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WFFER R OMEEE (FA30) « AFZE CIEB MBS 1231 5 angiotensinll  (Ang IT) D]
AT 2 L2 HIIC, Angll 2~ 7 ADOFRE Y B FEN~E G L, 1781 & OV 73K
RN SHmHZ2IT o7, TOREE., Angll (Bpmol) 12XV scratching, biting, licking 72 &
OEJFEIEITEI DGR SN2, Angll # 4 7 2 (AT2) ZAAHHUEE PD123319 (X 2 @ Ang T #5%
PR BRI TEY 2 4] L7220y > 72 6 O D AT1 2 FARFEHTEE Tosartan 13 B AKTEAO 72 90 220
%rbtoﬁwTAwH%%iﬁF%@ﬁ% xPT D& FE MAPK OG- A2MFT L7 & 2 A, p38
MAPK PHFEE SB203580 I3& M B TEh 2 4 Bl L7z, 72, FHEASIZH VT Ang Il IE
p38 MAPK @ U b A3 & Z L=, Z DU Ukt £72 losartan (2 X Wl &=, LA
XV, AnglliX AT1 Z&IKZN L. p38 MAPK ZiEMAL L CERIEREE/TEI 25| 22 LT\ 5
ZEMNTRBENT,

ZER S OMEFE (923C) : Though the spinal cord is an important area for the modulation
of nociception, the role of spinal angiotensin I (AngIl) in nociceptive transmission
remains unclear. Therefore, in order to elucidate the role of AngIl in nociceptive
transmission in the spinal cord, we examined the effect of intrathecal (i.t.)
administration of Angll into mice. I.t. administration of Angll produced a behavioral
response consisting of scratching, biting and licking. The behavior induced by AngIl was
dose—dependently inhibited by intraperitoneal injection of morphine, suggesting that the
behavioral response is related to nociception. The nociceptive behavior was also
inhibited dose—dependently by i.t. co—administration of losartan, an AnglIl type 1 (AT,
receptor antagonist, and SB203580, a p38 MAPK inhibitor. However, AT, receptor antagonist
PD123319, the upstream inhibitor of ERK1/2 phosphorylation U0126, and the JNK inhibitor
SP600125 had no effect on Ang Il -induced nociceptive behavior. Western blot analysis
showed that the i.t. injection of AngIl induced phosphorylation of p38 MAPK in the lumbar
dorsal spinal cord, which was inhibited by losartan, without affecting ERK1/2 and JNK.
Our data show that i.t. administration of AnglIl induces nociceptive behavior accompanied
by the activation of p38 MAPK signaling mediated through AT, receptors. This observation
indicates that Angll may act as a neurotransmitter and/or neuromodulator in the spinal
transmission of nociceptive information.

AT ERA
(AL - 1)
[ERESES keSS =
201 04 1,100, 000 330, 000 1,430, 000
201 14 1, 400, 000 420, 000 1, 820, 000
201 24K 900, 000 270, 000 1,170, 000
&t 3, 400, 000 1,020, 000 4,420, 000




WFICYR © PR

X—U— R ToIF TN - B - K B TE)

1. WFFEBsE S WD 5

(1) AngI iZifnJE EF 2z, O 8 R AR
fEEZ G2 TAIEERTT R TH D,
Ang I PEAEMREIZITE S BN TWAHTE
BRAL=V-To o470y % RAR) O
iz, KRR RA SR B 5D, FHME RA RITIMAE
BRSO EORFTCEAASNET VUL T
Y=, RFTCEASNTE L=
LU Ang TIZE#H S, IRWTRATD ACE &
AN~ —FIZ Lo TAEHENEET S
AngM ZEAT 5, AngU PMEHT 2ZEME &
LT Angll # A 7 1 (AT1) &K E L ONAT2
ZRAROMIT ATS =2 ATA SRR BEET D,

