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Summary : Prepro-nociceptin/orphanin F  160-187, a C-terminal peptide of its prohormone was recently
found to exist in the brain and spinal cord. However, little is known of its pharmacological actions and
physiological roles in pain regulation. In a novel algogenic-induced nociceptive flexion (ANF) test in mice,
we found the pharmacological mechanisms of C-terminal peptide-induced nociception were mediated via
G,-mediated mechanism through capsaicin insensitive fibers. On the other hand, nociceptin/orphanin F
(N/OF ), heptadecapeptide is reported that this peptide metabolized by the activation of aminopeptidase N
and endopeptidase 24.15. Lpl. administration of the C-terminal fragments of N/OF elicited nociceptive
actions, and of the C-terminal fragments, N/OF (13-17), was found to be most potent. The nociceptive
effects of N/OF (13-17) were insensitive to N/OF receptor (NOR) gene knock-out mice, indicating that
N/OF  (13-17)-induced nociception is mediated by a novel mechanism independent of activation of NOR.
Like N/OF , N/OF (13-17)-induced nociception was completely abolished by PTX, indicating the
involvement of Gi in this signaling mechanism. Morever, NK1 receptor antagonist CP-99994 effectively
blocked the nociception induced by N/OF (13-17) indicating that N/OF (13-17) may elicit the
nociceptive responses through an SP release from nociceptor endings via activation of Gi. These results
suggest that two novel neuropeptides derived from prepro N/OF have different mechanisms underlying
algogenic actions in the ANF test, and the C-terminal peptide mediates Gs activation unlike both N/OF
and its fragment N/OF  (13-17).
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Summary: Nociceptin (1-5 nmol, i.c.v.) produced dose-dependent anxiogenic effect in mice. Anxiogenic effect of

nociceptin was antagonized by either nocistatin, an ORL-1 receptor antagonist, or 8-OH-DPAT, a 5-HT, agonist.

These results suggest that anxiogenic effect of nociceptin may be mediated by the inhibition of serotonergic functions

followed by the activation of ORL-1 receptors.
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Analgesic action of dihydropyridines blocking N-type calcium channels

Manabu Murakami', samu Nakagawasaiz, Kunie agiwara , Toyoki Mori ,
Koichi Tan-No’, Takeshi Tadano*
"Department of Pharmacology, Akita University School of Medicine,
’Department of Pharmacology, Tohoku Pharmaceutical University,
Department of Molecular Pharmacology, Tohoku University School of Medicine,

2" Tokushima Institute of New Drug Research, tsuka, Pharmaceutical Co., td.,

Summary : We investigated the antinociceptive action of dihydropyridine [ DHP[ derivatives, which act
on voltage-dependent calcium channels in mice. Further, we compared their pharmacological effects with
toxins, which specifically inhibit N-(w-conotoxin GVIA) or P/ -( w-agatoxin IVA) type calcium channels.
Intrathecal in ection of cilnidipine, pranidipine or amlodipine, which are thought to act on L- and N-type
channels, significantly shortened the licking time in the late phase of a formalin test. On the contrary,
nicardipine, which is another DHP derivative and acts exclusively on L-type channels, showed no effect.
Toxins, which act either N-type (w-conotoxin GVIA) or P/ -type (w-agatoxin IVA) channels, also
showed analgesic effects.

DHP analogues, which have analgesic effects, significantly suppressed the KCl-induced intracellular
calcium changes ([Ca® ];) increase in a dose-dependent fashion in DRG neurons, which are known to
have L-, N-, P/ - and R-type channels. w-conotoxin GVIA and w-agatoxin IVA also showed inhibitory
effects on the calcium-influx due to high KCI, suggesting that [Ca’ ]; measurement might be a tool for
surveying antinociceptive effect of calcium channel antagonist.

