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Effects of o;-adrenoceptor stimulation on Mg*
release in perfused guinea pig heart
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Abstract : Recently in spite of the interest on the regulation of intracellular Mg** by neu-
rotransmitters or drugs, the magnesium ion(Mg>) regulation by o;-adrenoceptor stimulation
has not been studied in the heart yet.

To elucidate the regulation of ¢-adrenoceptor stimulation-induced Mg®* release and the
effects of oy-adrenoceptor stimulation on pathophysiological conditions, in this study we
have evaluated the effects of phenylephrine, PMA, H,, staurosporine, verapamil and li-
docaine on Mg” release in perfused guinea pig heart. During preperfusion exogenous Mg
was added to the medium to give 1.2mM 15min before starting to addition of drugs, and
then the infusion of exogenous Mg™ was stopped. Mg™ in the perfusate leaving the heart
was measured by atomic absorption spectrophotometry. Mg® free solution produced an in-
crease in heart rate and phenylephrine elicited Mg” release from the heart. Mg® release by
phenylephrine was abolished by combined treatment with prazosin. By contrast, cardiac Mg”
uptake induced by a protein kinase C(PKC) activator, PMA was abolished by a selective
PKC inhibitor, staurosporine. And the phenylephrine-induced Mg* release was not affected
by the PKC inhibitor, H,. When verapamil or lidocaine was added to perfusing solution, Mg
* release was potentated by phenylephrine from perfused guinea pig heart. These results
suggest that oy-adrenoceptor stimulation caused Mg™ release and that PKC is not involved
in ¢ -adrenoceptor mediated Mg®* release from perfused guinea pig heart. Under patho-
physiological conditions, the Mg” alteration by &;-adrenoceptor stimulation is considerable.
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gl g¢ 477 FVH 22 WP} g,
HE AFE F2 G, Kk Na' §o| F40] 5ol
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o e Mgt X5 AAUd Bl Fi3n
AL A ZUe] EAdtE BL g0l F Nao o9
FHA FE 0]2(02~1mM)2"? BA A Tt}
2 T8 AYA 48& FFen Aot AA, o
2 249 848 98 BEAL, glycolysis 2 DNA &
4 L AT 2HAEN AXY YAE - E
H, Mok Aue) 72 54 AAsE 827 A
A, Q41388 ZH 3= bioenergeticse] AR A9 FE
£ Fu A, 429 gahg JlFd SEd 98¢
G k. olpgo] Mgt A L5 o)L
02 Ca"A ¥y 2nd messenger2 X ZHE31A &= PR g
o7 o] 2EH F3 YT BAE 3 YF. 1Y
1922 Mg 8¢ 989 Hlatoq ATy Mg
FAAE LT 2HE/NAL A H3A YA kv
£ giant cells, bacteria ¥ ¥ F o A Mg™* Fx Z@7]|
Ao dsiMe Ban ol AR, T{HEFEY AT
HEAA o] AL A A YA ¥t J24E,
SEE 9 Yol Fol g Mgt WiF S & vt
OB AFAHOE AXY Mg” FEWSE ozt
T 3¢ 2 v* ! noradrenalined] Fo & A% £ = A2
AE2 2 Mgh¢ fEA0T T QY. =@ g
%o Mg® W A¥Y A 42E Ty
Mg»e] AEuE dod & ga ole AFAE 72
¢ 715 HE A AeE GAE A7 fot
I B R Mgho] 4T 7% 23AHE Mg
AA e QAo A At A3 WFE
g Aot
Noradrenalines] ¢]3+ Mg*9] ©]%7] A& Scarpa &
el oA ATHAEY, olES HZ AT AR
A} o -adrenergic &4 AFL2 ¥ HE Mghg &
2 A17] 22°, protein kinase C(PKC) &4 Ao 2|3 A=
Al A E2 2EH AFH L9 14 X Mgho] FHH
On Badgul olg e A3 AZHEE F44)
Z 3% cAMPY} PKCe] 840 o8] A&3A dF
2 5 ge Mgty F8% A% 9& dAEI L,