@) AgllIZHINAKRFIRTF X —ETHD
T U T v R (ACE) 2 12k 5T 8
(20> Phe ZiEiE L C Angll (1-7) (/@ &S h
Do BBRIRVNZ & 12, Angll (1-7) 1XHIC Ang
L O R TEHE A TIA72 <, Ang I D4R F{E
HeaEYal—rT5, Thbb, Angl
(1-7) 1X6 X oy G — 7 7 R
KD Mas IZfEH L. Angll ® AT1 Z &K Z
F AT 5, 728, Angll (1-7) 1%
ACE 12X 5T Angll (1-5) ZfvE S NARTEME
fbans,

(3) Ang I DILTRIR M I 1 & HNC S
WTHETRDBLHRESIN TS, Thbb,
Ang I DM EWNEH. [ Pharmacol. Biochem.
Behav., 62, 229-232 (1999)] & A\ EHAX
AKiEJEHIKBE~OMBEEL
[Neuroscience, 132, 453-463 (2005)] (2 &
DEURIERN RSN D Z Lo, HIRIEN
EIEZ v h TR SN EEED L5
7% ACE PHFESESC AT1 2 AL CHIMI S
% [Life Sci., 56, 1073-1078 (1995)] =
e Ang IR IGER I W TR 72
BEZHSTND EHEZE S NS, L LR
5. UL, Ang I O RAAGERERESMEEF  (CVLM)
~OMEREGIZ L ATL 2R EKEN LR
B &5k T D [Neuroscience, 158,
1301-1310 (2009)] Z & A#iE s, Eigis
FERAE I BT Ang IIIAMEEIR OE UM K -
THX T B IEE 2 - TV A AIREME N RIE
aEhb, —J. EhfmE - HEcks W TERE
BB o TV A ERESEERIZ S AnglliE
EEEIZSAM L TWAN, Angll OB LT
REREICB T 2 &FENC O W TiE < fRH
SNTWRVWONREIRTH D, BT, Ang
DX ATL ZREZ L TA R ARt A
IRTH, A AV UHPTESER & LR
THWOLNTWAE AT ILHE Y T~

XUV — AHEEEIN FIE AL B R y IR
b L CHRRMEERE®RBT 5 [
Pharmacol. Sci., 108, 341-347 (2008)] =
EBRMEINTEBY, ZoZ LENgT 5 L
ACE FHEESRSC AT S ARFEHLIE S AR R PRI
JIZxt U CAHZ RN R Z R Al aEME S iR
b,

2. Wto B

Z ORISR A FRIT . AW IR R
RIEMEREIC 31T 5 Ang T OEENZ DUV TITE),
7T F OV ALk e B 0 & R
HIbZ L2HMET S,

3. WFgED Ik
() fEHE) ; FEBRICIZ, (RE 22-24g @ ddY
RlEME~ 7 A% iz,

Q) B 7 BTN (. t. ) F&E ; w7 A~
Di.t. ¥E T Hylden & Wilcox D FIEIZHEL
THEHED 53/ & 6 T DRI DOREIEN ~FKK % 5
w L/mouse DFNIE CHEFRIE FIZ CEE®RS L
7=

) ITENBIES ; ITENOREE B IX, Wk
LD TFEE~DF| > & & (Scratching) 178,
1] 1% B L AR~ DI & Biting) {TEI R Y

FKD (Licking) 478 % SBL 478 & L. SBL 178
DEHGRF A 30K 1.t B EES D 40 4rR
HIE LTz,

WoxzAxHZTaT 427 ; Angll (3 pmol)
it &5 16 RIS~ U X 2 WAl TRtk
i L7258 5 L4-L6 OFSRIERZ 80 H L.
CelLytic MT Lysis Reagent H' CH3iZ&R T
VFA X LT, mOLrBEtR, BIEEZED H L,
AR EREEICL, PRy Ty
—&Z Mz, MEVLEE, o Tre Lk,

10%SDS-PAGE #% ., PVDF BEICHAS L, 1 KHUlR
CRIR ST, XU RTEORB LT

ECL Plus Western blotting detection system
WX VLR AR T D 2 & THET L7,

(5) Sy yutt, ; ~ v A Zx U TR & e L.
FEFLIMIE % . 4% paraformaldehyde (0. 2%
glutaraldehyde &) 12 & 0 MHRREE 21T
Sfc, AHEUIAIEZ VARZ v MTXY 20
um OEFEEI T AER L=, —HiiREIc L S
SRR R X, ZHR O O FIEIZHEL |
—RBURIZIZ AT1 receptor antibody, K
FUARIZIX Anti-rabbit IgG-goat serum
labeled with FITC ZH\, HFbhizt 7



