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Role of Catecholamines in Ventricular Fibrillation
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Although it has been well known that ventricular fibrillation is the most important
complication during hypothermia, much investigation has failed to show the exact nature of
the etiology of ventricular fibrillation. Recently, there has been considerable research on the
relationship between sympathetic activity and ventricular fibrillation under hypothermia.

Cardiac muscle normally contains a certain amount of norepinephrine and the dramatic
effect of this catecholamines on the cardiac muscle is well documented. It is, therefore, con-
ceivable that cardiac catecholamines might exert an influence on the susceptibility of heart
muscle to tachycardia, ventricular fibrillation and arrhythmia, under hypothermia.

Hypothermia itself is stfess enough to increase tonus of sympatheticoadrenal system. The
normal heart is supplied by an autonomic innervation and is subjected to action of circulat-
ing catecholamines which may be released from the heart.

If the reaction of the heart associated with a variable amount of cardiac catecholamines is
permitted to occur in the induction of hypothermia, the action of this agent on the heart has
not to be differentiated from the direct effects of cooling.

The studies presented in this paper were designed to provide further information about the:
cardio-physiological effects of reduced body temperature, with special reference to the role
of catecholamines in ventricular fibrillation.

Healthy cats, weighing about 3 kg, were anesthetized with pentobarbital(30 mg/kg) intra-
peritoneally. The trachea was intubated and the endotracheal tube was connected to a C.F.
Palmer type A.C. respirator. Hypothermia was induced by immersing the cat into a ice water
tub and the rate of body temperature lowering was 1°C per 5 to 8 min. Esophageal temper-
ature and ECG(Lead II) were simultaneously monitored.

In some cases the blood pH and serum sodium and potassium were estimated before the
experiment. After the experiment the animals were killed and the hearts were excised. The

catecholamines content of the cardiac muscle was measured by the method of Shore and Olin
(1958).

The results obtained are summarized as follows.
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1) In control animal the heart rate was slowed as the temperature fell and the average
pulse rates of eight animals were read 94/min at 31°C, 70/min at 27°C and 43/min at 23°C
«©f esophageal temperature. Ventricular fibrillation was occurred with no exception at a mean
temperature of 20,3°C(21-19°C).

The electrocardiogram revealed abnormal P waves in each progressive cooling of the heart.
‘There was, ultimately, a marked deiay in the P-R interval, QRS complex and Q-T interval.
Inversion of the T waves was characteristic of all animals.

The catecholamines content of the heart muscle excised immediately after the occurrence
of ventricular fibrillation was about thirty percent lower than that of the pre-hypothermic
‘heart, that is, 1,0 pg/g wet weight compared to the prehypothermic value of 1.41 pg/g wet
weight. The changes of blood pH, serum sodium and potassium concentration were not
remarkable.

2) -By the adrenergic receptor blocking agent, DCI(2-3 mg/kg), given intramuscularly
thirty minutes before hypothermia, ventricular fibrillation did not occur in one of five animals
when their body temperature was reduced even to 16°C, These animals succumbed at that
low temperature, and the changes of heart rate and loss of myocardial catecholamines after
hypothermia were similar to those of normal animals. The actual effect of DCI preventing
the ventricular fibrillation is not predictable.

3) Administration of reserpine(l mg/kg, i.m.) 24 hours prior to hypothermia disclosed a
reduced incidence of ventricular fibrillation, that is, six of the nine animals went into fibr-
illation at an average temperature of 19,6°C, By reserpine myocardial catecholamines content
dropped to 0.045 pg/g wet weight.

4) Bretylium pretreatment(20 mg/kg,A im.), which blocks the release of catecholamines,
prevented the ventricular fibrillation under hypothermia in foui‘ of the eight cats. The pulse
rate, however, was approximately the same as control and in some cases was rather slower.

5) Six cats treated with norepinephrine(2 mg/kg, i.m.) or DOPA(50 mg/kg) and tran-
ylcypromine(10 mg/kg), which has been proved to cause significant increase in the catecho-
lamines content of the heart muscle, showed ventricular fibrillation in all animals under
hypothermia at average temperature of 21,6°C and the pulse rate increased remarkably as
compared with that of normal.

Catecholamines content of cardiac muscle of these animals markedly decreased after hypo-
thermia but higher than control animals.

6) The functional refractory periods of isolated rabbit atria, determined by the paired

stimulus technique, was markedly shortened by administration of epinephrine, norepinephrine
and isoproterenol.

7) Adrenergic beta-blocking agents, such as pronethalol, propranolol and sotalol(MJ-1999),
inhibited completely the shortening of refractory period induced by norepinephrine.

8) Pretreatment with either phenoxybenzamine or phentolamine, an adrenergic alpha-
blocking agent, did not modify the decrease in refractory period induced. by norepinephrine.

From the above experiment it is possible to conclude that catecholamines play an important
role in producing ventricular fibrillation under hypothermia. The shortening of the refractory
period of cardiac muscle induced by catecholamines may be considered as a partial factor in

producing ventriculr fibrillaton and to be mediated by beta-adrenergic receptor.
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Bfge] BRsE —F ER T4 BEQ @y pH
7.3 7E 7.558k #Hde Rk ERTAA
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ok ExnFoldA @ETERS o2 HESE LBTERE, LEHES 2 L catecholamines 5]

B
Experiment Number  E Arrhythmiat V.F. CA.
kg °C °C rg/s
1 2.8 21 20 ©0.75
2 2.8 23 19 0.75
3 3.2 21 21 0.85
4 2.5 27 22 0.81
5 2.6 26 21 1.17
6 2.8 24 20 1.32
7 2.4 25 19.5 1.14
T EEERE 2.8-£0.09 23.7+0.728 20. 2-£0. 311 1.040.132

V.F.: DEBE] #43E 9o BiE.

CA.: (EEH¥:S HifTst # BT LA catecholamines &) 48,

T LE@EBLLY TERE] AT BE.

% 3%. Norepinephrine #8831 DOPA ¢} tranylcypromine §f H#HEipl A BETHI & HRSe

LERE 28

B R SR B P-R interval QRS complex Q-T interval
°C . min sec sec sec
31 139+ 0.2 0. 082-£0. 074 0.03 £0.0025 0.26 =0.0180
29 119+ 9.1 0.09 =+0.010 0. 0413-0. 0065 0.33 =+0.0130
27 85+11.6 0.10 #0.014 0.050=0. 0081 0.41 +0.0158
25 68+ 9.9 0.11 #0.001 0.072:0. 0017 0.525+0. 0157

IOl R EERE
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85+11.6, 25°CelAE 6819.90] 41Tk, o] HEIEE
A& BEe TR e Bossitn ¢ 4 g
o} HEBEC AHE A HE S BIEE Hol N ——

3 A E1ED(E3R).
LE@PT RS P-R interval & iR Tt o &
<] ERS = AL BES & o filfle] 31°C LA

23 .

BE).

27

31 (°C)
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(E3E).

