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1. Sites of the cardioaccelerating action of nicotine, DMPP,McN-A-343; AHR-602, tyramine,
angiotensin and neostigmine were investigated in spinal rabbits.

2. The cardioaccelerating action of the above sbstances was substantially weak in reserpine-
pretreated rabbits. The accelerating action was scarcely observed after propranolol adminis-
tration.

3. Tetrodotoxin and guanethidine did not affect the cardioacceleration due to nicotine,
DMPP, tyramine and isoproterenol, but they markedly weakened that due to McN-A-343,
AHR-602, angiotensin and ncostigmine.

4. Chlorisondamine blocked the cardioacceleration by nicotine and -DMPP; "atropine ‘that
by McN-A-343 and AHR-602.

5. Appropriate doses of isoproterenol, nicotine, DMPP, McN-A-343, tyramine, angiotensin
and neostigmine, when administered into the right auricle, produced almost the same degree
of cadia acceleration as when they were given to the right ear vein. AHR-602 did not
produce significant cardioacceleration through this route.

6. Nicotine, DMPP and neostigmine when injected into the right auricle produced marked
cardioacceleration, whereas they produced little action when injected into the left ventricle.
Isoproterenol and tyramine produced more marked effect by the intraauricular route than
the intraventricular one.

7. McN-A-343, AHR-602 and angiotensin produced more marked cardioacceleration by the
intraventricular administration than the intraauricular one. The intraventricular AHR-602
produced marked cardicacceleration.

8. It is inferred that the sites of cardioaccelerating action of nicotine, DMPP, and tyramine
will be either the terminals of the adrenergic nerves or the extraneuronal steres of norepi-

nephrine and that of McN-A-343, AHR-602, angiotensin and neostigmine will be the adren-
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ergic neurons in the heart. The sites on which nicotine, TMFP, tyramire and Lecstigmire

will act are chiefly distributed in the auricular tissues and those  cn wkick McN-A-242,

AHR-602, and angiotensin act chiefly in the ventricular tissues.

Nicotine @ dimethylphenylpiperazinium(DMPP)

o EEIEAL LRWEES el delngel ¢HA

devl, WEEEMe R o MEHY FEsL =
SA e Ll B ERARLY delvE ks
9 EHEY #inel AN E = ERBA HEhd
ERel EEsIL. B 2 frABEe 24 LB “intr-
insic ganglia”(Ambache 1951, Ambache & Edwa-
rds 1951), %=+ “Pharmacological ganglia® (Lee &
Shideman 1959)¢] &7t RER & g3 FE 9
A e TR EhitsEkMs] fEESEY catecholamine
£+ EEE e FRsSE BF-Ec] e (Cooper. 1966,
Cabrera 5 1966, Bhagat 1966, Lindmar 5 1968).

Nicotine, DMPP L) 4}ol] 4-(m-chlorophenyl-carb-
amoyloxy-2-butynyltrimethylammonium chloride
(McN-A-343), N-benzyl-3-pyrrolidyl acetate meth-
obromide (AHR-602)%= ZREMWEE BMEH =4 <=
A 5P (Levy & Ahlquist 1962, Jones 1963),
o1 ES LEERL Bfel weh 1 el EEsHh
McN-A-343¢ in situ 8] Rl A LfckEne]  Ehnsk
BEE DEHES e dosiv FIHER =€
Lofigell skl AL BEE AR %o (Roszko-
wski 1961), AHR-602 94 Bl FE & HE L
T FEE vAR g} i (Franko F 1963).
2y Gl BE 2 At LB A ol HE
£ catecholamine & RSt IkE 1] IS 4o
2 (Bhagat 1966, Kim % 1967), =3t #HEZREAA
% reserpine-sensitive ¥ LIEEME 4.0 o] LS
of glch(® 1972, 4 1974). 34 o]& 3 HRE &
o7 LERY fEREE il A &#Al vl gk

Tyramine -2 LIRS RS EIH Bt fEAS
catecholamine & A Fo] <A Y}Burn &
Rand 1958). Angiotensin & [LE{ER] A A=
2 ek 23 RET EES G Farr & Grupp
1967 BJR), FKFell A= catecholamine & HpEshw,
DEEmME doge] ¢¥A Uri(Beaulnes 5 1966,
Z 1971).

