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Effects of electroacupuncture on the activation of endogenous
anti-analgesic system in rats

Yohji Fukazawa, Shiroh Kishioka, Takehiko Maeda, Norifumi Shimizu,
Chizuko Yamamoto, Hiroyuki Yamamoto
Department of Phar macology, Wakayama M edical University

Summary: Several lines of evidence imply that there exists an endogenous anti-analgesic
system which is involved in the modulation of opioid analgesia. In this experiment, we designed
to evaluate the site and the duration of anti-analgesic action induced by electroacupuncture (EA),
and the effects of N-methyl-p-aspartate (NMDA) receptor antagonist, MK-801, on the
anti-analgesic effect. Male Sprague-Dawley rats were exposed to EA (ST-36 or LI-4; 0.1-msec
duration at 3 Hz for 45 min), and pain thresholds were assessed by the hind-paw pressure test. The
analgesic effect of subcutaneous morphine following EA was significantly attenuated while the
electrical stimulation applied to non-acupoint showed no reduction of the analgesia. The
attenuation was inversely proportional to the time-interval between EA and morphine injection.
When morphine was injected at 120 min after the termination of EA, the anti-analgesic effect
induced by EA completely diminished. The analgesic effect of intrathecal, but not
intracerebroventricular, morphine was attenuated by EA. The pretreatment with intrathecal
MK-801 not only diminished EA-induced antinociception, but also inhibited the attenuation of
intrathecal morphine analgesia following the EA. These results suggest that the spinal cord
plays a crucial role in the anti-analgesic system induced by EA stimulation, and the NMDA

receptor may be involved in the activation of EA-induced anti-analgesic system.
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Fig. 1. The time course of the electroacupuncture (EA)-induced
antinociception and morphine s.c. analgesia estimated by the

hind-paw pressure test.
LI-4; 0.1-msec duration at 3 Hz for 45 min).

EA was applied to acupoints (ST-36 or
Morphine (7

mg/kg, s.c.) was administrated at the point indicated by an arrow.
Each point represents the mean and vertical bars indicate the

S.EM. *P<0.05, **P <0.01 vs. open circle.
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electroacupuncture (EA) stimulation and morphine
administration. Morphine (7 mg/kg, s.c.) was
administered at 0 — 120 min after the termination of EA
stimulation. Analgesic effect was expressed as the area
under the pain threshold curve (AUC). EA was applied
by the stimulation of ST-36 point (0.1-msec duration at 3
Hz for 45 min). Each column represents the meant*
S.E.M. of 6 animals. **P <0.01 vs. open column.
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Fig. 3. Electroacupuncture (EA)-induced anti-analgesic
effects on morphine and the routes of morphine
administration. Morphine (10 [Jg, i.t. or 25 [lg, i.c.v.)
was administrated 15 min after the termination of EA
stimulation. Analgesic effect was expressed as the area
under the pain threshold curve (AUC). EA was applied to
acupoints (ST-36 or LI-4; 0.1-msec duration at 3 Hz, for 45
min). Each column represents the meant S.E.M. of 6 to 9
animals. **P <0.01 vs. open column.
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Thermal Hyperalgesa Following Peripheral US0488H Administration IsNot Mediated by
M -opioid or ORL 1 Receptors Sysems

Hiroshi Sekiyama, Jun Utsumi®, Toshinobu Sumida, K azuo Hanaoka
Pain Rdigf Center, Department of Anesthesiology,
Faculty of M edicine, Univer sity of Tokyo, Tokyo, Japan
BClinical Research Dept., Toray Indugtries, Inc.Tokyo, Japan

Summary: Evidence for theimportance of peripherd opioid andgesic action ismounting, epedidly ininflamed tissues.
However, we have observed evidence of thermd hyperdgesiafollowing peripherd [kappa) 1-opioid agonist administration.
Onehypothessisthat thermd hyperd gesiafollowing peripherd [keppa] 1-opioid agonis adminigtration may be mediated
by [mu]-opioid or ORL 1 receptorssysems. Inthisstudy, weinvestigated therole of [mu]-opioid or ORL 1 receptors
sygemsin thethermd hyperdgesiainduced by peripherd [keppa) 1-opioid adminigtration.

