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Effects of Antiarrhythmic Drugs on Sinoatrial Conduction Time in the Dog

Masahiro SHIMOTORI

Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof. Seiichi FURUTA)

The effects of antiarrhythmic drugs on sinus cycle length (SCL), sinoatrial conduction time
(SACT) measured with a constant atrial pacing technique, and atrial developed tension (DT) were
examined using isolated and blood-perfused canine atria. Class Ia antiarrhythmics (procainamide,
quinidine and disopyramide) increased SACT in a dose-related manner, whereas class Ib (lido-
caine) shortened SACT in a low infusion rate, With B adrenoceptor blocking agents (class II anti-
arrhythmics), atenolol, sotalol, and propranolol prolonged SACT dose-dependently, although
propranolol had the most potent negative dromotropic action. On the other hand, oxprenolol
lengthened SACT only at higher doses and carteolol did not cause any significant changes in SA-
CT. These results indicate that membrane stabilizing action may lengthen SACT and that intrin-
sic sympathomimetic action may resist such a prolongation of SACT. Diltiazem (class IV) did
not exert any significant influence on SACT. From the present results, it is concluded that the
fast sodium current may be more important in SA conduction than the slow calcium current.
Shinshu Med. J., 88 :889—409, 1985
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(80mg/kg) CHRIRPI WKBE L T, BB E A I vpmas
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Fig. 1 Typical tracing of effects of an
infusion of procainamide at rates of 10,
20 and 40pg/min on atrial rate (AR),

© sinoatrial conduction time (SACT) and
developed tension (DT), in an isolated,
blood-perfused atrial preparation of the
dog. SACT is plotted by solid lines,
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Fig. 2 Effects of 3 different infusion rates
of 10, 20 and 40zg/min of quinidine on
sinus cycle length (SCL), sinoatrial con-
duction time (SACT)and developed ten-
sion (DT), in an isolated, blood- perfused
canine atrial preparauon
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Fig. 3 Typical tracing of effects of an
infusion of disopyramide at rates of 10,
20 and 40 pg/min on AR, SACT and
DT, in an isolated, blood-perfused atrial
preparation of the dog. Abbreviations,
see Fig. 1.
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Fig. 4 Typical tracing of effects of an
infusion of lidocaine at rates of 10, 20
and 40 xg/min on AR, SACT and DT,
in an isolated, blood-perfused atrial
preparation of the dog. Abbreviations,
see Fig., 1.
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Fig. b Effects of 3 different infusion rates
of 1, 2 and 4pg/min of propranolol on
SCL, SACT and DT, in an isolated,
blood-perfused canine atrial preparation.
Abbreviations, see Fig, 2,
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Fig. 6 Typical tracing of effects of an infusion of atenolol at rates of
1, 2 and 4pg/min on AR, SACT and DT, in an isolated, blood-
perfused atrial preparation of the dog. Abbreviations, see Fig. L.
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Fig. 7 An experimental tracing of effects of atenolol on chrono- and
inotropisms against positive chrono- and inotropic actions of 0.03
pg or 0.1lug of norepinephrine (NE). Solid squares indicate 0. 03xg
of NE and solid circles 0.1xg of NE. Abbreviations, see Fig. 1.
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Fig, 8 Effects of 3 different 1nfus1on rates
of 1, 2 and 4pg/min of oxprenolol on
SCL, SACT and DT, in an isolated,
blood-perfused, «canine atrial prepara-
-tion. Abbreviations, see Fig. 2. .
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Fig. 9 An experimental tracing of effects of an infusion of carteolol

at rates of 0.1, 0.2 and 0.4pzg/min on AR, SACT and DT,

in

an isolated, blood-perfused atrial preparation of the dog., In

this case, carteolol produced shght positive chrono-,

inotropic actions.
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Fig. 11 Summarized data of the effects of increasing doses of propranolol, atenolol,
sotalol, oxprenolol and carteolol on SCL, SACT and DT in % changes in isolated
and blood-perfused dog atria. Vertical lines represent the standard errors of the
means. Abbreviations, see Fig. 2. Statistical significance of differences from the