THe LE 671A o) HHE FTEAA LHEEM
HEEZ vebl ) gl A o fFARE ¢34 2R
Zyd FIRSe EEEN e REsSde=z o
RS WESHE vtol ok Neostigmine = ZBE5 Mol

A Lfge] BAE BETAAE —Rld SEERE
doge] ¢uA glermm (% 1974), I fFFEE
s = ok BFstd

BB AF X

1.e~20kg 8 B FRE RGO o] & vre-
thane (lg/kg, BT) BB TAA KE71ES FAS
o ATHETAA HEES £ 1. S EHENS ¥
S BB R HEHE EERE BEATeEA &
BES s gt B AREREEERE EHY o
dlA giEFHds, Rl BEHARENEES FHE #
ol % Wi sgen, BA TE-E ki FiEd &

- olel A gkl e :

OF B DERLEY QRS-HE KIESY FE
o2 ulbE RA968)S rEd wEY HEEfFL I
HESES] 15HKS BEEE A3k HEHARL 3
B8 & 1584 BEHE ©H 545H & 48
¥y HRE BYEHTY LEEEY BHEY, #H4
HHE 74 Z2A £ 2 BLR 15EEY By
2t ERFEISEDE Rao Eusig.

HEFEAA LEENE Qo HeE AT
g0 dl-isoproterencl ECI (Sigma), nicctire bit~
artrate (Carl Roth), LMEP icdide (Fluka), McN-
A-243 (McNeiD), AE R-€02(A.F. Robirs), iyremire
HCl(Sigma), eargioctersin(Fyrertensin, Cika), re-
ostigmine methylsulfate (Sigma)%o] ¢glon, o] &

+ A LR AL @ 0.imifkg o) B
fele] A HBER EEIAY, @ KE 1/4mid]
BMAA 71 polycthylene tube & Hale] B
BIEe et AUBR EE BHdAY, @ A
BEE “ PR slES BASY 2 KRS B
o BLE FRHLE 8 1/4ml o) BES BYL HE-

sk

ol & LEEM HR WAL HEE B7 e
reserpine (Ciba), propranclol (Sigma), tetrodot-
oxin (B4 =3t), chloriscndamine(Ecolid, Ciba),
atropine sulfate (Sigma), guanethidine sulfate (C
ibadg 1~2mi/kg o] # Rl WS $%3 HEE
el HHsHr. Necstigmire H & 3ol & physcstig~
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mine sulfate (Sigma) lmg/kg 3 EHHEL @il
HEaretel mle LS BOARTGOER L Fll
A oA Imi/kg S BINED, o HEE —ifol] A & 3ml
/kg/hr & &E9 hexamethonium chloride(Sigma)
BHE 0.5mg/kg/min &) HEZ L0 EEBIES B
o AR A,
A

8542 0.9% GBIk Bfigste RS el (H rese-
rpine & 1 250mg 9} benzyl alcohol 2Zml, HHkEE 2
50mg, polyoxyethylene sorbitan mono-oleate( Tween
80D 10ml ol KRS A3t 100ml 2 mkE o] &
sl (FRst L, isoproterenocl & Eitk(pH=4)
0.9% BBIKe st RS

physostigmine, neostigmine &

EBR AR

. EBESIRA S LEILEE OHEM 2RO
et % el pE

Isoproterenol, nicotine, DMPP, McN-A-343 AH
BERRS LE
W|Wine dogdeon 1 EEE Tahle 1oﬂ A8} 2}, Ne
ostigmine & physotigmine 0 2 d#e] AR HEE
Tell A EBEE LR IS dogivt (Table D.
Nicotine(0. Iing /kg )2 208idr 200l A LI ol
A BEE LHEESE 9oz 3z DMPP. Img/kg)
{’0’17”&' SEiel A BEAE DRI Vhebsleh. Me-
A-343 5 AFRG0ZE oW Q9T 5 A
3l %E‘%% o ¢t AAME u& fldA LEESE
1ok,

A: Reserpine

R-602, tyramine, angiotensin 5-&

1o

3!”1

2 iﬁ’é‘ Z rlr 2

Reserpine lmg/kg & T
FEES w5l i 8% Zipd) d3 RES 294
up Table 16]4) 2= wbsh Zro] SHBEYS RIEdl
5}l isoproterenold] =8 AL BicnE T B
2g) bl el
1 REES o) A == nicotine, DMPPd
& LEEn KRl WEEE S FE LR KB
o] el glolA mu} ZA vielyieh(EIRD.

B: Propranolol

¥ 24B5RASS] RS

T

Reserpine B8

Reserpine B i ol AY HBERE KER
o] ffifigt isoproterencl & Atk 7S] Rpdl A7

DERIN}; catecholamine i) 9 3-& 7Helsla ¢
t}, o] & #iho] adrenergic f-receptor & JAF L
E2pi

r‘lm

Qo7 e MW 954 2mg/kg 9] propra-

SO ZhRel

nolol %Y FIES Hiksigdrl. Propranolol 8=
HEFRY LEEAE A BES VAR g, &
e o8t LR BRE B Mies of(Table
2).

C: Tetrodotoxin

PR tetrodotoxin - RATRER HdlA deE] #A
sla 9o m® (Narahashi 1974), 7/ 4o <3k
ul A= RS Bk

Tetrodotoxin (lug/kg)e LEHNE AY ;%é%i
u] x| x| ¢r9kar isoproterenol, micotine, DMPP, tyra-

mine o] &3 LiEEAE A BESE AR g%

15 AA

" o) McN-A-343, AHR-602, angiotensin 4 neosti-

gmine o] &3 LERIE o]
(Table 3).