Mg" #2239 10| B-adrenergic &9 J8&
ZEEET. ayy F2 AF9 A o-adrenoceptorE
AR £5YY F7 U@ T840 dFHAL o
-adrenoceptor A4=+2 Badrenocepror A ARG E &
2 cAMPY] F718 Y o7)A] Fol A8 A AF
AN FoBR Fo AT F5Y F/HAZ d7H
2 Y, FAYoG AR A8A FEEe A
A9} NBE 943t o -adrenoceptors) 8717 2
a2 AGAY g0 FopAm It mEkd o
drenoceptor® -3 A XU o] F£EAY o|2FE
o WFol doid & lohd o]+ Ae, et ZH
AX 715 F%E vA Aot
oy-Adrenoceptor 242 B o] 249 WEL go
7 el grA AANEE 4o & g2A Ut
2 AGAgA of £8A AT g Mgt -9
e 3 d7d u §le B okl o-a-
drenoceptore] A ZAG A JoiA PKCr} #dstn
glem g’ g -adrenoceptor A& Mghe WEAY
T A& o2 ARFH 1L, 1989 Jakob 5L #4
o} A phenylephrineo] Mg* #2]& 424 & ke
AYAAE B vl 3], & dFoME #F guinea
pig heartoll A Mg2] &9 th& oy-adrenoceptor & &
AR phenylephrine®} A3, AlZAGA NN -7
3 phenylephrined] &} Mg™e] frej & 7o & Ca™
22 Aa949 verapamildt Na* 52 JFAI¢ -
docaine?] J&-& HEIA.

N2 o oy

’éﬂs o AFAE : 300g Wl ZiH g S
5 B AF A£3 A& &3t heparino]

%‘ 7}% Ak 2o 318 8 (0, 95%, CO, 5%, pH 7.3)0]
A B4 g AAS g, HEPES &3] #F
Ha e #F system(open system)e] &AW
A Qe FAE Adstd 2FA D, A%
o] #4FY Sl EHERE A A5 o]
HA e FAZ oo HAASAT. AFE BF
systemo]] ZAZF NaCl 120, KCl 3, CaCl, 1.2,
MgCl, 1.2, KH,PO, 1.2, glucose 10, NaHCO; 12,
18] HEPES 10mM$] gofey(37¢C, A4 ¥ 3}
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pH 7.3)& 7~8ml/min £E2 #HFAZAT. 158
% 37 %4NA MgChg AAY Mg” free &
€ 5-20nM9] Mg*7t #Fd d¥4E FFEA
#F AU Mg =7t @A FAHES FAH.
olgh#& FHE vlF Mghd ¥EE FAH3}]
of AP 2@ 22 317] Aot Mg* freed
FHE FFAZ F 15~208 R 43& 53
BFE FEFAE 18NF o= v AF3RA
o ZE A¥dne addXE #HE %A
a7l AR HE 1802 FsHth FEH
AE HAFE BFLAd AH Yo FFA
Aot

ALE o2 W FOUY - 379 9¥4E H3)
7] A &% ¥ op-adrenoceptor AZFEAE B3}
7] §138}] phenylephrine ¥ 7] €} & 0] Fo{ 53]
t} FEL BF Sigma A F-E AHE-3A T

1) Atenolol : 48 APHAA Badrenoceptord
9% AdE Ads D o-adrenoceptor A3 HE T
37 ¢38te] Mg* free 94 Yo 10°M atenolol g
Aot

2) Prazosin : phenylephrineo] <& Mg %27} o-
adrenoceptor® A8 EFAXE FUAd7] H3d
A4 a,-adrenoceptor Z 3 A Q] 3x10°M prazosin
% phenylephrine $ojd 15858 #FdHA aya
drenoceptorg g3} At}

3) PMA(phorbol 12-myristate 13-acetate) : PKC &4
Z]Ql 1.5x10°M PMAE #F9& Fd) AFe ¥
15836 1023 #7AAD

4) Staurosporine : PKC 9|A|¢) 10’M stau-
rosporine$ oA 1582 € #FAA

5) H,-hydrochloride : PKC 9 A #1Q] 3x10°M H, &
A8}l A} phenylephrine®] & 3}E #&3}7] $)38he] 3x
10°M phenylephrine $o} 152 A& H,& Xt

6) Verapamil#} lidocaine : phenylephrined] ¢} & Mg*
S &do] ds] Ca* channel blockerg] verapamil}
Na* channel blockerg] lidocaine®] 9&¢ #A&s17] 9
3o} 3x10°M phenylephrine 56 402 A2E 10°M
verapamil E£=10°M lidocaine 2 #F A F o}

et MY 284 53 0 #F7 system F
o A4% 3 way #ol| pressure transducerE 92
& A7) E-7)(Narco Bio systems. INC, MK-

2~ ol O

IDE o]&3td Auts 2 LA L ZA3 .