control, *p<0. 05.
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Fig, 13 Summarized data of the effects of increasing doses of procainamide (class
Ia), lidocaine (class Ib), atenolol (class ) and diltiazem (class IV) on SCL, SACT
and DT in % changes in isolated and blood-perfused dog atria. Vertical lines
represent the standard errors of the means, Abbreviations, see Fig. 2. Statistical
significance of differences from the control, *p<0. 05,
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Table 1 Effects of procainamide, quinidine, disopyramide, lidocaine, propranolol,
atenolol, sotalol, oxprenolol, carteolol and diltiazem on sinus cycle length (SCL),
sinoatrial conduction time (SACT) and developed tension (DT) in isolated and

" blood-perfused atrial preparations '

Dose (zg/min)

Control 10 20 40
Procainamide SCL (msec) 621429 683+33* 771 4 42% 923+-61%*
(n=10) SACT (msec) 68+ 6 T1ET7¥ 794-8% 96-+9%
DT (g) 2.6£0.5 2,540, 5% 2,30, 4* 2,140, 4%
control 10 20 40
Quinidine SCL (msec) 64729 735+£39% 826--53% 1018+£74*
(n=11—14) SACT (msec) 73+ 9 81--10* 1024-12% 1114-14%
DT (g) 2.5+0.5 2. 40, 4* 2. 140, 4* 1. 90, 5*
control 10 20 40
Disopyramide  SCL (msec) 63628 7014-34% 81846 1010--75*
(n=10) SACT (msec) 665+ 5 70--6* 89411% 121+18*
DT (g) 2.74+0.5 2. 6:-0, 4% 2,30, 4% 1,90, 4*
control 10 20 40
Lidocaine SCL (msec) 596423 615-27* 637-31% 666--42%
(n=8) SACT (msec) 60+ 6 55-5% 5614 58+5
DT (g) 1.84-0, 2 1,620, 2* 1.3+0.1* 1. 040, 1*
control 1 2 4
Propranolol SCL (msec) 612425 656--25% 720:-29% 819+48*
(n=5) SACT (msec) 574 4 63-£5% 69-+6% 817*
DT (g) 2.0--0.3 1,740, 3* 1, 420, 3* 1. 240, 3*
control 1 2 4
Atenolol SCL (msec) 653--26 666--23* 69730* 730-34*
(n=6) SACT (msec) 59+ 9 58--9 64+10% 6812*
DT (g) 2,040.5 2.0-£0.5 1.940, 5% 1. 8+0.5*
control 1 2 4
Sotalol SCL (msec) 65238 66537 679+43* 731-447*
(n=6) SACT (msec) 65 5 686 75T* 75-£5*%
DT (g) 1.920.4 1,70, 3% 1. 60, 3* 1. 420, 2%
control 1 2 4
Oxprenolol SCL (msec) 61719 622414 65023 681435
(n=5) SACT (msec) 524 6 536 53-+6 565
DT (g) 2.94+0.4 2,540, 4* 2. 30, 4% 2. 240, 4%
control 0.1 0.2 0.4
Carteolol SCL (msec) 628--42 649:+45 65948 67043
(n=6) SACT (msec) 67+ 9 709 70£9 7149
DT (g) 2.4%0.6 2.14+0.5 2.140.5 2.240.6
control 0.2 0.4 1,0
Diltiazem SCL (msec) 577--36 623-£34% 662--34* 753-£34%
(a=11) SACT (msec) 70* 8 72210 65:-7 8612
DT (g) 2.420.5 2,1£0.5% 1. 840, 5% 1, 620, 5*

Values represent the mean®S.E. M.

