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Abstract : Magnesium (Mg’*) transport across the plasma membrane of cardiac myocytes
appears to be under hormonal control. Repeated stimulations with adrenergic or histaminergic
agonist produced a progressive decrease in Mg® efflux from hearts. Thus we hypothesized that
the Mg™* efflux may be resulted from a down-regulation of receptors or from a depletion of Mg*
from intracellular pool(s) in the hearts. In the present study, the regulation of Mg®* homeostasis
by receptor stimulation was studied in perfused rat and guinea pig hearts.

The successive short addition of norepinephrine (NE) to rat and guinea pig, and of histamine
(HT) to perfused guinea pig hearts induced a progressive decrease in Mg” efflux. These Mg”
effluxes were blocked by propranolol or ranitidine, respectively. These decrease in Mg™* efflux
were inhibited by sodium cyanide (NaCN), which increases intracellular Mg™ ([Mg*]) levels.
When NE (or HT) was added after HT (or NE), this efflux was also decreased in the guinea pig
hearts. In the rat hearts and myocytes, HT did not stimulate Mgz’ efflux. But NE produced a
large Mg efflux after stimulation with HT. 8-(4-Chlorophenyithio)-adenosine cAMP (cAMP),
like NE and HT, also induced a progressive decrease in Mg* efflux in guinea pig hearts. This
effect was inhibited by NaCN. These data provide evidence that the progressive decrease in
receptor-stimulated Mg™* efflux is considered to be due to a decrease in [Mg™]; levels rather than
receptor down-regulation.

Key words : magnesium, histamine, intracellular Mg*, norepinephrine, heart.
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¥ cAMP F7t2 dojuni o] cAMP7} A X% Na'-
Mg R#71& A3 AR 43 U

AAY AEGelAq Mg* 271 He) A 78 F
gated slolH Mg 5 B 894 93te g
e & 9l B3 £4AE AT Z2EY 9@
Mg 2H7) 44 oM F84) £ FEo g7 13}
4 B%d 42 83X up-regulation(d 3 ZH) down-
regulation(3}F 2 )& m|Fopd ¥k ol AEA
2AA Y 45 & AZAGAN d8 Aujge o]
Z2A 9 dex neisol 3] HEo|ch ¢844 33
2L A&H BE HEH 434 dojyy] g &
23 BE AXdA dAF AQFATE BEH}
e dAMel = vk @A FRAFAA &
EXo2 NE BFHE 9 A4 ez Mg a7t
A¥E BEAD ol F4AY dFzHolY [Mg¥]
FEZZ2 AT AHY AR F2HE ¥ & <
32 g}y, H2 Az FE cAMPE 37148 £ A&
FEAE HEHOE A3Y | Y9 2& FAYE AR
33 o] & ol ¥ YaK e Ak bt o
AFNA FEHQA S8 AHRs, f-ARs) AFA HAHA
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A ohUw [Mg™] BEZA 4% AFUAXNE W)
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ARs ¥¥7} 802 o] AYAEY oo & Mg*
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T FFHLE cAMPE F7HE ABAgER
£ A 2402 NE&EE HT) $9F HI(EE

NE}& Fo3td 9 Zs vassid. AA, A¥uy
ATP Z¥ & AEY #28 Mg" e 7ML ¢ A7 o
o] NaCNo 2 #23 Mg"& 3714120 & NEY HTE
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A3 FAYUE cAMPY WHEAHQA AFEFE Y79 2
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AEHE % UFA HH : 87 (Sprague-Dawley, 230~
270g)¢k 71 ¥ (370~450g)¢ FHELAF A& A&
o 479 A4 ¥3 GYANaCl 120, KC1 3, CaCl, 1.2,
MgCl, 1.2, KH,PO, 1.2, glucose 10, NaHCO, 129} HEPES
10mM, 95% O,: 5% CO,, pH 7.3)2.2 ¥ F& AA
o d%4ge] AFHIT Ye BF system(Langendorff
open system)®] AAF A dEAE AYstd 2
Zdch 2 AF 37C 47 44 4E 10mVmin £E2
027 BFA g BFAE Mg free JYRo 2
B2 o] FFegich Mg™ free Y4 A& BFAI 202
FEEFigel A 18£8 ZANEHS) #FE 999L
12 2402 AH3Ha, 4L d74 AF 108 F
T8 #F4dd ARAFE2 H73te oF 5108 #
FAH

