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The Effect of Higznamin2 on the Calecium Transport of Cardiac Sarcoplasmic Reticulum
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Chan Woong Park*, and Jung Kyoo Lim®*

Dept. of Thoracic Surgery and *Dept. of Pharmacology, College of Medicine, Seoul National University

Higenamine(dl-demethylcoclaurine,

dl-1-(4-hydroxybenzyl)-6,7-dihydroxy-1,2,3,4-tetrah-

ydroisoquinoline hydrochloride), which has recently been isolated from Aconite root by Drs.
Kosuge and Yokota, has known to be the main cardiotonic component of the Aconite root.

The present study was undertaken to investigate the effects of Higenamine on the calcium

birding and release and ATPase activity of fragmented cardiac sarcoplasmic reticulum under

in vitro condition. The calcium binding and release of sarcoplasmic reticulum were measured

by using the double-beam spectrophotometer and the calcium sensitive dye, murexide.

In the presence of 10™*~5x10-*M of Higenamine,

the maximal calcium binding and the

initial binding rate of porcine cardiac sarcoplasmic reticulum were inhibited dose dependently

by up to 43%. However, the calcium release from cardiac sarcoplasmic reticulum, which was
loaded with Ca** (50 uM), was stimulated in dose dependent manner,

When incubated in the medium of 20 mM Tris-maleate(pH 7.0), 100 mM KCl, 10 mM
MgCl,, 0.05mM CaCl, and 0.014~1mM Tris-ATP at 30°C in the presence of Higenamine
(107*~5x10"3M), both Ca**-and Mg+*-ATPase of sarcoplasmic reticulum were inhibited non-
competitively by Higenamine and values of K; were 4.896 mM and 6.875 mM respectively.

It is suggested from the above findings that the cardiotonic effects of Higenamine might
be partially explained by the inhibition of calcium binding and the stimulation of calcium

release from the sarcoplasmic reticulum which may increase the free intracellular calcium

that is available in the contraction of the cardiac muscle fiber.
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o1 F AE(1973) ¢ I ZAALE RolE 19 g3
EFEA4E] FE n-Febpd o9& AAs gt

2 ooldl =pe] n-YebEdE B gl AgEd ¢
sle] 2 AAlEbEe] BHalEe] g og JFHel $
Lou oA de] A2 2o g 853 2ge 4
HEEY £ el A2945Y FAE9d el 1
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1,000M el v 2ed QA G E AFs] HE Ao F
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2 ofH R dTFES ¥ FAAAEe] HE

3 gaAA B AdAA 2E2EE ASdd P47
ATEel g7 wEel FAGEY AL AZFEAA
TR el g get. 28w 324 Kosuge 9
Yokota (1976, 1978)%5°] ¥4 F3AAAFolelx F
A5 €5 2343¢ )5 Higenamine o]z}
Hstn AgEs A3zt CeHpNOsHClelm, =z F
Z3¥  dl-1-(4-hydroxybenzyl)-6,7-dihydroxy-1, 2,
3,4-tetrahydro isoquinoline hydrochloride (dl-deme-
thylcoclaurine hydrochloride)ejz} Bmslgdew =
5 (1981) & EAINZE A4 484 o Higena-
mine 8] A 382 Fgdn 53 AZFEFALE
o AelA Fgd 45 pgd e ALty L)
A ‘

ARE 57134 QoA AT fel@dgol el ¥
AAY 98-S e AL A ¢uR A4EL HA
gl AZANFA E HAsld 4 er AT +5F
Zag-¢ deblE R EY AAIAE 2] o9
T A1RAE B AJEARA THH2EE AR #

24 $E} SAEE Aste] AQE Al Aol

. FabEo] oste] whol B glvh. A ol
5 A2 24 4 E7 9 sarcoplasmic reticulum
3} mitochondria 5 A ZW ZE A7 FE 9 5
245 2% B3] sarcoplasmic reticulum & A2
9 fF2—clgd] #HE AZW fe T dFEF
2435 R4 QA QA 98E T Al Ao
AR gL HREY FFolwt(Chapman 1979,
Ebashi 1976, Fabiato and Fabiato 1975, 1979, Ki-
tazawa 1976).
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B} 4E ¢ Aolgk AFE 4 vk B ATdAE
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1) Sarcoplasmic reticulum 2} £&