Significantly different from control values, *p<0. 05.
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HERL B TE LdIcDd Fig. 13 Th b, Class
Ia * LT procainamide %, class Ib & LC lido-
caine %, class I & L€ atenolol %, class Vi
diltiazem #3%ATH %o Atenolol % g iEMFIOH
HHRFEE LEAR DL, atenolol AN 5
b, BEEEEEHIMNZEAERL, HEMESSRAR
WIEAA IRV BTH B,

EREHCOWTE, WihoIKHlL ARKENT
SCL »IER S &,

ZEREVE B LTIL, procainamide ik SACT#%
FRKEMIER X723, lidocaine WHEAETIL
SACT »HE M X2, Atenolol IHMEBETIT
SACT wZLZY, HHARCCRS®L, Diltia-
zem I & C SACT BEARCERTAEALH -
feld, &fkd LT, FRECEL LEho T,

EHERCE L QR T_CREEKFNE DT »{E
TRk, -

Fiz, 3 00OER% RIFHC A% & procainamide &

"atenolol X IFIFEER:, FEE, BHEA O 3 ORRF

LTZELLTWBH, lidocaine 1% SCL,- SACT &

M DT oZ{b#ii <, diltiazem % SCL & DT

DAL~ SACT DEELHD E BT S 5 Tz
B Rl AOTEFIRA OB EMTEIRAEEOME
1 Procainamide (12Zmg/kg, i v.) OZ)E
Procainamide (12mg/kg) % EMR DI EHEHR &
Y 1HMTEAL, T ORE 2RI ES 5304
¥ CHEE L Te. SACT b, #8454, 104,
205r% L O30 HISE Lz, Fig. 14 5 0iED 1
PITH %, FHEHRL D HMARDIMES IOk
BURETL, ez vt e = E~EHE LTS,
=75, WHOLBHORGE, #5682~ 35%et
DELIIAD 545, SRR X b B S i g
R B A AR TR S % ORI B R CH B,
DB OHBEIET L, IR Tw58, &%
AEEE LT3, SACT [E ML Z oI R S h
T BHY SACT WEDDOBEFMIC & 28D
HOFEHME T B, SACT %Lk Fig. 18 Ik % &
HDTH 5, SACT 3B EH S D CEETZHEATH -
o, BRI TRed - Tz 12mg/kg @ proca-
inamide D 5 FlORHHL Table 2 & Fig. 18 i©
ARLTH 5B,
2 Disopyramide (2mg/kg, i, v.) O%hE
Fig.15 I% 2mg/kg @ disopyramide %iE Liz
OB E AR Lid D CTHB, Disopyramide
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Fig. 14 Representative experimental data of 12mg/kg of procainamide (administered
intravenously to the donor dog) on the mean systemic blood pressure (SBP) and
heart rate (HR) in the donor dog, and atrial rate and tension in the isolated atrium.
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Fig. 15 Effects of 2mg/kg of disopyramide,

" infused into the jugular vein of the donor
dog, on SBP and HR in the donor dog,

© SCL, SACT and developed tension in the
isolated atrium. Abbreviations, see Figs.2
and 14. :
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Fig.16 Effects of 1mg/kg of lidocaine infus-
ed into the jugular vein of the donor dog,
on SBP and HR in the donor .dog, and on
SCL, SACT and developed tension in. the
isolated atrium. Abbreviations, see Figs.2
and 14, : S
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T R E #

1

Table 2 Effects of procainamide, disopyramide, lidocaine and propranolol on system-
ic blood pressure (SBP)and heart rate (HR)in the donor dogs, and sinus cycle
length (SCL), sincatrial conduction time (SACT) and developed tension (DT) in
isolated and blood-perfused atrial preparations

Time (min)