McN-A-343 ¥ AHR-6024] 93 LERD #Ee
tetrodotoxin® 2 # 9] S wix] ¢Fokvl.

Tetrodotoxin 0. lug/kg = #iES #dlE McN-A-
343 (Img/kg)e] W WKHES 661 26le H&
2 wbx] ook 4l AE vERR wgkem ol 2
Bl A 2mEEe] Ak % EeA EIRIES BEH
g}, Tetrodotoxin lug/kg & BT Floll A& WX
¥ McN-A-243 6] 8 K-S 5~6B5e] A= &
B A gk

Reserpine KA 4 DMPP g nicotine o] 9]
T LEED BRI HE® FEE velderz o
FibdhEel ml X% tetrodotoxin(lug/kg)d)  HEE
B2rsl 9 of. Reserpine B FHe DMPPO.3H 1.0
mg/kg ol WA &4 601 T3y 4.1£1.60, 5.1xl
602 MEigmd HAE dof e tetrodotoxin R E%
ol 0.3mg/kg ol W WORES £ F 45z 1.0

mg/kg &) W E 150,918 HAHE dosA A

& BEs wHskget

gow, tetrodotox; #&Eﬂ’@%c’ﬂ% W] BicR
& @ 4 AT P<0.05).

Reserpine (B 751“: icotine 0.3 % 1.0mg/kg
o slgkel A 61 Y 6.02.04, 9.01.469)
e BoE doned tetrodctoxin #EHA = W
mxe] &4 2,540,907, 5. 101958 Hgdort o #
ol = ffﬁl‘,ﬁ%%ﬁ’ﬁc’ FHS BRT ¢ 4ok

EhEE
D: Chlsrisondamine

.

Img/kg & ERIA OEH QA A 8BS o
0514 %3 nicotine, DMPP o w13 LM KIE
o FEEF PpdiE g o), isoproterenol,MCN~A;343,
ATTR.602, tyramine, angiotensind] w3 KRJEdl&=

- 8] 07] %] ¢rokrh(Table 4D,
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Table 1. Increase of cardiac rate by various cardioaccelerating agents in control and reserpinetreatd
spinal rabbits,

Cardioaccelerating » Control group Reserpine® treated group
agents: doses P-valued
per kg No. Heart rate* Increase | No. Heart rate Increase
Nicotine
0.1mg 20 44+£1.6* 9.8+1.35 6 37Ll.2 1.52:0.61 <0..001
0.3mg: 17 15.4:£0.72 6 3.6:+155  <0.001
DMPP - . ) '
0.03mg 19 43%+1.3  9.0%1.86 9. 35415 0.3£0.23 - <0.001
0. lmg 20 14,.542.05 9 3.6x1.09 - <0.001
0.3mg 19 ' 14.8+1.13 9 9.3+1.41 <0.001
McN-A-343 ,
0.3mg 45  43+1.5  5.9%0.50 4 39+1.8 0 <0.001
1.0mg 43 7.34+0.52 6 0 <0. 001
3.0mg 33 10.3+0. 68 6 0.3%0.33 <0. 001
AHR-602 :
3.0mg 27 42101 1.8+40.38 6 36F1.9 0 <0.05
10.0mg 24 3.240.45 6 0.9:+0.51 <0.05
Tyramine :
0. 1mg 14 38419 8.3%1.60 12 3B*x11 1.6£0.47 <0. 001
1.0mg 19 13.0+1.10 12 4.120.53 <0.001
Angiotensin
0.1xg 10 40%£2.4  6.9+1.20 6 36+1.7 0.3%=0.33 <0:001
1.0ug 18 11.84:1.42 6 2.33:0. 66 -~ <0.-001
Neostigmine
1.0mg ©32 2840.9" 4.940.56 6  25k1.4%  0.8%0.41 <0. 001
Isoproterenol
0.12pg 12 42416 9.0x1.15 6 37x1.7 8.9x1.10 , NS

In this table heart rate* denotes the mean cardiac rate for a period of 15 sec+S.E. before an injection
of cardioaccelerating agents. After an injection cardiac rate for every 15 sec was continuously counted
during 5 min. Rate usually increased after an injection. Maximally increased rate for a period of 15 sec
after an injection was taken and increae | from rate before an injection was obtained. The figures are
mean values+S.E.

Reserpine® (1mg/kg) was given i.v. 24 hr before an experiment,

The heart rate* was slowed down by administration of physostigmine (1mg/kg, once or twice) before\
an injection of necstigmine.

P-value® was obtained by comparing increase in both groups. NS: nonsignificant difference. In groups
of other doses heart rate was almost same as this*,

Hexamethonium(0. 5mg/kg/min)S R rEA s 5).