With gpprovd of our Animd care and Use Committes, we used amodified Hargreaves test device to measurewithdrawal
latendesto rediant heet gimulation of thermaly injured rat hind paw. Under halothane anesthesia, thirty animalsreceived an
intrgplantar injection of 120 [mu]g of nor-BNI ( aspecific [kappa] 1-opioid receptor antagonist; n=10), 30 nmoleof
[F/GINC ( [Phel [PSI] (CH,NH)Gly?-nociceptin-(1-13)NH,, an ORL 1 receptor antagonist; n=10), or 1 n moleof CTOP
(agpedific[mu]-opioid receptor antagonigt; n=10), 30min beforeintrgplantar injection of 250 n mole US0 (US0,488H, a
spedific [keppal 1-opioid receptor agoni) inavolume of 20 [mu]l of 270%DM SO. Twenty animasrecaived vehides
(ditilled water or Sterile 0.9% physidlogic sdine each group n=10), 30min beforeintraplantar injection of US0. Halothane
was disoontinued and withdrawd latencieswere tesed every 15 minutesfor twohours  Datawas dso presented asa
difference score (DS), thet i, thelatency time of the normd paw subtracted from the latency time of the tested paw. Negative
DSindicated the presence of hyperalgesia. Repested measure ANOVA followed by Bonferroni test was used for satistical
andyss

Thermd hyperdgesiafollowing peripherd [kappa] 1-opioid agonist, US0 was prevented by the pre- adminidtration of
periphera nor-BNI(DS; -1.5 ). Peripherd [F/GINC and CTOP did not prevent thethermal hyperdgesafollowing
peipherd US0 (DS; -9.1 sec and-8.2, respectively). Vehides (ditilled water and sterile 0.9% physiologic sdline) did not
have any effectson thetherma hyperdgesiafollowing peripherd US0 (DS, -8.7 sec and 9.2, repectively).

It hasbeen reported that the ORL 1 receptor agoni<t, nociceptin indirectly stimulates nerve endings of nociceptive
primary afferent neuronsthrough aloca SPrelease or that [mu]-opioid receptor activation leedsto asudained increasein
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glutamate synaptic effectiveness a the N-methyl-D-agpartate receptor level, asystemn associated with centra
hypersensitivity to pain. However, the present study demonstratesthat therma hyperdgesiafollowing periphera
[kappa] 1-opioid agonist adminigration is not mediated by [mu]-opioid or ORL 1 receptors systems.
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METHODS

Experimental Procedure

Allrats redved 2 days of traning, 2 hours per day

¥
Thermal injured rats

Thermal injury (55-56 *C Lisec)
under brief halothane anesthesia

¥

Measure withdrawal latency 24h after burn

=

Difference score (DS)
= Right paw latency time
- Left paw latency time

Y ¥
IDS<-L5sec| |DS>-15sec |
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Drop out

nor-BNI, ORL] receptor antagonist,
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Measure paw withdrawal latency time
for 2 h every 15 min
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Lack of peripheral morphineanalgesiain nerveinjury type of
neuropathic model mice
Toshiko Kawashima, M akoto Inoue and Hiroshi Ueda
Division of Molecular Pharmacology and Neur oscience
Nagasaki University Graduate School of Biomedical Sciences