Control 5 10 20 30
SBP (mmHg) 92416 84-17% 88418 88+18 89118
Procainamide HR (/min) 147410 137-£10% 143410 144410 147410
izmg/kg  SCL (msec) 632:-41  678-40% 661444  657+43 65454
(n=5) SACT (msec) 77£3 81+3 8845 87X5 78+3
DT (g) 2.7+1.3 1.9+1.0% 2, 14+1,0% 2.1+1,0% 2.3%1 ok
SBP {(mmHg) 112415 115414 114215 115+13 112413
. . HR (/min) 13316 1224-16% 1234-15% 127415%  130-£15%
Disopyramide m
omg/kg SCL (msec) 65242 687147 670447* 643141 63338
(n=5) SACT (msec) 6318 677 66-£8% 657 648
DT (g) 2.040.8  2.2-:0.8% 2,4+0.8% 2,6-:0.9 2, 7+1.6
SBP (mmHg) 11714 11414 113412 11011 10811
' Lidocaine HR (/min} 15349 15347 15448 1557 1557
Img/kg SCL (msec) 531420 552:-20% 538220 53923 547423
(n=6) SACT (msec) 49:£6 51:k6 50£6 50:£6 53:-6
DT (g) 3.120.8  2.340.7* 2.820.9% 2.9x0.9* 2.7X0.9%
SBP (mmHg) 1611 112411 111211 1087 108:+12
Propranolol | AR {(/min) 15117 120:12%  127:412%  126:11%  128+12%
o 2m g/kg  SCL (msec) 60748  650:63*  659--65%  654:-66% 65764
(n=5) SACT (msec) 6213 70414% 73+£12% 70-£12% 70£13*%
DT (g) 2.6+1.1 2,3+1.0% 2.4=+1,1% 2,3%1.1% 2 1+0.8*
Values represent the mean = S.E.M.
Significantly different from control values, *p<0, 05.
AT S &, SMROMETFRE TR 4 Propranolol (0.2mg/kg, i. v.) OFF

DR AEAC S - oo OIERERRETL, €
OIHLIE304 LI 128, R EEET S o oo
—%, WHOEHoHE, Rk SCL 0ER) &b,
oW (DT OET) MAhbhiz, SACT 1
5454, 1053 THBIIER Lic, Disopyramide ©
AT Bk O LI A RO TIRIENS T v PR —
M~Rotee Table 2 % 108 Fig, 18 125 flofR
NEELDTH D,

3 Lidocaine (Img/kg, i. v.) OFFE

Fig. 16 it lidocaine (Img/kg) &L Ll
&TH B, Lidocaine #rbth, fhRoImER XD
MR EBREL Lish - e —77, HMEOEH T
3 ~ 5 D BICIRE TS DR E OB OET A
Iy, WOHEIREE Ui, e, LB
IR SMET L, FoRRR04 M ER . L
L, SACT & Bl L b olz, Table 2 &
Fig.18 6ROV TE LD bDRRFLTH b,

400

Fig. 17 i3, propranolol (0.2mg/kg) OREOR
BONTIHCH B, HliRomEFRSEREISE D
FLRPIR A ETTAECH h, OHETEHR
ZAET LIR30 LA EFE 7o IO T
b DA R TT L2 IR OZE(biE £ Tl
Mrotee WEEHHET Lica 300 & chiimET % &
W3 XhbtrLafka il iR B EACH 2T SA-
CT R EH4 L VEFHCEREL, chis3ath
B\ 7r, Table 2 36 L0 Fig.18 &5 MORER &
EDTH 5,

5 L7 4 lOFEF O HR O Ml

Fig. 18 %5 0% Table 2 v 4 fEDIEH| DM EREH B
TOFREEFRFRE~6 M ONTE EDIHDT
4%, Procainamide {3 Eic ik O MEAET
47z Lidocaine 38 X OF propranolol Tl iiiFEVL{E
TOBEMIEH - e, HE T, disopyramide
BIFER ER SR BERICH o T BHROOIEIL,
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Fig. 17 Effects of 0.2mg/kg of propranolol,

infused into the jugular vein of the donor
dog, on SBP and HR in the donor dog,
and on SCL, SACT and developed tension
in the isolated atrium. Abbreviations,
see Figs, 2 and 14,

. 600

~ 9 500 » — Fi : .

@ g 400 1g, 18 Summarized data. shov‘vmg the effects
<~ 300 of 12mg/kg of procainamide, 2mg/kg of
~ e — ) ' disopyramide, 1mg/kg of lidocaine and

’5 b4 0.2mg /kg of propranolol infused i, v. into

< E the donor dog on SBP and HR in the donor
= dog, and SCL, SACT and DT in the isolated