Mg SE&F 471 BHd o3td HE FF
S A A g gie] A3 atomic absorption spectro-
photometry(AA)el] ]3] Mg* $=& A3
FEA 0,0.1,0.5, Ippme] Mg* EF o] o7
d&do FFERHS A8 F AR LA &
YAIA 12 Flol 33 B=3td 1 JFge A
£330 A2 € ppmite A M EH 2 B4
el E7)5hATH

0| &7|7] : 7]et o]-£7)7]12%E AA(Sun Il Lab),
circulator(Jeio Tech Co), peristaldic pump(Vision),
illuminator(Gold Star), pH meter(Wheator) %
stereozoom(Nikon) -0} 1t}

& o

Mg” free Fo| Al4lel AE 2540
O X g8 A3 HE8to] BF systemol] 2
T F RN FEYE BFA 1580 L3
& Hu olw AutgE 1524153 9d. o
Y FYNM MgCLE AAT Mg™ free I
Hg AFAIN A} 225+2282 FY FE Y
A Btk @A3] ST 23 A% 54 o
Al @A 3 S ATH Mg™ free 9F AL #R T
F F7He A AEY Mg FE7 FAadl
T B33 Alzte] A #gtel wheh by FAE)
AHAE A A 3HA] & ).

Mg?* feloll ojx|&= phenylephrine®] ¥% :
Fig 1¢] panel A= Mg” free J4 AL #FAIZ
F 1I5BFE(Figol A 1222 A8 S) &/
g 18 A CF 4087 el AA= FATF 4
#2ZH 43]9 AYdF AYAHA § o)} Mg
free 9FHE BF3H7] AE AZUW(ES AXE
o} A ¥ Ao])e] Mgro] #-2F o] Fig 1A B
uke} o] Alzhel] whe} A FAFHE R
QiL, FF F 40~508] FHFIW Mg” FEE
HAXNE YRS = 02 AFdA B
panel A9} ¥|52q 2A& FAFHA Mg” free 3
Sd BF F I5EEE AHAE FeHA 108
Fol 10*°M¢] phenylephrine& g @] T3t
1083 BHAI7 29 dX Ak F79 &
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A FRE Mg” FE1 & Jebd 4319 4¥F st
o] t}(Fig 1, panel B).

Phenylephrine® Z=tol| o|X|& prazosint}
atenolol®] H& : 339 AEF & =M fad-
renoceptor 2 3kAQ1 10°M atenolol& 3 x10°M
phenylephrined] 9§ Mg* f-21& A v]stA Al
53 7 8Fo] ] t}. atenolol®} o-adrenoceptor 2 &
A9l 3x10°M prazosing phenylephrineo]} o] g
Mg” 88 ¢33 Aa3AcHFig 2). |4 2%
A &= phenylephrine F¢] A 15256 #FA At

Mg* B S0l olxl& PMAS| I8 & 43L&
o -adrenoceptor Aol <3k Mg* -8 7} PKCE
Afe EAAXE 8913817] 935t phenylephrine
4l PKC &4A¢ 1.5x10°M PMAE 1083
2ol 5t o). Fig 304 B nie} o] PMA Fo
A% 2g Mg* 87t 94 F, Fig 3014 PMAE
Bolg oF 118 HE Mg” faFAdeo] 473 38t
AR A
ol Mgro]l #YHEAAY FE7t JAHUEE
o] u] gt} Fige A g 335 3o 2 Mgho] F+HE
A3E B9

PMAZ2| ZIo| ojx|& staurosporined &
8 Mghe) MEY 49 & FE A7 PKCE
A5 ARAAE FAs7] 918t J€x PKC
o} #) %] Q1 staurosporine & A 3}l A PKC &4 A 2]
318 B AP 33F Fd2H 10'M
staurosporine & #7314} 1.5 x10°M PMAE ¥

A
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Perfusion time (min)

% @3 Fig 39149 go] Mg"o Ax &4
(£ fE A Fe=At. F, PMAC] 9%
Mg* fre)l34e F4¢ 373 E 7] staurosporine
EAE A YehA] gttt o] PKC #4 2
2 AEY Mgho] #9) == fE87t dAEE 9
g g 5 Ak

Phenylephrine2 Z2lol] o)X= H,of ¥ :
#HRAZA PKC 84 A= Mghe FEA1717]
BrhE f 9212 7) g &9 a,-adrenoceptor 2}
oA AEWE e Mg” fre] &3t PKCE 7
34 &L HAHLE Fg 39 AAn 2H
& 5 Utk o) F #I3}kr] 913kl PKC A A
3 x 10°M H;-hydrochloride & #j 3} 4} phenylep-
hrine9) & 7}& #3238t} Phenylephrine& 105
2y B A Mg» #87F €olstth. &, phenylephri-
nedl o¥ Mg* frel &7t Hoo2 Aas ] &
St tH(Fig 4).

