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1. Atropine has recently been known to possess a sympathetic ganglion blocking effect. If
atropine blocks the sympathetic ganglia innervating the blood vessels, the drug should cause
depressor responses. The author attempted to verify this assumption in urethane-anesthetized
rabbits having atropinesterase.

2. Ten and 50ug/kg of atropine produced little variation of the blood pressure; 250ug/kg
slight depressor responses; 1, 250ug/kg distinct ones, Under hexamethonium-infusion, 10 and
50ug/kg produced observable depressor responses; 250 and 1, 25048 /kg produced more pronounced
ones.

3. In experiments examining influence of phenozybenzamine and bretylium on the atropine
responses, the lowered blood pressure by these agents was raised by simultaneous infusion of
angiotensin with hexamethonium. The depressor responses to atropine (10, 50 and 250 ug/kg)
were slight after the administration of phenoxybenzamine and bretylium.

4, Propranolol did not affect the depressor responses to atropine.

5. In spinalized rabbits the lowered blood pressure was raised by the angiotensin-infusion.
In these animals receiving the simultaneous hexamethonium-infusion, atropine (10, 50 and
250ug/kg) produced little depressor responses.

6. From these results it 'is inferred that atropine produced the depressor responses by

blocking the sympathetic ganglia innervating the blood vessels.

Atopine o] g% B Lol FE7ESHE acetylcholine
4] muscarinic receptor & EETE= HEo] J2L
A S B e P I R e e 8 A S Mo o
o atropine o] ¢]g}e] ¥ = acetylcholine-receptor
7% FE1Eere] 545 9l i (Becles & Libet 1961, Take-
shige & Volle 1962), ool wie} ZZRumienel 26
9] acetylcholine receptor FJ hexamethonium sensit-

ive 3} nicotinic receptor &} atropine sensitive 3+ m-

uscarinic receptor 7} FE#EEe] e XA =l o) (Levy-
& Ahlquist 1962, Jones 1963).
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HFiel A atropine o] AEHGETN ool A ERHEE
& EEEStd MEBETHRS doslvrst drsts et B
AR s e

BR®m7A %

RES BE —W KEE L MyFdd atropine &
K5 BESEQ) atropinesterase & Zbi ¢l &) ¢¥
A 9k & EEol AL atropineo] & fiEL ==
AR TR ETS] muscarinic receptor & EE{ERe] &
) =l Aol A atropine & RK{EZE o
B ERERS #iEZe]l TETAESIZ R atropinesterase &
ZFA FEek-S EEst #FHEsa vl Atropinesterase
AT 7L atropine & mMEBEE A "3+ BEL &
A —H BRI A= KBRS Y FRE #HES
Ak

Atropinesterase & H M7= Ambache 5(1964)¢] =2
I Hkel #stgdeh Bl RE( 8~2.2kg)d —f
H#EIEAY atropine sulfate Img/kg & F53F 4 10
7 MR s BILY ¥EKEHE H#ES atropine o
2 BRE EERST IREAY BHERS e FEE
-atropinesterase & 713 FEZ FEFdgct 9 #
KEHE BEDT RET —BEH —&3 f@R T &
B thel HBRo (HASIEh 8 198 FEH 102
BE(1%)0 A atropinesterase 7} 9= AR HEH
St

EjR MEES| AR : urethane(lg/kg) i 52 FRF
= KRS Tz EEt £ HASY R
£ AH3A SR, —{UEBRY JHES HAS o

7ol g = BES K vhxevH E E5t kymog-

raph Bl ffigistgich MY XEmMEH L R
-2 Y FoldlA st —i BRAIAE
Laet sk A& RES WS F 1 ~5 2 TR A
It AR T A HEHREES #atakel ok