Q-T interval o4 ER TS oo RSP
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o] FEAT 641 THEIE-S 21.6°C 24 HREM A
Bl BT BEEAA BAsETh

TEMES S B Baste 6fld 46l
30°C &) g 4] ventricular tachycardia & #igzslg3
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o=—=6 Reserpine
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F3E. HETHS oEd HEs: LEBES QRS
complex & Q-T interval Bg)

3 26.3°CollA) TEBE ] BEBEMA s
o HEFHp Hshed EIEs) Bl BB A& X
+ gk

DA AC] &7 % catecholamines B2 Rk #
Tl 1.84pg/g 2A KEBE M7 §ie WET
HHe Tl 2.37 pg/g Al HEE BEEs EAEG
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DOPA 1l tranylcypromine ffHi#EE AR cate-
cholamines §-& JE33) B 7 BEHEE Bin 2]
o ERoEA HEE = LEY TEHD = I
Bd RS Aoz BRHE

(8) Dichloroisoproterenol(DCI) #fEE: -
%1 epinephrine 2] [\EE
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% 4 %. Norepinephrine #t#1 % DOPA ¢} tranylcypromine i FI#BEol A BB TR & HESE

OETAESE, LEEH ¥ LA catecholamines o )

V.F. CA

experiment number B OEH * Arrhythmia¥t
) kg °C °C re/g
x1 2.6 29 22 2.10
X2 2.7 26 22 1.95
x3 3.0 29 23 1.77
4 2.8 24 21.5 1.26
2.8 24 20 . 2.61
6 2.1 26 21 : 1.35
PTiy+ iR 2.640.17 26.3+1.5 21. 60. 37 1.847-0. 212

V.F.: LEE] B4 Bl
X norepinephrine-& {# FH3l Bty

CA: {EB¥: HfFH OHR catecholamines & 8.
t OEEBLSIS LB EREC] B4ET BE

#5%. DCIHREYAA BETES o & WA= LEE BE

Q-T interval

®gn DB P-R interval QRS complex
°C /min sec sec sec
31 116+7.7 0. 08610. 0040 0. 032-0. 002 0.300-=0. 0114
29 985. 6 0. 094+0. 0050 0. 0324-0. 002 0. 35640, 0203
27 72+5.0 0.180-+0. 0038 0.0320. 0054 0.4100. 0196
25 59+42.5 0.120-40. 005 0. 0410, 0030 0. 5481+0..0240
23 43+2.1 0.13020. 0056 0. 047-0. 0032 0. 6800, 0640
TSR e

Lee @ Shideman(1959)0] #EgE LIzk &£ Eol
1 g ‘{ffﬁﬂ,ﬂ. 3}% P38 adrenergic p-receptor H{45
ol ot

WA A L85 catecholamines £o] #EinsEl Si4yel
Ae BRLE Wil LE TEHE 4 B £H
J HEDS ﬁ%z‘ﬂ-ﬁﬁ_}li L8578 adrenergic rece-
ptor 7+ EEFol A LENERE Bk HEIX F
E7HE WEEy]) Bld DCIE WE # ke 2743
3mg-& BIRAY HEHT 305%d EEEE BT
o HEE Y LEERRY BEe ZRAW 553K
A e kel Zd, #HEEE EE 31°C°ﬂxﬂ 151
1167 724 #EEpl el HEje] goiA go
] 27°Col A& 7245.002 FHdsElz 23°C oAl A= %
BEII S 434212 BWAE 9P (85 %),

LEE 22 P-R interval & BB TR v Eo
TR o #ifle] 31°Cel A& 0.0862-0. 004 sec o]

® Aol 27°Coll 4 0,1084-0.0038sec, 23°Coj 4%

0.180.0056 sec = FERE 9o olo] K3kl QRS
complex ¢] interval & METHS} 1841 A Bk

7F glek. AP #a 31°CellA)  0.03240.002sec o]z
23°C ¢ A &= 0. 04-0. 0032 sec o] g t}. ¢] QRS complex
o BMbE HEEY = norepinephrine HE =+
DOPA o tranylcypromine §f B8t RE s Haksta
FES 2RF 24959 BBRKES Ao —Esn G
3ED.

22}y Q-T interval & P-R interval 3 ¥F{LIst 47
s He] BETES tEe TR el 31°C
ol 0.3+0.0114 sec, 27°C o AL 0.420.0196 sec,
23°Cel A 0.6840.064sec 2 ik EESe] god
o] bt BBy |l (E 3 E)

DEEBS £ 6FAAS} 2ol BB s5HIF 154
E B4Astx 43 BE 16°CdlA asystole2 T
g on Unz 4l Ae LHEEE) BEstd 46)
o] AT BB 22°C 24 HBEY AL k2=
b, e FEEEY] FaL LEEBC] FE
ERjel HES o] ¥EEel 1 norepinephrine ## =
= DOPA 4 tranylcypromine §f it EaBi4pol A HE
HE Beste HRTSE BET + A0k
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LR 3 gCI BEGHHA A @R TR o 2o BBl LETERE LEEE % LHA catecholamines £
B

Experiment Number B o Arrhythmiat V.F. CA
kg °C °C LE/E
1 3.2 21 21 —
2 2.5 18 Abszent(16) 0.975

3 2.9 22 22 0.91

4 3.1 22 22 0.75

5 2.7 24 23 1.23

TR RE 2.940.11 21.240. 894 2240, 313 0. 96670. 094

V.F. LEEse) ke i, (
CA: BRERFTHA BEE LN catecholamines &8,
T OODEBEEILISI DB EEE) BAY BmA.

% 7X. Reserpine £EaEHel A #E TS o B WIS+ LEER #H

Y& DEEEIEAE B4 fE.

B R DB g P-R interval QRS complex Q-T interval
°C /min sec sec sec
31 80-+5.8 0. 0934-0. 0033 0.03340. 0021 0.376-£0. 026
29 6714.2 0.120+0. 0017 0. 034-+0. 0020 0.463%0.175
27 6014.9 0.1204-0. 0060 0.03410. 0028 0.510%0. 032
25 455-7.7 0.1301£0. 0089 0. 035-40. 0026 0. 6300. 027
23 39+3.1 0. 140-10. 0064 0.035+0. 0015 0.710=0. 015

FHEEERE

BEBRRTY B BHT LMY HaRd ed=
catecholamines £-& HBERANAG k%o Fi
1.0 pg/g o1 A (B51158).

Lo #5824 DCI & EEEHETLE Hily H
BE= LDEEHBEAL PHLE RS T RS B
BEahoh

(4) Reserpine 33 BIEES :

Reserpine o] ##q¢] catecholamines & 7 Bpihififir
BHE O BERAANL KEZHT wtole Lee
Shideman(1959)-& .&5Ae] <47&= norepinephrine
< %9 90%7} reserpine HEERE {HLE L WAL D
FRHRERE N A LE5A catecholamines & ¢ 27
Blstedl B EHEA EHE 5+ debn Egs)
i

ool {Eifo.2 el HBIElY LEEHE) A =
A& LA catecholamines &) B#S oS 3gzey)
F5te] reserpine & mofol¢) ME 4 kg 1mgg
REERC el 240 BB st ).

FTRANA By ulebge] LEEENE Aoy

BHEY BAE Hoiw el 31°Caw) 14 80+

. 5.8, 27°CelAE 60F4.9, 23°Cell A& 3943.824

HEEY et SBESA EE
£ deGETED.