#x AAZAA 7+ ¥ A2 Harigaya and Sck-
wartz (1969)8d el  ¢ste] FEagsh. A4 TAA
Az AA29¢ AAY F, 27 homoge-
nizing 8- (50 mM Tris-maleate pH 7.0,5mM NaNs)
ol Y3 7915 A 2AEehS 49 454 FL homo-
genizing G-ojo] o] waring blender & A1-§-8lef 40
Z %o F33} g4} ¢] homogenate - 3,000Xg
ol 208 WELAEET F A5AE 479 cheese
cloth & 33 dsste 8, AAzAAE AAR F
9,000X g o} A 2037k vhA) W] 3-Y 414+ 5te] mitocho-
ndria & AASEERE 9. ASYE FHskd 33,000
xgolA 80% BEYA Lt Q-2 AR A 20
mM Tris-maleate pH 7.0, 50 mM KCl &} X%
A#A 33,000Xgell A 308 Q414 5], sarcoplasmic
reticulum & Qg+,
20 mM Tris-maleate pH 7.0, 50 mM KCl§f¢] =t
Wg X%7} 10mg/ml § & glass-teflon homoge-
nizer & o] g5t ¥-HAA 4 Agast A4
mE zae £CoddA dagz BUY BEE
Lowry 4] (1951)9bg 22 53 5}¢i=h

¢] sarcoplasmic reticulum -&

2) Sarcoplasmic reticulum o] Z'& &% 8 RE|
53
Sarcoplasmic reticulum &} Z-% F+ 8 Fel & ZF
indicator ¢] murexide 2} dual-beam spectrophotome-
ter (Aminco-Chance Dual-beam Spectrophotometer,
American Instrument Co. U.S.A.)& ¢]£% Ohnishi
and Ebashi g4 (1063) 22 2335k, Murexide
(ammonium purpurate)= F4 pHeA Zgd =
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7+81 metallochromic dye 24 23 A A s} 470
nmelA 33, 542nmeld A FRHEEF Vel
507 nm (Isosbestic wavelength)e} 4] $3 murexide
¢} Ca?*-murexide 7} 3¢ FTFEF Helrtl g4
murexide & ZFg k-S4 Y H2 s @l
31E dual-beam spectrophotometer & A}-£3}e] 507
nm o} 542 nm(EE 470 nm)S] P A FAd 33
3 FHEY Aol BXE A4ty et

20 mM Tris-maleate pH 7.0, 100 mM KCI, 10
mM MgCl,, 5mM NaN;, 0.2mM murexide &} 0.7
~1mg/ml sarcoplasmic reticulum & -3+ 3ml 9
qh5Re] EelglE cuvette & 30°Cell A 108Fek A
=3 F 15mM CaCl, 10 1 (3 F Caz* X 50 M),
20 mM Tris-ATP 1518 F ATPEE 0.1mM)E
EAA 22 sl 513 507 nm 2 542 nm el A e &
FE Al AAA o2 7 Este qk-g-d o4 sarco-
plasmic reticulum ¢] L4 F4 =L $EjTo 2y
A5HE 2EEEE 298y

Higenamine &} 93-& AAFT AP L D3
ATP & 7] Ad] Higenamine 10-¢~5%10-3M < u}
Sqe Arlsla G4 30°C, 108%¢ AA23 T %
g3 ez AANHoE 2F3le] sarcoplasmic
reticulum ¢] Zg F5E U Hu T4,
R

el el

3) Sarcoplasmic reticulum ATPase EME =X

Sarcoplasmic reticulum ] ATPase @4 5= A}
2 ATPs} ATPased] ¢ale] Za)¥mes foidL
F71 91 (P1) & S4 5hef A 4ksbgie}. 20 mM Tris-male-
ate pH 7.0, 100 mM KCI, 10 mM MgCl,, 0.05 mM
‘CaClz, 0.1 mg/ml sarcoplasmic reticulum & §-8-3F

i

&%%fﬁﬁ 1mle 30°C, RAGEFA 1087 AX]
2] §3d] 0.014~1mM TrissATP & H 3o 24
W24 Aapsigeh 4S5l 15% trichloroacetic
acid (TCA) 2 Hr}aled W28 F8AR F PigkE &
el & ATPase A EE AAstgleh. & ubgd

% CaCl, W4l % chelator 8] ethyleneglycolbis(s-
aminoethylether)-N,N,N’,N’-tetraacetic acid(EGTA)
= 1mM At feE2Ee QAT 2AA4 54
% WPz weAA Fask TR basal Mgh-
ATPase SRES FA o 2Fsgdod & ATPased
A X4 basal Mg2*-ATPase & wl & Ca?*-ATP
ase FYER st el wrgAWe FEE Pigke 10%
TCA & A5t TEA7 w32 1,000xg, 104
Zob Al2e st 33 A5 A stannous chloride
o & phosphomolybdate«] F9utg¢ shA 660
nm o] A spectrophotometry §l= Horwitt w4 (1952)
28 FAR