Our results suggest that calcium channel antagonists exert their antinociceptive actions by blocking
N-type calcium channels in the primary nociceptive afferent fibers, resulting in attenuation of synaptic

transmission of nociceptive neurons.
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Direct Phosphrylation of Capsaicin Receptor VR1 by Protein Kinase Ce and
Identification of Two Target Serine Residues

Mitsuko Numazaki, Makoto Tominaga
Department Physiology, Mie University School of Medicine
Department Anesthesiology, University of Tsukuba School of Medicine

Summary : The capsaicin receptor, VR1 is a six trans-membrane ion channel that serves as a polymodal
detector of pain-producing chemical and physical stimuli. It has been reported that ATP, one of the
inflammatory mediators potentiates the VR1 currents evoked by capsaicin or protons and reduces the
temperature threshold for activation of VR1 in a PKC-dependent pathway, suggesting the phosphorylation
of VR1 by PKC. In this study, direct phosphorylation of VR1 upon application of PMA was proven
biochemically in cells expressing VR1. An in vitro kinase assay using GST fusion proteins with
cytoplasmic segments of VR1 showed that both the first intracellular loop and carboxyl terminus of VR1
were phosphorylated by PKCe. Patch-clamp analysis of the point mutants where Ser or Thr residues
were replaced with Ala in the total 16 putative phosphorylation sites showed that two Ser residues, S502
and S800 were involved in the potentiation of the capsaicin-evoked currents by either PMA or ATP. In
the cells expressing S502A/S800A double mutant, the temperature threshold for activation was not
reduced upon PMA treatment. The two sites would be promising targets for the development of

substance modulating VR1 function, thereby reducing pain.

= 1353116 » IO PKCIZ & 2 U BRALBAREALAS
ﬁ = N Kb, %5 1 MR — 736 L OV C RIS AELE
NTHA L ZHEENRL BA T A B F5, £ZT, PRKCIZLD VRL DU (LD
g & SR AR A AT 5 6 [EllEE @R A A AEFS KOV AL D [R)E A 3k R T2
YFXFNTHD, TRAAIRIEIC L o THEHR
INDN, RIEHEA T  =— X —Th 5 ATP s
RTITR=VFTETA U FF—F C XBTE
(PKC) &AFHIIZ VR EMEZ RS ELH 2 & In vivo phosphorylation assay: HEK293 il % 10%
DIEINTWAS 12, ZO3hRIZIT PKC I & fetal bovine serum, “X="J > A L7 h=A
% VR1 DU UALOBE GRS, VR IZ v, L-Z VA A— MR Dulbecco’s Modified
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Eagle’s Medium (SIGMA) CE5# L, Lipofectamine
plus reagent (Invitrogen) C rat VR1 plasmid DNA
A LT, JEMIEEHIIC T 36 REfIREE L,
[**PJorthophosphate (300uCi/ml) THZak L 7=, (37°C,
3 B§fE]) PMA (50ng/ml)C 10 Zy [l L 7=,
TNE buffer (10mM Tris-HCI, 150mM NaCl, ImM
EDTA, complete EDTA-free protease inhibitor
mixture (Roche), phosphatase inhibitor mixture
(Sigma)l 28R L, 100,000 X g,15 F3 0 Lz,
~ L % 1%Nonidet P-40 TNE buffer
100,000 X g, 30 43filiz 0%, EIEIC Protein A %
iz preclear %1T > 7=, rabbit anti-rat VR1 HL{K 1
ug &2 4°CC 3 UG %, anti-rabbit IgG %
BANL, 1 RS ST, EREOfEiiEic
Lo THONIEA% SDS-PAGE (ZJEBH L, 4
— N NIVAF T T T 4 — TR LT,
In vitro kinase assay: VR1 OFEN KA A (N K
S, 51 MIRPNL—7 . C Ki)%& PCR I THE
L. pGEX vector (Amersham Biosciences)iZ
Trm—=r7 L7, VRI OFHIEN KA A
@ GST @l 58 HE % Amersham Biosciences LD
FECHECTHR L., Zho0EAEZLT
O B K (20mM  Tris-HCI,  0.01%Triton-X,
100mM MgCl,, 200ug/ml phosphatidylserine,
10uM ATP, 0.5mM CaCl,, 0.25% bovine serum
albumine, 0.5mM dithiothreitol, 1pCi [y-*P]ATP)(Z
0.04unit PKCe % fI1Z 30°C T 15 43 EIAG S H 7z,
SDS-PAGE IZIRBAL, A— "I VAF T T 7 4 —
TR L7,
ERAEFERIMRNT © PCRIEZHVT VRI O
EEAREZVER L. pcDNA3 vector |27 7 u—
=7 Ui, 2B D VRl SERIKT T A IR
5 &8 Green Fluorescent Protein (GFP) cDNA %
Lipofectamine plus reagent (Invitrogen) C HEK293
MRUSEA L, 1-2 RISy F 27 T Tik%
W TR BT LR 21T > 72,
HIEANEORELRIE, 140 mM NaCl, 5 mM KCI, 2
mM MgCl,, 10 mM HEPES, 10 mM Glucose C
NaOH “C pH7. 4 |ZFH#E L7z, MARPIROAHRRIE
140 mM KC1, 10 mM HEPES, 5 mM EGTA C NaOH