H atrium. Fach point represents the mean of

EE % changes for five to six experiments,

- and vertical lines indicate the standard

o a— 5 1‘0 2'0 3'0 errO}'s of the means, Statistical significance
(min) of differences from the control, *p<0.05.
Abbreviations, see Figs. 2 and 14,
Donor dog Procalnamide (n=5) pisopyramide (n=5) Lidocaine (n=86) Propranolo! (n=5)
110¢ (12mg/kg,l.v.) (2mg/kg,lv.) (1mg/kg,l.v.) ’ (0.2mg/kg,l.v.)
100} — bty e, [ /§
xs8p [ "\’ﬂ.—_—{,—‘} i [T H—-
8oL, ., . . NP . : —t 1 . Dt e a1 L s
:;g [ « 5l [
L gt |
shn ol g TN | [ £ e w s
8ok e e e S s , - —t ——
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o . e .
¥SCL o0l Tt | '—M —et et L e
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B

propranolol 2 X » TEIET LavoEE L =,
Procainamide s X 0" disopyramide & Ot &
CAET i, 304 MCHEE L. Lidocaine 1L
HEEEFEALERIE T L2 TERAIEIHAK
Hoitco =75, WHOGEH TR, TCoZKHA SCL
YEERERS®, TOBELIZLALEEDL YW
- JeA%, propranolol OFHFIX305- L) 1 & #E Uiz,
DT BT £ 3R O MBARR LIS E RBE ¢
Hoteo SACT wPILTIL, disopyramide 3 XU¢
propranolol X4z SACT %ML 8%, proca-
inamide X0 lidocaine 1% SACT WHE AL
Bh Lot

v % =

T, ORI T 3 B AT E R X b,
PIARIRFNL class I~V © 4 MECSEE R TU
B, FZ T DA, HE PUREIRA ©
SACT w3 2 1EHEMH L,

A Class I @ SACT (=343 5{EH

1 Class Ia @ SACT x4 5 s

Class 1%, Dffifiifaltio fast Na channel %)
T 2fElE L2050 T, Lok CHIRETIER R
W AIER X 2B b 0P class la & Xhpid,
APPSR T, procainamide, quinidine % X ¢ diso-
pyramide %\ 7o, = oL, fast Na channel
T A LR LY, DF, DEBRIOA L=
= SHEOEBYBAL O 14 ) B (Vmax) &ML,
TR OO REIFMEIER S@ 5 2 Lambh T
WBEI, Larl, vy F ORI KBTI,
West & Amory2® i, TAREEAIE D BB RALDT

LA DR, quinidine KXo TIZE AL FPESH -

7 E#id L, Senami & Irisawa?® 1%, k& D pro-
cainamide (0.1mg/ml) T, & ¥ V‘%@(ﬂﬁ%ﬁ'ﬁﬁﬂ
B‘@.mz_l:ybwalﬁmfﬂﬁﬂéhtbfﬁ LT3, 0¥
b ‘class La: DZEANL, (f]’(iﬁ?lif’lﬂﬂﬁl@_‘\i_l:ﬂ* h R
Mia‘éi Dfﬁféﬁ’k%x_?‘;bxi 5IEBbhTws, Lk
L, ﬂﬁ*‘bﬁﬂip%gb‘ﬁﬁﬁ“"z%‘o dominant pace-
maker &Zhu@Eir sub51d1ary pacemaker X
> ’C?‘%EZ?S;}’L’C:}‘: H, Lipsius & Vassale30)s1) ke
» b @ subsidiary pacemaker DO fEciT fast
channel. & slow channel @ 22 channel 23BI5
L, dominant pacemaker X b ®RIC k- “C@?@’
T 544, fast channel %A LCBA T 2 LR
T B, [AfGRIZ & crista terminalis i*Cfﬁln:bkj)Z;

402

_disopyramide & SACT EHHE

E &

perinodal fiber EMFEh, = OBKEMSPHEHIL
b1 5 LIRSS L LDEBNIRO ROk 4 -
T 230, R EEREHPN O dominant pacem-
aker X b3 L7=SEH subsidiary pacemaker
i\ s T perinodal zone *#& T, crista terminalis
WETDETOMERBBRLTHZDENE, thibg
W3 % A oo B4 ic i fast channel 2357 b B
HELTWBZ &P ELBNS, BEGEERR LR
BRI EVBDEER X o THhESLELH, class Ia
@ X 5z fast Na channel #3135 34, 2L
DHEY RS L, WHEE2IHT2 2 L RXFHEI R,
KBS BORRTIL, ZhboHA SACT ¥BE
TEFNRIER S 2 LR i,