RSt 48498 atropine sulfate (Sigma), hexame-
‘thonium chloride (Sigma), angiotensin (Hyperten-
sin, Ciba), propantheline bromide (pro-Banthine,
-Searle), phenoxybenzamine HCl (Smith Kline &
-French), bretylium tosylate(Burroughs Wellcome),
propranolol HCI (Sigma)%ol gl on, AT AHX
ol YRsle] EAstg el Phenoxybenzamine -& eth-
-anol, propylene glycol, HCl 9] & & ol IOOmg/ml
7t HEE BHYAS FRoR Sk FREN 4m
WAk E MEste A

Atropine-& 1E&2 0.5ml/kg 9 ZEel HHs
A FEIERY g watsrgen fel Rlld MUt
9 790l EHEHEES 20~605¢) 3tk Propant-
heline, phenoxybenzamine, bretylium, propranol-&
o] % 2~6ml/kg & HE BHAA FEIES WA
s AT

K BRI A £6 RS Al AEE R
Bk =3 hexamethonium (3mg/kg/min), angiote-
nsin(Q. 154g/kg/min), =¥ hexamethonium(3mg/
kg/min) 3} angiotensin(0. 15¢g/kg/min)¢ RE&EWKS
1B 4ml/kg ] HEE BEIEASPIA BBE ET
3tg o, hexamethonium & H o= 1KLL E, ang-
iotensin & Aol = 30450 L HFAST MEEe] —iE3d
2g 25 AL #iFESA atropined] 3 RKES
2 gtk

Atropineo] &3 MEEY HEH-L EEESH
Tred HAES BEHE 2 FHEES.E 2 FRdtgrt
2{ES] THEE HEENe R HIT ot Student's
“t”-testol] fkstgrh

BB AE

A. Atropinesterase L E &KL} atropine 2} MEE
B SRS @Sl BN ABEKE BE AN
A, atropinesterase & Zi 9#] &= FEH 4 atro
pinesterase & 713 ZFKEFES atropine(10, 50, 250,
1,250 pg/kgdell N3 mMEERKES hdr WEsgrh

R ®EY nEdE 28/ Q9m @Ik =5
10 2 50 pg/kg 8] atropinedl] ©lstel= KEA %7
U, EHE TR =t kREmmHg DAY #@HE
doZvh 250 pg/kg 9 atropine-& AL =
atropinesterase 7} ¢l FE 8 5FllA= £ 10
mmHg ¢ TS (875 5mmHg1.59 TED,
atropinesterase & 713 K& 15FlA A= 1174 8
~12mmHg & T (56 2% 8mmHg+1.19 T
e dogvh 1,250 ug/kg 8 HEtRA T Hlstalel
2% MmMETH KES oz or esterase 7t gle K
Tl A= 8%l 5 21 mmHg+2. 0, esterase 7} P&
gma A 1560 458 2lmmHg+1.39] THE 9o
Z k.

250, 1,250 #g/kg 2] atropine ¥S5tk MBS LB
A5 TRt 1~35d Eael sEskgdch 2Ev
EimEEe =2 EEBEe] esterase FEERA whehA
wgkor, o @RI Y& KEAAL THI MmMES
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Fig. 1. Tracing of a rabbit blood pressure receiving hexamethonium infusion(3 mg/kg/min, 4ml/kg)..
At the whitedots indicated doses (ug/kg) of atropine were injected. At X tracing was stopped
for 20 to 30min. Time: 1 min.
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Fig. 2. Effects of hexamethonium infusion (3mg/kg/min, 4ml/kg) on the depressor responses of rabbits

to atropine. Ordinate: lowered blood pressure (mmHg) from the preinjection level. Abscissa:
doses of atropine(ug/kg).Left upper curve: responses before hexamethonium infusion. Left lower
curve: responses during hexamethonium infusion. These curves were obtained from the same 15
rabbits. Right upper curve: response during angiotensin (0. 15xg/kg/min) infusion. Right lower
curve:responses during hexamethonium(3mg/kg/min)plus angiotensin (0. 15¢g/kg/min) infusion.
These curves were obtained from the same 12 rabbits. Vertical bars: S.E. of the mean values.

