fos expression in an inten-
sity-dependent manner. The analgesic efficacy was nal-
oxone reversible. These findings correlate well with the
generally accepted phenomena in available EA studies
and showed appropriate analgesic property in different
pain models.

Stimulating the animals without detectable stress is
the most favorable feature in this model. It is generally
accepted that administration of EA to conscious animal
involves three kinds of stressors: immobilization, needle
insertion, and electric current stimulation. Immobiliza-



Fig. 4. EA effect on formalin-induced hyperalgesia in 0.5% halothane model. (a) Study design for procedures of formalin injection, EA stimulation,
morphine, or saline administration. (b–c) Formalin plantar injection in all groups showed typical biphase of hyperalgesia. Both the 10 V and 20 V EA
significantly reversed behavioral hyperalgesia, mainly at the late phase (20–60 min). Morphine had a significant suppressive effect at both the early
and late phase. (d) The cumulative pain score at the late phase demonstrated E10, E20, or morphine produced significant analgesia. *p < 0.05,
**p < 0.01 for groups vs. NS; +p < 0.05 for E20 vs. E10.

Fig. 5. Differential c-fos expression at the L4-5 dorsal horns after the 10 V, 20 V EA, or morphine treatment in 0.5% halothane model. The rats
subjected to the formalin injection at hind limb plantar showed strong c-fos expression at the superficial and deep laminae in L4-5 dorsal horn (a).
Subcutaneous 2 mg/kg morphine (c) and 20 V EA (b) suppressed the Fos expression at the laminae I/II and V/VI of dorsal horns, while 10 V EA only
decreased Fos-LI neurons at the laminae V/VI (d).
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tion is a well-documented stressor producing potent
analgesic effect through the release of endogenous opi-
oid peptides (Vaccarinoa and Kastina, 2001), and is
probably the most severe stressor among those having
a predominant emotional reaction (Marquez et al.,
2002; Armario et al., 2004). Rats in restraint exhibited
longer TFL in our pilot study and other study (Mitchell
et al., 1998), and had less formalin-induced hyperalgesia
than those been habituated (Aloisi et al., 1998). Further-
more, repeated restraint training was reported to mark-
edly reduce immobilization-induced analgesia and
associated c-fos expression (Umemoto et al., 1994). Acu-
puncture per se is another stressor to animals due to
physiological and psychological effect. Our unpublished
data showed that the conscious, acclimated rats did not
tolerate needle insertions or low electric stimulation
without restraint. In immobilized rats, EA increased
heart rate and blood pressure, and released three- to
four-fold of norepinephrine and epinephrine than rats
without EA stimulation (Yang et al., 2002). A recent
study indicated that, in un-habituated rats, non-acu-
point EA produced comparable analgesic effect as acu-
point EA stimulation with respect to behavioral index
and c-fos expression in the periaqueductal gray (de
Medeiros et al., 2003). In this anesthetic study, three volt
EA had very mild depression on tail-flick withdrawal,
whereas this intensity was advocated to be strongly
effective in conscious animals (Ulett et al., 1998). It is
presumed that the stress-induced analgesia might partic-
ipate in EA analgesia in the conscious rats, though sup-
porting evidence is insufficient. Taken together, the
reduction in animal distress not only avoid the con-
founding mechanisms associated with stress-induced
analgesia but also conform to the ethical policy at
intense EA stimulation.

