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The Effects of Sarpogrelate on Serotonin-Induced Bronchoconstriction in Rats
Motomu Tanaka (Department of Pharmacology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495,
Japan)

A bolus injection of 5-HT (32 u g/kg) into the right atrium immediately induced Bezold-Jarisch reflex (hypotension,
bradycardia and apnea) and delayed bronchoconstriction (assumed by decreased air flow and increased intrapleural
pressure) in anesthetized, spontaneously breathing rats. This bronchoconstrictor response was mimicked by
a-methyl-5-HT (5-HT,-receptor agonist : 32 pg/kg), and 5-methoxytryptamine (5-HT,- and 5-HT,-receptor
agonist : 32 p g/kg), but not by 1-phenylbiguanide (5-HT;-receptor agonist : 16 u g/kg) or cisapride (5-HT,-receptor
agonist : 32 pg/kg). To study the effects of 5-HT and o -methyl-5-HT on the airway dynamics, lung conductance
(G,) and lung compliance (C,) were calculated from flow rate, tidal volume and intrapleural pressure curves. Dose
response curve (DRC) of 5-HT on Gy, or C, was not affected by granisetron (5-HT;-receptor antagonist : 0.05
mg/kg), but DRC of a-methyl-5-HT was significantly shifted to the right. Subsequently, both the DRCs of 5-HT
and «-methyl-5-HT were shifted to the right by sarpogrelate (5-HT,-receptor antagonist : 0.3, 1.0 mg/kg) in a
dose-dependent manner. Moreover, the bronchoconstriction of 5-HT and a-methyl-5-HT (respectively 32 p g/kg)
were either abolished or potently reduced by bilateral, cervical vagotomy, but the bronchoconstriction response
to 5-HT was partly recovered at 128 u g/kg. Peak response latency of G; were 9.14+0.39 sec in 5-HT (32 p g/kg),
suggesting that the response might be originated at the bronchial vascular bed. These results suggest that, at
least in the rat, 1) 5-HT-induced bronchoconstriction is mediated by 5-HT,-receptor, but not by 5-HT;- or 5-HT,-
receptor, 2) sarpogrelate antagonizes 5-HT-induced bronchoconstriction in a dose-related manner, 3) 5-HT-
induced bronchoconstriction is potently augmented by vagal reflex, but is primarily mediated by a direct action in
the airway, 4) the possible site of action of intravenous 5-HT is the bronchial, not the pulmonary vascular bed.
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Bronchoconstriction
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1. SEEREND

AE 260-420 g CFg 308 @)D Wistarimlfi = v b
GEF 64l Z RHERICHE L. AFRE 2T,
BEBERRFZHYEREZE O ZEREIC
> THMEL .
2. NBFH

Urethane (500 mg/kg) -chloralose (50 mg/kg) &
WOMRENI G X0 e L, BRMIEEES & 4 KR
=AEeHEL, BHAGKEZEITZEDIC, R
Frmk DB Y R h A > S (Astra Japan :
Xylocaine 1 %) 7% 2 F{ESH L TH 5 KD YIGH %
1ol <EUIME <KEBHh=a—L W23~
2.6 mm) ZFE L, MAHRAEZ 2 (HARBK =K,
1H26) %MW C, 20 ml/min DY > 7 IVET, KB
R B8 7 A YRS 72 SR IRE RIS BT U 72, A R R ) Ak
W E AR Z2DRY) =TF L > A7 —7 )V (Becton-
Dickinson, PE-50) Zffi&E L, HF SV AT a—Y (H
ANFE, TXX-R) BXOMERERY > 7 (HAEE,
AP-641G) I #i#i U TR £ Z &R L, D&
= b (HAYE, AT-601G) TOMHEEE= 2 —
U7z, 5-HT {EH 3D bolus & 5-H 5 5ty (5 G P 4
WY, SOEIHER E) DL T B X TOWE R EHEICH]
ETBHEDIC, “HERNERVIZF LY AT—T
)V (PE-20) 72 NHERIRD 5 #78 L T2 D2 450
BEWICHE Uz, BRI T, £ D5l DALiE 2 e
L, HGO0FENICHE L TWiah - F2BlE AT, 5 H]
BR U7z, A7 KBEERIR A 7—7 )L (PE-50) 1% 5-HT 51
B L UCZDMOFEYORGICHW . GRIR=MAED
OYIFEITEIRIRE Lo 2 SHINT, U RAA Y
1) — (Astra Japan : Xylocaine Jelly 20 mg/mL) %%
HUT#%EE Uz, 5-HT OXGE A S A KL s
YIRS X D IET % EDWMENHZ T N B,
AR MR E AR TIWr ORR B RET L Tz,
3. RN ZEDRIEZE