A physostigmine% Fol  OHESE BAAZ RE A Physostigmine ## 82 PR 0LB25~I0/158)-&

neostigmine & iR INE 27 c}(Table 4). étropine(lmg/kg) HEute T B\Binsle 50~55/15%
E: Atropme 2 =9 ow o] YRhEEo| A = neostigmine (lmg/kg)&
Img/kg BB LEE ARAE #BFe] g obrEl FHEE ebl X gt

McN-A-343 9 AH:R6028] LHEEMGHRE A B F: Guanethidine »

4 ¢lgl o), isoproterenol, nicotine, DMPP, tyrami- TES] EHEEFRFENA 10mg/igs guarethidine &

ne, angiotensind] il & #WEpel (Tl st ohe LMY BLE BESYS. 5B F
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Table 2. Increase of cardiac rate by various cardioaccelerating agents before and after propranolol
(2mg/kg) administration.

. Increase
Agents: doses per kg No. Heart rate P-value
before after
propranolol propranolol

Nicotine 0.3mg 5 4742.8 14.042.19  1.640.97 <0. 001
DMPP 0.1mg 5 46:+3.8 13.422.44  1.2+0.80 <0.001
McN-A-343  1.0mg 5 36--3.6 7.2+1.24 0 <0. 001
AHR-602  10.0mg 5 38+3.9 9,0+1.82  0.7+0.70 <0. 001
Tyramine  1.0mg 4 42+3.9 12.04:2.02  0.530.40 <0. 001
Angiotensin 1. 0ug 5  38%3.9 9.0+1.82  0.740.70 <0. 001
Neostigmine 1,0mg 6 2441, 0% 1. 13-0. 69* <0.01
Tsoproterenol (. 12pg 4 40743.4 7.5-0.64  0.2:0.25 <0. 001

As to heart rate, increase refer table 1,

This heart rate* in this and the subsequent experiment was that slowed down by administration of
physostigmine as in table 1.

P-value was obtained by comparing before and after propranolol. In neostigmine group it* was compa-
red with the control group in table 1,

Table 3, Increase of cardiac rate by various cardioaccelerating agents before and after tetrodotoxin
(lpg/kg) administration.

Increase

Agents: doses E i P-value
g per kg No Heart rate before after

tetrodotoxin tetrodotoxin

Nicotine 0.1mg 10 48+1.1 10.31.45 8.6%1.91 NS
0.3mg 7 16.440.69 12.0%2.47 NS
DMPP 0.03mg 9  45%1.5 8.841.96 7.03:2.02 NS
0.1lmg 10 15.242.19 12.731.80 NS
0.3mg 9 15.7+1.28 16.621.55 N
McN-A-343 0. 3mg 6  44+1.5 4.8+1.16 0 <0.01
1.0mg 6 8, 141.25 1.3240.50 <0. 001
3.0mg 6 11.621.67 3.1:£0.70 <0. 001
AHR.-602 3.0mg 8  42+1.3 2.04+0.65 0.120.13 <0. 02
10.0mg 12 3.6+0.83 0.820.31 <0.01
Tyramine 0.1lmg 8  39+1.8 8.541.51 7.5%1.46 NS
1.0mg 6 13.6-£1.06 16.0=:1.71 NS
Angiotensin 0. 1ug 5  40£2.7 6.61.11 0.620.5 <0. 001
0.3ug 6 9.6+1.52 2.8%1.15 <0.01
1.0xg 6 12.61.52  4.042.06 <0.01
Neostigmine 1.0mg 7 27+1.4 0.840. 34 <0.02
Isoproterenol 0.12xg 6 39+3.6 9.54+1.25 9.8%0.91 NS

As to legends refer table 1 and 2,
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Table 4. Increase of cardiac rate by various cardioaccelerating agents before and after chlorisond-
amine (Img/kg) administration, ‘

Increase
Agents: doses per kg No. Heart rate before - after P-value
chlorisondamine chlorisondamine
Nicotine 0. l;ng 6  44+1.7 5.6-20.73 0.640. 42 <0.001
0.3mg 6 7.1+0. 60 1,02£0.40 <0. 001
DMPP 0.03mg 6  41%3.2 3.141.08 0.5=%0. 34 <0.05
0.1mg’ 6 7.54+1.61 2.540.92 <0.05
0.3mg 6 10.3%1.65 5.5+1.22 <0.05
McN-A-343 0.3mg 7 42+1.5 2.820. 89 2.1+0. 46 NS
1.0mg 7 5.1%0.70 4,1%0.59 NS
AHR-602 10.Omg 6 43x2.0 5,010.81 4.6x1.01 NS
Tyramine 0.1lmg 5 39+2 7.4%1.30 7.0+1,34 NS
Lomg 5 10.0=1.59 7,61, 64 NS
Angiotensin 0, 1pg 5 42+42.9 3.041.54 4.242.24 NS
1.0pg 5 6.0%1.51 8.6+1.48 NS
Neostigmine 1.0mg 12 26+1.6 5.5+1.70 NS
Isoproterenol 0.12xg 5 38k 6.440.94 5.840.74 NS