Phenylephrine2l &otoll o|x|+& verapamil
o8 Mgho] Ca*,Na' R K 59 & o]2& &
A F Qla, o)E o2& 3iM Mghe ¥EF
o] 24 '}r\" dthE 5 A= B} Phenylephrine£
Awte, AE £58.& F/HAIIER ofg F7tel
AN T o]F Frbd % Ca", N2 ¥ K' &
o] Mg 9sM Mghe] Bgg 29T 5 Utk
3 Mg>& "nature's physiological calcium block-

er'2 & gEA JoIN Cae Mghg, Mghe

Ca"g ZAY 4 A7) B o9 AA= vis
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Fig 1. Effects of 10“M phenylephrine on Mg”* efflux in perfused guinea pig heart.
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Fig 2. Effects of 3X 10°M prazosin on Mg* efflux
by 3x10°M phenylephrine in perfused guinea
pig heart.
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Fig 3. Effects of 10"M staurosporine on Mg” ef-
flux by 1.5%X10° M PMA in perfused guinea pig
heart.
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Fig 4. Effects of 3xX10®M H; on Mg” efflux by 3 x
10*M phenylephrine in pefused guinea pig heart.

B3stn 3ot B dFAE C §2 Ag
A2l 10°M verapamil & #FA|A Ca& T2E A+
& NZUZ Ca" F9& AAF F phenylephrined]

——®—— Prazosin 3x 10°M + Phenyiephrina 3x 10°M

Staurosporing 10'M + PMA 15x10™

304
Phenylephrine
-

20

10

Concentration of Mg®' (UM)

0 L T T
0 20 40 60 80

Perfusion time (min)

Fig 5. Effects of 10°M verapamil on Mg efflux by
3% 10°M phenylephrine in perfused guinea pig heart.
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Fig 6. Effects of 10°M lidocaine on Mg* efflux by
3%10° M phenylephrine in perfused guinea pig
heart.

o3 Mg* ¥iEaERE #F3 Ao 2(Fig 5), Ca
E2 AdA 10°M verapamil ER)|3ollA o-a-
drenoceptor 2} o] A Mg f-&0] A
| A oy-adrenoceptor AAF Rt} ] AP o
= oj-adrenoceptor AFZA] Mg $&& A ¥
Ca* FEd o8 A JFLLs ouec}

Phenylephrine2| & Iiof DIXI-— lidocaine
9| A%} . Fig 62 phenylephrineg A 4082 5
B 10°M lidocaine & #7 A A Na' %ig— AHe
AEW Na* F98 9A 3 £ phenylephrine g F
A% AN Ay 435 & dojrt. 2 A
4] Na' channel blockerl lidocaine & xj&}ol A
phenylephrineol] 2]3t Mg* §& o] A A B}
AA S FEstsT.

o &

Mghe dutdg oz AA o)A kinases, phosphatases
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9 synthetases®] BAI3IE 3 BZUAZ glycolysis,
A 7heE3, DNA 84 2 4338 248o AE
o thAE 2AE B oh £EA% G-I 2
gAAe} A2 FAEE FAHANA AXEY F24
EXNE dA% D, AT bioenergeticsE Z 3= o
g . 53 Mgh& 449 AH 715 & 243t
AR FAgsta Q7] Ao AW 5H o2
S2 UE o o]LER A3 P #AE R 0
&3 22 ol FEA S A AFALY
Vel B 4g& vjdAF U RAA, Mgh & Ca™
E 2 antagonist2 A4 F U7 B JXY Ca*
o $Fage] Mghd o3 2FEG. A X
Mghe Ca* B2 &Y G F2E €S
A]7]%& protein phosphtaseE Z}3318"%, Ca® T2
voltage- 9] &4 wl@AJo] ME U Mgrel o3 Ca» %
Zage] . B Ay AT Mg free FF4 L
Autgeel 4o 54 S A3 F/HAAY. ojg2
& AddE Mgho] Ca9 AEE ZFsa Y&& ¢
ogoh gk A8 28 YAH LR 3FE Mg”
& YA AR Fojamst glen?, gz
Mg*o] 323 88 25 (hard water) A Fo| A& &
4 AAdgolY 4% AdAEEo] A3 drhe