MEHyH
1) Sarcoplasmic reticulum 2| Zt& 2uboll thst

Higenamine 2| &g

(1) && 40 st P& : A4 sarcoplasmic
reticulum & 24 $ulEs-E A EFEY Fo #le}
okzk¢) pe] B Me]tw) (Harigaya and Schwartz,
1969) 2 o FelA A& s 4-Z sarcoplasmic
reticulum -& 50 oM Z EA 5Ll A 0.1 mM ATP ¢
& 5}e] 36.4nmoles/mg protein®] 3w} F< (maximal
depjgen, e Cassh
milipore filtration ¥ o2 238 715 (1982) 142k
$A A sk, ol 2w Fol st Higena-

membrane binding)%

Table 1. Effect of Higenamine on the Ca**-binding of porcine cardiac sarcoplasmic reticulum
Maximum Binding Binding Rate**
nmoles/mg prot A% nmoles/mg prot/min A%
Control 36.40+1.68* 284, 15+10.43*
Higenamine (M)
1.0X10* 32.56:14.97 —10.6 214.87+19.54 —~24.4
1.0X10°3 27.57+3.66 —24.3 201.00£13.27 —29.3
2.5X1072 23.3240.64 —25.9 194.77-18.61 —31.5
5.0X10-3 21.234-3.97 ~41.7 160.71+14.20 —43.3

E S X

: Mean+S.E. The values are estimated from the experiments as Fig. 1.
: Binding rates were estimated from the value measured at 4 seconds after addition of ATP.
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Fig. 1. Calcium binding and release of sarcoplasmic reticulum measured by dual-beam spectrophotometry.
The rate and extent of calcium binding and release of porcine cardiac sarcoplasmic reticulum
were measured through the absorbance changes of calcium sensitive dye, murexide, at 507-542 nm

in a 3ml cuvette. The reaction mixture contained 20 mM Tris-maleate pH 7.0,

100 mM KCl,

10 mM MgCl,, 5 mM NaNj, 50 uM CaCl,, 0.2mM murexide and 1mg of SR prot/ml, The
reaction was initiated by the addition of 0.1 mM Tris-ATP. Before the start of the reaction the
reaction mixture was preincubated for 10 min at 30°C with or without 10~*~5x10-*M Higenamine.

mine & FEE Fr13 Ael L3 dEAYY AAE
el gl oo, Higenamine 5X103M ¢ 7#-& g &
47} 21.2nmoles/mg protein 2. 2 o] Xl v]3) 41.7%
9] Al E Bgvh(Fig. 1 and Table 1),

B A A ¢l o] sarcoplasmic reticulum =F-& =}
f2e] 35 o] && (phosphate, oxalate)e] &
AR %E EZANA dovhe ZE F9-(vesicular
membrane binding)¥k-$-¢ Fig. 16]4 gl o] = uls)

Bl L2 dojurz B A4 ATPAAF
4= W3 E A2 e ARAZY 42499 F
F SEEE S35l 27 FREE A4
Table 1414 A% Higenamine € ¥ }slx] -2 o
F A Al 284. 2 nmoles/mg prot/min & JEM) FF
%o] Higenamined] 95t F= Frol we} Al
FgdlAet e AEER A8 JAFHG A, Hxn
Higenamine %X.9] 5% 10~*M o] 4 = 160. 7n moles/mg
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prot/min & &
24+

(2) Zt& Selo) it Y& : 4 sarcoplasmic reti-
culum & ATPAAF AR 4ol deb 244 Jo =
FHE F 94 F53d 25 dF-F Addes
-2 gtc} (Fig. 1). Table 26l 4 9} zto] w} & sarcopla-
smic reticulum ¢} 4] 1.5 nmoles/mg prot/min & X.q1
Z4 8l 7} Higenamine o] ¢J sl &35 om 5%
10°M 9] A9 fe]&] 4.7 nmoles/mg prot/min
o Zel] wste] & 37 Fobd AAE Y

E4go] wEle] 43.4%9 gAE

Table . Effect of Higenamine on the Ca** release
from cardiac sarcoplasmic retculum

Release Rate*

nmoles/mg prot/min A%

Control 1.5440.38

Higenamine (M)
1.0x10* 1.850.44 + 20.1
1.0x 1073 2.4740.43 + 60.4
2.5%1973 3.15%* +104.5
5.0x1073 4.661-0. 41 +202.6

*: Mean#+S.E.