As to legends refer table 1 and 2, Neostigmine was injected into rabbits receiving hexamethonium (0.5
mg/kg/min) infusion,

Table 5. Increase of cardiac rate by various cardioaccelerating agents before and after atropine
(2mg/kg) administration,

Increse
Agents: doses per kg No. Heart rate before after P-value
atropine atropine

Nicotine 0.3mg 5 45+1.6 10.8+1.32 9,.2+1.09 NS
DMPP 0.3mg 5 4243, 0 13.8+1.62 13.0%0.70 NS
McN-A-343 1.0mg 6 41+1.4 6.6+1.57 0.3+£0.33 <0, 001
AHR-602 10.0mg 5 42+1.9 3.4%1.4 0 <0.001
Tyramine 1.0mg 5 39+2.7 14.02£1. 30 10.541.20 NS
Angiotensin  1,0ug 5 41+1.9 7.6+0.54 8. 04:0.83 NS
Isoproterenol 0. 12ug 5 40+3.5 9.53:1.56 .9.0%£0.70 NS

As to legends refer table 1 and 2,

3 38129 A0] 10~205 #ol 4842102 1§
M 6053 4el & 391 42 5 S} ghvh, Gunaethi-
dine & #EEsl T 185He] VA L —Es &
Ziebe] Y AT LERES »gth
Guanethidine 2% isoproterenol, nicotine, D-
MPP, tyramine 5o o8t o] guanethidine £
Rl #Ee) 9.0, McN-A-343, AHR-602,

angitotensind] o 3+ KEE-2 FEES MHI= 3, neo
stigmine o] 2] g LEEME HBEFERERY KEnch
A 9 eh(Table 6).

I. 508 ¥ ZO0FR &5iesel s

A BBl A M W CRIRES Byl Sl
= Neta AER A AT #pEe LEENE
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Table 6. Increase of cardiac rate by various cardicaccelerating agents before and after guanethidine

(10mg/kg) administration.

HERISE, LIRS W& el fEATE AEE
BB WEY £ gdslal LERY ol Ffiel
PERSHEAS 99 95t BUE R ALERY B
S FEStE 2ok

A: TIsoproterenol

0.12ng/ke & HEBRAC HE5tdHE 5~1084%
< Dol Wimsts AR a 15~45e] Emel E3
o] WK WO 3~6athellE FREER I Eolzte]
R3Fol 9}, Isoproterenol 0.025ug & B HOE
HAFEE A AW 0. 120¢/kg & AHBIRRC ¥
FHetgl & wlo} wlsedt RiES dogeh

a8k FEY isoproterenol & ZEDES HASG
¢ ol R %EA Y9k B 1060% oflelA
At 307 dolok Ll vEgtos KB 14
ol Bigol BT A 3~ E FikEE HE
oF Zheh, LEENY BEL EOBd BEASRS
<} He#istel wgied(Table 7).

Increase
Agents: doses per kg No. Heart rate beore after P-value
guanethidine guanethidine
Nicotine 0.1lmg 5 39+3.9 7.241.36 10.4+1.70 NS
0.3mg 5 13,6+2.16 13.242,63 NS
DMPP 0.03mg 5 4243.4 8.0+2,00 7.24:2.33 NS
0. 1lmg 5 12.8%+1.62 14,442.14 NS
0.3mg 5 19.6+1.61 19.0%1.18 NS
McN-A-343 0.3mg 5 43+3.4 5.640.83 0 <. 001
1.0mg 5 9.2+1.77 0 <0.001
3.0mg 5 11.8:1.59 0 <0.001
-AHR-602 3.0mg 6 4343.7 3.3240.51 0.5+0.5 <0.01
10. 0mg 6 4,620.48 0.6-0. 42 <0.001
“Tyramine 0.1lmg 5 40+3. 4 9.221.11 6.42-1.28 NS
0.3mg 5 13.841.85 11.8242.29 NS
1.0mg 5 17.241.36  14.6+1.48 NS
Angiotensin 0, 1ug 6 38+3.2 1.6+0.18 0.3240.33 <0.01
. 0.5ug 6 4,50, 36 0.5+0. 34 <C0. 001
1.0ng 6 8. 0+0. 68 0 <0.001
Neostigmine 1.0mg 6 271, ‘ 2.0+1.12 <0.05
Isoproterenol 0, 12ug 5 44+2.8 9.2+1.59 7.641.68 NS
As to legends refer table 1 and 2,
ok ol ol E Y fRMBie] RIS B: Nicotine

HiER 0.05¢g & HHET A AEBHIEAA 0.1
mglkg & HHE A E - o A viEd LEE
b deiukel, e s OEE ) ISR, o HE
BB o <6kl 168 vehdA I~25%d0 5 K
A= = Eot Sich

2.8} nicotine 0.05mg =& 0.15mg & £ LER
o H&AES e OEEhe A B F $ds
(Table 7).