P-R interval & BB THS © & Hkz EES
o] el 31°C ol 0.093+0.00338ec o]t o]
27°Cell A= 0.1240.006sec 2 EEH 1 23°C oA =
0.1440.0064 sec & EEES] IER=

2] Kt QRS complex &= #E TR E Riysh
I —Eshe] B 31°Cell A 0.03340.0021 sec o]
23°C ol A 0.0851+0.00158ec 2 KZEZ ) BBt
frk. o] Bk F4EANA 2 ulo) o] HEHY
Z.& norepinephrine #H == DOPA 1l tranylcypr-
omine ff & EEH et EED 28/ )

Q-T inverval & P-R interval s} JF{LIsE (Ef-S 3
o BETES o &R BE 31°Cei4 0.376
+0.026seco]rl Ao] 27°CelA = 0,5140.032sec =
ERF R 23°Coll A% 0.714£0. 015 sec & ¥-§ IEES
g+t

HAH o



5 8 %K. Reserpine B4 BE TR vl HESE

—o] - : Catecholamines o] Bgsle] —

LBES, OREH 2 LR catecholamines o]

BE)

Experiment Number @B Arrhythmiaft V.F. CA.
kg °C °C rg/e

1 2.7 29 Absent (20) 0.045

2 2.3 No Absent(15) 0. 045

3 3.2 22 21 0. 045

4 2.4 No Absent(17) 0. 045

5 2.9 23 19 0. 045

6 2.9 24 20 0. 045

7 3.3 20 20 0. 045

8 3.3 20 18 0. 045

9 2.5 19.5 19.5 0. 045

T EERE 2.840.121 21.5+1.173 19. 62-0. 587 0.045

V.F. DEEE] B4 Bl ()& LEFELS BT BE.

CA. [EBREBFERAIES LA catecholamines 8.

T LEEBLSNE LETEREY BAT #E.

9 K. Bretylium £AFHPA BETHS o o HB=+ LEE 25

QRS complex

Q-T interval

sec

0. 035:1-0. 00840
0. 0371-0. 00365
0. 0380, 00355
0. 043£0. 04000
0. 0460, 00420

8ec

0. 3980, 0197
0.472:0. 0211
0.536:50. 0922
0.591£0. 0420
0. 713-0. 0550

g R DR P-R interval

°C /min sec

31 90110.8 0. 093+0. 00940
26 80+ 7.8 0.10110. 00416
27 69+ 6.2 0.113-£0. 00556
25 56+ 5.3 0. 12540, 00600
23 45+ 4.8 0.141-0. 00700

FHE R

2B ofirh BN A LEWESE0] BAA g
EeEAA S} 2] 6l A LEFEE] Tt
HREEA A 2o faiflel ol % TES G & Hd HHEsE
o} MR 19.6°ColA FEG T TEHE HHE
HERAA 2 ERSA

DA catecholamines &2 reserpine {{ElZE A9
Kol k= 9FIFH 0.0045 pg/g ol gLk (5811
£).

ke EEiER 24 reserpine #Hi= .LAFA cate-
cholamines £-¢ A9 543 WEA7 BABEE &
%3] WAAA BETHRLE Fid HESE LE#H
BiEdd Bk R e A2 BEss QRS
complex 7} BT THste —EdTL HKIE
= Ol R

(5) Bretylinm #8155 :

Boura 5-(1959)-% bretylium o] MRS EREY
w2 R LEEEFRE $$4s) norepinephr-
ine #5T 2 W LBAEERS HgE A FEL Bk
s} 3 Aviado @ Dil(1960), Szerb(i1961) &< Bim
o 2 A bretylium & ol=sl ey BEKIRA A
9] norepinephrine ¥ epinephrine & ¥EHE Py 3
<+ B AEEAAE ogeldld bretylium
9] EfFRIS BEE v YfeE bretylium REEY
A EESE B LEEDHBL WRALTE &
#7] Bdle] bretylium tosylate £ % 4 kg'F 20
mg e el S S~4pske BR-E Tl
9t

9ol Ao ol LEHEBE BRERS ALl
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10K, Bretylium fEEH 4 iR TR o S0 W & LBAERE, LEHE) R LA catecholamines

9] E)
Experiment Number B OE Arrhythmiat V.F. CA
kg °C °C ug/g
1 2.0 No Absent(15) 0. 869
2 2.6 No Absent(17) 0.828
3 2.37 No Absent(13) 1.02
4 2.8 22 19 0.192
5 2.3 24 22 0.88
6 2.0 0 Absent(15) 0.85
7 2.3 19 19.5 0. 86
8 3.3 25 20 1.03
TR 2.64:0.417 224-0.789 20.10. 396 0.907+0. 024
V.F. LEEFE) 4T #E. ( ) DEEE RS AT pEE.
CA. EBEWHTHEAES LA catecholamines &£,
T LDEEES BRI DETNEREER ) i,
El1FE. BEH B BT LG catecholamines 458 3
catecholamines pg/g
Drugs beforet aftert V.F.(°£C)
None 1.41 #£0.190 1.00+0.132 20.3:0. 311
Norepinephrine 2.37 0. 260 1.8440.212 21. 60, 370
DCI — 0. 9610, 094 22.02£0.313
bretylium 1.57 0. 079 0.9020. 024 20.14-0. 396
Reserpine 0. 045+000. 5 0. 0450. 0056 19. 61-0. 587
T R ST AT (before) st 4 (after) V.F. .LE@EFe] #43 .
THETEBRE

of BB 31°CelA 141 90+10.8, 27°Cel A 69+
6.2, 23°CollA & 451:4.82 EEBETHS o Lo #ik
W= oot

P-R interval -2 #izk £ ¢ #8i# 31°C 4l A 0.093
0.0094 sec, 27°CellA 0.133+0, 00556 sec, 23°C djf
A 0.1414-0.007 sec 2 EHz Q-T interval = ja
TS oo Wik EEs EE= g0

QRS complex 9] interval & 2418 31°Ce)4 0,035
0. 0084 sec, 27°C oA 0.03840.00355sec, 23°C qj]
A= 0.0460.0042 sec 24 HBHFRAAY L B
3 ERE P& WEifcln 238 reserpine HEE)
Yol A o} FLlsL 4 oH(EE 3 E).

DEGEES BES H10RA A Bl upsl 7ho] EEy
8 4fl] A AR G KL BBl 17°C,
15°C, 15°C, 13°Cqll4 asystole 2 FEr-slgd i 1w
A 4l A DEAEERY BEsidod AEBH

WEEel B4aY BES £5 4IFH 20.1°Csk 22°C
olglch.

LFIAC &= o] gl catecholamines o] B-& ¥
BERI HaaA 0.907 pg/g ol g PH(EE11E).

Ao BEfER = A bretylium tosylate B = [y
#5A catecholamines o] EHS HEsla ol 2 Hed
ER T A g LETEEEE ik == mH
3= Aoe EpH .

B) {&:B:3%0| m#% pH, % sodium 2! potassium
ol n|Xl= HE

HRESRA A BB %) &4 mw pHel miF
¢ sodium ¥ potassium & Hfd) A FEsAd pH
£ 2 BROIECT 26l METLR R JEs=
R 42 #8bo v mige sodium = (s
of whe} —EshA g BRe Wikstd 2 FifEd]



—o] %% : Catecholamines off B§ste] —

F12%. KRS %o WES Mk pH, miF sodium, M potassium o] ME)

pH Nat+(mEq/?) K+(mEq/l)
Drug
beforet aftert beforet aftert beforet aftert
None 7.3 7.5 163+4.7 164+8.1 4.610.36 4.610.74
Norepinephrine )
DOPA+Tranylcyprom1ne 7.25 7.15 175£8.7 158+2.6 4.840.72 4,6+0.55
Bretylium 7.4 7.5 15642.5 157£3.0 4.4-0.14 4.140.08

T ARBERITH (before) 3} £ (after) ; FHETERRE

B3R, ERRE JIHLEGY LEHEK TEY 2
threshold intensity

Exp. No. ‘Ugﬁﬁ ng}'ﬁ csm Tﬁg%%ggil}(’i
1 142 215
2 125 200 3.2
3 138 185
4 108 200 6.2
5 130 200
6 124 167 2.2
7 114 227 1.7
8 132 192 5.2
9 114 179
10 132 227
11 136 215
12 108 200 3.2
13 136 185 6.0
14 106 215 1.8
15 128 176
FiytmEmE  12543.1 1991+4.9  3.8+1.52

= & £ a9 (&12R).