The values were estimated from the expe-
riments as in Fig. 1.

2) Sarcoplamic reticulum ATPase 445 o0f ci
gt Higenamine 2| ¢ &

Agud 4 QFdw 2 1 mM EGTA & 3 r}atel
0.24

0.20

0.12

0.08

|/ ATPase activity.{ymole Pi/mg protein/hry

L 1 { L L ! |
¢] 2 4 6 8

P/ (ATP) mM

Fig. 2. Lineweaver-Burk plot of Mg**-ATPase of
cardiac sarcoplasmic reticulum. )
The reaction conditions were the same
as in Table III except the added concentra-
tion of Tris-ATP(0.014~1 mM). Control

*%: The value represents the average of 3 expe- (O),Higenamine, 2.5x10-*M(@),5x 107*M
riments from different preparations. (A), and 1072(A).
Table TI. Effect of Higenamine on the ATPase activity of cardiac sarcoplasmic reticulum
Mgt*-ATPase Catt-ATPase
pmoles Pi/mg prot/hr A% pmoles Pi/mg prot/hr A%
Control 22.5040.15* 3,750, 04*
Higenamine (M)
1.0x10™* 21.6910.60 - 3.60 3.554-0.10 - 5.33
1.0x10°® 20.4741.67 —~ 9.02 2.7410.11 —26.93
5.0%x1073 14.39+0.20 —36.04 1.61£0.04 —57.07
*: Mean+-S.E.

Porcine cardiac sarcoplasmic reticulum (0.1 mg/ml) was preincubated with or without 10-*~5x10-*M
Higenamine for 10 min at 30°C in 1 ml of medium® containing 20 mM :Tris-maleate pH 7.0, 100 mM
KCl, 10mM MgCl;, 5mM NaN,; and either 50uM CaCl,(for, total ATPase) jor 1mM EGTA
(for Mg**~-ATPase). After the preincubation the reaction was started by” the addition of 1 mM
Tris-ATP. The reaction was terminated by the addition of 0.25 ml of 15% TCA at 5min after the
initiation of the reaction and Pi liberated was determined spectrophotometrically by the method of

Horwitt. Ca**-ATPase activity was calculated by the subtraction of Mg**-ATPase from the total
ATPase.
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Table .IV . . Inhibition of cardiac sarcoplasmic reticu-
lum ATPase by Higenamine*.

Mg+*-ATPase Ca**~-ATPase

0.053 mM
4.896 mM

Ka (ATP) **
Ki(Higenamine) ***

0.459 mM
6.875 mM

*: The values were calculated from the expe-
 riments as in Fig. 2,3,4 and 5.
**¥: ATP- concentration producing half-maximal
stimulation of ATPase activity
“#%%: Higenamine concentration for half-maximal
inhibition of ATPase activity

| L
o 25 5
Higenamine , mM

"Fig. 3. Dixon plot of Higenamine inhibition on
Mg**-ATPase of cardiac sarcoplasmic
reticulum. Reaction conditions are the same
as in Fig. 2.

Sy el ZEE glolx Mg?tale] Exjsle A
-4 244 basal Mg?*-ATPase 9}, Cazt @ Mg+
o] AR EAFE 2A4A 233 & ATPase(total
ATPase)s}9] Abel2 AatEe CaX*-ATPase 24 =
E A4 4 s9et. ATPase &4 5o ol d Hige-
namine ¢ 98§ JFFALE A5 95t ATP
o Eai At AR ¥ 10%e) A HEE d-2 A kS
FEAstn a9 &0 ATPEA4EE 2989
“Table 3 ¥ Fig, 2,401 49} o] Ca?*-ATPase o
Mg?*-ATPase = 50 ¢M-Ca?*, 1 mM ATP 7} 2A)s}
+ 794 4z 3.75pmoles Pi/mg prot/hr s}

22.5 pmoles Pi/mg prot/hr¢] oz FHEE g

Heon, ATPEE #3ld =& ZHEY A3ks=
Michaelis 943 4 -& 2 G4-& L9 o}d Ku
&3 ATPase FAEY 50%E L4Jslsle ATP %
E)E Z7F 0.053mM 3 0.459 mM o] ¢l v} (Table 4).

|y
£ 0.14mM ATP
C
Ze
> 0 e
£8 e
° o 0.18mM ATP
% €
o !
& 0.25mM ATP
g 2
~ Q
> g 0.4 mM AT
=
I mM ATP

1/ ATPadse activity (L/mole Pi/ing protein/hr.)