=

i

27k 97 A, 71UY A2 AEY EW(gto-

plasmic surface)] Mg A|AE ATP-sensitive K 329
WA rectificationg A3 1%, FFHA Mg FEE
ischemial} hypoxia®} 7tA8}e ATP-sensiive K S2&
53 %A K currentE A 37] QES ATP 29
Mghe] A% 2917} gas o Mghe F7Hdd” AlA,
Mg adenylate cyclase®] F & FHIAZ LA Q1
Mg*g GAZ & o] adenylate cyclased] B4 93}
cAMP7} 2 A Foh

olgo] Al ¥ Mg™& o] 2 A A ZHHYA 9
&g v]Ae A 7 Mghe] F2 4 A
RS ATENE BE ARV 4 wd A ®
E AXEA AT 9L A o] Mg 24
7130 M E oy F LA YA ¥k FaF A
& AFAXAAN AX Y MghFo] 2% HFHE
RNA translation, 4|X2+¢] K'# Ca* §£2 84 &, SR
ZRE Ca fE) 2 e 54 84 53 22 A3A
¥o B GH 75 @A 4T F7) & A
283 £ Yydy oz A¥y Mghe ¥FS I

A AtEofoitt. B3 MAALEF, 32 L &
B 9% Mg*e] MEr|de dsiMe & 4R 3l
A ghobA MY Mg™ 2E7)Hd g A7 I
Aol ZxHI Yo AFAA dEH T Mg AR
g 47| H4E aosid g 2o

1) Mg™9] A2 §9 : AZATE Mghe B4
o] l&& FESAT 1 FAZE ofF F ¢48A UA
Gk AEY FYol g FAZ AHA, A7 FEH2
o A voltage-gated Ca** S ZE 73 Mg™ $r59]
Qltia g o A XA whole cell == sin-
gle channel 7] 24 Ca* 528 £33 Mgl g A5
g 245A R& o] G §2E Y fdoE2e B
F 9. &4, Mghcurrent7k Na* §2 AtA|Q
tetrodotoxin®| U} lidocaine 5ol ¢]3) ¢ A}5 1% Na'o)
1 Ca*o] Ao drtd Mg™o] WA dfie EAeHA
et A, Mg™ uptaket® bacteriadl A 2 23] A
doy ARdA FFAA FAE {0 UA, Mg»
FYL FEAE Na* A9 9ate] Na-Mg™ 2@
71§ B8 dold Aotk

2) Mg9 % : AZA XA Mghe £ L 1)
T+ =gAT AxY o ImMe] =& §A87] H3)
ME F&0) o] FA o g}, Squid axono] A Mg #%
o] X9 Na* FEo| JEH(AXEW Na* F7h2 Mg™
F#UF7hol AFH FEZAA Mg fY 2
o g BLukg $4 A2 Na-Mg» 287181 gt
® & Gunther 5& chicken ¥ 7oA Na-Mg» i
718 A 2719 Na'9] f&o d& e
Mg* e o] m#rle qL A

2 AXgAE F g4 dA gk v E A3
A Na*-Mg» 3@7)d g FAE HAT Py 332
AU ferret A2 A A X Mgho] A Ee Mg”
3} Na'e] Bigo o8 A= Na-Mpg” 3 @]9 9
& 249 7 ddz FHUIL o] NNAHL o] HHA,
coupling ¥ ¥ 2t 9o whe} Mg™ 948 2A3dx
FAch 7|UY {F2olM Mg g 1552 F7HAE
o A X Na* 327} 24550 A F Mghe] %715
o o] MEY Na' 7ao] 2 3483 dYat oy
of o8 Mg™ f3de] dold & UthE Na-Mgh 28
7] AE71A0] lARAE 7HF W FAI
et upe} go] Mgho] 4L F837] & o
£ WEAIE 897 o] 2| g A= o
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T F8gy old Wg A7+ ok v &3t White
e Mg 549 ¢34 agn AFeAe
Mg 247144 g A7 AN & 228U 53
GFE o o3 Mg* 27| AL G A FHAA uf¢
Fo3 AF7A A7 Z G} v FF A Ao