SENZ 21— LOFEICERIETTE (HACE, TV-
241T) ¥ L, ZIE bV AY a—4 (HANHE,
TP602T) 7% /T L T I 77 > 7 (H AL, AR-
601G) I & O ML dE (V) ZEHHlL, #siE1 = b
(HADE, AQ-601G) THi/m L T—mfikisE (Vo) %
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T Xx—L7 EENIT VAV a—Y TOIEFER M
ZIEZE U CHREM T E R z2i8 528, 38
A= 2 — L ORI D b iR K 2 Figi i aE & (0.5
L/min) U7z, BFEANEE, 780U 2 (200 U/mD) 7%= 78
U 7B N FERE A 7 — 7L (Gl 18G D i
Stz Ulz) 255 5-6 i Rh S kNI il A L
CRIAEBICIEY) RAA >V Z2HEN U FESH LK),
JER S VAT 2a—Y (HANE, TXX-R) BXUME
WER T > 7 (HANE, AP-641G) I ##i L Tl
WH (Ppl) ZHIE L7z, Invivo OFEE TIXEIEETTIO
ezfiar 2o 2 A (G) effiar7o47 VA
(C) DZELELTERBMICHMTE S &5,
SEXWMEOfREE LTI nbZHVTz. G ldkE
EHOWHTH O FIFEHZET 2ELXBLT
MEE Lo\ P1Z ML, C ldstERowETtho,
S USROS 2, Il B K Ofao
Byiz ks 50, G & Cy (& Amdur and Mead"?
JHEICHES T, Ml (V), #ii&E (V) BR UM
WHE (Ppl) OillEfE% Fig. 1 OFHERITCAT BT &
& ORST . 5-HT {EHZEDEARTD 5 IR D Gy
BXUOC. ZHEML, mafle mKEzZRN L, HiE
ED-197% & D baseline fi& U7z, 7z, 5-HT 1EH
DD ITEAZD Gy DMl 72 I KIS
& UTHW . Fig. 4,5 Tl 5-HT #5508 72 i
fiti 3~ % 72 81 baseline {1 X9 % G, B X U C, D
DEPRELTELE., IXTORMEA L=a—%&
(HABLK =5, 8SM14) Icalsk L1z,
4. F4

5-HT 2 AR {EH 3K & L T 5-HT creatinine sulfate
(Sigma Chemical, St. Louis, U.S.A.) , a-methyl-5-HT
maleate (RBI, MA, U.S.A.) , 1-phenylbiguanide (RBI) ,
5-methoxytryptamine HC] (Sigma Chemical), cisapride
(Kyowa Hakko, 85, HA), 5-HT ZAAREHIH L L
T sarpogrelate HC1 (Mitsubisi Tokyo, #H 5, HA) ,
granisetron HCI (Smith-Kline Beecham, UK) 7 i\ 7z.