4

—
(6] 20 40 [51e) 80
i /(ATP) mM :

Fig. 4. Lineweaver-Butk plot of Ca**-ATPase of
cardiac sarcoplasmicreticulum.The reaction
.conditions were .the same as in Table III

except the added concentration of Tris-ATP
(0.014~1 mM).- Coritrol(Q), Higenamine,
2.5X107°M (@), 5X10-*M(A), 16:M(4).

//d~
6t .
= 0.014mM ATP
~ £
c :
Q
£
>
el 0.0IBMM ATP
8 o
£
D -
8a 0.025mM ATP
o o
l<—t B 0.04mM ATP
S5
I mM ATP

L .
0] 25 5 10

Higenamine , -mM

‘Fig. 5. Dixon plot-of Higenamine inhibition.on Ca**

-ATPase of cardiac.sarcoplasmic reticulum.
Reaction as in Fig. 4.

3+ Higenamine -2 Ca?*-ATPase & Mg?*-ATPase

BAL pe] L o)Ex] 22 ¢4 d)e) Higenamine

5X10°M el BHEE Egtel ¥sle] Ca?*-
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ATPases} 57.1%, Mg**-ATPases} 36.0%% A5
gl

o} 2} 7+-2 Higenamine 8} ATPased] <oA= Hige-
namine & FEE Fsgd del KmAoe wilst
VL HIIHAEE (Vi) gke] zhkdts w4 A QL
dA A& 2o KA (A ATPase 84 o)
¢ 50%¢l o] 2A s Higenamine o] Hx)& Cat-
ATPase ol 4 4.896mM, Mg?*~ATP o] 4 6.875 mM
2 Ca?*-ATPase 7} Higenamine of 2]3ke] o] e
EE A Eq e

] &t

A2 +314 ALt F¥—FF4 A3 (Excita-
tion-contraction coupling)el] 4] A} 2] $-gl Z4o]-2
o] AdAolx, $44q 4UL i AL T ¢y
A Adeleh FojhkAjdl 1078 ~10"M ol R A o] H
Z ZF Tk TAZ FEFo olo| BFe] o
oA A el 10°ME Zobste] ZaadE
Zgoll w7k troponin Cofl 2 Ze] Agelmzy
58 actinyg myosin¢ AFAAL A%
Al gt} £5¢ dorH, o o] oA troponin C
25 dolx o} AR Fg A4 45
Avh, AEN 2 F9He) Vot ZH FES GopRm
24 o]gke] dojrdr}(Ebashi 1976, Fozzard 1977).
ojopzto] 25 WA A X fEBEY FEE
ZA Zuk3) 4 2 7] FE Q] sarcoplasmic reticulum,
mitochondria ¥ sle} 24 A4 v 59 Bty
gl st zAdd AR welEdAn glon
2% sarcoplamic reticulum o] &3 ZAo] go &
g A 58 T84 52 9} (Chapman 1979, Ebashi
1976, Fabiato and Fabiato 1975, 1979, Kitazawa
1976).

Sarcoplasmic reticulum o) 4 & o] A4 5} Ca?t~
ATPase 7} ATP & Ealste Asl dx5o] Akd o
& ATP lmoleq 248 2% ofgo] =9z Lyt
=, Ca*"s} Mg#& ATPase &4-¢ =3 24 sl
Heb. w24 sarcoplasmic reticulum & Mg? &4 5
A Mg**-dependent Ca2t-ATPase ¢ &4 38 o]
A FEE FALE AFnEL, FEA = 2
T feldendy 98¢ =2y Z55d o4 )
% AW fE 2w FEE 2ANE AR wel
Eexm vl (Hasselbach 1978, Martonosi 1975,
Martonosi et al 1978).