BN RRLE % 0 o Fo v 9 F O i LR 0 =R
T, Yamaguchi & Mandell X procainamide
(1.1x107*M) 2%, Katoh 516 {% disopyramide
(10™*M #CORE) 2, SCL RIER 82, SA
CT WHBREEIRLh o b fEL TS, S
DOFPITI T D, 10pg/min CEEGEEA Xhiz pro-
cainamide ¥ XU disopyramide i X -C SCL o
ZIER L, SACT BHBCEL LoD T, #
b & OREROMRLL, By omH-L KRB0 i
<, AuizHEBEORTHRBTES 3 Liviny,

—JF, & PICBIT S in vivo DIFFRTIX, quinidine
B LT@%’L%ME%TC B\, procainamide %
SACT BT 2099, 184 A LHBEE L&
&hb, disopyramide 1% SACT % HEII{Lix %
VOB LRESRTWS, £ CSEOERTILE

CREC R bR BRI RCEE L, ALEEAD

SACT k3 Bah R % &z, Mmmmmtmﬁé i A

"Bo 12mg/kgd @ procainamide’ VA DEERD

SACT B L 3eind » 7228, 2mg/kg®-8) o
CEE X2, &H

%’5&&1J“‘fflft%ztw_ﬁrowzuf’ﬁfﬁ%&ﬂ VBDT, DI
WOBET, &< ICHHMED B AR OB ¥ - 7
I EE 2 B, FH OO T B BB A 2

BT ENTE D, —T, in vivo DPIETIL, Bo B A

HMEIC 5 M B R < Aodd, [RPSIE B0
T# %, Procainamide % X 0 disopyramide rtdi

2V b 2 T B & LA BT IO,

Kobayashi 53032 oA SACT #EHF S o
LERTTRBPELTWB, Ei, &t OBHELONSER
T, 2mg/kg @ disopyramide 12X » T, LEYE
THE 5 e S e B R 20 T v a0
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BRI IRA DR BRI 35 f

FARER b, SACT 13 A XL Linh oz
DEH LT, MR EZ TR WBHEOE, BIRE
feieh, SACT AR ZEL Lich - 723, b
B EZT TS O0FC N TERFERCSH o 1 &
WEINTWBED, 2F b, v P\ TIE, procai-
namide % SACT ®ER IR X 5 L3 B EEIERE
oo, M= ) VIERLEES T, SACT &4
#AHHA & D, disopyramide VEEEFERE R v
D, i) VIFREOWEEMACEE AL SACT »
BELIEWbDEELZ RS, '
2 Class Ib ® SACT i35 EE

Lidocaine i}, {EB)BAL0 Na channel #3H L,
class TIJET 525, class. Ia OPFRIEIRA &EL,
7k = e Yl O FERYR AT A L, O
WIEEALLER L& &, class Ib & LCH
KA Eh 52D SHO%ERT, lidocaine 1%, SCL
LR &, DT #MM L7123, class Ta OFRER
ey, ERETR SACT ¥ LAadEcEfs e
%o B lidocaine T SACT REREEMTH
ofchl, BV R—AERBLZB T 2tk l, BEL
ERTRIRD ot BUNBIE R A\ 1oy 9 F ol
ERORERC, 1x107*M © lidocaine %, SCL %
JER X2 A M, SACT 2S¢, HelfTikEaEs
LT EMEINTBDIND, SEQEERRERE L —
#+ 5, Lidocaine i procainamide 7¢ X @ class T
a OHEH LB, DEMGRREECH 2 1EE L,
1 X 107*M (2. 3ug/ml) "Gl LEH X R iAo
EHEMELELERT, 5 X107 M~1 x107*M (4.6
pg/ml~23pg/ml) T Vmax »{ET X4, SCL %#IE
BTRECRBRTWASSD, 20D 7k == ik
kT, 1x107°M olidocaine L Vmax %3¢
UIET AR 2 < 5 & ¥ 1), ElED
lidocaine (1.25mg/kg) X4\ o4O
fEEMEL I < 3% (super normal conduction) &
M| ST\ 53, LaL, lidocaine 23, LEH-R
o Vmax < L, EHEAEGMREAE
TBEVIREILRL, iz CAP B X 5ESM
WHEREMLb 8 ~L0MHHE DL TH H, FE RS
Wofstise L 7s s LikE 2 VWOT, FrF ==
Hiltic B> 5 super normal conduction ®FBIT
13 SACT ofEFMIEPE T &, o SACT 2% lido-
caine CHME Licoh S S LIEHRIDETH S,

