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Combined effects of calcium and magnesium concentrations
in the continuous warm hyperkalemic cardioplegic solution
on myocardial protection in the isolated rat heart.
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ABSTRACT

An isolated rat heart preparation was used to investigate the effects of calcium and mag-
nesium concentration in the continuous warm cardioplegic solutions (CWCP) on myocardial
protection. Hearts were subjected to 180 minutes of normothermic (37°C) arrest with con-
tinuous warm hyperkalemic (20 mM) modified Krebs-Henseleit-bicarbonate (KHB) buffer
solutions containing various concentrations of magnesium (1.2, 8.0, and 16.0 mM) and cal-
cium (0.1, 0.3, 0.5, 1.0, and 2.5 mM). Hemodynamic indices after 180 minutes preserva-
tion were compared with the previous control values of the same hearts. For each magnesi-
um concentration, the percentage recovery of aortic flow generated dose-response curves
depending on each calcium concentration. In all magnesium concentrations, with a calcium
concentraion of 0.1 mM, every heart changed pale, contracted, and showed no functional
recovery. This phenomenon was characteristic of calcium paradox, that was observed even
with calcium of 0.3 mM and magnesium of 16.0mM in concentration. In addition, as mag-
nesium concentration increased, the recovery of aortic flow decreased in hearts with calci-
um concentrations of 0.5mM or less. However, the maximum percentage recovery of aor-
tic flow was observed in hearts with a calcium concentration of 1.0 mM regardless of mag-
nesium concentrations; Mg=1.2mM, 83.1+1.3%, Mg=8.0mM, 84.8+0.8%, Mg=16.0
mM, 88.7%1.1% (mean*xS.E.M., n=6). Significant differences in these values have not
been observed among these groups. Creatine kinase leakage tended to decrease at the
peak. These results suggest that the myocardial protective effects with the continuous
warm cardioplegia depended on the relationship of calcium and magnesium concentration is
different from the effects observed with ischemic state. (Accepted on November 8, 1994)
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1. SEBEY

250~-350g DM Wistar2 5 v FEHO (n=90)
TRV, FIREERFEEL 601 L.

2. EREE

MW T5ERL L 7-isolated rat heart modeliz T
Ei L (K1), AEEBIL, EREZBELT
Aoxygenator, chamber, Z-Breservoir, KU
¥ & M OO R E T £ /- Felastic chamber
KRB = 2 — VOMIgRICEKE L7, %cham-
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Oxygenator CTHHRL I N/ EREKIL, 5.0 xm
O —ARELATFIVT 14 ) F— (Milli-
poreft) % L CfEM L7. LangendorffiEfiiE
1375 emH,OTHr7z Vs, working modeDEOEE

: calcium, magnesium, continuous warm cardioplegia

E RTAR) 1320 enH,0, #ARIZ100 coH,0 &
L7z, B LELEROERKE X Langendorff
mode# A\ T60 cnH;0 & L7z mBEREL—
FIWARD /=12, Lagendorff reservoiris LUk
FreservoiriZitoverflow Bl #3817 C, EHE%L
oxygenator I & & 7. working modeiZ B\
TIRER & D EZICHH U7 ERRKIEKEIRICHE
Hahi-#, elastic chamber®#&# T, B oxyg-
enator{Z A L 7.

OEREDIRED S, KERMEIT REIRITH
BICHEA L7-BWIEEST (AAJXEmodel FF-
030T) ¢, REMREIIKREIIRAY = 2 — VOIS
B L/IE RS VAT 2 —Y— (Gould-Statham
PT-50) THIEL, WFhd /U7 v (AARN
B AP-600G) #ET L a—&— (Z3:H12% REC-
TIGRAPH 8K)IC T Lic. T/, BERE
i3, BEIRE XD AEOLE, MBI % Theart
chamber~Ji i ¢ 2 ERE * & — A —ICED, %
DEEZBETRKAE (Mettler PC440) THlE L7=.
OIBUIRBIREWTE & Dk 7z,

3. EWWHEE GR1)

(1) EEEERE TR AR B

EHEBEREK & L TKrebs—Henseleit-bicar-
bonate buffer solution (NaCl 118 mM, KCl 4.7
mM, CaCl,2.55mM, MgSO;1.2mM, KH,P
041.2mM, NaHCO; 24.9mM, glucose 11.1
mM, DUFKHB®) #ER LA GE1).