Higenamine ] ¥ AZ +% 27} £93 Jeh
qohn G B a-RebEEYY F 34 Gl
Brslal o) ¥ (Kosuge and Yokota 1976, 1978) A3
(1981)-& H % 7tE AWl A Higenamine 2] & 2] 5t
A EFE HAdstgdon &3 Zaae 4% A
A ®9k4 o] Higenamine 107g/ml ¥ 2% 58 M 3
TR AT FF F% EAE ez A B3 n-Y-
b g2t <k 1,000 o e 24AteE e
R shglvh. EF o] SR & RudlA AEXYE 5
¥ Zge]l 5L Abuksll verapamil, Latel] 9 ste) o
A" A& %% & Higenamine o] w12 3|24zle
= AdA Alzehs F3 Ao FE Wiz
2 YL F3se Aol A4S 149 99 2
5 eelgtnz $£39554 Higenamine & 4% 43
Al A2 ZEFEE S F U AL A4
ghglvh 2E v ol &2 A|ARRE whe e Fg FESY
FTE AZ FEAA FEE F dy EZuk TALQ
SAE AAR Hekgdet, £ A¥A A ule
ol A2 ZF FEF ZAFEIA ALY 5
o] ko]l 9lelA Z o 2L $}L sarcoplasmic reticulum.
o Zg-gdte| o] Higenamine & Z¢9] ol &
F % 27 F5EL JdAST g E fel s Fsg
+ 8} el HAS 53 T2 Al Ca?*-ATPase
B4y odAegx 23¥H= =4 Higenamines] &3
ZA g 93 Ca?*-ATPase A =lel sarco-
plasmic reticulum o] 298] Zg540] JAHZ, FA
o] sarcoplasmic reticulum W 3o ZAdlY LFo
AR felEe] o rg Az fAWE £
e AT +34 ol F AT BEFEL FobAE
de] ¥ X glozz Az, g Ca?-ATP
ase &4 ¢] Higenamined] &sled wlAAAH o2 o %)
(Ki, 4.896 mM) 5 = A3} v]Eo] basal Mgz*-ATPase:
E 2 JEE kg wod 94 g oA (K,
6.875 mM) & §l¢l &4, ¢] =¥ Higenamine-& of
nlE Mg2t gl Ca?t&ae] ¢35l sarcoplasmic reticu-
lum =} ATPase 7} ql4bst (Bigp{b) H o1 B35 = 5}
A& AAFA Y, e ATPase gl Z¢-E9 &elak
(RSB S & dAsx %-gah Y 2ekgch

@l T AASE B2 old] F45e
Q" D& 2 f2] 7} Higenamine o] ¢ sted & x4
E 2 ¥ 224 sarcoplasmic reticulum =h-& E3d} )3
A4 328 2% FAGel I Ask 2e AnE
2yewl olegr W4 Ca*-ATPase A wg

sarcoplasmic reticulum 2}¢] ATP 2} &449 49 “Cal-

— 85 —
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cium-Pump 9] dAZ" &gk J4Y +E glod,
E& Ca**-ATPase b= 9AY =& $e733¢ 55
F49 ¢ A 28 d dABAE gL & 4
= @k Zg5Ee =2 Higenamine o] o gk& 3t
A AT AFAste] Y3 ZE FEESE o
d e FEXES} £24E Higenamineo] 9
T FefEst SvtEE FAE HdEemg Fxe
Ca*-ATPase ot Talgt 2] 1A, Sa] “grgd
g% 24 #¥ 71x1”(Endo 1977, Fabiato and Fab-
iato' 1975, 1979)¢] £3¢ 5% AAY FE Qo
2z F3e9ch

HE 9 29

AT 595 dA3) 447 22 n-dels B
Y 3744 4422 %93 Higenamine ) 74 7
|4 E TR HF a7 dgo = 42 sarco-
plamic reticulum o] 4 Zf Lwuks}l o] B Fggi
ATPase &4 =] u]x]& Higenamine ¢] 3L A&
B ohgal e AEL dglnh

1) A sarcoplasmic reticulum ] &4 2% F4
2 27 E4-§& Higenaminee] 43 ojzdoz o
A&+ =

2) AlZ sarcoplasmic reticulum o] 4¢] ZF-§2]=
Higenamine o] ¢j5}ed £ SjEA o= A5 ¢},

3) Sarcoplasmic reticulum ¢} Ca2*-ATPase 2—1
basal Mg?*~-ATPase == Higenamine ¢] t}zro] u| 2
Aoz gAYz Ki 2= 27 4.896 mM 3+ 6. 875
mM o] gl &},

ol 4l A Higenamines] 9§ Z4%4¢ d¥i
sarcoplasmic reticulum o] 4] 8] g e Wx Q)
Mg?*-dependent Ca?*-ATPase 84 Aol =g}
sarcoplasmic reticulum o] 29 Z4E4+2 oA skn,
-4l o] sarcoplasmic reticulum © 2Xel¢] F543
T AAREEA A2 4540 o4 A5 ATy
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