Ui MapAnalyzer (2 X » TOMT&1T -7,

4. WFFERR

Angll (3 pmol) % i.t.&ETAHZ LT L
Y scratching. biting. licking (SBL){TEh23
FHH I, TN HOITENIR 5% 25 T
FIEESICHEELE (K 1),

o
S
@
=]

-+ Ringer
—— Angll {3 pmol)

.
t=3

[

S
=]
S

r
=3

(sec /25 min)

o)
S

Behavioral Response
(sec /5 min)
Behavioral Response

3

e

-
0-5 5-10 10-15 15-20 20-25 25-30 Ringer 1 173 3
Time after injection (min)

o

Angiotensin Il (pmol, i.t.)

<. 1 AnglI#¥ME SBL 178

Ang IT 3 %M SBL {T@EhX, €L B % (0.3
mg/kg) TEEHIZ L D IME SN2 &S, Ang
I #558ME SBLATEN R B TEI Ch 5 Z &
PARER S U7, AT2 S RFEHI3E PD123319 1
Z O Ang 1T #F28 MEA&J BEELT T8) 2 401 L 72 72>
ST OO AT 2 FEFEFHE losartan X
BRI MG R Z R L, Ang I8 9K
i BEEATENC 51T D ATL 2R B B A3 e
XM 72, MapAnalyzer ZH W T~ A H
(L5) fEHIKICII1T D AT1 SZRIBORBAA %
G AR LT 2 A, JREEICE
T DRELNFERD BV, FRITERIREICB W T
EHEREE A S TV DL M
(laminae I &N II) (ZBW TR E R,
LTWAHZEMRHBLE (K. 1),

Laminae | and II DORSAL

VENTRAL

.2 ~ v AFHE (Lb) fElEkiz 1 5
AT1 Z ARG A

Ang II X ATl = & K % /it L C
mitogen—activated protein kinase (MAPK)
DENIT 7 F = —L LTH Z&n
Mo TWg (1¥.3),

Q o Angiotensin ||

mMapk [ ERk12 ] (p3smapk] [ UNK )

X.3 AT1 ZFR % L7= MAPK
T AR

Z @ MAPK % MAPKkinase (MEK) {2 X ©
Thr-X-Tyr EEHIOD Tyr MO Tyr FREEN Y ER
fbxinnsd Z & TRk 5, €2 T, MAPK 7
7 I U =% L TW3 extracellular
signal-regulated kinase (ERK) 1/2. c—Jun
NH,~terminal protein kinase (JNK) & TF p38
MAPK @ Ang I 3538 ML S BAE AT B2 %5~ 5 B
BIZHOWTHFAEREZ HOTRFE1T-
7zo ERK1/2 O EJiGEMEA LN+ TdH 5 MEKL/2
DOFHZEIK V0126 &Y INK OFHEZK SP600125
% Ang T A28 MR B TENIC e B %2 B 2 72
Mol H DD, p38 MAPK DOFHZEZK SB203580
IEHEERFZIMEERZ R~ Lz (M.4),

w
o

b X%
8T
8=
E .,E3 100 vehicle Ang Il
o™
T3 # P-p38 | o —
g8
38 % I_I_I t-p38
=
&
0
Vehicle Vehicle 0.1 03 1

SB203580 (nmol)
(n=10)
**p=<0 01 vs. vehicle
#p<0.05 vs Ang Il alone

Angiotensin Il (3 pmol, i.t.)