SV 5-HT ZAERIEHHE S X CHEHTE DR
M &% 771& Table 1 1= L7z,

ETOHYI AN EERICTAR L CHW . 5-HT
YEHI3#13 tachyphylaxis Z#LC L9dW\WT End 519,
BREMBEIROBEHNMNZAONS 1077 & L .
Control £¥, granisetron #¢ 5%, sarpogrelate 0.3 33X U 1.0
mg/kg G REDOMMRIEEHE DO KISTEZ PR EE %
721 30 AR T2 E W 2. 5-HT fEFSR DR G R &
1 0.1 mL/kg DA 0 FEN bolus 5 5, 5-HT #5413 D
B 57REIE 1 mL/kg TREEFREK O #R (1 mL/min)
IcRG L.
5. REEOZ7Oa—)Ib

@O 5-HT VEFASEDIER L : 5-HT, o-methyl-5-HT,
phenylbiguanide, 5-methoxytryptamine , 35X U cisapride
ZHDENCERS URICZBIE Uz,
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(25-HT @ DRC IZH19™% granisetron 35 & U sarpogrelate
D © 5-HT (4~ 32 g/kg) DIISEBELLTHD, 30
fE#%IC, granisetron 0.05 mg/kg OEMRANTS 2170,
5-HT(4~32pg/ke) DR ISZBIE Uiz, THIC307
141, sarpogrelate 0.3 mg/kg O ElIR NI 2170,
5-HT (16 ~ 256 p1 g/kg) DG BIEL L Tz.

® 5-HT 8 & U a-methyl-5-HT ¢ DRC i< *f 3~ %
vagotomy D522 1 5-HT 353X U o -methyl-5-HT (4 ~ 32
pg/ke) DIISZEIEE L, WIS E MR U,
5-HT 35 & U o -methyl-5-HT (32 ~ 256 2 g/kg) D)y
ZEE LT,

@ 5-HT 35 & U a-methyl-5-HT O [ Ji» onset latency
DOFHA 1 5-HT (32 pg/kg) XU a-methyl-5-HT (32
e g/kg) DOMENENG, P RS ERERIER 3 K U G D
INKIEFE TOYE— 7 i GHAI L 7z,

6. fREH0E

SUBUE SIS DWW TIE, MR EIC B % DK
FE 0D 50% D it x 5 2 % EH 3D I & (EDg,) 1<
DV THETIIMRET 217 5 T2, IS Ml £ AR e
(SEM) T# LU, BFHRIOHEEEIZDEIHTZ Scheffe’ s
test & FHVCTHE L7z, P<0.05 ZHEFHAMICHR &
HE LTz,

fm R

1. EES-HT RBFERAEORIGE 5-HT, X T
5-HT; SRMEMEORE

JERIE N CHFEERDZ v M 5-HT (32 pg/kg; n=32)
ZHDRBENICbolusE LTHR G % &, ErEly, —AHM:
DI S (RHEREE, 7 & FigiEBE ), RIR
MAFEEINTD, BT ORIC KR E DD &
WD THETE T N 2 KCEIRPUIE I S (58 2
W) BRI Nz (Fig. 2). 5-HT, Z A4 {FEH 3
® a-methyl-5-HT (32 pg/kg; n=32) O#FK5TIZ,
HEPEIG ARIRIEIZ & A EER L AW T, SUBEKIHE
MG, FIEB X OBIEEORENE Uz, 5-HT, %2
A K 7E Fl 3K phenylbiguanide (16 g/kg ; n=16) T
PR, TRARE K U RCHHERE R EFHE S Nz,
SCEEHUEMROSIEFAR E NG > 7. 5-HL, BXT
5-HT, 32 & K 1E F 3£ 0 5-methoxytryptamine (32
g/kg; n=12) D5 Tl a-methyl-5-HT & [AF£E D
SCEIRPUEM)IG, HEB X CBIEEDOETEZ LT
7z, 5-HT, ZAEMIEFHSKIC I N TV 5 cisapride
(32 pg/kg; n=9) TIEBAE LM « TEERIGIZBIERE
N&xh -t F£7z, 5-HT I X U phenylbiguanide T
W JRERE W OO H I R B & s E N7z, 5-HT, %2
BARFEG T3 % granisetron (0.05 mg/kg) DiRA
B 51%, TNEAKRTIEM - JEERICH LA S &G 7Z
RS Imino T hd, 5-HTIC X 2 K GHEREIE, SERED,
I B 35 K ORIREOGIETEAR U, SGEIRTUEING,
FHERB X CRRIEREEDN RS 72, KT, 5-HTL, A