Norepinephrine #¢81 =¥ DOPA ¥ tranylcypro-
mine ff FIEEAERA A EEE BT #d B
1S pH & Fl12FdA4 B ulol o] Bl Bkt
f9om MmF sodium & EREHETH HEDS 8
L8 2o BB T 1753-8.6 mEq/lolwl A o)
158+2. 6 mEq/l & {4 5 ¢l 2= potassium £ EER
<l 4.8240.72 mEq/le]Q Z}o] 4.610.55 mEq// =
2= 9 e

I potassium ¢ ML 2A 455 A& norepine-
phrine & #HRT BypolAde EREHTLE Esld
fﬂ%x} W= 912w DOPA § tranylcypromine ff

BAT BHAAE dt EHTS BhnfEas 24 Eol
Ak

Bretylium tosylate & &8s HBEHNA mEd
pH o} % sodium & £512%6) A9k Zo] BIE Bikrt
¢l3 M potassium & 4.4+0.14 mEq/Z 235 4.1
=-0.08 mEq/l 2 (K EHTHR WA 35 et.

EFE ohel o] EREMTE WSS WER M
% pH o} M sodium B potassium & 4:FIT Bk
7t gAY He —ET FHAS sH #ibs B2
o Bfbsl BETAA Basts LEEHMEA od g
HERKE R Eikse)

v}ul norepinephrine $rEaEpol A B4 3 MiF pot-
assium ¢] #{ki= norepinephrine s} HEBIHO] L
RS mIRRHeL FEE BLrt obd s} R

C) LE TR ¥5t catecholamines 2| {EF

OEWEEY #iol LHTEMY BET MWL

AT gRe A EREER ERT LEEBE

ol LHAEMY HE BIslsl $1ste catecho-
lamines 7} O RERA. o)X= BES HEG .

1) EBEREL HHOEC e B

A) ERRIHCES TEY

BiRERRoE EFEFREY BHRLEH HT BEH
B¢ threshold intensity, AEM 2 LEBEE BER
gt ul, % 1%e]A] Bt ko) o] threshold intensity
' #BLEA et g 2R/ dd I BEEE:
1.7~6.0volt 24 735 8fY 5L 37°CelA
3.8+1.52 volt ¢ 3. REHIE HEH) —&Eslo 180 HE
227 msec o] FERA] 9ol A g 19914, 9 msec P v,

LEBEE §45HE £ 12513 10l 92H, ol L
HEE TEH Aol BXJE HE HERE RE
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EEEst A o

B) .LEAFEH#A0I a|Xl&= norepinephrine, epinep-
hrine = isoproterenol o B4

977 norepinephrine X1 epinephrine o] %4 &Y
W LETENE E¥s SHA9e DiPalma g
Mascatello(1951), Fingel £:(1952)6 f&3le] o]u] B
BI= sle] v}, Govier 5-(1966)¢]+} Benfey @ Varma
(1967) %2 L350 catecholamines 7} [LBEARENS &
A7 & 1ERL ERAP & fEAE Ztx gvkw £
R vk gleme, o]F WA Bild AEERAA
= ¥l &% JBEY norepinephrine, epinephrine Hl
isoproterenol & FIH.LEEC] Bl & HERE
Hfel A st ek

B4R E £EEES catecholamines(10-8~10-M)
< ERT # EHEY LBEER OTERYS #(s
FR3 A2 24 norepinephrine E A LHEEHE
5 ¥ 138411, 95 I AEHIE T3 19418, 6 msec
4.2}, norepinephrine ¢| JBES @ikiEMA o] =+
= LEEES Binel NEMY SHEE EEdd 5x
10-"M el A LEEIE EYRIREN S kil % 26
%ok EinE = TEHE Y 8% S QB 4B,
10°M 73ZE 10°M BE A &4 &Fd 2o, O
BESE 1 46% Bins . FEME 1 13%A5e
fEfEE Mgvh. X epinephrine 8] FHo® RHI L
HENE 2 RS #L= norepinephrine 3§ Fio}
RigR FHESH o wink DISBBOEIEH LB
hEgsel (88145). 2]} isoproterenol o] [ fE -
74 EmAsked EBEQ 10 MR LEERS 1§

25t
&----® {oingphrine

o——o Norepinephrine
20b ) o—-—--e Isoproterenal

Refractory Period (% decrease)

10}
5
ol N . n . — -
xi0®  5xi0® x0T sxI077 ixt07® 51078 1xi0”
Cotechalgmines (M)
% 4 [B. Norepinephrine, epinephrine 2 isoproterenol

A LB NEMEHREERS HE

it REERIS] EHETE el Bl BYNIEE A
st &% 19 33%9] #Eimet £ 12%9 S et
W DIgg Hiny gigd #MhE 299 (E 4 H).

LB EEBiEE24 o]F catecholamines & rjul
DHEHY RNEHE BEA S R 2 g e
2 BE¥EY, 2 fEREE L isoproterenol >norepine-
phrine>>epinephrine ¢ Jigo] x}.

(2) Adrenergic beta-receptor ${E£%E#)
RIEE LRl HE BR

FIEE ) A norepinephrine, epinephrine ¥ iso-
proterenol o] flslgle]l LEN THEME BEFES EiE
A b gdermE o G HEEES DBRY adre
nergic receptor 9} BREIM:-S BARES) eBiE=l beta-
receptor £ §EzE Q]

pronethalol, propranolol =%

8814%. Norepinephrine, epinephrine % isoproterenol o] LI EE(EH 2 TNEMEHER

- = Norepinephrine Epinephrine Isoproterenol
(M) OEE B T E DHEHR ~JE W DIEEHE T
& & (msec) &7 ) (msec) (B o (msec)
None 138+11.9 194+ 8.6 120+ 7.9 209410.2 108:£13.7 192+21.4
1x10°8 141412.3 187420.8 120+13. 3 209+17.9 14414, 0 171416.0
5X1078 144+ 6.7 1841+14.1 132+16.8 2001-14. 8 156+13.9 169--16.2
1Xx10-7 156115.8 181-+19.7 1384 4.6 194--13.5 156+12.8 169-+-17.8
5x1077 174+16.3 180+ 9.6 156-4-15. 2 1924-16.1 156+13.6 166--18.1
1x10-¢ 192+10.7 174+17.7 156+14.2 190+13.3 156+15.9 164:415.2
5X10-® 200413.3 170+ 7.6 168+ 8.2 187+14.7 15815.7 163+11.9
1x1075 200+18.7 168+18.2 163-+16.4 187:£11.2 156+16.7 163+12.1



—o] £Z : Catecholamines o] - BfsFed —

sotalol & AMBEL LENA KA

A) Pronethalol(Nethalide)2| #%

Dichloroisoprotererol(DCI)e] Powell % Slater
(1958)e ke #/AD Dk B BETSe] HRE
A A o] el Ahlquist(1948)7 #REZ B ﬂ-
receptor & SEEHOE ] ¥ G- A
ZEo] v}, DCI = adrenergic beta-receptor & FH %)
FE vebil sl fidl 2 H#87l receptor & EEME S
o] “1ntr1ns1c activity”’ & o o7l HES <V a g
7l ﬂ]—rfﬂ 1 o1& ##sl7] Rsle §RE #4e] pron-
ethalol (2-isopropylamino-1-[2-naphthyl]
hydrochloride) (Black ¥ Stephenson, 1962) 4] adr-
energic beta-receptor & #pAslAl Hizlel vzt
(Dornhost @ Robinson, 1962). =2 #H#HEE DCIx
= 4~5f5d WHY-E Koch-Wesser(1964) & #4:3+
9=t