<. 4 Ang II 3558 ME s B THD
W24 % p-38 MAPK DR 5

F7z, Angll i.t. BEEZOFREE RGN T
HEFE MAPK 0V VgfbE U= AKX Ty
MEIZ L VST L= & 2 A, ERKL/2 KO INK
B L TIX U UBREAER O DRI T2 8,
p38 MAPK & U LN A RIZTLHE L T,
E BT, 2D p38MAPK @ U »ER{ki PD123319
TIE72 < | losartan JFHIZ & 0 5242 &
Nz, ZNHOMELD . Ang TITFBETAI
B AT1 Z K%/ L p38 MAPK ZiEMEAL L
TEFHEEITE A5 T 2 LR S
n7= (K. 5),



Angiotensin Il

@ @ — — Nociceptive Behavior

4. 5 Ang I &5 F& My B T )
DYEFIE R

Ang I OF BEL IR =M% 2 R TR T
O L2 &b, A, ACE BLEZS
AT] ZRERFERN D X 9 KBk LT
REFT DAL T FETH D,

5. FreREinLE
(WFgefe . WIZes 838 K OB 724 1
X THR)

GEEams) (B4 10)
MTan—No K, Sato T, Shimoda M, Nakagawa
sai 0, Niijima F, Kawamura S, Furuta S,
Sato T, Satoh S, Silberring J, Tereniu
s L, Tadano T, Suppressive effects by c¢
ysteine protease inhibitors on naloxone
—precipitated withdrawal jumping in mor
phine—dependent mice, Neuropeptides, #&
A, 44%%, 2010, 279-283
DOI: 10.1016/j. npep. 2010. 02. 001

@0nogi H, Nakagawasai 0, Sato A, Mitaz
aki S, Nakaya K, Watanabe K, Niijima—Ya
oita F, Tan—No K, Arai Y, Kikuchi T, Ta
dano T, p-Hydroxyamphetamine causes pre
pulse inhibition disruption in mice: co
ntribution of serotonin neurotransmissi
on, Behav Brain Res, &t A, 22474, 201
1, 159 - 165

DOI: 10.1016/j. bbr.2011. 06. 002

(@Nakagawasai 0, Taniguchi R, Tan-No K,
Yamadera F, Nemoto W, Yaoita F, Tadano
T, Pharmacological evaluation of cata
lepsy in low calcium and/or magnesium
deficient feeding mice, Health, @i f,
4%, 2012, 1138—1144

DOI: 10.4236/health. 2012. 431172

@0ba A, Nakagawasai 0, Onogi H, Nemoto
W, Yaoita F, Arai Y, Tan—No K, Tadano
T, Chronic fluvoxamine treatment chang
es 5-HT,, . receptor-mediated behavior
in olfactory bulbectomized mice, Life
Sci, #Fif, 924, 2012, 119-124

DOI: 10.1016/j. 1fs.2012. 11. 005

(xR GHam)

OfAR Fhd, I Z—, P &, 5
WAk, EE K-, EH . A ER
HE R, 7o T v IEN 7 ERET
e 512 & 5 ERK &ML 2 L 79K R
HATE), 556 1[0 HAREKE A0 2010
49 A 10 H., FLIg

@R Fhd, I FE— HIIE &, 5
Aok, EE K. EH . A ER
HE i, 7o oF T v N7 BT
VeN$e 51 X &R BIEFTE), 4 9 HA
HREA NI RS 2010 4 10 A 24 H. BB
(L

O|A ', FJIE &, NEK &k, &
B FH—, EWH B, gl EH, 2 ) T
B 2Z— TUoUFT vy 11 R
HATENC IS D p38 MAPK D5, 456 3[A
AP0 RS, 201249 H 14 B, #r
i)

@Nemoto W, Nakagawasai 0, Yaoita F, Kanno
S, Yomogida S, Ishikawa M, Tadano T, Tan—No
K. Angiotensin II induces nociceptive
behavior accompanied by p38 MAPK
phosphorylation mediated through spinal
AT1 receptors, International Symposium
for Neurosciences 2013, 201342 H 26 H,
fiie

(£ D)
R b_R— A
http://www. tohoku—pharm. ac. jp/laborator
y/yakuri/index. html

6. HFFTHLER

(1) Wrgefas

FJIPE & (NAKAGAWASAT OSAMU)
HALSERR R - S - GEAD
HIEEE S 50296018

(2) W 9e s

F}#  2— (TAN-NO KOICHI)
HALSERL KT - B - B
WFgeE 35 1 20207260