)EKE L RER (CWCP) R

CWCP{ZMgEE%1.2, 8.0, 16.0mM& L,
rhzhCalgE%0.1, 0.3, 0.5, 1.0, 2.5mM
DT 725K (20. 0 mM) Omodified KHB#%
ER L. MgBER I UCABEDORICITZ
hZ2hMgCl,, CaClLwA\ 7. M, BEFEidsu-
crosefimIic TAERFP TREEOREEYET 5
Mg=16.0mM, Caz=2.5mM®DHEEF D390
mOsm/KgicgbH L—E & L. & TOERKIT
95% O,, 5% CO,DEREHATEFIIH, 37C
TpH7.4%x0.1, PO,600+50mmHg, PCO, 40
+ 5 mmHgICH#iF L. BFEEFHSITIZ 0~
43. 35mM®@sucrose ¥Rl L—E & L7z,

4. R (K2)
Ty b L—7 )V CHEL, KEEEIRL DAY



{ECams Mgt L RAER DOfEr it 107

75cm

0 . Oxygenator

G :Gas

M/\M/\‘/lo
3

VYV VYV Y YV Y Y YV YLl
%%JkaAkaAﬁng
(]
% )

|

EC :Elastic chamber

PT :Pressure transducer

HC :Heart chamber

LR : Langendorff reservoir

LAR: Left atrial reservolr

EMF : Electoromagnetic flow meter

P : Pump

CR :Cardioplegia reservoir
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ing modef&HED 1 SREITOEEELREL, OF
(D UEREIC K ARBME L Lic. $i\ THiEE
HROCWCPIZ LD 1805 O LMBEILEEB. &
DOEIFMETY T 54 7 VADIEEL LTI oH
DT E & OB 55, 60, 120, 1805 Dkf
ACHIE L. ORI KHBRIC TI5E D

EREE

Langendorff#Ef (75 cnH,0) #1772 > 7. XD
B SEUETEE A BB L, il § B 5k Tcreatine
kinase (CK) &M # fIE L7, RICKHBRICT
working modelEFE A 1T7x\>, (LF LT & FHRIC
£ A—F—HRE L.
5. DEEEEDOIEE
OME AT Oworking modef D 1 FEITG
BepeigE L L TKRD/IT A —x—%HE L.
5%V, KBRS (AoF, m¢/min), EfE
(CoF, m¢/min), KEMRIGEHE (PSP,
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F1. EREHER

KHB(mM) CWCP (mM)
NaCl 118.0 118.0
KCl 4.7 18.8
MgSO, 1.2 1.2
KH,PO, 1.2 1.2
NaHCO; 24.9 24.9
glucose 11.1 11.1
CaCl, 2.55 0.1, 0.3, 0.5, 1.0, 2.5
MgCl, 0 0, 6.8, 14.8
sucrose 0 0~43.35

KHB:Krebs—Henseleit bicarbonate buffer

CWCP: mKHF L OIRER

B TOREERKIL5% 0,+5% CO, THFE L, 37CTpH=7.4£0.1& L7,
CWCPidsucroseiZ & VD #3390 mOsm/ ket #EHF L7z,

Fr 5 15 180 15 20
B EROFELL
Mg ZBEE (1.2, 8.0, 16.0 mM)
(37 °C)| (37°C) | camE (0.1-2.5 mM) (37 ) (37 C)
Sk an B EE
BENE(5,60,120,18049%)
CK i &
(3118 HEE
X2 SRR

L: Langendorff mode (75cnH,0)
W: Working mode (Ri&% 20cnH20, # A% 100cmH,0)

6. WEI VTS5 TV ADIEE
CWCP#TEFR OB E (LUFCF) (nf/min)
X ORRERE (g dry weight) TEIDBELL
Yl NDY 3 LAV A
7. SFEREHPCKRHEDRIE
O R0 1 555 el D Langend or R A DR
EREY 4 CCBR LY —h—c L, #iE
F v FTHHCPK-UV Test Wako (Fiifiz

Code 271-32501) %M\, BEZRATHESIE
EFUV-160 (BEEER), BEFHENERE
VIV & —TCC-240A (BEELERT) %A\ TCK
HEHEE mU/ml) #RDA. 25&AEVCK
WHE (IU/15 min/g dry weight) %3k &7-.
CKit H E=CK{EMME (mU/m¢) x CoF(m¢/15
min)/ HBREE (g dry weight) X 1000

8. MHBKSEBERDOUE
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ERBEOLHRBOKGEDOEL, 2D LH

BEOBE#HN 70, BHksEEE IS
(wet BE-dryER) /dryEBx100 (%) #3  AERIC B 5 0EEEESR, CREME,
Wi, £COWRTD o VETH, Bl BkSaEEESE 2 IR

FEBIORVALOEZTERL, Thzwet
weight (g) & L7z, WIZ24BERT, 120°C TREkEL,
Z N dry weight(g) & L THIE L.
9. BROSH

BRI IANC, PHE-EERZE (mean=xS.
E.M., n=6) TEL/k. EHOFHEDOEDKE
FEICiEBartlett#E CEBEM OSBRI B
CERHER LI, SEOSMETAVC. S5
2 BRI OSEHEOZEDHEIC IIDunnett’s test%
.