WRIREIZIL one shot @#EE LC1~2mg/kg
OEO lidocaine A FV B, SEOER T Img

No. 5, 1985

/kg @ lidocaine % 1 M CHLMAETE Uk, #im
ROME, DFFIIEEL Uied ot HOLEHTE D
TiL, BRMZERE, THERL R LRIN, SACT
B bivicidr o foo Dhingra B9 (i
FVBHEOIER Ie B & R /e BT 43 17, lidocaine #
Img/kg WEH, 2~4mg/min CHEEME LI,
SACT (RisSHisi e BN cings ey, BHitc
MR CH DA, FRRERL TR, KRIERKEC
B\WCiE, lidocaine OWABECTHERERH VLG
R BERANTHAEEERE LT3, SEOE
B, EEIsA &M\ WCHkh, Dhingra SOWF
FROEWBHEL—FT %, . :
B Class II : &35 8 &0 SACT [THY 3k
B ,

Class T WA B ZAEIEHIHRITH 52320,
VD ERBIC B EMHIE V- Th, 0 f SHEELEN
{ERDIZIE, KLE{ER (membrane stabiliz-
ing action ; MSA), PIEM:IZREHMMEMINIEA (ntr-
insic sympathomimetic action ; ISA), BB
TR o AT - T AR»ID, 72 h Fh
Eollthod s s B0 g EWHl (propranolol,
atenolol, sotalol, oxprenolol ¥ X O carteolol) %
H\T SACT w3 23R 0EwHE L,

SRIOERTIE, BTFOZ E25RIhi, ISA 2k
{ MSA %124 propranolol ¥ b ¢, ISA
B MSA B iicin & Zh 5445 atenolol & L U°
sotalol # SACT RIER I ¥, Zhb 3 oDIAIX
FEHEEMC SCL 2R XY, DT il L.
ISA, MSA % & {1z 304047 oxprenolol 13 SCL
Y HBCEMEE o), SR T SACT *iE
£&8, DT 2 HEEFHCET SE0, —7F, MSA
Ay, HiJi7s ISA @3 % carteolol?®48) 3 SA -
CT 2% hb300DAT 2 — % —EHECELE
i ot .

B EMTHRIOZIRIL, B BAKENERIC X 3R
e &, ISA, MSA X5 o REIERO 225
LR DL T340, B FREHIMIERNFEEY
WD D E VI TE D, BRREENFHIMIEER
WEEL L, T MK ISA PREEEYERE
THZEBRTFHREIND, SEHOERCILIHLERCE
TAEEERTNBO T, HHRMER X ) ORI
AWARRTEBA, WHALFICEET b 30iE
KIMPID, F IR AW 5 MR OIMIKA cat-
echolamine O{EA%R 7Ry 735 = L2 X5 THREE
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—F‘ ‘l%

HOBRIBACE VDR Litic\, LLED
TR A e EE 2 BB, 2\ Ok, atenolol
DRBIC BT, Fig, 7 K3 X 512 norepineph-
rine DEEMEER, THIERLELCEN T3 lug/
min ¢ atenolol i3 SACT BHBLEEI R T,
PED BEMNC X5 SACT DIEEIL § SHEAEN
HBOZR Lo TEETHS LIZELL L WOTH B,