FEBE10"~5X107M) 9 pronethalol < FEE
sto —EREel st LB NEHST #EgEE
Wl EE3S 7)cked 10-°M & norepinephrine & 3§
s A} g5 Eel Ak 2ol HENEW BESL BN
48 norepinephrine o K% REMEHS Wi o
pronethalol 10-*M el A 45%, 5x10°Medl 4 52%,
10°M BEA A £ 75% Y Hidl= gom 5x10-°M BEE
ol A 5EZs] Ml et

ethanol

B) Propranolol (Inderal)2| %

Adrenergic beta-receptor £{§4284731 pronethalol
o] norepinephrine 2 R LB TEMY EifEE
M WEARAA Bz ot o HHIER ]
adrenergic beta-receptor ¢ Hgfdl KT AQAA HL
adrenergic receptor ¢} F#E$l ] pronethalol & of
W EET R KT AAAE BE Bl
adrenergic beta-receptor 8] t}-2 #i§f#849) propra-
nolol ¢ & B
pronethalol 3} 7 EEBHIL Bl &
3 $E{LI3F adrenergic beta-receptor g1, L
$}48pr = pronethalol Bxk # 10~15f5v BHT&
Black % (1964), Shanks % (1965) & #&3kg 1, Kab-
ela 8 Mendez(1966) = & ##E3l4H.

BeEE £EBEGX10~10°M)8 propranolol
L FEES LBEIA BB HREE4 propranolol
10-"M y&pEo) A norepinephrine(10-°"M) 22 HFT X
FEMS B 36%, 5107 Ml AL 55% =

Propranolol &

100p EX

[

1Al

-r s 10’8 5x10® Tod 5x10
Pronethalol (M)

per Cent lahibition of Refroctory Period

% 5 B. Pronethalol ] norepinephrine(10-SM)¢] >

B TESERFHA #12 = BE.

s 2
|
@ : ..
Qa *oe
> 80# z :'.
(=] ® 8
3 oe
e G
B cof
5 | I
8 %o [
= 40f <l
] .. |
£ ) h
5 2o ..
5 <l
& Lo

E; . i -_7 ;
sx108% 107 5x10 1078

Propranolo! (M.}

#5 6 B. Propranolol ¢] ' norepinephrine(10-5M)2] >
By FEMSHEERG A BE.

a2 10-M ol A & 5223 WG .24 pronethalol B
o ¥ 17508 ERE BREES ¢ F A (ESE).
& EHiEPRELE Benfey @ Varma(1967)9] EEaiER-
—Z=l =

C) Sotalol 9| &%

Sotalol(MJ-1999)-¢& Dungan ¥ Lish(1964)2} Stan-
ton &5(1964)¢] &3+ adrenergic f-receptor HEE3E
#yo]= norepinephrine -2 epinephrine o] [\
adrenergic receptor ¢ Bifis = RiEE Haldd ©
o] fFRE =z gl Eelrh.

Sotalol = 5x10-M LI FY EEd A £ norepine-
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80r

Per Cent tnhibition of Refractory Period

S
OEOESG

5x07° 10 sm0® 0t 5x10°%

MJ-19989 (M)

Q

28 7@, Sotalol(MJ-1999)0] norepinephrine(10-M)
o LER NEY SRR Ay pE
100F & : i\ *--—-e Propranoio!
\ L e--eMJ-1933
¥ \ | 6—— Proncthalol
8o}
a
o
S eof
< 20} N
2 \
3 L L i A . §
S0 K107 5007 W0 S 5010 KO 5010 1x 1ot 5x0*
A-adreneigic blocking cgents (M)
%6 8 [@. Pronethalol, propranolol = sotalol(M]-

1999)¢] epinephrine(10°M)&] LB REE
WEES Milshe (FRe g

phrine o] TREER ffufEH (159 BB vx4 X
otel, ETE 2 EeEAA 2: ule) o] =z I
A2 Widka 5 adrenergic beta-receptor $}45zEdy
of Hale] BEE) Esle] BB 5X10°M A 53
%7t WHEEH 2, 5X10*MAAE 523 figEE
o}}-‘:

e BHEHRs Re} catecholamines T HIE ()
B TREMY fi%5-2 adrenergic beta-receptor & i€
et EREEE Bgel ko #HEE o

EF K EEel A 4% adrenergic beta-receptor ¢]
HEEE WSyl 531>) norepinephrine(10-°M)£]
TNER RS 50%M%st ol Highe B
EE R of 15K Ao} o] 2 HEEEEE pro-

#15%. Norepinephrine(10-°M)9] LEM REH &
MRS 50%2 #4512 sotalol, pronethalol
Bl propranolol & ItEHRREE HoE

Drugs ED 50(¢M.) (Pro%e%?%%élil)
Sotalol 15+3.2 0.2
Pronethalol 3+1.7 1
Propranolol 0.47-0.1 7.5

#16%. Phenoxybenzamine @ phentolamine o]
norepinephrine(10-°M) & LB TEH
mEfe A # A PR

Phenoxybenzamine Phentolamine
ENo. (10-°M) (10-°M)
XD. N_ /
F R #® AT #
msec msec

7 19749.6 172-11.2 191£18.5 161+£7.4

pranolol>pronethalol> sotalol ] (o] =,

C) Adrenergic alpha-receptor HEEEM T RE
LB gt B
WMHEERNA REHS el L
beta-receptor & iEslol HBLE-& BT vk o]B =R o
% 1}o}st adrenergic alpha-receptor b= fnfiyst Bd
%t dE=stE BEIA phenoxybenzamine (Diben-
zyline) ¥= phentolamine(Regitine)-S RiZEZ O
Bl A4 Eerst 4k
Nickerson @ Goodman(1947, 1948)¢] N,N-dibe-
nzyl-g-chloroethylamine & dibenamine o] EEHC
2 adrenergic alpha-receptor ¢} %54351¢ epinephrine
g norepinephrine o] {EH-& MWHLH-S HFdH= F
Y #55  DR 2BEEEe BREA B &
# 2] ¢l epinephrine #{ZEMrhdl Al o] dipo] &
fyolele Aol BFH Y. 2t Kerwin F(1851)9]
dibenamine B e} fEfI B/l & A% BT H
#gmel dibenzyline & #EAvsle] del FIMsHA 3o
Ahlquist(1948) 7} $RMEst= Fr3E alpha-recepter & %%
AekAl HEiste REMWQ EWEA BHG —H
phentolamine & E50 HEZEM AL o HEEFRLIH
o] za alpha-receptor & EHEREIE e =
z g,
10-°M &] phenoxybenzamine 3+ 10-°M ¢] phento-
lamine & £ adrenergic alpha-receptor & F 753

adrenergic
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T 4+ Jd= BEER A (Govier ¥, 1966; Benfey 1l
Varma, 1967), ¢|& H#EWS & HHLE BE
Eotw —eErel /st 2 LB RERST 28
YRIEES BEY-4 s1de 10-°M 9 norepinephrine
= BRAARL v EleFke A9}k go] REHS EhErrH
o] MEsel EFRHMBE(E14F)S KEDBRSL
Bl phenoxybenzamine o] 1} phentolamine - catecho-
lamines | TEMEHERAIL 28 PES 142 2
e Ao Bk,

R W B

EEREREO S ToFe]s] MBS Wik THAZ A
WENE
B MBS T Bl & 20°Col o] 2= fislgle]
LEEEe] Bkstd Be FosA Rk

Bk A DEEE) BT Bl By
—RE BERHIZT 21°C~19°ColA BAsgo:

solel, EETA HMEHe LEEH ﬁi‘ﬁ%ﬂ :

Blstel A& Be BRI B/t $issln 9o oA
BRY —8F Bx Xstz gtk Hegnauer g Ang-
elakos(1959) &= .49 irritability 7} #insleo] L%
Bape] Al stz Edward 5(1955), Swan ®
Kortz(1956) & kel FEfRs] & EEEEEY] LEE
B 425t e FEEY | Aolelm £ Esig.oo Swan
£(1953), Montgomery 5(1954) & {EB BTl
&4 potassium o] HAH T LA potassium o] M
Ing ¢ Bi%Esl hypokalemia 7} LEBEH S do =
HES ER @ Aolztz HEade. old Kae
Covino 5-(1954) & {EBEHITH potassium -& KH 2
DFeRE mERE BTYE B9ty Swan B3}
Montgomery 5% RBE KELs-Ar-

= M pHel @2y LEES] 8l 4+
ALE #HES ] gk (Montgomery 5 1954).