oI5 304 Dl v FmEe = mEs e ¥ BR thonium HE T sl A= ko]l HEsol slrh
7} 43 FEAAE 18x sl (Roszkowski 1961, Levy & Ahlquist 1962, #1966).
B. Hexamethonium iz AF0l4e| atropire®| o] Hide] st} oA BEAX vl Ylo vk FE = he
BEER : 22t Ene] muscarinic receptor o] ¥f3he] xamethonium F Ae] atropine ] [ME FIafEHe] =,
agonist 2 {ERISHE ] mE LAEMe] hexame- A= o] oW 1R PSS noTh
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Atropinesterase & 7} RELMEIHE BR= 2
% atropinesterase & 7FR AL B I5H(ER A Y
FEEFA 9ol A atropined] wldk MmEE{EHE WA
4%, EBIRA HEAT 4&EAY REAE hexametho-
mium o 2 el IRMILLE HEAS $ EAS BT
B A atropined] W3 KES 2o (Fie 1D.

Hexamethonium HEARGS 15619 FEMES Ty
97 mmHg+2, 949 =u] hexamethonium # A% = <&
7+ TResk 85 mmHg+3. 05 ngch oj=ler B
<] A atropine & AR W METERKMES] hexa-
‘methonium F AR H3le BEEsA A A c(Fie 2).
10 #g/kg 9] atropine o] © &AL 156 1] Al =k
R mMEETEBRE 907+ v hexamethonium HEATF
o] A= 106l A BHEEE mEE TR (8~16 mmHg)-& 9
LR 3. 50ug/kg ) atropined] u]dtel= 4o Ak
BT mMETERS YoziniAe]l hexamethonium F%E
Tl A= 13514 $mg mETFERE~36mmHg)$
QoAr}, 250ug/kg 8] atropined] wiElS Ay 1561
ot 4] A= MEETF#Ee] 913l =] hexamethonium
A FAdel BIET METEE (8~44 mmHg)& o
o7y T BEE ol Axor, of 389 atropine
-0} ] 4t hexamethonium §ij#%®] KHES Kk o
#ERt 27 p<0.00101 ek 1, 250 pg/kgs] atropine
ol W& KFE-L hexamethonium Fel] 4] <¢Fzk #Aalth
(o] ZR9 pEw <0.05).

C. Hexamethonium-- Angiotensin , 3 A F0Al2]
-atropine 9| MEEEH : #35] B Al (phenoxybenzam-
ined) HERERONA EETH % mEEe] =R
-atropine 9 MEETFRIER-E BES odde #flaA:
-angiotensin & FEFFIEAC] HEASS MES LFAA
3L atropine fEH-& B gkth ol w3t HIREE B
'B9.0 % angiotensin FEA%KE 2L  hexamethonium+
-angiotensin AR EAN A4 atropine o] mE FHS
“EEs g e

Angiotensin HEA © BBIRAC 4B AEAA AL
-angiotensin & 304 LAL HAZHE AL B4
-atropine o] ©] 3t MEEKME-S 2 ¢tv}. Angiotensin &

o% MEE HEde A #e] 9o HRT
125 A MEES A4 100 mmHg+5. 16] v}, Angi-
otensin F ATl A= AEAY AEIK EA T A g} o]
atropine 9] METE: {FA-L #EHsash B 10,50
rg/kg 9 atropine 0 24 = A9 METFHE ¢lz, 250
pglkg 2 12005 8Flel Al AR (6mmHg &) MmE
TS doslm, 1,2504g/kg AL 1261 F 15

mmHg=+2.29 FTHE 4o

E3ftZS] angiotensin {EA = [FlFe]l hexamethoni-
um & JEASA atropine ¢ MEEfFAS 25tk ol
w9 126 F3y FRMES 98mmHg+3 442, Fi5k
3l hexamethonium i ARse} w}7}x] 2 atropine ¢
MmETE BHEE @& 34 Vel Fie 2).