Summary : In clinic, neuropathic pain is reported insensitive to morphine. However, the mechanism of
this morphine-insensitivity is not clear. Here, we demonstrate a possible mechanism of
morphine-insensitivity to bradykinin (BK)-induced nociception after partial sciatic nerve injury by use of
algogenic-induced nociceptive flexion test in mice. Intraplantar (i.pl.) injection of bradykinin induced
dose-dependent nociceptive flexion responses in mice. After nerve injury, the dose-response curve of
bradykinin were shifted at about 100 times lower doses. Peripheral morphine treatment (i.pl.) completely
inhibited the BK-responses in sham-operated mice while it had no effect on the BK-induced nociception
in nerve-injured mice. In sham-operated mice, the BK-induced nociception was blocked by intrathecal
NK1 receptor antagonist, CP-99994. However, in nerve-injured mice, MK-801, but not CP-99994
blocked the BK-induced nociception suggesting a switch in spinal neurotransmitter for BK-nociception
after injury. Neonatal capsaicin treatment, which degenerates small diameter primary afferents, abolished
the BK-induced nociceptive responses in sham-operated mice, but not in injured ones further indicating a
change in fiber type that mediates BK-nociception after injury. Pharmacological characterization by use
of specific antagonists revealed that BK-responses in sham-operated mice were mediated through B2
receptor, while that in injured mice through B1 receptor. Altogether, these findings suggest that loss of
morphine analgesia to BK-nociception after nerve injury could be attributed to the functional switch of
fiber types that mediate BK -responses.
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Endoor phins analogues containing D-Pro” antagonizes endoor phin antinociception
inice

'Shinobu Sakurada, *Hiroko Uchiyaa, *Hiroyuki Watanabe, *Hir okazu izoguchi,

Tsutou Fujiura, *Kiie urayaa, *Tsukasa Sakurada

'Departent of Physiology and Anatoy, Tohoku Pharaceutical University,
Division of Biocheical Analysis, Central Laboratory of edical Sciences, Juntendo University

3Departent of Biocheistry, Daiichi College of Pharaceutical Sciences

Suary: The antagonistic actions of D-Pro’endoorphins on inhibition of the paw withdrawal response by
endoorphins were studied in ice.  When D-Pro®endorphin-1 (0.03-0.1 pol) was injected siultaneously
with i.t. endoorphin-1 (0.5 nol) or endoorphin-2 (5 nol), antinociception induced by endoorphin-1 was
reduced significantly, whereas endoorphin-2-induced antinociception was not affected by
D-Pro®-endoorphin-1. Antinociception induced by i.t. endoorphin-2 (5.0 nol) was resuced significantly by
its analogue, D-Pro*endoorphin-2 (100 pol), but not by D-Pro*endoorphin-1. These results suggest that
endoorphin analogues containing D-Pro? are able to discriinate the antinociceptive actions of p; and

Ho-opioid receptor agonists at the spinal cord level.
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Table 1  Structure of endoorphin-1,
endoorphin-2 and their analogues containing

D-Pro underlined

Structure
Tyr-Pro-Trp-Phe-NH2
Tyr-D-Pro-Trp-Phe-NH:
Endoorphin-2 Tyr-Pro-Phe-Phe-NH2
D-Prozendoorphin-2  Tyr-D-Pro-Phe-Phe-NH:

Endoorphins
Endoorphin-1

D-Proz-endoorphin-1
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Possible involvement of morphinone in appearance of side effects of morphine

Takashi Ishida, Tetuya Ooishi, Kunihiro Tukahara, Shigeru Yamano,
Reiko Takenoshita, Hideki Kita, Satoshi Toki
Faculty of Phar maceutical Sciences, Fukuoka University