hat/:: 31 BN

50

T pH7. 4 \ZFHEE LT,

R

VRI % % Bl L 7= HEK293 i fa %
[**Plorthophosphate C1#5#k L . PKC % ELETE AL
S5 PMA THIA L= L Z A, BENSHT
VRI HifE TogEiki L2 EAE TO PP OHLY

AN B L I LT PKC 12 L 5 VRI
DY bR S LT, (Fig.1A)

VR IZITHIIEN KA A > D 95 N K, 51
RN L—7 . C KERIZEF 16 # FTd PKC 12 &
%V U DTN MFAET D, (Fig.1B)
o GST BEEHE % VT In vitro kinase
assay {To72E A B 1 filalr—7"L C
RIHZEBNT PP DY AR E TR, (Fig.10)

-
~—

A in wha phosphoryiaion B
PRI PMA}
MR e

i
]
TR

o=

W=

=

C & oo sukiag 1 in Wi kinas aEmay

PHCi 4 = & = 4 = 4 = 4 =
an o
fre e a4
- —— ] —
- an
w '-l" - = - - 4
i '} '] w - = - T
' 1 17 . 3 1
fsEREEds 0N s fr iz & M

Fig. 1. In vivo and in vitro phosphorylation of
VR1 by PMA or PKCe. (A) PMA induced
phosphorylation of VR1 in vivo. An arrow head
indicates the expected size of VRI1. (B) Positions of Ser
and Thr residues sensitive to PKC-dependent
phosphorylation in the VR1 channel are shown in the
context of a putative transmembrane topology model. (C) a
CBB staining of the GST-VRI1 fusion proteins shows
nearly equal amount of proteins were loaded in the gel.
Arrow heads indicate the expected size for GST fusion
proteins with N-terminus, the first intracellular loop and
C-terminus of VRI1. b In vitro kinase assays with
GST-VR1 fusion proteins (wild type and the indicated
point mutants) as substrates. Arrow heads indicate the
expected size for GST-VR1 fusion proteins.



%1 HRNL—7 & C R R 16 # T D
H 8y FTDBEMENI A FEL, ZhbDEY &
BLXOA VA= %2 T T = @R LT AR5
% W CERVAERFRIMIT 21T o 7o, B
TiX 20nM OF 7Y A AT KD /NS 72
TEABE I, Mfas v T AIEFIET
TIEH THA DD IR LG o TIEM
{LEROKRKE S ITZL L2V, —J5, 100nM
PMA @ 153 ORIE G XV [AEO D 7% A
A K BIEMALERIIRE HERT S, BA
HSA D JTZE BARIZ LT 502 FHOE Y &
800 HXHDE Y LD AERMAKTIT PMA 12X D