D. Propantheline 0] atropine fe 0l QX 2258
Hexamethonium 3 A Tl A atropined] v}3t MEE
TH KESE ¥ & propantheline 1 mg/kg & LR
## 105 7153 = oA atropined] W3 FES B
=k ‘

Propantheline & # 4§+ —Fryel mMEE THRCKM 30
~50 mmHg)-¢ ¢4.05)1} 3~55 ol HHAMS MmE
o) 2 EEAGCL o]l g il A& atropined] &
T METH-S BEs ksl Jeltor (Fig 3-2)
propantheline §j#¢ 10, 50, 250xg/kgel & K
HES ZRE p<0.0010181%, 1,250 ug/kg ol Hgk 2
A2 p<0. 059 -

E. Phenoxybenzamine 0] atropine {£F0] BO|X|=
B 10518] K EANA hexamethonium ATl atr-
opine of] v gt KES L #o] phenoxybenzamine(2.5
mg/kg) S HIRAC Bt 30~604 ZviEl # =
A atropineol] wig FHE-S Hgkr}l, phenoxybenza-
mine HHE EE flolA mEEL s THsld 40~
60 mmHg 7} Hgivl o]s] _L3E4] hexamethonium 5}
7ro] angiotensin &] FEAE 9 304 RBiEs mEL
60~84 mmEHg (1061 i 6742 D7AA LHTR L
olg) gk BRAETl A& atropined] wigh KIEL HFs
5315 g o}(Fig. 3-b). Phenoxybenzamine #81 {75
10pg/kg 9] atropine o] i3 KHEY 2ZEE p<0.01
A3, 50 4 250 ug/kgell W RES] EE: A7
p<0.001g.2, 1,250 ug/kg 9] atropinec] =i+ &
ol = FES 2251 goich

F. Bretylium 0| atropine f£fH0ll olXl&= E2 : 67l
8] KEA A hexamethonium #: A Fol| A atropine o]
a3 KES ¥ #% bretylium(10mg/kg)8 #HEsIT
#3 30471 v}#] 1A atropine o] # g KHE-S H.o bre-
tylium §j4¢] atropine fEH-& H#3l4t}. Bretyli-
um 2 24 66l 461 A= fBEe] 60 mmHg LT
2 "goizlem o]e]’t fldl A= angiotensin H AL 3
o MES LRAA ERS #BiEsldon, atropines:
BFS B 601 F¥5 0243 5 mmHg v} o]
atropine fEf-& BES sl Vel (Fie 3-c).
Bretylium #Z8 3169 10 ug/kg & atropinee] =gk
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Fig. 3.

Effects of propantheline (Img/kg, 8 cases), phenoxybenzamine (2, 5mg/kg, 10 cases), bretylium
(10mg/kg, 6 cases) and propranolol (2mg/kg, 6 cases)on the depressor responses of rabbits to
atropine. Ordinates: lowered blood pressure (mmHg) from the preinjection level, Abscissa:
doses (ug/kg) of atropine. Open circles: control responses. Closed circles: responses after adm-
inistration of the drugs. Vertical bars: S.E. of the mean values. Experiments were performed
under infusion of hexamethonium or hexamethonium plus angiotensin.
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SPINALIZATION
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Fig. 4. Effect of spinalization on the depressor
responses of rabbits to atropine. Ordinate: lowered
blood pressure from the preinjection level. Abscis-
sa: doses (ug/kg) of atropine. Closed circle: results
obtained from 8 spinalized animals receiving hex-
amethonium (3mg/kg/min) and angiotensin(0. 1548
/kg/min) infusion. Open circle: same as left lower

curve of Fig 2. Vertical bars: S.E. of the mean

values.