R SEE T35 © & B sarpogrelate (0.3 mg/kg) D% 5.1%,
ZNEAETIEE - FFRICZ{ED RS N> 72h,
5-HT iFR&GEIR USROS IZ e 2Icifk Uz (Fig. 3).
a-methyl-5-HT & 5-methoxytryptamine TiE¥ & Nz
SOEEY NS E sarpogrelate DRTALIE IS X D %k
L.
2. ARV RZAVR(G) EMAVTZ47 VR (C)
(s e sy =72

5-HT 3 ERAZICiia >y 27 2 > 2 (G) &ffia
VTIAT VA (C) WAL, TORIGE 5-HT, 24
PRSUETHE O granisetron 0.05 mg/kg DR N5 Tl
LA EEERZ T Iaholzh, Ki<, 5-HL, ZHK
JEKTER D sarpogrelate 0.3, 1.0 mg/kg OF5IC Xk b &
RAZNCHIRIE N7z (Fig. 4). o -methyl-5-HT & HEI{K
FHNC G & C ZA L, T ODiE granisetron 0.01
mg/kg DEFIRNIK 51 K D 5B H L7z (Fig. 5).
%t <, sarpogrelate 0.3, 1.0 mg/kg DEHIRNIEEIC K
D G & C T SICMf|E Nz, Table 21 Fig. 4, 5
ICHB1F % 5-HT & a-methyl-5-HT O G, BL T C, D
ED, {H & 77877 #1140 Scheffe’ s test DFEHR 72 % &
7z. 5-HT & a-methyl-5-HT @ EDyflih 570 &
(5-HT creatinine sulfate : mol wt 387.4, «-methyl-5-
HT maleate : mol wt 306.32) Z4#i- LT, «-methyl-5-
HT O /5Hh 5-HT £ D G, T 315, ClaxtL Tl
) 2 fEFERN T EAVRE N7z (Table 2).
3. MAEEIRXERZUIMTICK SRE

R E R 2 B T YIRTd % &, 5-HTIC K D&k
FESNTIEIE,, (R, RIRRIOIZTHK LTChY, g
WD W 5N 5 W BLEE 358 7 Le. £7, 5-HT
B XU a-methyl-5-HT I & D 5 S NTEBEME DK
JEIRPUE ISR < Hifi E Nz (Fig. 6). RFIC 5-HT
DI INFIFIEFERITHI UTD, 128 pg/kg =T
% & HUREDOLRE DA B K TN O
L C O SGBITUEIN IS DRI 5Nz (data not
shown).
4. 5-HT FRSEHER ISR

5-HT & a-methyl-5-HT D5 h 5 HEREI & LI
BUEE DORMG E TOWRE L G Of/ME F T O % 5t
U7 (Fig. 7). H0JAEN bolus 5" ZHWTF
DRISEBREN S, IilE R & 5B SCERIRIC D 2 1F
MriZritd 2 EARREIC R > 7z, 5-HT 2 51%,
BRI, L, BFIEBXUCMHRIRMNBT O (R5H1 5
DIEKE 1 1.510.16 #), FEREIE 0D HAFE A 1 P Bl g
(&I 1 1.8110.06 #), ZD%, MENTED LA L
KMEDOBPN B o7z (EMLLDE—=T X TD
I 09141039 F). 5-HT i HAUE LI O e K
it & T D 1 F1d granisetron 0.05 mg/kg O &k N
5%, AR LTz (9144039 B 5 8.22+0.25
#12). a-methyl-5-HT Tld granisetron Fif&IC &%
7otz (Fig. 7). TOMEX 5-HTIc KT
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1) sarpogrelate DS /ER