Summary: In mice pretreated with morphinone, a toxic metabolite of morphine, by asinglei.t. injection,
the analgesic activity of morphine was investigated. The effects of morphinone on nal oxone-precipitated
withdrawal sign (jumping), rectal temperature and gastrointestinal motility by a single s.c. or i.p.
injection were also examined. These effects were compared with control (saline-treated) and
morphine-treated mice. Pretreatment with morphinone decreased the analgesic activity elicited by
morphine depending on adose. This decrease was observed at 15 min after morphinone challenging, and
continued until one week. In the morphine-treated mice, the antagonistic action of morphine analgesia
occurred at 6 hr after treatment, and continued until one week though potency of morphine is apparently
low compared to morphinone. Both morhinnone and morphine increased the number of jumping,
lowered the rectal temperature and diminished the gastrointestinal motility in comparison with control
mice. The naloxone-precipitated withdrawal sign (jumping) was seen more frequently in
morphinone-treated mice than in morphine-treated mice. The maximum hypothermic response was
observed at 1 hr in both morphine- and morphinone-treated mice, and morphinone produced more potent
response when compared at the same dose. In depression of gastrointestinal motility, however, morphine
was more potent than morphinone. These findings suggest that morphinone formed from morphine may
affect morphine analgesia and participate, at least in part, in the appearance of toxic action of morphine.
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Differential brain distribution of morphine and mor phine-6-glucuronide after the
intracerebroventricular injection in rats

Takashi Okura, Noriyuki Komiyama, Masanori Saito, Aki Fujii,
Misato Nakanishi, Shizuo Yamada, Ryohei Kimura
Department of Biophar macy, School of Phar maceutical Sciences, University of Shizuoka

Summary: We investigated the brain distribution of morphine and morphine-6-glucuronide (M6G) after
intracerebroventricular (i.c.v.) injection of each drug in rats. The CSF concentration of M6G was 5 — 37
times greater than that of morphine at 10, 60 and 120 min after the i.c.v. injection. The apparent
elimination clearance from CSF of M6G was 16 times smaller than that of morphine. The CSF
concentration of M6G in the intrathecal space measured by microdialysis method was 29 — 79 times
greater than that of morphine. M6G was detected in the cerebrum, brainstem, cerebellum and spinal cord
at 2 — 21 times higher concentration than morphine after the i.c.v. injection of each drug. Distribution
volumein rat brain dlice of M6G (0.36 mL/g) was three times less than that of morphine (1.1 mL/g) and
close to the extracellular fluid space (0.24 mL/g). These results suggest that relatively high concentration
of M6G remains in the centra nervous system after the i.c.v. injection and M6G locates at the
extracellular fluid in the brain. The concentration of M6G after thei.c.v. injection may be higher than that
of morphine in the brain extracellular fluid that corresponds to vicinity of opioid receptors, and therefore

M6G may produce potent analgesic effect.
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Fig. 1. CSF concentration profiles of
morphine (O), M6G (@) and [*H]sucrose
(A) éfter the i.cv. injection in rats.
Morphine or M6G (both 50 nmol) was
injected with [*H]sucrose (5 kBq) into the
rat ventricle. Rats were sacrificed at 10, 60
and 120 min. Each point represents the
meant S.E. of three (morphine, M6G) or
six ([*H]sucrose) rats.
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Fig. 2. CSF concentration in the intrathecal
space of morphine (O), M6G (@) and
[*H]sucrose (A\) after the i.c.v. injection in
rats. Morphine or M6G (both 50 nmol) was
injected with [*H]sucrose (5 kBq) into the rat
ventricle. CSF concentration in intratheca
space was measured by a microdialysis
probe implanted into intrathecal space
(Th11-L2). Each point represents the mean
+ SE. of three (morphine, M6G) or six
([*H]sucrose) rats.
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Fig. 4. Time course of rat brain to
medium concentration ratio of morphine
(O), M6G (@) and [*H]sucrose (A).
Slices were incubated at 37 °C in the
medium containing morphine or M6G
(both 100 pM) with [*H]sucrose (9.25
kBg/mL). Each point represents mean +
SE. of three (morphine, M6G) or six
([*H]sucrose) experiments. Solid lines were
generated from Eq.4.
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A rabbit model for the study of surgical anesthesia
-Validation with ultra-short acting p-agonist : remifentanil-
Masakazu Hayashida 1, Atsuo Fukunaga 2, Aki Meno 1, Hiroshi Sekiyama 1,
Hideko Arita 1, Kazuo Hanaoka 1
1 Department of Anesthesiology, The University of Tokyo Hospital
2 Department of Anesthesiology, Harbor/UCLA Medica Center