KIS #ARE p<0.0293, 50 @ 250 xg/kg ol 3t
KiES #RE 47 p<0.0l01g.0u, 1,250 #g/kg 9
atropine o] gl K= A ZER/ ¢k

G. Propranolol 0] atropine el OiX|= EZ:
6{5]4 z5Eol] A hexamethonium #E A Fel| 4] atropine

| ¥ REERRES ¥ # propranolol (2meg/kg)E
?&iﬁf& # # 305 sivhel =vhA] atropined] w3 K
JES 1.9kt Propranol = MEEA= A9 #Ee] @

o, propranol #8 %2 atropine o] W} ¥ THEK
e BENS ZARTL o BETS A 2ekot M
2yl 28 g9t Fie 3-d). 4 BBA A
£¢] propranolol 24 dl-isoproterenol HCl | &3k
MEE TR BEs) MEl=lgeh B 1.0 9 5.0px8/ke
9] isoproterenol ofl vidle] 641 Iy 30+1.6, 3641.8
mmHg ¢ TBSE ogw 7] propranolol BB
ol Z7 5+3.4, 643.0mmHg 8 TFHoz 83hg
2

H. HERM R atropine Ol CHE XK : HEME

B REY MY ¥old (30~50 mmHg) mEE TR

A mrldle TEIgde =2 angiotensin g AL
MEESE ERAR RN A atropine o] o § KIES 1w
9ttt Atropine HEHFS) HEERTY ME-S 86 i
75 mmHg6. 40 31eh o]k MEETIA 10, 50,
250 ng/kg 9] atropine-& A9 IMmBEEY] BEE 9.0

Fega, 1,250 pg/kg 024 8FIF Y 15 mmHg:
+3.18 mETHRE doart & ER RES R
B 15619 JREBEMEET KE HEAA 2 B
He#rstd 10, 50, 250 pg/kg ] atropine o o & K&
oA=& imel 2, 1,260 ug/kgoll Wat K5 BHES-
2R 9o (p<0. 0 (Fig 4).

% #

A HEERL atropineo] FEMEES] TS dog 4

9&& stEsa geh
olwi gl Ziyo] migdl fEMstd] FRMEE TRA

Akl o L BRde AL WEADLE Aok
o] RS MEl Bl FRAd doAyAd, e
79 BEES sl & TR EE o
REtE EHE @t L toned] WAE doA Ao
e Aolv)l. =3 MY acetycholine-receptor 7|
BES ] o] RS wkkE lvh

& Higel fHZ & FHEA atropine & FKEY
LR B nx g3 (7 1967), =3 05
s A4 gEor K BERAA #RE
atropine o] ¢] 3t MEE TFS DEEESE HGS &
vtn 2 4 gk

BEESEHRE B SR toneo] Kimsl ol
Iﬁl@ol {EF=l BkABd| A angiotensin & #EAs} MEE

2 $9% o) atropine (10, 50, 250pg/kgdL 2 MEE

TS dor=l &eh-3e o]8 3 &9 atropineo &
&) Eig B $E sz dvh =
2} atropine & ZFiE#5Y] acetylcholine-receptor & i
el MES A ol me mERFS] acetylcholi-
ne-receptor & @ste] MEE TS dog AREESE B
st

LY el ksl Astwl atropined] &3
ME TR RS RE B8t delvta & gl
B ok ZEipel RAHE BB, v REWERY
lr o frAst] MEEFHRE 4o &+ U
& Epl A TEIHEE BRIl hexamethonium &~
B THSH TS 404 d=sR BEE Kk
E BEAA skE(Moe & Freyburger 1950)¢ 4] atr-
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Ppifle BESR 7T BESA el o] Thel K
HHE HHA 93 Aol ohd-& shelsla glvh

MEHHY adrenergic béta-receptorﬁ] sEErElel pr-
opranol & isoproterenol o] &% MEE TS o] & #I
Hstgd o, atropine ¢ ME THRIEMA = &L v
Az E3}9]-8-& atropine I MY adrenergic beta
receptor &} FAfR7F ¢l--% Lk glvh

A EEp A adrenergic alpha-receptor EEi#iql p-
henoxybenzamine, adrergic nerve SRSl EETHIS]
bretylium ¢] atropineof] <3t imEE TEE{EH S BES
A MEsa &L o] MmEETFRe] adrenergic mechan-
ism B RS ks BEE Y S 7HEY
3 o9eh, MEEERR BRI/ obd METE BHERS mH
o] ARETMER EEETHA YA e o] mEE
TRGREE WEMERY EEHE oA vebdd R
geeka vk