Sarpogrelate |& WY [E T i 7 & N 7z 2K 5-HT,
ZREIETETCH BN, in vivo DKGERICE T
% T DFEHUEH O RIS 2 5 Rl 8 TIiT - Tz,
Urethane-chloralose i, EFEMIROSA/F T, 5-HT
o -methyl-5-HT 35 & U 5-methoxytryptamine O 45 .0
B bolus HGIC XD, HaENED NN & P& O
WA SHEE TN B XCBPUBMNE S (KUE )
MWEFEE NI, phenylbiguanide 35 X U cisapride T
AU > 7. RhodesH® 135w I HLEERE MR D
MR EEEIC K D, 5-HT iR Mic 5-HT, 25
RO 5-HT, ZHBARZ 9 % B Mk 2 o7
LTHD, 5-HTIC KB 5GEEG N IGIC 5-HT, %2
BIRDB G2 UTzhY, T OXCGEITTHINA L3
R 5-HT, 2R HED o -methyl-5-HT I & O [A]
FRICEHERENI-C L, 5-HT, SAREEViHTH %
sarpogrelate I & D H EKFIICHEK S N izFHh 5
(Fig. 4, 5), TOKM 5-HT, 33X O 5-HT, Tld7x<
5-HT, ZAMAMFIC S L TW5B T EWARRIZRIC KD
RE NIz
2) granisetron D ¥ 5 /i & I H |+ 5 5-HT &
a-methyl-5-HT O RIGHEDHEE

fiar 222 A (G) effiary7s147 A (C)
IZ R 9 % 5-HT (4-32pg/kg) I & % H & K G il 47
(DRC) & granisetron 0.05 mg/kg DEFIRNZS%ICE
FEAEFEI NS RICEIDID 5T, a-methyl-
5-HT (4-32 pg/kg) I & % DRC & granisetron 0.01
mg/kg DEFIRNKR G ZICIZE=RICATBEL, 5-HT
DK s & ME 2R U7z (Fig. 5). T OHE OB
ZANB DI, FYFEABD D G D a/IMiE & 7%
% F TOWKE[H % granisetron D% 5-ii#% TR L 72
(Fig. 7). a-methyl-5-HT T K)o D =27 X TD
RFICH EENRD ENEh > DIk L, 5-HT T
I& granisetron DR GZICHEICHME L. T OF5HE
& 5-HT 1T & % %GB IHE D KBS T % X E R
N R CIFERE OMIRICH D, FHAF R TR E—
JRMEIMETH S E2RT. 5-HT DRIG & Bk
D a-methyl-5-HT O Jisld granisetron 1% 1C %51 Jik
9 L7 DIF, a-methyl-5-HT AERM: D E L 5-HT,
TEH#ETH O, JEFEHZRfEEEs L
M5, 30 0 OREIZ BT N2 E
BliaholkizbEbns.
3) Vagotomy DESE

EIVE v b TUE5-HT i 5 5UE S I KOS 1

vagotomy IC X D 1F & A E 8% 2F 3, atropine I
KXOFEICIHENG T 5, axon-reflex # /19
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% BIASEA B EIC X B B E N TV B,

T b TRITNGE X O T 5-HT O
FEEh 11 in vivo I HEARF) 1/50 R TH -7z & (in
vivo T 1Z EDy, 13 # 510 *mol/kg, in vitro TIlZ #
10 °M), & [E D in vivo D FER T vagotomy IZ X D
5-HT 3 & U a-methyl-5-HT O &%0E K HTHE NS HY
g HIHIENTZHN D, AREMRE - REMRER S
BN HE DR ) TR R & L CHRETH B T LD
RENTe. K7z, KEMBYINIZIC 5-HT 2 KEik5
95 EAEETI MLz & s, BILEY M
NXTT v MCEFHWIEMN S XGERICHT 2 EEZEHD
HO, TNHEEMRERGHNT K > THICHES N
EDEEDLNS.