C: DMPP

HOERC 0.015 =X 0.05mg & dafstd 2 4
F#IRAC 0.03mg/kg & EHEG S & di e A
S £ LEPHRE B 5 YA EALK 10~158
el \hnsksl A &St 156~6080el Fimell Esha 2
~35 %= FREBE S Eot givl

ZZDERe EAE 0.015, 0.05, 0.15mg 2] DMPP
=AY LEESHE QoA Qoe(Table 7).

D: McN-A-343

HLER AT 0.05 9 0. 15mg & KB LAEBIR

— 35—
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Table 7. Increase of cardiac rate by various cardioaccelerating agents when injected into the right
auricle and the left ventricle in spinal rabbits.

Agents: Injection into right auricle Injection into left ventricle
: P-value
total doses No. Heart rate. Increase No. Heart rate Increase
Nicotine
C.Comg 484+1.9 6.841.80 5 48+1.6 0.60.42 <0.02
0.15mg 51+1.5 14.6+2.30 47+1.9 0 <0.001
DMP?
0.0lmg 47+1.9 5. 3+1.05 48+1.8 0.524:0. 34 <0.01
0.05mg 47+2.1 10.5+2.04 4612.0 0 <0.001
0.15mg 52+0.9 17.0+2.00 5 5212.4 1.4%0.67 <0.001
McN-A-343
0.05mg 51%+1.8 5.4+0.97 5 52+1.9 9.8%1.39 <0.05
0.15mg 51+1.4 8.140.91 5 52+1.9 12.8+0.80 <0.02
AHR-602
0.5mg 6 51+0.8 1.3+0.73 5140.9 4,820.70 <0.01
l.5mg 491-0.6 2.0+1.12 5 50=+0.8 7.02:0. 30 <0.01
5.0mg 6 47+0.8 3.3+1.34 6 491+1.6 10.0-£0. 57 <0.01
Tyramine '
0.05mg 48+2,9 4.2-+0. 68 53+1.2 0.52-0. 50 <0.01
0.1lomg 48+2,9 7.2+1.23 53%+1.4 1.620.24 <0.01
0.5mg 47+3.1 13.1+1.24 53+1.4 3.0%1.41 <{0.001
Angiotensin
0.05¢g 49+1.8 1.4£0.79 52+1.9 10.8+2. 14 <0.01
0. 15ug 46+2.1 4,0+1.09 50+0.9 17.81+2.24 <0.001
0.5ug 44+2.5 8.8+£1.85 5 50+0.9 21.8242.06 <0.1 -
Neostigmine
0.5mg 5, 251+0.7 4.6250. 50 5 26x1.5 0.6-=0. 40 <0.01
Isoproterenol :
0.025¢2 10 48+-3.3 8.4£0.78 10 46+3.6 4,54-0.94 <0.01

As to legends refer table 1 and 2

Aol E5He 0.3 9 1.0mg/kg o} ¥ &3 RKES 4o
Zrh

RE&E ZLERG EASE e K 2RI
At B ALERN EEE A% 30~46R7 A

vhok o] Bmels] AFstn 1~k &E KE

+ £ 9ed, ELER BARE EARKR ==
5~108) #o] LE-L iEels] At m  15~208d
Bl ES P BMEESE SLBR HEAR i
o #Hep(Table 7). =3 L£OLEMN EASLEAE L
BRELE dosle AL & 5 g9k

E: AHR-¢02

6fiel A4 AHR-602% 4 LEARS HEASE B HA
B KHS flald e Bdsld 0.omg 2AE 6
Bl 785 3.841.44, 1. 5mg 2R 2,621 06, 5mg 24
£ 2.620.659 WAL Vel m, 0~60%71 R
W OLERS QA ER HEBT DEEN ddy
oh. Table 7] veht gl A o] LEEMNE oF
T HHET Aol Pk

a3 AR AHR602Z ZUERO EHEES
de DEFEAE dore 4ol §lo] EF LEEME
8] o A v} (Table 7). '

F:. Tyramine
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HLERC 0,15, 0.5mg & HATNGEE & A& 75
HiglRA 0.1 ¥ 1.0mg/kg & WAIstE L wot v
<% Kol velstelh

v BUERC #EAGAI FAEY tyramine &
ELERA EASYEHE 2 uﬁf@ WEE "4
5ok H(Table 7).