BT YA L AT BT DRSNS <
8o, (Fig2)
A B
wild 1ypa SE0aA
i PRIA 100 ridd PRl 160 nhd
CAPZOMM —— CAR 20 npa == 7=
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1D B 10 sec
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Fig. 2. Two Ser residues are involved in

phosphorylation of VR1 by PMA. (A - D)
Representative traces of increase of capsaicin
(CAP)-activated currents in transfected HEK293
cells expressing wild type (A) and mutants (B - D)
of VR1. PMA (100 nM) increased the currents a
little in S502A and S800A mutants (B and C)
whereas PMA greatly increased the current in wild
type VR1 (A). PMA did not increase the current in a
S502A/S800A double mutant (D). Currents
initially activated by capsaicin (20 nM) were 330 +
52 pA (mean + SEM) (30 — 1600 pA) without any
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significant change in the wild type and the mutants.
Positions S502 and S800 were shown in Fig.1 B.
Cells were perfused for 1 min with solution
containing PMA before exposure to capsaicin.
Holding potential was —60 mV. (E) Effects of PMA
on the capsaicin-activated currents in HEK293 cells
expressing wild type and point mutants of VRI.
Currents were normalized to the currents evoked
initially by capsaicin (20 nM) before application of
PMA and the normalized values represent the mean
+ SEM. Normalized currents were 7.95 + 2.72 (n
=8),636+2.92(n=5),12.8+4.94 (n=8),5.58 +
0.74 (n=15),7.24 £ 247 (n=15), 14.6 £ 827 (n=13),
126 £291 (n=298),2.13 £ 0.41 (n=9),2.76 £ 0.52
(n = 11) and 0.95 £ 0.04 (n = 7) for wild type,
T708A, S722A, S776A, ST78A, ST83A, S820A,
S502A, S800A and S502/S800A, respectively. *, p
< 0.05 vs. wild type; one-way ANOVA and
two-tailed unpaired ¢ test.

F7-. ATP ThHIAREICH AR CRLEND B
YA o U ARHALBEOHERAS 2 5 0 A RAR
TR BN -7, (Fig3)

A B
wild type SHO02ASE004A
ATF 100 puhd ATF 100 mM
CAR SO M T CAP XM —
S\ N W
J 02 A ‘li‘ __Jozna
10 Bec
10 sesz
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E .
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E ' . >
g
=
L wild iypa  S502A SE00s 5502458004

Fig. 3. Two Ser residues are involved in
phosphorylation of VR1 by PKCe. (A and B)
Representative traces of increase of capsaicin
(CAP)-activated currents in transfected HEK293
cells expressing wild type (A) and S502A/S800A
mutant (B) of VR1. ATP (100 uM) did not
increase the currents in S502A/S800A mutant (B)
whereas ATP increased the current in wild type VR1
(A). Cells were perfused for 1 min with solution
containing ATP before exposure to capsaicin.
Holding potential was —60 mV. (C) Effects of ATP
on the capsaicin-activated currents in HEK293 cells
expressing wild type and point mutants of VRI.
Currents were normalized to the currents evoked
initially by capsaicin (20 nM) before application of
ATP and the normalized values represent the mean +
SEM. Normalized currents were 2.61 = 0.19 (n =
7),1.05+0.24 (n=17), 0.63 £ 0.10 (n = 6) and 0.79
+ 0.12 (n = 7) for wild type, S502A, S800A and
S502/S800A, respectively. *, p < 0.05 vs. wild type;
two-tailed unpaired ¢ test.



In vitro kinase assay |23\ TH 502 FHOE
U800 FERDEY) v &2T T =B LT
GST B A B TIREF AR H~T PP Y
AR UL U AL ORD D3R S T,

VR1 OIEHAIREBEIC OV TS, BAERIT
IEPMATEE F TRIRTHLRIRNEETEKTFL
7273, S502A/S800A CTILIEMAVIRLERMEIX PMA
BHIZ X > TEE L2 o7, (Figd)
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Fig. 4. Thermal sensitivity is increased by PMA
in wild type VRI1, but not in S502A/S800A
mutant. (A) Representative temperature-response
profiles of heat-activated currents obtained by a
temperature ramp in wild type VRI1 without (l)éﬁ)
and with (right) PMA treatment.
Temperature-response profiles were made with only
current responses during the heat stimulation.
Dashed lines show the threshold temperature for
heat activation of VR1. Holding potential was —60
mV. (B) Representative temperature-response
profiles of heat-activated currents in a
S502A/S800A mutant without (left) and with (right
PMA treatment. (C) Temperature threshold for
activation of wild type VR1 in the presence of PMA
(31.8 £ 1.6°C, n = 4) was significantly lower than
that in the absence of PMA (41.9 £ 0.9°C, n=3). *,
p <0.005 vs. wild type without PMA; #, p <0.05 vs.
S502A/S800A without or with PMA; two-tailed
unpaired ¢ test. There was no significant difference
in temperature threshold for activation of
SSOZA/S%OOA mutant (38.0 + 1.4°C, n=7, and 37.4
+ 0.7°C, n= 9, with and without PMA treatment,
respectively, p = 0.7; two-tailed unpaired ¢ test).
Threshold was defined as a temperature at which
clear current increase was observed in the
temperature-response profile.
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Mechanism of uridine and arabinofuranosyluracil derivatives having
analgesic and hypnotic effects
- Their interactions with opioid receptors -