Volatile anesthetic agent possesses a more favorable
pharmacokinetic profile than the conventional non-
volatile anesthetics, i.e. shorter wash-in and wash-out
period. Animals in this study preserved constant tail-
flick reflexes under 0.5% halothane and resumed sponta-
neous activities within 5 min after anesthesia. The
unique advantage of better control of anesthetic depth
had never been clearly described despite similar concen-
tration of halothane was used in other studies (Bing
et al., 1991; Lee and Beitz, 1992). Faster onset of
anesthesia enables a short titration period, and rapid
recovery allows to evaluate many nocifensive behaviors,
which can only be accomplished in the conscious state,
e.g. formalin-induced hyperalgesia. In comparison,
parenteral anesthesia by single or repeated injection
technique would cause fluctuating plasma concentra-
tion, and continuous infusion requires an indwelling
catheter and is even harder to achieve a desirable anes-
thetic level. Therefore, this light halothane model for
EA shows superiority over the conventional injectable
anesthetic models.
Another advantage of light halothane is that the
effect on sensory processing and nociceptive reflex could
be minimized. We showed that the constant withdrawal
threshold under 0.5% halothane, which is approximately
0.5 minimum alveolar concentration (MAC) (O’Connor
and Abram, 1995), serves as a satisfactory negative con-
trol to exclude the potential confounding effect by itself.
Hence, we need not calculate the ‘‘actual EA effect’’ by
subtracting the control latencies in rats receiving anes-
thesia but no EA from latencies in rats receiving both
anesthesia and EA in other studies (Romita and Henry,
1996; Romita et al., 1997a; Romita et al., 1997b). Vola-
tile anesthetics, however, were believed to have modify-
ing effects on nociceptive processing and Fos protein
expression (Wall, 1988; Yaksh, 1993; Noviova et al.,
2004). Several lines of evidence showed the effect on sen-
sory integrities and neural reactions is concentration-
dependent and agent-specific, particularly at concentra-
tion over 1 MAC. In rat formalin model O’Connor et al.
demonstrated spinal sensitization could be blocked by
halothane or isoflurane at 1 MAC, 1.0% and 1.4%,
respectively (O’Connor and Abram, 1995). ‘‘Windup
phenomenon’’ of wide dynamic range (WDR) neurons
at the spinal dorsal horns in mice was suppressed by hal-
othane at 0.9–1.1 individual MAC (0.9 ± 0.1%) but was
not significant at below 0.9 MAC (Cuellar et al., 2004).
Exposure duration is another contributing factor
because the rats under 0.7% halothane showed signifi-
cant higher TFL than the control rats in the end of
the experiment. Accordingly, we suggest that light anes-
thesia with 0.5% halothane (0.5 MAC) may not be suf-
ficient to alter nociceptive sensitization and EA effect
within an 120-min period.

In formalin-induced hyperalgesic model, EA at 10 V
or 20 V manifested an inhibition exclusively at the late
phase, but not at the early phase. The differential sup-
pression was reported earlier (Hao et al., 2000) and
was suggested to be an evidence that EA analgesic effi-
cacy is insufficient to inhibit the early intense nociceptive
barrage. The suppression of Fos expression distributed
in the superficial and deep dorsal horns by EA treatment
provides adequate explication (Harris, 1998). Superficial
laminae I/II serve as the first relayed station from initial
peripheral noxious barrage, and in lamina V, WDR neu-
rons polysynaptically receive both noxious and innocu-
ous peripheral inputs and participate in generating a
long-lasting after-discharges (Besson and Chaouch,
1987; Price et al., 1994). In this study, formalin induced
densely Fos distribution over laminae I, II, and V of the
L4-5 dorsal horns as shown by other studies (Hunt et al.,
1987; Bullitt, 1990; Presley et al., 1990). Our staining
results suggested that EA mainly affected neuron activa-
tion in the deep layers and only the strong stimulation
(20 V) could suppress Fos expression at both the super-
ficial and deep laminae. Comparatively, Presley and col-
leagues (Presley et al., 1990) reported that systemic
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injection with 10 mg/kg morphine suppressed c-fos

expression in the deep laminae to a greater extent than
that in the superficial laminae. The c-fos expression
between EA and morphine effect suggests that they
share, at least partly, the antinociceptive effect through
a complex inhibitory system at the multiple synaptic
components.

We proposed a steady-state and easily titratable anes-
thetic model for studying acupuncture-induced analge-
sia in rats. In this dose-finding study we found that
0.5% halothane induced constant tail-flick latency for
120 min and permitted easy animal manipulation,
strong needle stimulation and immediate recovery. The
intensity-dependent EA analgesia was reproduced as
gauged by spinal reflex, behavioral hyperalgesia or Fos
expression in the spinal cord dorsal horn neurons. Most
importantly, this model created a condition with mini-
mal stress, which had been considered as a confounding
and confusing factor in conscious model.
Acknowledgement

The authors thank Yi-Hao Chang for technical assis-
tance. Funding supports are research grants No. 8302-
89-0208-01 and 8302-90-0208-01 (to Dr. Wen) from
the Shin-Kong Wu Ho-Su Memorial Hospital.
References

Acupuncture. NIH Consensus Statement 1997;15:1–34.
Aloisi AM, Ceccarelli I, Lupo C. Behavioral and hormonal effects of

restraint stress and formalin test in male and female rats. Brain Res
Bull 1998;47:57–62.

Armario A, Martı́ O, Vallès A, Dal-Zotto S, Ons S. Long-term effects
of a single exposure to immobilization on the hypothalamic–
pituitary–adrenal axis: neurobiologic mechanisms. Ann NY Acad
Sci 2004;1018:162–72.

Besson JM, Chaouch A. Peripheral and spinal mechanisms of
nociception. Physiol Rev 1987;67:167–86.

Bing Z, Villanueva L, Le Bars D. Acupuncture-evoked response of
subnucleus reticularis neurons in the rat medulla. Neuroscience
1991;44:693–703.