MMz 2al ¥ iy M ATAXE FEE De
Young et al 9] collagenase 2 sHHH & A5t thew
Zol AAgg. 7% 7IUY & FReEAE F 4%
€ H2¥ o, AT YALE A7) 93 A
2@T)Y A48 Joklik buffer2 FH L AT F of
FHE #F system?] cannulad] HFIHHTH FHFYL
95% 0,: 5% CO,2 ¥ 3}¢ Joklik buffer(11.1g/ Joklik mem-
brane powder, glucose 10, NaHCO, 12mM, pH 7.2~7.3,
37C) k. A8 AA o Joklik bufferg o S¥ #F
A Ve A& AASRD A% £ € FA 8
o] AAH T QAW collagenaseE H 7}3H(1001U/ml)
Joklik buffer& 479 ASHeE #AAA 20-358
< ABRFsA . Ca+tolerant A X E A7) 981 A
A7) E E9F 25mM Ca¥'& A 713 th. Langendorff can-
nula2 2E 23t AAL Ba sl bovine serum albu-
min(BSA, 10mg/ml)# 0.25mM CaCl,o] 719 Joklik buffer
9} collagenase bufferg EFE fqujolA AAT A
& ZY2YA EEUA A2HAXE 2YSAT. £
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§ AZAEE BSA(I0 mgml)s} 0.25mM CaCl,7} 37}
€ Joklik bufferd] A7l F A2AEY FHAL
250pm nylon-gauze2 o 3}3}1 33 A F3 Yt ag
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@7 AAY FLEZEIC)NN AT A
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FEUY ASAEE AAAZT. 7 AFHAA AT
ol 2ml Hdd 9AF 2 43 4TS Qo] 48
o gzfoz ALEHA(AHANA 0 minS 2 F7)).
HzEE e F FA] FEE 5T/ HEE 39
A AJSAT 5, 108 H o= 2mlY 23] A ¥
FHAE Aot 931F FFYE dof dgdez g
Aok G AZHEE YF(70T) BAHA Mg
FEENo ¢ ¥ AXE £38o Lowry Wioz
proteing EA3tglon Z+ Alg#uo] 500pg protein/ml
7t HEE 393 Ba AZAEAA FPd Mg*d ¥
T nmol/10° cellsZ ¥ 7] 3G}

AR Mg” EE5F : 479 Wyd g8 9 4
B BFd 2 AZAE g Mg FEE atomic
absorption spectrophotometer(Analab 9200A, Korea)E o] &
3ted 3 285.2nmo A A 3R

AtgotE % SAIXEl : HT, NE % NaCN2 Sigma
Chemical Co.(St. Louis, MO, USA)Z #& Cl-cAMP(8-(4-
chlorophenylthio}cAMP):= Research Biochemicals International
(Natick, MA, USA)2 ¥-E{ collagenase:= Worthington Bio-
chemical Corp.(Frechold, NJ, USA)S. 2 HE FU3to A}
£33 AP AL mean+SEML g Uely 3 Zt F
7+e] §9J A& Student's r-testo] 23] A 3Q ).
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Fig 1. Effects of repeated stimulation with HT or NE on Mg*
efflux in perfused guinea pig (A) and rat (B) hearts. Where in-
dicated, HT (10°M, A) or NE (10°M, B)was added to the
perfusing medium. One typical experiment of four both for
HT and NE-stimulated hearts is shown.

& : 71U Y(Fig 1A)3 ¥ #(Fig 1B) #5741 %ol HT(10-6
M) & NE(10-5 M)& Zt2} 208 7402 SEH 33 #
78 23, BFE w2 oo} AAH oS Mg” &
7t FA2¥ & FESHH. 71UY(Fig 24) & #F(Fig
2B) &7 Aol A NE T HT9| 9§ Mg* §alade
B-ARs Z# A2 propranolol(3 X 10°M)o] 1} H,-HRs 2%
A Q] ranitidine(10°M)el] &3t e s ATt NE 4] 7]
Uy #FA%A 87 FFAFANMAAY v)ee 25
7b e AR A A o9& Mg™ #El7t Hy
HRs ¥ B-ARsE 7/ YL 328 & 37 W&
of XA Mg* Hela A} g2 g% 2
HAA, ofd BFAY Mg'] FER L 4% 43
AAE o 4A &t
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Fig 2. Inhibitory effects of H,. or f-blocking agent on the HT-
or NE-stimulated efflux of Mg™ in guinea pig (A) and rat (B)
hearts. Where indicated, HT or NE was added in the presence
of ranitidine (10°M, A) or propranolol (3X10°M, B). Ex-
perimental conditions were similar to those described in Fig 1
legend. These figures represents a typical experiment out of
three each for the chemical stimulation.