Tomomi Shimizu!, Toshiyuki Kimura!, Tatsuya Funahashi!, Kazuhito Watanabe', Shigemi Kondo?,
Kuniomi Tachibana?, Ing Kang Ho® and lkuo Yamamoto*
Department of Hygienic Chemistry, Faculty of Pharmaceutical Sciences, Hokuriku University!,
Nissui Pharmaceutical Co., Ltd?., Department of Pharmacology and Toxicology, University
of Mississippi Medical Center®, Faculty of Health Sciences, Kyushu University of Health
and Welfare*

Summary: Uridine is one of sleep-promoting substances. We revealed that hypnotic activities of uridine
derivatives were mediated through uridine receptor. In addition, we have found for the first time that these
derivatives also exerted analgesic effect on mice by intracerebroventicular (i.c.v.) administration.

’(2,4- and 2,5 -Dimethoxyphenacyl)arabinofuranosyluracil exhibited the strong analgesic effects
among uridine and arabinofuranosyluracil derivatives synthesized, but the affinities of these derivatives to
uridine receptor were quite low. Moreover, the analgesic effects of these derivatives were antagonized by
naloxone. In the present study, the interaction of uridine and arabinofuranosyluracil derivatives with
opioid receptor assay was also studied. Scatchard analyses utilizing (2,4- and
2,5 -dimethoxyphenacyl)arabinofuranosyluracil had not revealed the apparent interaction of these
derivatives to opioid receptors (M , & and K -receptor). These results suggest that uridine and opioid
receptors have not been involved significantly in the analgesic effect of uridine and

arabinofuranosyluracil derivatives.
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Fig. 1 Analgesic effects of AP-substituted
uridine and arabinofuranosyluracil on the hot
plate test by i.c.v. injection to mice.



Table 1 Specific [PH]AP-PhAcUd binding to
synaptic membranes.
Specific
Compounds [3HE) /\F—PhAcUd
inding to
synaptic membranesa)
% of control)
N-PhAcUd 23
N-(2" ,4"-DiMeOPhAC)AraU 52
M-(2",5"-DiMeOPhAC)Aral 51

z Specific [*H]\*-PhAcUd binding is expressed % of
the control speC|f|c binding In the presence of
compound(100 M

gbogoboobooooboboooboooboo
gooboooooobooooboboooooo
gboooboobooobooboobooboo
goobooooooboooooobooooon
oo

Table 2 Inhibitory effects of uridine and arabinofuranosyluracil derivatives on specific binding of [PHIDAMGO(L),

[PHJDPDPE() or ["'H]JU-69,593(K) to opioid receptors.

Compounds * M o K
Kd" Bl © Kd" Buw®  Kd? B’
Control 357 32 1230 55 111 16 208 16 45 30
3_PhAcUd 313 5.0 750 1457 143 06 198 18 48 28
3.2 4-DiMeOPhAC)AraU 357 41 505 1357 95 20 131 47 44 25
3.(2,5-DiMeOPhAC)AraU 345 45 840 80 85 05 8 67 45 29

a) The concentration of the derivatives added was 100uM. b) nM  c¢) fimol/mg protein

from control at the level of <0.05and <0.01, respectively.
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Antinociceptic activity of pB-lactotensin, a neurotensin agonist

derived from B-lactoglobulin in bovine milk

Rena Yamauchi, Soushi Sonoda, Yunden Jinsmaa, Masaaki Yoshikawa

Division of Food Bioscience and Biotechnology, Graduate School of Agriculture,

Kyoto University

Summary: B-Lactotensin (His-Ile-Arg-Leu), which has been isolated from the chymotrypsin digest of