4) 5-HT IC KB TEIED A HZX s

Szarek 5" 135 v b BT N &S SR VL 5
BRT, 5-HTIC &k 2 &8 S KOS X EAEH O
fiC 5-HT, 32 SRS H13K D ketanserin (3 nM) 1T &
DA EICHIH X 5 NI ACh OiEREZ T3 % [
ERANH B R L TW5. Fig.8ldF5 Y D
DA bolus 5 U 72K 5-HT O &GE K HTHE N
KIGDFEF () ZRULIEEDTH 5. HOENIC
Beh5&N7 5-HT &, PHERIMHEH DI/ MrOTEE(EZ
EET 2 EZBNED, /MO TEE(LERE Tl
& 5-HT Ot c 5 2 &h 5", WM 5-HT A
S MG 2 R HET Rl aEE . H 5. 1M/
HrIC & % 5-HT Dl & B A A DR FF I 3B
TEMNHO, 23T 5-HT O X O i ik el
MMEHEZNE D, © b Tld5-HT Ol #7557
TH LR EVEEDODNTNEY, T TR AT
H3. —J, EASNES-HTIZU RO XS & —i#
Dz ERITEEDNS ;1) K& =
AU TV % K EMFER AR D 5 5-HT, A ZT L
TACh Oz k C U, SUE Sz INiEd 5.
EHETRRE M NOEEIEHE H 5. 2) 2D
LB KN e I3 & S BE 2 728, Widdicombe™ HVENE
9" % Hering-Breuer DliZi2 A as (KUE CHEICIEAE
%) REEXEZ 2P, 3) T ORI RS EICIERIC
& 2 5ESGHEE P 2 B X, SUE SGEE) ke
BI5. £z, B X OMETANHINC K 2 Bk MK
1D 0, PEDIK FBXT CO, ED FA B AEE
B B S % 2, 4) S SOHEB) HR o B 13K
EMREREAR N D ACh DOl Z - 9. 5) TOXEX
IHENE BICKE X Z BDH D, TD XS IT positive
feedback WL D, 5RWGUE XIMER ISZET 5 & -
b3 (Fig. 8). T O Hering-Breuer DifiZEfiZ A8
S A3 B Wit HE D 2 o 71E Widdicombe™ 12
FOHHDA B~ASHMTDHS LHRESNTVS.
F 7z, IR EHRRYIRTIC X D 5-HT O&E SR H1HY
IR S8 < HIHIE N, T O KIS SR 7 D3R D
TRELEDb->TWVE T LD, TORFICEDS
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AR ~ASKRHME LIS 5-HT, X BARDMFIES B A[ETE S
BB, TORHERR FIC 5-HT, ZBAENEET B
B O A RS TR0,

el 5-HTIC K BRE, Rk, MGl Paintal
IZ & o THE & N7z juxta-pulmonary capillary receptor
(J-receptor)® Al Nz & EbN 3 (Bezold-
Jarisch & &%f) (Fig. 7). #i < MLz i /S5 N % M
W B % |3 phenylbiguanide T & #% 7& & 1 (Fig. 2),
granisetron & IC V2 Lz & h 5 (Fig. 3), AU
J-receptor FIHIC X B A[EEMES & % Y, vagotomy %
ICEFR LTV &b b HENR/IMAS X T KBIR

A% 20
o Vi V2 \ \ AV
mL/sec ) | <
\

VT . Vi V2
mL av Vi
, —_— —
o
Ppl 24 ry
4 — APc APG
emH20 6 X I
J .
CL= AV mL/cmH20 GL= AV mlL/sec/cmH20
APc APG

Fig. 1. Method of measuring lung compliance (C;) and
conductance (G;). Traces from top to bottom are V (flow
rate), V; (tidal volume) and Ppl (intrapleural pressure).