ERBOIGA EBEETHS LEHEE Bad &
% B fiEke pH 9} MiF sodium I potassium ¢
RBEES By —E% $LE Fer] Wiy %
BB Aol BEY = R EEEEGF T 2

&3 LEES) MK pH o Bk = [iFY sodi-
um B2 potassium RES Wik XEIHE= RRE
BEHE7 g

REBAA sl HEE zE AL KRERTSEA
D5A catecholamines Bo] F&e] WA R FKo|
] {EBERT T A BRIl norepinephrine s}

oldl wel WA —EHliEel ol = R

epinephrine 9] JEE 7 #Bin=ltl= Brown % Cotten
(1956) 8] #isks) fxarstel HRA EHEL2A cater
cholamines ¢ J#-+ #ing o] ZB A &£ vlol
o 78k catecholamines 48] norepinephrine g2
epinephrine o] TEEH =: LEHEHE 42 +
9 WEYL BEEKY FREZA PET %= R
BT TN Bt LEEE catecholamines £14]
Apololl EEESE MMMl 9¢ A2 HASE oA,

Norepinephrine #:§1 =& DOPA @ tranylcypro-
mine gf R EA LA catecholamines . #MA
A Bl A WEEA Ense duz K2 R
o] HBiEE T Bfid B£E £ oMz L
S Bl BERS= HFEL catecholamines
18 BHES ©1S 0AISe reserpine & HKiishd
DF5A  catecholamines B W&AZ BpAAE &
WoE FI LEEHS Bl EEI W Re
Bribd el FHEL catecholamines 7} LEEEITAE
ol BEAT AL EY: ABE oS BESM
gle}, =5 catecholamines's] JEEE Byl bre
tylium & #2813 Byye) A = reserpine HELEo A o}
Zo] ERoZ WY TEAD R LEEH #BES
A BERERE o) BES TEES IS #
B = Aelvk, ek Lfige] adrenergic receptor
2 #st= DCI S WBED i LEEES %
o) EEE WHEA & BERERE R
#aeh, =29 AKBAA AT DClY FHEe °l
adrenergic receptor & HgEd FHR el EH
Hx GEAE BREA =23 DCIREEHAA BE
ot Eimslel 9z Moran 5(1962)¢ st 2ol
DCI g #71 epinephrine B-2 norepinephrine 3 ${il
& fERghe Bl A 4% w adrenergic receptor
o] el Distel DCI EHggel =12 {FRd ZER= A
FetE BEEE utelw.

LEBERES HEEEAY #ETERS g P-R
interval 3+ Q-T interval o] Wik IEEH-& &40 &
WERe Jo BE EREYIA HESHI XZE
ol QRS complex &= FEEpel ) norepinephrine
#8 -e DOPA H© tranylcypromine R Bify
A BETES B el KRR Hehe] reserpine,
bretylium, DC &5 &l 4+ KRR fle 8L
2 g2l HEFE dole

Covino @ D’Amato(1962)+ LY FIREERE
o WEHEL2A QRS complex 9 interval & HI%E
stgen QRS complex 7} HiFg-& HEEE e}
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A A€ Bk Aolztm BEddh @elq & B
B RT EHEM norpinephrine 51 5o DOPA &
tranylcypromine ff I BLE ) 4] 8B TR o] Lol
LREREE S EBsiHel] Heled reserpine, bre-
tylium 82 DCIRIEE Byl A= gi8e] Tishe
= RREEEE Bl #E0) 9-4% FmiE Ao
el ERE

o] ZH L Garrey(19¢4) 2} Lewis 22(1920) 0] $RIBE
circus movement theory & ¥4 5=, Lewis(1920)
© BEEY EFEA 1) length of conduction path-
way 2) conduction velocity 3) duration of refrac-
tory period & F#Esz FEREERET 8L circus
movement & WEAY = ERNe I3 KEE hsE
EMESF wlE-L circus movement & {Z[[LA7 = E
Bel Ava EHstart. 23 K= XAERER:
circus movement theory o Eishe] HZzF « B
FH = wpeleh

DEEES B Bstd BHEdx HEE
P& BEA L LT Garrey (1944) 9} Lewis(1920)9]
theory ¢} Prinzmetal(1953)<]
ectopic focus theory o]-& JE41¢] FH'Eo]w ectopic
focus theory & %2 oho] KFERETS BEAE
E#H=rl Bl norepinephrine f¢H s-& DOPA g tra-
nylcypromine §f i F =4 57 catecholamines &
of Eind Bl (REERETOEA we cate
cholamines 7} J#EES] o] D559 irritability 7} FrEs o
DEEB] FHAA BAET Hol® KHE reserpine
EE bretylium RFiEEEH A= catecholamines &
T WY B BikE d& Al HE LEREH
o Ao MEE AR BEA.

Bt wpebitol EMERAT T HFA = LEEH
A LR catecholamines 7} BT BES BY
> HEe U reserpine E: bretylium BT
AE B ERACGA LEEDC] BETS LBR
catecholamine o] LEEEEIF A BEFrbe] —i ER)
A & R

LERBBEES LHTERT BEXT BEHEPL o
Bl gEAYde FEeW, & BRI A REHHLEG
o] Al norepinephrine, epinephrine ¥ isoproterenol &
9] catecholamines 7} LEMFREMS BiAs =z, o
Z o] adrenergic alpha-receptor #5584 2 H§4s
X ¢©o1}, adrenergic beta-receptor M E L 52
23 Hifg & BUsSIgH. o) EERS ERT LEHE
Ehgidel] catecholamines 7} B AT BEE fivke A

circus movement

Al

L o2 Hulzl gl Fe, 242 adrenergic beta-

receptor & Kzt o] ToiA: §1&-% TR

&

28

1) EH noold ERES HfTehd BETE o
Bo] MBS #Kk WA= P-R interval, QRS
complex, Q-T interval X ik IEESH W 76 FHell
A BaiEe] 23.7°Cel ol 2® LFEAEEEC] MBS
735 20.3°Coll ol 27 fUslglel 2ERAINA LER
o] Fhele] By FETES

DT R catecholamines B-& BRI BEES K
S LEEBBER T Lopg/e 2A BRE A
7RIS A 1.41 pg/gdl et # 30%8 BAE
Bt}

2) Norepinephrine #5 z-¢ DOPA % tranylcy-
promine #f B2 LA catecholamines B2 B
s @IS T BT EEs BEH o BelA &
WEg WTshe EE TR ol Eo BEH P-R inte-
rval, QRS complex, Q-T interval &o] ¥R Byl Al
o} AR WEL Jor Y LETERD 2 LEEE
of HBEpNAA Held il = i HBR
A9 LEEBBEEEANE LR catecholamines B2
HREHYAA Zo BEE 2ol gk

3) f5f adrenergic receptor & H§se DCl-&
MEES B EEES BTN 5Pk 16404
L gaiRe] 16°C7kAl THEE = LEEEC] A
Fx AN A e TEREE Q LEEPC] #Egdov
TEMES Ml WREMAA 2o #HTF BRI =
ol dr.