Bullitt E. Expression of c-fos like protein as a marker for neuronal
activity following noxious stimulation in the rat. J Comp Neurol
1990;296:517–30.

Chung JM, Fang ZR, Hori Y, Lee KH, Willis WD. Prolonged
inhibition of primate spinothalamic tract cells by peripheral nerve
stimulation. Pain 1984a;19:259–75.

Chung JM, Lee KH, Hori Y, Endo K, Willis WD. Factors influencing
peripheral nerve stimulation produced inhibition of primate
spinothalamic tract cells. Pain 1984b;19:277–93.

Cuellar JM, Antognini JF, Eger Second EI, Carstens E. Halothane
depress C-fiber-evoked windup of deep dorsal horn neuron.
Neurosci Lett 2004;363:207–11.

de Medeiros MA, Canteras NS, Suchecki D, Mello LE. Analgesia
and c-fos expression in the periaqueductal gray induced
electroacupuncture at the Zusanli point in rats. Brain Res
2003;973:196–204.
Dubuisson D, Dennis SG. The formalin test: a quantitative study of
the analgesic effects of morphine, meperidine, and brain stem
stimulation in rats and cats. Pain 1997;4:161–74.

Han JS. Acupuncture: neuropeptide release produced by electrical
stimulation of different frequencies. Trend Neurosci 2003;26:17–22.

Han JS. Acupuncture and endorphins. Neurosci Lett 2004;361:258–61.
Hao S, Takahata O, Iwasaki H. Electroacupuncture potentiates the

antinociceptive effect of intrathecal endomorphine-1 in the rat
formalin test. Neurosci Lett 2000;287:9–12.

Harris JA. Using c-fos as a neural marker of pain. Brain Res Bull
1998;45:1–8.

Hunt SP, Pini A, Evan G. Induction of c-fos-like protein in spinal cord
neurons following sensory stimulation. Nature 1987;328:632–4.

Kawamata M, Narimatsu E, Kozuka Y, Takahashi T, Sugino S, Niija
T, et al. Effects of halothane and isoflurane on hyperexcitability of
spinal dorsal horn neurons after incision in the rat. Anesthesiology
2005;102:165–74.

Lao L, Zhang G, Wei F, Berman BM, Ren K. Electro-acupuncture
attenuates behavioral hyperalgesia and selectively reduces spinal
Fos protein expression in rats with persistent inflammation. J Pain
2001;2:111–7.

Lao L, Zhang RX, Zhang G, Wang X, Berman BM, Ren K. A
parametric study of electroacupuncture on persistent hyperalgesia
and Fos protein expression in rats. Brain Res 2004;1020:18–29.

Lee JH, Beitz AJ. Electroacupuncture modifies the expression of c-fos
in the spinal cord induced by noxious stimulation. Brain Res
1992;577:80–91.

Lee JH, Beitz AJ. The distribution of brain-stem and spinal cord nuclei
associated with different frequencies of electroacupuncture analge-
sia. Pain 1993;52:11–28.

Lewis JW, Cannon JT, Liebeskind JC. Opioid and nonopioid
mechanisms of stress analgesia. Science 1980;208:623–5.

Linde K, Streng A, Jürgens S, Hoppe A, Brinkhaus B, Witt C, et al.
Acupuncture for patients with migraine: a randomized controlled
trial. JAMA 2005;293:2118–25.

Marquez C, Belda X, Armario A. Post-stress recovery of pituitary–
adrenal hormones and glucose, but not the response during
exposure to the stressors, is a marker of stress intensity in highly
stressful situations. Brain Res 2002;926:181–5.

Mitchell JM, Lowe D, Fields HL. The contribution of the rostral
ventromedial medulla to the antinociceptive effects of systemic
morphine in restrained and unrestrained rats. Neuroscience
1998;87:123–33.

Molander C, Xu Q, Grant G. The cytoarchitectonic organization of
the spinal cord in the rat. I. The lower thoracic and lumbosacral
cord. J Comp Neurol 1984;230:133–41.

Murase K, Kawakita K. Diffuse noxious inhibitory controls in
antinociception produced by acupuncture and moxibustion on
trigeminal caudalis neurons in rats. Jpn J Physiol 2000;50:
133–40.

Noviova NS, Kazakova TB, Rogers V, Korneva EA. Expression of the
c-Fos gene in spinal cord and rain cells in rats subjected to stress in
conditions of exposure to various types halothane anesthesia.
Neurosci Behav Physiol 2004;34:407–12.

O’Connor TC, Abram SE. Inhibition of nociception-induced spinal
sensitization by anesthetic agents. Anesthesiology 1995;82:259–66.