AFOIA HT (& NE) BF%E NE(EE HT) TRl
ot Mg? RIS : HyHRs EE f-ARs 2H2d] o
A H e AT cAMP 27t 9§ FEH Aol
o}, wehA Fig 1614 Uehd o8¢ #1287 9 ¥y
02 A7) ¥ £44 A2 E cAMPE Z/MATGE A}
A¢ A2 3o NE #H% HTE #F3AY HT 857
¥ NEE #F3o] 29 cAMP Z7}0] 9§ Mg” $3
A7E BAHUT T O FEL 10274 208 73
o2 #HE 23 7UY AFNA BEBF o3
Mg” f-287} 24 EAohFig 3A, B). 234 84 #F4
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Fig 3. Effects of repeated stimulation with HT or NE after addition
of NE (or HT) on Mg* efflux in perfused guinea pig hearts (A,
B) and in rat (C). Experimental conditions were similar to those
described in Fig 1 legend. These figures represents a typical ex-
perimental out of four-each for the chemical stimulation.
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Fig 4. Stimulatory effects of HT(®) on Mg* release in isolated
ventricular myocytes of guinea pig (A) ad rat (B). Myocytes
were incubated, at a concentration of 500pg protein/ml, in the
same medium without MgCl,. After 5 minutes of equilibration,
myocytes were stimulated by adding histamine (10°M). Ar-
row indicates the time of treatment of histamine. Data are
mean+SEM of 8 different experiments. *p { 0.05, **p ( 0.01
vs. 0 min; *p ( 0.05, **p { 0.01 vs. corresponding the time of
control.
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AZolA NaCNol HT % NES| ursaifoll o/t Mg™
selol olxe S8 : A7) AR 25T vist 2o
vEd HyHRs & f-ARs A3E Mg 558 @4
A& & & Aok ol & A8y st HT & NE
#FF NaCN2E [Mg*}& F7HA7]2 HT EE NEE
22 #7345t NaCNS A XU ATPE TZ24A]7)7] o
Fol ATPS YUY Mg”7F F2Ho2H Mg™o)
Z7HedE d3E3st g 71UY(Fig 5A) 2 84
(SB) #H5A A HT & NEE 14 #78 ¥ 1 mM
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Fig 5. Effects of repeated stimulation with HT or NE in the pres-
ence of NaCN on Mg” efflux in perfused guinea pig (A) or
rat (B) hearts. Where indicated, HT (10°M) or NE (10°M)
was added in the absence or presence of NaCN (1mM). These
figures represents a typical experiment out of four to five each
for the chemical stimulation.
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Fig 6. Effects of repeated stimulation with cAMP (A), cCAMP
after addition of NE (B), or cAMP in the presence of NaCN
(C) on Mg* efflux in perfused guinea pig hearts. Where in-
dicated, cAMP (2X 10*M), NE (10°M) or NaCN (1mM) was
added to the perfusing medium. Experimental conditions were
similar to those described in Fig 5 legend. These figures
represents a typical experiment out of four to five each for the
chemical stimulation.
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ATP 12 9% f2l¥ Mg” 7M1 E $44 239
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3 A7) AFE T FEAE FFH02 cAMPE
Z7AN 2ok webA cAMPY] ¥HE Y BFET U NE B
F¥ 243 cAMP #F 578 #23}5{ch 200iM cAMP
9A] HTY NEXE 92 @ 5Fd o8 Mg™ fe7t d3
Aoz 7483 Mg #3271 NE BFF cAMP 35
#g o HA A3 F2HUACHFig 6A, B). TF 1
mM NaCN & 3o A 2314 0.8 cAMPE #AFHL
Mg” %2 =7} HTU NEAF 13 A% $A18 FE
2 Yehg.
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[Mg*]:& ¥, mitochondria, 82 3 A M9 5o
EQFD® AXAW Mg"e THE & M) BEE