Lietto THLEMC RS SACT OB SE b
B EBEUWEEENS X 0d, B EWHD LD
ISA, MSA X5l RIERCL 2L E L bR,

MSA X%, fast Na channel %3433 class
1 DHEARIRKOEAO- &Thb, class I O
TERFD L ZATHR2 X 51, B lliFlo MSA
XY AEEEA TS hD Z L3k E L bR B,
AREFCIIH MSA % %> propranolol {£7 b ¢
In<, MSA 2\t &¥h 3 atenolol & sotalol %
SACT & HBEKFICIER LTWA2, Mk Lk 5
WD T ORI B EMIER LD X 0k B ek
O DIRRBEFIC LB b DEEL bR, fow
T biE, atenclol 5 X0 sotalol i& MSA i27c4s &
EhTn52, BNBEEY BB SR, zh
H22o0D B HHIHA D D ERE TS LT
ERDERBE LD LATREN T h 5D, & %=
Chiba BIDX, HWHAOLEHO norepinephrine ©
BIGB LT, EERGEEHHIRNEA LS4 (per-
fusion) OFRENIMEHEPI~EE L4 (super-
fusion) 1ZHT100-300f% & FIASK & 2o 72 1 33
HL T 50T, W MNEBEDOER 1L T C super-
fusion 12 & » CHYEHEE L CoB o L oEr 5L,
EETRSEHIRNEREAT LR XD, kg
WEPT atenolol % sotalol @ MSA BB L&
REDRBIDDTCH B, Carteolol & EYLLE, &
ARETIL MSA %R % & h 0w 5 H12548)59),
oxprenolol & 4z SACT #ERI BRI w0
VX, ®ikh ISA ﬁglﬁ‘]ﬂ“ﬂ:f’ﬁﬂa Licledeh s s,

B ZB MR oM £ B LT, propranolol,
atenolol, oxprenolol (HIIFRBEDMI% {0k
&hA0, Hashimoto L5051, MmigiyA DEGE
#\2T propranolol, sotalol, carteolol ©f F7k
EWHEAOBMS 2T CRBELTWS0T, chbd
Fh®TE2 % L, propranolol k432 B 2Rk
AWTE P ORI 21X propranolol @ potency
1LF%E, carteolol (200> propranolol L=
atenolol (1)=oxprenolol (1)>sotalol (1/3) &7
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E

%o 2% b 2ug/min © propranolol, atenolol ¥
LT oxprenolol, 4pg/min @ sotalol, 0.1xg/min
Dcearteolol AARARBED f FREEMERZ 42
LELZ bR, ThbORT SACT i3 RiEEE
e A O S % A& % &, propranolol>atenolol
=sotalol>oxprenolol=carteolol DJEE /b, L)
EXY, o 2 MBEEREA T BN MSA
LY FFEEIIERL, ISA o hickEfids s &
PRI,

HRERROCT, WEESh5 B MR & LT, propra-
nolol 23 &, SACT =B LT % propranoclol %
o TeE RS\ Narula B L OSRIFIZE S50
W, BHETR 2D &% 5 7e LIchyhds B9 0. Img/ke
D propranolol 23 SCL (3IEE X ¥ 278, SACT it
W52\ E LT B0ORM LT, Strauss 512
X, TSR0 BECE T, 0.1mg/kg © pro-
pranolol I k 5 T SACT HMES% Ui & LT\ 5,
SEOEHTIE, 0. 2mg/kg © propranolol 12k -
TR D SACT 13 B EIESE L Propranolol
O 0.2mg/kg &5 Bk B BEMEEFERLD 52,
MSA B LA LI E IR T35, Ll Clark
I E, 20Xk 318\ 5 HGIEAEE T
BRI MSA % 35403 5 Bc /e  TTHEME A 5
&&h, SACT DERIILIEY MSA K1zl
Hrbhb. BETIRICE T, propranolol dfH

DB LIV DL, O E ORISR AR ED R

7 b7 AR, propranclol 2 ik
DREZEDE B b, SEDHEBRD X 51c propra-
nolol & MSA OfERARERL & GV ORRE LT
TIREME &, IHSAE 2 SRR DRI & - Tl T
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