Summary: We have developed an animal model, which allows for quantification of the depth of surgical
anesthesialanalgesia using both mechanical clamping and electrical stimulation as ssimulated surgical
incision. After tracheostomy and intravascular cannulation under isoflurane anesthesia, eight rabbits
were placed on a dling that allowed animals to move the head and extremities freely. In spontaneously
breathing animals, inspired isoflurane concentration was reduced stepwise from 3% to 1.5% and then to
0%. Remifentanil was infused at four stepwise increasing infusion rates (0.1, 0.2, 0.4 and 0.8 pg/kg/min).
At each dose of isoflurane and remifentanil, cardiovascular, respiratory, and anesthetic/analgesic
variables including the number of animals unresponsive to clamping the forepaw (non-respondent) and
threshold intensities of subcutaneous electrical stimulation at 2Hz, 5Hz and 50Hz required for the head
lift (HLT: pain detection threshold) and escape movement responses (EMT: pain tolerance threshold)
were assessed. HLTs and EMTs, especially those at 5Hz, changed in parallel with changing the number
of non-respondent, which represented the level of surgical anesthesia/analgesia. Therefore, HLT and
EMT at 5Hz could be used reliably as quantitative measures of the level of surgical anesthesia/analgesia.
This novel animal model with multimodal tests and monitoring that closely mimics clinical anesthesia
seemed suitable for research of surgical anesthesia/analgesia.
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Fig.1. The change in % non-respondent

%nonrespondent =the percentage of animals that did
not show aversive behaviors in response to clamping
the forepaw, *p<0.05 vs. the baseline value, #p<0.05 vs.

the last value at a previous dose.
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Acute tolerance development in ultra-short acting p-agonist : remifentanil
in arabbit mode of surgical anesthesia/analgesia -
Masakazu Hayashida 1, Atsuo Fukunaga 2, Aki Meno 1, Hiroshi Sekiyama 1,
Hideko Arita 1, Kazuo Hanaoka !
1 Department of Anesthesiology, The University of Tokyo Hospital
2 Department of Anesthesiology, Harbor/UCLA Medical Center

Summary: Although acute tolerance to analgesia develops rapidly during remifentanil infusion, it is
unknown whether acute tolerance develops also to its non-analgesic effects. We investigated analgesic,
cardiovascular and respiratory effects of constant-rate remifentanil infusion in arabbit acute pain model.
Nine tracheotomized, spontaneously breathing and vascularly cannulated rabbits were
placed on a sling that allowed animals to move the head and legs freely. In conscious
animals, remifentanil was infused at a rate of 0.3ug/kg/min for 360 minutes. Cardiovascular,
respiratory, and analgesic variables including percentage of animals behaviorally unresponsive to
clamping the forepaw (%non-respondent) and threshold intensities of subcutaneous electrical
stimulation at 5Hz required to evoke the head lift response (HLT: pain detection threshold) and the
escape movement response (EMT: pain tolerance threshold) were monitored. By ANOVA and Fischer’s
PSLD, %non-respondent, HLT, EMT and PaCO2 increased significantly and reached their maximums
while blood pressure, heart rate and respiratory rate decreased and reached their minimums within 120
minutes after the start of remifentanil infusion. Thereafter, these variables began to return toward
pre-infusion levels despite continuing infusion. Our results indicate that during remifentanil infusion
acute tolerance develops in a few hours not only to its analgesic but also to its cardiovascular as well as
respiratory effects.
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Fig.1. Changesin HLT and EMT at 5Hz
during and after remifentanil infusion
*p<0.05 vs. the baseline value, #p<0.05 vs. the peak

value.
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Fig.2. Thechangein the heart rate (HR)
during and after remifentanil infusion
*p<0.05 vs. the baseline velue, #p<0.05 vs. the

bottom value.
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Fig.3. Thechangein therespiratory rate (RR)
during and after remifentanil infusion
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*p<0.05 vs. the baseline value, #p<0.05 vs. the

bottom value.
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