RTR R tone o] o}F WEHET ME T &
BilL 5 o] A angiotensin & 2 MEES SH % at’
ropine IfIEEE T7F vhEld=] -2 o] BT B &2
REig RS tone 7 FEEa MGRIT &S M= #
B2 A

Atropine ¥ #Efio] ¢l propantheline (Johnson
& Wood 1954, {f 19720 T A atropine BEH
B el ekokeh, o] BRS o] FZEMSl (RIS
284 A7 v atropine {E/IBiE #|S] propanthe-
line o] 5§ho 24 atropined] fEAHT Kol g1l
7 ARl el Bpo® HME T '

LI be] sEELS atropine o] FREKFHGEC fEAIH
2.3+¢] muscarinic receptor H]l atropine-sensitive site
(Jones 1962, Levy & Ahlquist 1962)9} #4781 M
wsirell Ti= L adrenergic impulse 2 T2 A
METHS doge Eirsl mpsia dvh

1,250 ug/kg ¢ atropinee] o3+ mMEETH- HHHE
B el 4 £ vela, phenoxybenzamine, bretyli-

W
o] B& ZSELTMEET Lisbel mEfsel EE fRAsH
o] & i A 2k

ZERTHRETS] atropine-sensitive sitedl] RO =
PERS: %49 4-(m-chlorophenylcarbamoyloxy)-2
-butynyl-trimethyl-ammonium chloride (McN-A-34

um, propantheline 5¢] F#is A w=x]

3), N-benzyl-3-pyrrolidyl acetate methobromide(A-
HR-602)%%) mE T fEfe] hexamethonium, chl
orisondamine, tetraethylammonium, mecamylamine

5o LRGHSEEETRS BETAA e BEe an

o} Vel o] HidiE ol 9+ vl (Roszkowski 1961, Levy
& Ahlquist 1962, Framko % 1963, # 1966), & E
o] 4 = hexamethonium B Tel] A atropine MEET
Be fEFol BRfbdel Yebygk Bhe FHEHS hexameth-
noium-sensitive site - atropine-sensitive site®] #H
HRE 01w g ARl 9l-ed EReel R 2Th
Atropine o] Aol A EyuHELE, MERES &
o7 hs W (Kalser 5 1954), JhRel A ZEREMiEEES
o RISt LEELE 4oy EEi(Brown 1967), Ak
2] 9lo] A9 %89 atropined] £33 fRHRe] AZRETE
G BRIS e REEGE 1967, B 1968),
acetylcholine o] ¢]&t adrenergic mechanism 2.2 [&
3 BiEE a7 BeE(20pe/ke)9 atropine & 2 Bl
5= # (Shin 5 1968)%-2 atropine ¥ ZEE{EHs-
LRTRE S BGR 9eE 23k gvh

E

s

Atropinesterase & 712 FEE Ei#Est urethane
iRl A atropine of] o 3t MESKMES st vk
o3l 7o RikE dgch

D 10, 50 #g/kg ¢ atropine & ] MEETH-E <L
o517 @gkent, 250 pg/kgE BT MEETED,
1,250 pg/kg = BEY METHRS 223

2) Hexamethonium FEA T A& 10, 50 pg/kg &
atropine % MEETH-E Uo7, 250, 1,250 pg/ke
o WE FTRERES o % EEsteh

3) Hexamethonium ¥ hexamethonium+angio-
tensin ¥ A Fol A ElJE atropine (10, 50, 250 pg
Jkg)ol 3 MEE T SHE-2 propantheline, pheno-~
xybenzamine, bretylium 7776 Foll A& BE A HIH
Hqrh

4) TEBEEE R%EoAx hexamethonium-tangiot-
ensin ¥ A Toll 4 = atropine (10, ‘50, 250 ug/kg)2-
A9 GETES dovx gk

I prigel {kigele] atropine-& MAERA At
o] gt RTINS RS FHEHA lelAd HRERS
MEFo 2 METHS 207 e Ao KAt

X Bk
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