BB, P-R interval, Q-T interval & &5/ cate-
cholamines B%-& HREER A 9 JaEgl > vh=k QRS
complex 7} B8 TRkl Rigsha —ET Bhol HMH
el st TREL

4) Reserpine 2 #%Bs= LA catecholamines &
8 ALY kELe] BEEL BB BE B
t}. Reserpine iEEEYS EREKoE BES TH
A7 BEKRE 9% KAsEx P-R interval, Q-T
interval & %2 E=J QRS complex = EEHT
Ml iy —iEdte) BEEHAALL 2ol ERHA
Zert.

288 ofld 3Pl A e LEEEl BASR ¥
T A 6ol Al BAstd o HERBAA Bop
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EREAN A Fasget

5) Norepinephrine 5-& epinephrine &] S B
Akshe bretylium 0.2 FEES Byl EilkE KT
A LA catecholamines 48-¢ HWIREM A 8-
A#E o 2EE P 480 A LEHEE) B4
A A Vel A 4l At LEERY) Bty 2N
QRS complex &= reserpine XHEBA A} o] B
b A9 —@skglvt

HEHE BETERS did @ik Bddz P-R
interval, Q-T interval & @ik EES Q).

6) 1R BT LEEE ﬁiﬁ%ﬂ] £ BRI
¥ pH, IMmiF sodium P potassium EES FHE
49, norepinephrine #8 B4y, DOPA 9 tranylcypro-
mine ff BEREEH, bretylium REFHYIA BRI
o] fEggo] welk —Ex] e B gl LEWEE
A3ke] —E3 WS BHEY) R

7) REBZIHLEO A norepinephrine, epinephrine
gl isoproterenol 5-¢] catecholamines & EfHY A
JEHS Bs) @A

8) Catecholaminesd] &3 DES RESGHES
beta-receptor ##£%4/21  pronethalol,
propranolol ¥ sotalol(MJ-1999)5-9] ®iEEel s}
o 5E&sl BigHsck

9) Catecholamines o] &3} LB REREHE-L adr-
energic alpha-receptor ${443%4591 phenoxybenza-
mine X% phentolamine ¢ FBEEZ FHiE=EA &
=

DS BBEREZA BRTAA HEIE OFRE
HE 2 DEWEEREAY LA catecholamines 7} &
KT BEE Fale Aoz BREE, AL LBR
JERE R BBR-S s1Az adrenergic beta-receptor
F Rigsle] B8 Aoz B

adrenergic

2 £ X ®

Adolph, E.F.: Oxygen consumptions of hypothermic
rats and acclimatization of cold. Am. ]J.
Physiol., 161:359, 1930.

Ahlquist, R.P.: A study of adrenotropic receptors.
Am. J. Physiol., 153:586, 1948.

Allen, F.M.: Theory and therapy of shock; reduced
temperatures in shock treatment. Am. J. Surg.,
60:335, 1943.

Aviado, D. and Dill, AH.: The effect of new

sympathetic blocking drug(bretylium) on car-
diovascular control. J. Pharmacol. Exp. Therap.,
129:326, 1960.

Axelrod, J., Weil-Malherbe, H. and Tomchick, R.:
The physiological disposition of H3-epinephrine
and its metabolite, métanephrine. J. Pharmacol.
Exp. Therap., 127:251, 1959.

Benfey, B.G* and Varma, D.R.: Inferactions of
sympathomimetic drugs, propranolol and phen-
tolamine on atrial refractory period and con-
tractility. Brit. J. Pharmacol. Chemotherap.,
30:603, 1967.

Bigelow, W.G., Collaghan, J.C. and Hopps, J.A.:
General hypothermie for experimental intracar-
diac surgery. Ann. Surg., 132:531, 1950.

Bigelow, W. G., Lindsay, W.K., Harrison, R.E.,
Gordon, R.A. and Greenwood, W.F.: Oxygen
transport and uiilization in dogs at low body
temperatures. Am. J. Physiol., 160:125,
1950.

Black, J.W., Growther, A.F., Shanks, R.G., Smith
L.H. and Dornhorst, A.C.: A new adremergic
beta-receptor 1:1080,
1964.

Boura, A.L.A., Green, A.F., McCoubrey, A. Laur-
ence, D.R., Moulton, R. and Rosenheim, M.L.:
Darenthine: hypotensive agent of the new itype.
Lancet, 2:17, 1959.

T.G. and Cotton M.V.: Evaluation of
factors enhancing cardiac force during hypo-
thermia. Fed. Proc., 15:405, 1956.

Brown, W. and Hill, A.V.: The oxygen dissociation

antagonist. ~ Lancet,

Brown,

curve of blood and its thermodynamical basis.

Proc. Roy. London, 94:297, 1923.

B.G., D.A. and D’Amato,
H.E.: Ventricular fibrillation in the hypother-
mic dog. Am. J. Physiol., 178:148, 1954.

Covino, B.G., and D’Amato, H.E.: Mechanism

of ventricular fibrillation in

Covino, Charleston,

hypothermia.
Circulation Research, 10:148, 1962.

Crossman, L.W. and Allen, F.M.: Principles of
surgical and therapeutic refrigeration. Surg
Clin. North America, 25:361, 1945.

Dill, D.B. and Forbes, W.H.: Respiratory and

— 892 —



—W.C. Lee: Role of Catecholamines in Ventricular Fibrillation—

metabolic effects of hypothermia.
Physiol., 132:685, 1941.
DiPalma, J.R. and Mascatello, A.V.: Analysis of

actions of acetylcholine, atropine, epinephrine

Am. J.

and quinidine on heart muscle of cat. J. Phar-
macol. Exp. Therap., 101:243, 1951.

Dungan, K.W. and Lish, P.M.: Potency and spe-
cificity of mew adrenergic beta-receptor blocking
agents. Fed. Proc., 23:124, 1964.

‘Edwards, E., Lombardo, C.R.,
Bennett, A. and Bing, R.J.: Coronary blood
flow in hypothermia. Arch. Surg., 71:853,
1955.

E. Woodbury, L.A. and Hecht, H.H.:
Effects of innervation and drugs wupon direct
membrane potentials of embryonic chick myo-
cardium. J. Pharmacol. Exp. Therap., 104:
103, 1952.

Garry, W.E: Nature of fibrillary contraction of
the heart. Its relation to tissue mass and form.
Am. J. Physiol., 33:394, 1944.

Geiger, J.J., Dixon, F. and Paltauf, R.M.: General
cryotherapy. A Symposium, Bull. New York
Acad. Med., 16:323, 1940.

Gordon, A.S., Jones, J.C., Luddington, L.G. and
Meyer, B.W.: Deep hypothermia for intracar-
diac surgery,

W.S., Simmons,

Fingel,

experimental wuse without an
oxygenator. Am. J. Surg., 100:332, 1960.

«Govier, W.C., Mosal, N.C., Whittington, P. and
Broom, A.H.: Myocardial alpha and beta adr-
energic receptors as demonstrated by airial
Sfunctional refractory period changes. J. Phar-
macol. Exp. Ther., 154:255, 1966.