5-HT 32 pg/kg

1
PO o e e g

o -methyl-5-HT 32 pug/kg PBG 16 pg/kg

1
I e e

IMADAL 2 Z RO IEIC X ZAREMENEZ BN S.
ZDR®ICHL, ZOEIHE (G, & CL WD) IF5EX
BIRIC RS S N2 SUE SRR & 2Nz il d % K5E
PREE BRSO R A e, MZEZ AR
Nz Elbns.
5) HEDRELEICEADHLS 5-HT DEEDEE
Sarpogrelate (& Ifil /M ¥5 K O 1f % @ 5-HT, 2 &A1&
WGEIRANCHEPTL, /MR O R B K T I DU
AT % 7, IR 72 £ & b SRR 5 2
7z 5-HT & 18 £ M/ RAE 35 K T I -5 1 U A 72
HBTBH, 51, M/MICIER LT 5-HT Ok~
B L, TN/ ROEES KO ImiE OUHEIC B
5323 lBbNn%. SREOMERENS 5-HT X REN
IC&GED 5-HT, 273k U TSI 51 < HEiE &

Table 1. Reported potency of selected ligands at various
5-HT receptors

Receptor Agonist Antagonist
5-HT2 o-Methyl-5-HT (7.3)
5-HT3 Phenylbiguanide (6.8) Granisetron (10.1)
5-HT4 Cisapride (7.1)
5-MeOT (7.0)

Agonists: pEC50 values; antagonist: pA2 values. (From Hoyer et al Dy

5-MeOT 32 ug/kg Cisapride 32 pug/kg
1

1
e e e s

ECG  nanaw Nammmsn  usstansumensnin - | DIGRMM i  OOsORssRis | 0.5 mV

N A AN <O o wmwwwmwmmmmw]iIOmus

\%) me%wmmwmmk

A

........ A WA | 5mL

0
=) S 1111111 1111 110100 L -10 emH20
200 mmHg
ABP WLM T WM W m}
0
NUN— 400 BPM
HR oo el e £ ]
L -~ 200
o o
COz MM OO M, s OO VI ] > *

Fig. 2. Effects of intra-right-atrial injection of 5-HT agonists on spontaneous respiration in an anesthetized rat. 5-HT (32 p g/kg;
n=32) and PBG (1-phenylbiguanide : 16 u g/kg; n=16) induced Bezold-Jarisch reflex. 5-HT, « -methyl-5-HT (32 p g/kg; n=
32) and 5-MeOT (5-methoxytriptamine : 32 1 g/kg; n=12) induced a decreased air flow and an increased intrapleural pressure.
Cisapride (32 p g/kg; n=9) did not induce bronchoconstriction response.Traces from top to bottom are mark of injection,
time scale (sec), electrocardiogram (ECG), flow rate( V ), tidal volume (Vy), intrapleural pressure (Ppl), arterial blood pressure