NAAGER Y TEE g Mgh9 A o
3 A7 HI o]22 Scarpa T Il 93
3] drEH1 gleY olg9 dT7 s U 2
o} WA 9 #FAFT HFH LA norepinephrine .
& P-adrenocepterg A3 A9 AXY & Mg
20%7F e f2EE UL’ 1 2AV AL
Pagoniste] o] F cAMP 402 A AU #F
dtel 22 Mgt 3224 2H g8 Eudy
o 1A Mgt I AA7F AMPE 2EE F A
gk o] ATl A= cAMP7} A FH 08 Mg” +4€ o
AFAY e FrEAA AXY e FAHLLE FF
Mghe] AEXE FE8 T 7] WEA ol 424
E T2 9205448 9L € 7 AL, 0F
o] Mg” ME & o7 kinases, ATPase S W EA Y RAo]
1L SR, sarcolemma 2 mitochondria& §3F Ca™ 44
& ZA & AU mitochondriad] 9148} W%, §49HE
3 A2 9F& & Rolgtn AFHF. £F
o] & WA AFA LG A Eol| A PKC 259 o g
Mg") uptakert Z745) = 9E AMPE Mg*s] &
2§ FA}L" AT Y99 & Fol 25 93
Mghe] o]Fo] 4§ W& nudPG!. o4 P2
cAMPE 2N 7= FEo 93] Mg™ uptakes} &3
gk A

AB7HA AZA  oy-adrenoceptor Ao ¥
Mg» z24d dig JdFRIE AT ©X 19894
Jakob V7 W] 7+e] A phenylephrine®] Mg* -2 &
dogd e ved A4 B 1 {E A @
ARE BT XY Axe /Uy 43S HE
3le] BF systemo]] 1743 F phenylephrine & 2 oy-a-
drenoceptorg 233 A3} £33 Mg™ f-2] 7} 7ol A
HAE Mg” el 3 visstA #&=Ha(Fg 1)
o] 8 7} oy-antagonistQ} prazosind] o] A= of oy
-adrenoceptorZ 73 22 & #9131 % vh(Fig 2).

oy-Adrenoceptor 2}5A] A X2+9] PLC(phospholipase
C)& B4 3ha}e] phosphatidylinositol 4,5-biphosphate(PIP;)
7t ZheReldo] T 279 2nd messengerd] 1P}

diacylglycerol(DAG)Z. €t} 34 IP,= A ¥} Ca®
#8& AFstn DAGE PKCE 434710 gz}
A Mg* 280 oN ANAHALEDY 2nd messen-
gerEo] #AH 9lS€ 31889 o-adrenoceptor &
HAIQA phenylephrine © E guinea pig 43& A=Y %
% Mg” 87 2nd messengerZ 7 #-3 Mg* 89
A& F937) 918 PKC #44Q PMAZ BF 4%
$ A3 29 FPRtE 49 =& F9 JAAY
£ Yebdt(Fig 4). o]} #& AdE 9N A2
AZAEAA PKCo| 9§t Mg™ uptake F7}E 309
YR 3IY 2, = PKC A A Q] staurosporine& PMA 2]
23& A3 o H,2 phenylephrined) % Mg
e AT FEE A FRHIY 4).

5, & 484359 old A72dRE TYH & o
PKCE Zf Mg»rg|71do] ofdS & + AUk
o] frd PKCE AF & A#J} ofd & 7] de o
e guisted 2 7beA Qe 2AVACZ I 3
fr, Ca™ B Na* & o9 ¥gof o 238 Mg
e, A Foke 9§ f8 5o #8258 £ gk
oy B Age EAHL o 9AAY 93 FFH
AN #Esrldle AA AFAA 2HHT e
F Mg WE o] A%o|7] o] HE ojn o
A= deha] & ¢ o2 of AP AAA
¥ & Restd dgsol & Aot B Fig 5, 6914
B vls} o] Ca* 2 Al verapamilo] } Na*
£ 2 2 AQ lidocaine &2 8ol A& phenylephrined]
Mg 7t AAeA ROx JA5 Bgo) ¢
HAh B& Mg™ 280 dis) e %olLEo) B
5ol 9lh. a2 Scarpa 5" & AFH T HH X
A] Badrenoceptor A} A] Ca* £ kAo o&4
Mgh9] fr&o] 9Alg Bt oh)a AXY Na* HE7}
&5 E Mg'9 uptaker} Frbettta gt B 4
Aztete U=t ojd dAT7e B AYE v
£ o A4 719" A3 A oy-adrenoceptor 2} 4
BOE Ca* B8 EE Na' 52 J9A EAstoA
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