G: Angiotensin

FHOERC EHET0.0548 & A LEEMLE Loy
R ggkon, 0.15, 0.5xg 2 HES LEENHRE
ARt 0.5¢g & ALEA FEAL K 0.1 =+ 0,548
kg T B EREAC dAEt A9 KEst v <35
Sk

a2 ELER EATHE 0.05ug L2E BHE
B LEEINE Lo o A 5~108% Bt
A skl 308 Rkl = &l Esh vk

H: Neostigmine

Physostigmine o 2 LEREADE Qo7 BikAlA &
DERC 0.5mg ¢ neostigmine € EHFGE H=
—Fel DEEIL Vel e, (EOERC EaE
L& AY Kol gsiei(Table 7).

% #

A EEpoll 3L nicotine, DMPP, McN-A-343,
AHR-602, tyramine, angiotensin, neostigmine ¢
LRI E T reserpine B FKEA A= T BE
4] 33{ts 3, propranolol = veldx] wet
2.0 o]E Z4yo] catecholamine & FEEsle] o]/ a-
drenergic beta receptor o fERTo 24 LB N}
Dolnd-& 7y gk .

AESN A EERMGES w8 AT
TS UIETE B, WEEHIRE FRiEEeldA st
o REEEIES BI AN mRiHES B
13 By o velrbA #ipE BLE B A0Bd &

ALl A EAA T LEEN KEel Jehd
B S ol dipdl A% LEEM BRI MERES
SEER R3Ol B fEAET S Rk Ak

LMol fEASte catecholamine JEEES <o vl
LPEAS catecholamine-store o] {Ef LY 20 S+
W oole X2 T Bt Aoz <dA
9l th(Angelakos 5 1963, Cooper 1966, Dahlstrom 5
1965). Bl o} & ZEipo| LS ARG fERTS
HEWE 5 9l

a8 —FEES L, R, ¥E S 4] “extraneur-

onal”2 catecholamine ¢] fF{HEFE stz glowH
(Trendelenburg 1955, Chiang & Leaders 1956,
- 1968, Vassalle 5 1970), o}71el feme o

BEHE BET v S,

Tetrodotoxin @ guanethidine -& AEEHA FHIE
THES) S FIREA 28 o 7 Vo] EaL glvk B
o] Wl 938l McN-A-343, AHR-602, angiote
OEEInfEA ] B Ml
=) 3, nicotine, DMPP, 'tyramine & = {gEfie] A
o pme wA S

Tetrodotoxin -o- ik, HlEEe] 9144 sodium
conductance 8] S E3514] 3k¢] action potential
o] WEE MEEte YE=E ¢eA ¢t (Narahashi 5
1964). McN-A--343%-9] 489 Fipe]l &t LiEmM
7} tetrodotoxin B = JERR] S22 olE
WrEe] TR HAES Mste] impulse & {HEA]A
norepinephrine #EES A0 7S Rsta vk Tet-
rodotoxin o] ZFEE R 9ol ¢ norepinephri
ne e v MEE v x g-Fo] EREANA R
o] g Bi(Krauss 5 1970).0.2 njFo] McN-A-343
9 4fES] #Eipe MIERIBRTHE proximal 3 #fZ
o] fEReE Ao ® M "’}

Nicotine, DMPP, tyramine 5

Copen %

nsin, neostigmine -2 L

& tetrodotoxin JLHd
Bl = LEE R B3] gt B ol fERES
o| tetrodotoxin 3} &GS+ tetrodotoxin & .4 Bv}
“distal”’g] & 7Fel7lE Ao BMA (2 o) &
o] catecholamine & #hEste] fEMdtle HEL
adrenergic f-receptor o] EEE fEAA @& Wil
Aolrnz, o]% ZEMHL adrenergic receptor & AR
IRIRHERS) o] = Jroll fEASH okl ZAlol vl o] L
BAE LRI MEEEAR A #RE tetrodotoxin 02
B oo NSRS 44T 4+ gk Acetylch-
oline o] B KM EE: FAT = Uik norep-
inephrine WHkE THERIES et W2 impulse o]
8] 8k norepinephrine el = HirE HAidol 49

2 ¢l mEo 7 w]Fo](Ferry 1963, Cabrera 5 1966),
o] HEM-S FIEER A vl
Guanethidine -2 adrenergic neuron frel] 42453}

RS BT impulse 8] {HEE WHEE WEE ¥
A ¢} Mitchell & Oates 1970). Guanethidine 3E3
#Holl McN-A-343% 4f&9 Z&4poll 43 LESE A v
EbvbA] 9Fgk-&-o. tetrodotoxin EEgF vlaksA 2 o &
4fE2] #840] adrenergic neuron-& @It impulse &
degozd LEENE o0& RS Yk
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Guanethidine 3} ] 58} bretylium o] JEE R 4]
IR djEkel] 14k norepinephrine YW= Bh skt
tetrodotoxin 2] 8 acetylcheline of] 2] 3; HRE= BH LS
3t Bho 2 w]Fo](Krauss 5 1970) guanethidine &
4o © nicotine, DMPP, tyramine 52 (&8
BRI FEdrle /\‘1—0_‘ o] & 37FA ZEipo] WK
off fERTS RSl gk