Pan B, Castro-Lopes JM, Coimbra A. C-fos expression in the
hypothalamo-pituitary system induced by electroacupuncture or
noxious stimulation. NeuroReport 1994;5:1649–52.

Pomeranz B. Relation of stress-induced analgesia to acupuncture
analgesia. Ann NY Acad Sci 1986;467:444–7.

Pomeranz B, Cheng R, Law P. Acupuncture reduces electrophysio-
logical and behavioral responses to noxious stimulation: pituitary
is implicated. Exp Neurol 1977;54:172–8.

Presley RW, Mentry D, Levine J, Basbaum AI. Systemic morphine
suppresses noxious stimulus-evoked fos protein-like immunoreac-
tivity in the rat spinal cord. J Neurosci 1990;10:323–5.



742 Y.-R. Wen et al. / European Journal of Pain 11 (2007) 733–742
Price DD, Mao J, Mayer DJ. Central neural mechanisms of normal
and abnormal pain states. In: Field HL, Liebskind JC, editors.
Pharmacological approaches to the treatment of chronic pain: new
concepts and critical issues. Seattle: IASP Press; 1994. p. 61–84.

Romita VV, Henry JL. Intense peripheral electrical stimulation
differentially inhibits tail vs. limb withdrawal reflexes in the rat.
Brain Res 1996;720:45–53.

Romita VV, Suk A, Henry JL. Parametric studies on electroacupunc-
ture-like stimulation in a rat model: effects of intensity, frequency,
and duration of stimulation on evoked antinociception. Brain Res
Bull 1997a;42:289–96.

Romita VV, Yashpal K, Christina WYH, Henry JL. Intense peripheral
electrical stimulation evokes brief and persistent inhibition of the
nociceptive tail withdrawal reflex in the rat. Brain Res
1997b;761:192–202.

Sheng LL, Nishiyama K, Honda T, Sugiura M, Yaginuma H, Sugiura
Y. Suppressive effects of Neiting acupuncture on the toothache: an
experimental analysis on Fos expression evoked by tooth pulp
stimulation in the trigeminal subnucleus pars caudalis and the
periaqueductal ray of rats. Neurosci Res 2001;38:331–9.
Sun WZ, Shyu BC, Shieh JY. Nitrous oxide or halothane, or both, fail
to suppress c-fos expression in rat spinal cord dorsal horn neurons
after subcutaneous formalin. Br J Anaesth 1996;76:99–105.

Takeshige C, Kobori M, Hishida F, Luo CP, Usami S. Analgesia
inhibitory system involvement in nonacupuncture point-stimula-
tion-produced analgesia. Brain Res Bull 1992;28:379–91.

Ulett GA, Han S, Han JS. Electroacupuncture: mechanisms and
clinical application. Biol Psychiatry 1998;44:129–38.

Umemoto S, Noguchi K, Kawai E, Senba E. Repeated stress reduces
the subsequent stress-induced expression of Fos in rat brain.
Neurosci Lett 1994;167:101–4.

Vaccarinoa AL, Kastina AJ. Endogenous opiates: 2000. Peptides
2001;22:2257–328.

Wall PD. The prevention of postoperative pain. Pain 1988;33:289–90.
Yaksh TL. The spinal pharmacology of facilitation of afferent

processing evoked by high-threshold afferent input of the postin-
jury pain state. Curr Opin Neurol Neurosurg 1993;6:250–6.

Yang CH, Lee BB, Jung HS, Shim I, Roh PU, Golden GT. Effect of
electroacupuncture on response to immobilization stress. Pharma-
col Biochem Behav 2002;72:847–55.


	A minimal stress model for the assessment of electroacupuncture analgesia in rats under halothane
	Introduction
	Methods
	Animal preparation and anesthetic technique
	Study 1: Effect of halothane anesthesia on the tail flick reflex (Fig. blank 2a)
	Tail flick latency (TFL)
	TFL under different halothane concentrations
	Behavioral indexes following halothane anesthesia and needle stimulation

	Study 2: Effect of EA on tail flick reflex in halothane anesthesia model (Fig. blank 3a)
	Induction period and maintenance period of anesthesia
	EA stimulation

	Study 3: EA effect on formalin-induced hyperalgesia in halothane anesthesia model (Fig. blank 4a)
	Immunohistochemistry and Fos-like immunoreactive (Fos-LI) neurons counting
	Data analysis


	Results
	Study 1: Rats anesthetized with 0.5% halothane had stable tail-flick latencies
	Study 2: EA intensity-dependently prolonged tail-flick latency in the halothane anesthesia model
	Study 3: EA suppressed formalin-induced hyperalgesia and decreased c-fos expression in halothane anesthesia model

	Discussion
	Acknowledgement
	References