(ABP) , heart rate (HR) and end tidal CO, (CO,), respectively.
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Fig. 3. Effects of granisetron (0.05 mg/kg i.v.) and succeeding sarpogrelate (0.3 mg/kg i.v.) administration on 5-HT-
induced response. 5-HT (32 p g/kg i.r.a) was administered at the mark bar in time scale. 5-HT-induced Bezold-Jarisch
reflex was abolished after granisetron (0.05 mg/kg i.v.), but the bronchoconstriction response was persisted. The remained
bronchoconstriction was disappeaed following sarpogrelate (0.3 mg/kg i.v.). Tracings are the same as Fig. 2.
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Fig. 4. Effects of granisetron (0.05 mg/kg) and sarpogrelate
(0.3 and 1.0 mg/kg)on 5-HT-induced decrease of lung
conductance and compliance. Simbols indicate control
response (open circle), after injection of granisetron 0.05
mg/kg (closed circle), after subsequent sarpogrelate 0.3
mg/kg (closed triangle) and 1.0 mg/kg (closed square).
Each dose-response curve of 5-HT-induced decrease in lung
conductance or compliance was shifted to the rightwards by
sarpogrelate (0.3 and 1.0 mg/kg) in a dose-related manner,
but not by granisetron (0.05 mg/kg). Each point represents
mean and S.E. of responses of six experiments.
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Fig. 5. Effects of granisetron (0.01 mg/kg) and sarpogrelate
(0.3 and 1.0 mg/kg) on ¢-methyl-5-HT-induced decrease
of lung conductance or compliance. Simbols are the
same as Fig. 4. Dose-response curves of o -methyl-5-HT-
induced decrease in lung conductance and compliance
were significantly shifted to the rightwards by granisetron
(0.05 mg/kg), and shifted to the rightwards by subsequent
sarpogrelate (0.3 and 1.0 mg/kg) in a dose-related manner.
Each point represents mean and S.E. of responses of six
experiments.
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Table 2. Calculated ED5, values of 5-HT-or « -methyl-5-HT-induced decrease of G, and C;

5-HT (n=6) GL CL
only 5-HT 20.93 +5.18 24.40 * 4.55

+GRA 0.05 mg/kg 19.71 £ 3.66 2498 * 3.12

+ SAR 0.3 mg/kg 169.44 =+ 16.12% 192.12 % 17.44%

+ SAR 1.0 mg/kg 1033.16 * 288.63* 968.13 + 74.64*

O-methyl-5-HT (n=6) GL CL

only o -methyl-5-HT 6.11 = 2.44 1334 =221
+GRA 0.05 mg/kg 17.85 * 4.99% 2526 *4.33%
+SAR 0.3 mg/kg 98.40 * 37.38% 119.08 + 26.09*
+SAR 1.0 mg/kg 1250.93 * 370.75% 1042.33 + 256.94%

The tested values represent mean + SEM (ug/kg)
* p<0.05 vs only 5-HT or o -methyl-5-HT.
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Fig. 6. Effect of vagotomy on 5-HT- and «-methyl-5-HT- induced responses. 5-HT or « -methyl-5-HT (32 u g/kg i.r.a) was
administered at the mark bar. 5-HT-induced Bezold-Jarisch reflex was abolished, and 5-HT- or « -methyl-5-HT-induced
bronchoconstriction was more or less strongly inhibited after bilaterally cervical vagotomy. But, the bronchoconstriction
responses persisted at least to a small extent. Tracings are the same as Fig. 2.
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Time to min GL 9.14 + 0.39 822 £(0.25%* 9.87 = 0.21 9.44 +0.26

mean+SEM. *P < 0.05 vs control

Fig. 7. Measuring of onset latency of apnea and hyperpnea, and time lag to minimum G,. 5-HT or « -methyl-5-HT (32 p g/kg)
was administered in the right atrium at the marking bars.
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Fig. 8. Hypothetical mechanisms of 5-HT-induced bronchoconstriction in rats. Bolus injection of 5-HT may induce a release
of 5-HT from the thrombocyte. Both the exogenous and endogenous 5-HT will induce a release of ACh from the bronchial
parasympathetic nerve terminals via 5-HT, receptors. 5-HT may also induce a direct contraction of bronchial smooth muscle at
higher concentrations. 5-HT-induced bronchoconstriction would activate pulmonary deflation receptors, and thereby reflexly
excite the bronchomotor center in medulla oblongata, then enhance the bronchial parasympathetic nerve. PO2 | /PCO2 T may
also excite the bronchomotor center. These can together induce an enhanced release of ACh. In this way, a positive feedback
mechanism could enforce the 5-HT-induced bronchoconstriction.
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