LL 9] tetrodotoxin, guanethidine & #HEHE EE
HHE-2 McN-A-343, AHR-602, angiotensin, neostig
mine -2 L] TSR ¥ oL = proximal gk 3ol
fEfSte] impulse & o5 BHEE =te} W dA no
repinephrine jE#tS ¢ 25) 3 nicotine, DMPP, tyra-
mine -& ZFRETE KRS fEFSLS  norepinephrine I
E{EE 01 071 ﬂ—nfb—g}j_ Iq_

v FREE wkel 7o) ,uﬁﬂ] extraneuronal no-
repinephrine o] FEFTS £iF5leld (Trendelenburg
1965, Chiang & Leaders 1966, Copen % 1968, Va-
ssalle 5 1970), nicotine, DMPP, tyramine fEfBo] tet-
rodotoxin, guanethidine ¢ @ f/#88 wlz] .o i
o2 u R o] BHE
YER st LFEEWE doqvte BES WgEsith

Chlorisondamine ¢] nicotine, DMPP &] fEf-&, at-
ropine 6] McN-A-343, AHR-602,9] f{Ef-< gt
HEL FROESY RS PSR = SRR
il e A 2L HEHY artopine-sensitive
site 7, AR SR O = PHREAl FESE A& 2
2 hexamethonium-sensitive site (Levy & Ahlquist
1962)7 HHETE Tty gk

Nicotine, DMPP, neostigmine & Z.0LZBRA HEA
S At A LEENE dosA gge, K
LERC EAS-E9 BEE LEENE o m
tyramine & EDLZBEHE HLEA HATEE o o
BES BRE dogich o Be ol 59 fEEm
ol £& LB FESE 7lEls = HEE Bk
oleo wdte] McN-A-343, AFIR-602 angiotensin -2
HUBRHE ELEAN EALY LESREE 247
& ol % BYY RS £2 OB FEETE S
HAH3 &+ g% Aelrk. =3 isoproterenol &
ELERG LuE HUERA EASTES o) 1 HE
74 o Avh olEl gt BhE ol & Y] fERE, ohAT

Shel RIS #BHE, adrenergic S-receptor 58 47
74 UEB, LEH w9 weka gich

Reserpine JB@ K% 4] nicotine, DMPP 9] [,
/DR B w2 tetrodotoxin @] BE o] =R} ¢l

2 o] norepinephrine store ¢}

$Acl. Bl DMPPo} 9 B+ %ﬂ]ﬁ‘ﬂ/‘]ﬁ 91}, nicot-
ined] &g Zoe BES v|AR gsith o] & nico-
tine & EEMEEHMERCLE dlstal 3 &, DMPP -
AWM fFRTE RESt e Koz dole
4 4 &3l el

MecN-A-343, AHR-602¢] #3t LMD E tetrodo-
toxin © 8 RS wkx] ¢k o w] o] &= ¢]Eo| nicotine
XY EmEEMRE o distal 3 #ire) ERATE
B & god, o] RS BIHEE LEAAS
B (Pappano & Rembish 1971)3 —F e},

B #

1. 5BEFRE A nicotine, DMPP, McN-A-343, A
HR-602, tyramine, angiotensin @ neostigmine o] £}
3 LEE Y VERES HES

2. LiEgsmel o LHME reserpine EEFE
ol A& ulzte] Bgelgl L, propranolo] #ifkd] = ﬂ4
veha gkt

3. Tetrodotoxin, guanethidine-& isoproterenol, ni-
cotine, DMPP, tyramine of 2|3t .LEE o) = &

2 u|x]x] okgro} McN-A-343, AHR-602, angiote-
nsin, neostigmine o] &8 LEIEINE o] 2 E¥s 5B
A % ek

4, Nicotine, DMPP 9] 481 Jii= chlorisondamine
o8 McN-A-343, AHR-6022] [l atropine
L2 &% PHEE A '

"nicotine,

DMPP, McN-A-343,

tyramine, angiotensin, neostigmine & FEE-L 5

LBRA EAREEA o 2L FBIENS A
Ao W 5e KES QoA 4+ ggivh 22} AHR-
602 HLEBA AL HES LHEME dosA @

5. Isoproterenol,

okt
6. Nicotine, DMPP, neostigmine & H.LERN &
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Aol AT &= BE 92512 @steh Isopro-
terenol 4 tyramineo)] o3 KES FOUER HFAR
o= ALEAN AR 24 #Avh .

7. McN-A-343, angiotensin ] ZE0LEA EARS
ALBA EARRGE 94 BET OBERE 4o
723, AHR-602¢] ZLEA EAE BET KES ¢
27t

_ 8. Nicotine, DMPP, tyramine -& .09} adrener~

gic nerve 8] ki = extraneuronal norepinephri~
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e do7), nicotine, D “VIDP tyramine, neostig-
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AEe. e ELEd FEShe
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