Hegnauer, A.H. and Angelako, E.T.: Excitable
properties of the hypothermic heart. Ann. New
York Acad. Sc., 80:336, 1959.

A.H. and Covino B.G.:
irritability in experimental immersion hypothe-
rmia. The Physiology of induced hypothermia
National Acad. of Science, Washington, D.C.,
1956.

Hegnauer, A.H. and D’Anato, H.D.: Oxvgen con-
sumption and cardiac output in the hypothermic

dog. Am. J. Physiol., 179:138, 1964.

Hegnauer, Mpyocardial

Hegnauer, A.H., D’Amato, H.D. and Flynn, J.:
Influences of intra-veniricular catheter on the
course of immersion hypothermia in the dog.
Am. J. Physiol., 167:63, 1951.

Hegnauer, A.H., Shriber, W.]. and Haterius, O.:
Cardiovascular response of the dog to immer-
sion hypothermia. Am. J. Physiol., 161:455,
1950.

Hoff, H.E. and Stansfield, H.: Ventricular fibrilla-
tion induced by cold. Am. Heart J., 38:193,
1949.

Kabela, E. and Mendez, R.: Action of propranolol
on the atrioventricular node awnd on its response
to adrenaline and isoprenaline. Brit. J. Phar-
macol., 26:473, 1966.

M., Neville, W.]. and Clowes,
G.H.A.: A study of oxygen comsumption during
profound hypothermia induced by perfusion of
the entire body. Surg. Forum., 11:190, 1960.

Kako, K., Chohdhury, J.D. and Bing, R.].: Poss-
ible mechanism of the decline in mehanical
efficieny of the isolated heart. J. Pharmacol.
Exp. Therap., 130:46, 1960.

Kako, K., Chryschou, A. and Bing, R.J.: Factors

affecting wyocardial storage and release of

Kameya, S., Oz,

catecholamines. Circulation
1961.

Kerwin, J.F., Hall, G.C., Milnes, F.J., Wilt, LH,,
Mclean, R.A., R.A., Macko, E., Fellows, E.J.
and Ullyot, G.E.: Adrenergic blocking agents.
N.N.-(aryloxy-isopropyl)-haloethylamines. J. Am.
Chem. Soc., 73:4162, 1951.

Kech-Wesser, J.: Direct and beta adrenergic rece-

ptor blocking actions of Nethalide on isolated

Research, 9:2,

heart muscle. J. Pharmacol. Exp. Therap.,
146:318, 1964.

Kvam, D.C. Riggile, D.A. and Lish, P.M.: Effect
of some new beta-adrenergic blocking agents on
certain metabolic response to catecholamines. J.
Pharmacol. Exp. Therap., 149:183, 1965.

Lee, W.C. and Shideman, F.E.: Role of myocardial
catecholamine in cardiac comtractility. Science,
129:967, 1959.

Lee, W.C. and Yoo, C.S: Mechanism of cardiac



—o]-£-Z : Catecholamines o} fFfa}ed —

activities of sympathomimetic amines on isolated
auricles of rabbits. Arch. int. Pharmacodyn.,
157:93, 1964.

Lewis, T.: Observation upor flutter and fibrillation.
Heart, 7:127, 1920.

Miller, F.A., Brown, E.B., Buckley, J.J., Van

- Bergen, F.H. and Varco, R.L.: Respiratory
acidosis, its relationship to cardiac  function
and other physiological mechanism. Surgery,
32:171, 1952.

Montgomery,k V., Prevedel, A.E. and Swan, H.:
Prostigmine inhibition of vewtricular fibrilla-
tion in the hypothermic dog. Circulation, 10:
721, 1954.

Moran, N.C., Moore, ]J.I., Holcomb, A.K. and
Mushet, G.: Antagonism of adremergically-in-
duced cardiac arrythmia by dichloroisoproterenol.
J. Pharmacol. Exp. Therap., 132:269, 1961.

Moran, N.C, and Perkins, M.E.: Adrenergic blo-
ckage of the mammalian heart by a dichloro
analogue of isoproterenol. J. Pharmacol. Exp.
Therap., 124:223, 1958.

Nickerson, M. and Goodman, L.S.: Pharmacological
and physiological aspects of adremergic blo-
ckade with special referemce to Dibenamine.
Fed. Proc., 7:397, 1948.

Osborn, J.J.: Experimental hypothermia; Respir-
atory and blood pH changes in relation to
cardiac function. Am. J. Physiol., 175:389,
1953. ’

Powell, C.E. and Slater, I.H.: Blocking of inhibitory
adrenergic receptors by a dichloro analog of
isoproterenol. J. Pharmacol. Exp. Therap.,
122:480, 1958.

Prinzmetal, M.: Mechanism of spontaneous aur-
icular flutter and fibrillation in man. Circu-
lation, 7:607, 1963.

Riberi, A., Grice, P.F. and Shumacker, H.Jr.:
Ventricular fibrillation in the hypothermic
state. The effect of sino-auricular node blockage
in preventing ventricular fibrillation at low
degrees of body temperatures. Am. Surg., 21:
1048, 1955.

Riberi, A., Syderis, H. and Shumacker, H.Jr.:

Ventricular  fibrillation in -~ the hypothermic
state. ]. Prevention by sinoauricular node
blockage. Ann, Surg., 143:216, 1956.

Rosenhain, F.R. and Penrod, K.E.: Blood gas
$tudi_es in the hypothermic dog. Am. J. Physiol.,
166:55, 1951. i

Sanctorius, S.: Medicina statica; Being the apho-
risms of samctorius translated by John Quincy.
Longman, London, 1737, Shanks, R.G.: The
pharmacology a new edrenergic receplor antago-
nist. Pharmacologist, 6:166, 1965.

Shore, P.A. and Olin, J.S.: Identification and
chemical assay of norepinephrine in brain and
other tissues. J. Pharmacol. Exp. Therap.,
122:195, 1958.

Simpson, S.: Temperature range in the monkey

in ether anesthesia. J. Physiol., 28:38,
1902.

Smith, L.W. and Fay, T.: Observations on human
beings with cancer maintained at reduced

temperatures of 75°F-90°F. Am. J. Clin.
Path., 10:1, 1940.

Stanton, H.C.: effects
beta-adrenergic receptor blocking agents. Fed.
Proc., 23:124, 1964.

Stromblad, B.C.R. and Nickerson, M.: Accumulation
of epinephrine and norepinephrine by some rat
tissue. J. Pharmacol. Exp. Therap., 134:154,
1960.

Swan, H. and Kortz, A.B.: Direct vision transao-
rtic approach to the aortic valve during hypo-

thermia, experimental observations and. reports

Cardiovascular of mnew

of a successful clinical case. Ann. Surg., 144:
205, 1956.

Swan, H., Zeavin, 1, Helmeé, J.H., and Montgo-
mery, V.: Cessation of circulation in general
hypothermia.(1) Physiological  changes and
other control. Ann. Surg., 138:360. 1953.

Szerb, J.C.: The effect of morphine on the adren-
ergic merves of the isolated guinea pig jejunum.
Brit. J. Pharmacol., 16:23, 1961.

Talbott, H.: Physiologic and therapeutic effects of
hypothermia. New Eﬂgl. J. Med.,, 224:281,
1941. \



—W.C. Lee: Role of Catecholamines in Ventricular Fibrillation—

Walthere, A.: Beitrege zur Lehre von Thierschen A.: The effect of hypercapnia and hypoxia ox
Warme. Virchows Arch, 25:414, 1862. the response of the heart to vagal stimulation.
Young, G.W., Sealy, W.C., Harris, J. and Botwin, Surg. Gynecol. Obstet., 93:61, 1951.