B-lactoglobulin as an ileum-contracting peptide, showed weak affinities for neurotensin receptors; 1Cs,

for NT; and NT, were 18.6uM and 10uM, respectively. We examined antinociceptive activity of

[B-lactotensin since neurotensin is known to show antinociceptive activity, which is mediated by NT,

receptor. [B-Lactotensin showed antinociceptive activity by i.c.v. (200 nmol/mouse) and s.c. (300 mg/kg)

administration by tail-pinch test in dd mice. The antinociceptive activity was not blocked by naloxone

(2 mg/kg, i.p.).
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Table 1. Receptor affinity of neurotensin agonists 0O pB-lactotensin 0 D0 OO 00D block OO
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NT, N "'  ppooooOOOO0O00OO0O0O0O0000

neurotensin 0.00025 0.005 20 R
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Fig. 1. Antinociceptive effect of 3-lactotensin. [3-lactotensin was given by i.c.v. adminis-

tration. The values shown are the means +
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SEM. ** P < 0.01 against control.
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Serum tachyKkinins levels are not elevated during emergence

from halothane-anesthesia in normal rats.

iroshi Sekiyama, Toshinobu Sumida, Shigehito Sawamura, Toshiya Tomioka, ideko Arita and
Kazuo anaoka

Department of Anesthesiology, The University of Tokyo ospital

Summary : Intraoperative bronchospasm can have many etiologies, including the patient s intrinsic
disease and mechanical, chemical, or neurogenic causes. Insufficient anesthesia, such as emergence is
also one of risk factors of intraoperative bronchospasm . However, the mechanism of bronchospasm by
insufficient anesthesia is not well defined. Recently tachykinins (substance P, neurokinin A ) are
reported to have potent effects on bronchomotor tone, airway secretions, and bronchial circulation.

We hypothesized that the possible mechanism of bronchospasm by insufficient anesthesia would
involve tachykinins released from sensory airway nerves and, therefore serum tachykinins levels
would be elevated during insufficient anesthesia like emergence. The aim of this study was to compare
serum substance P (SP) or neurokinin A (NA) levels under halothane-anesthesia and during the
emergence.This protocol was approved by our institutional Animal Care and Use Committee.
Experiments were conducted on 14 adult male Sprague-Dawley rats weighing 300-350g. They were
divided into two groups: 1) SP group (n=7); 2) NA group, (n = 7). Following tracheotomy and
tracheal intubation under general anesthesia, catheters were inserted into the left external ugular vein
for fluid administration, and the left carotid artery for blood sampling. Each rat was mechanically
ventilated with 100% O, to maintain normal end tidal CO, levels. We used colorectal
distention(70-80 mmHg) as noxious stimulation, because colorectal distention is repeatable and
visceral pain involve tachykinins. We maintained each halothane level (0.3MAC, 1.0MAC, 2.0MAC,
and OMAC i.e. emergence ) for 20 minutes and performed colorectal distention during last 5 minutes
of each 20 minutes period. After each colorectal distention, blood samplings of SP or NA were

collected. The serum SP or NA levels were estimated by radioimmunoassay. Although the serum
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SP and NA levels during the emergence were a little higher, analysis of the blood samples
demonstrated no significant change in the SP (p = 0.628) or NA (p = 0.216) level at all anesthetic
levels. Serum tachykinins levels are not elevated during emergence from halothane-anesthesia in the
rat. However, we are not sure that the mechanism of bronchospasm by insufficient anesthesia do not
involve tachykinins system. One reason is that tachykinins are scarce in a human body and serum
tachykinins levels may not do reflect local release of tachykinins. ~Another reason is that we
employed normal animals, not asthmatic rats, which might demonstrate higher serum tachykinins

levels during emergence from halothane-anesthesia.
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