5~20mM AEE QFA B FEH 230 g ge
ol g wol Y. AEAY F Mg 5= o 5%
Aol fegos EAsn F2 ATPSY FHs
AN o] AFHY Mg™3} A E750 L E 88 Mg
7o) BYo] FAHT AP Wof ANLZH 2 e ¥
g E f2d Mgt A8 318 & ey
22 o] fEY Mgo] 4719 2 AT THARCE
AREIAY MEte B8 422 & AP, 538 o
Boly AQZE2R 502 £4AE A2 AS A3
AgA A 48 Mg* fgs)1H0] RF AT <5
of gD A’ o) AFF WHEHQ $84 2}
FA AAHez Mg” fE7t FAEE BERPoY
2 99¢ FEEA Fioh ety 1 998 F3E7]
HAME o AEE Teisok & Aotk £4HE
202 3% A4S AELY £44 7 EAY 2
o] aHE F2A*Pd Jd YAE LB F
o g2 A Ao glojM o] AYEHoz 43}
% A5 AP QoA Feacol & Algolt},
o] AFAME 7|UhH 3 4A4L WEHOZ HRs
EE ARsE AL o A2 Mg* §I7 22
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o g¢ AAY Ao 253tk netA o] AFA
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ARs7} EA3E 7IU¥ 3 817 433 HRs7F EA8s
87 A%elA NE & HT ¢ A3 Mg™ £
ZAE 883, 449 F4M A3 948 Mg &
#a B3 849 SF2Ad ¥ BHAA ofY
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At
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FA 94 A8 FEE Mg'ol 3479 ¢ 3, A%
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AN Mg"E T8 o] eNY 2AAd 98 2AH
A& FA & Atk Mg 27 A N E ge
Na', Ca** 2 K'z} & Yo] 24y 2 ¢aiA A 44
o AAAGEAo) T2E Fo o3t Na-Mg” =
A JHA 2HE F Lo HHA Yk 2 F
Maguire®¥= receptor-adenylate cyclase complexo] o} § Mg™
o 48L BE 328 9% Mg"] ¥EZH /M54
& AANE F f-ARsE BHT cAMP §4 02 AT 2
o Mg" #2 % AEY FEEI} o] F4AT 1 W
I, cAMPE Z2A71E %GB dFME AT R
Mg” f9lo] 280 a &tk £ 2 f-ARs ¥
adenylate cyclase 4302 [Mg™} $57 28 & ¥
893, HyHRsE A8 cAMP &43td] o84 Mg™
o] #E e} A7) FEAEE BT cAMP B4 E
Mg*ol #4284 Jots 23uE AT gA
o] AFoME o]F ZAZE AXY cAMPE /A A
A2 A w3 Yyehle 47 F $84 A3 o8
Mg” 3 d4< #2345 71Uy &= HRsvl X
o] o]§ A= 1 cAMPE F7P'AE £ 7] HEd]
Az 12 AF o2 Mg*o] A3 fHALY yHE
g AXNE AR oz st AR D (Fig 14), 22
71W o2 cAMPE 43N 71E NE® 9A 83 4%
oA FAtE A3HE B YUTH(Fig 1B). o] & HIH i
E AN AFE ve} o] #8449 d¥zH £
[Mg™]9) &) og g Aotk o] & & 9
gt £ 4AE g2 FFHOE cAMPE §A 34
e F 489 A9E sy 7YY A 943
o2 BES Y. NE #5FF HTS #73AY HT 87
¥ NE¢ BFY Z9NE Mg" fEE 14 27 W
ot 245 A THFig 3A, B). o] shge] & § AEHEA
(cAMP Z7hE A f3te 474 & $£44 & 38 45
g ASoE Mg” fEl7t AR oz 2A8AY] 4E

of 84 s¥xHe| ¢ A7) obd HsAol 2
&, 744 §F2Ad I FEds @4olgn g
W A& 22ty 44 A3A Mg frale FadA
Gobol o). 3714 02 NE #5FF 2314 02 HTE &
FAY HT $HF 24302 NES #FE 449
234 02 Bt G0 IAHLE BRE FEHY
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AY B2E § Yok 2YPA 24302 BFeE 48
9 FEE e ¥ FAA BRAAR 1A FEF
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34A7)7] AES cAMP 243 Zad 8 A £
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Mg} 5= Zad 9% AAAANE Loty 93
o 13402 HT £ NE #F3F NaCN EA 3o A 1t
29 % B AN}E BT AT EAHFE
90% o] 4o} Mg o] ATPS} ZAgatm gl7] W &)™ AX
EAgHoZ A3 ATP7} 4HE A8 &, ischemia,
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28 Mg”o] 371779 £ oe B3E 2AZ, o] 4
gol A NaCNel| o3t AT f2¥ Mge] 7€
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2o 53tE 3AF 2F 27) 13 BHEAY HIEEA
Mg o] -2 5 A thFig 5). WA 44 82T 9
& Mg” felgaE AXY £21% Mg'9 g 9%
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