1. O IERTO L8R8

DZIEFNCHIE U7z DB8RBIE, AoF 67.3%0.5
mnf/min, CoF 18.6+0.4 m¢/min, PSP 107.4=*
1.2 mmHg, HR 312.8+2.9 beat/minT& - /=.
2. RBRMELEER (%6AoF)

& 31ZCWCPHCa, Mg & % AoF DR %
AT WTFNOMgBEICEWTD, %AoFiX
CWCPHCalgE CHEHRAFHICENLL (p<0.
01), ~JVEIDdose-response curveRfg Hhic.
WFNOMgEE CHCalZE A1 0 mMOKE b

#2. CWCPHCa, Mgl L %/XF5 A —&— L DB}

CaltfE KEIRMEE EiNE DA% KERNMEHE CKiREE KoeFX
(mM) [EEER(X%) EEER%) B3R (%) EEER(%) ﬁi//”’ (%)
g dry wt)
(Mg=1.2mM]
0.1 0 4.7%0.2 0 0 193.1+3.9 87.4=+0.4
0.3 30.1+3.9  60.1%+2.2 120.6+7.8 76.2+3.8 21.3+1.6 84.9+0.6
0.5 69.7+2.3  75.1%+2.2 103.3%+4.0 83.6+1.8 15.1+1.4 84.4+0.4
1.0 83.1+1.3 84.8+3.4 100.6+0.9 90.7+1.2 11.00.4 84.4=+0.3
2.5 76.4%£0.6 80.9=+2.2 101.9+2.5 87.8+0.8 9.740.3  84.7+0.2
pfi# P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
Mg=0.8mM]
0.1 0 4.6+0.7 0 0 209.2+5.6 88.3%+0.1
0.3 26.7+2.8 53.9%3.9 104.0%1.0 75.3+2.3 19.8+1.2 85.940.7
0.5 55.6+3.3 63.7%1.6 102.7%1.6 79.1%1.9 12.9+1.2 85.1%+0.6
1.0 84.820.8 72.7+2.9 97.2+0.6 82.2+1.4 8.840.4 84.1+0.2
2.5 81.82+2.8 86.5%3.7 100.5%+3.5 90.2+1.3 11.7%£0.6  84.3+0.1
pfE P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
(Mg=16.0mM)
0.1 0 2.8+0.1 0 0 245.8+4.6 88.8+0.1
0.3 0 4.3+0.4 0 0 140.94+6.0 88.4+0.3
0.5 41.1%£3.1 80.1=%4.1 98.6=+2.2 74.9+2.5 22.8+1.4 85.4+0.2
1.0 88.7+1.1 82.9%3.3 100.3%2.9 90.3+1.2 7.4+0.5 84.0%0.1
2.5 74.9+1.2  70.1%+4.3 101.8%+1.9 82.8+1.9 14.4+1.2 83.8%+021
pfE P<0.01  P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

BRI, $RTEHELEERZE (mean+S.E.M.) TELL.
PEIZ 580 AT TR /.
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EWKAFERL, 2FOF TRIEVKAFE
RLADIIMg 16.0mM, Ca 1.0mMOET
88.7+1. 1% TH o7, TDXAFIIMgEE
k> TEEBEEIRD 7. %BAoF 0D
i, wIhsOgra<ERL, KEOCKH
1t L Ca paradox & 2 Hbhiz. Mg 1.2, 8.0
mMBEECi2Ca 0. 1 mMELF CHACa paradoxip
BHHNH, Mg 16. 0 mMETixCa 0.3 mM
THEH LN/, £/, CaMB0.5mMILIT O
Mg B ORI & 0 % AoFIZE T ¢ A EEICH
-7z

3. EMEEER (%CoF)

X 4 1cCWCPHCa, MgigE L+ %CoF & DESfR
#RT. BAOF LIZIZRFEOERISA LN, \WT
hoMgiEET4HCa 1.0 mMOBFE b B \WVEEZ R
L7z, EMgHE THEEREEZRDRD» 7.
4. CKitHE

CKItHEIZ % AoF 77l Edose~response
curve & WA A B3 A HM A% » /. Ca para-
doxB A bh7-Cal0.1 mM® 3 & Mg 16.0, Ca
0.3 mM#FTiZ100IU/15min/g dry weightld
EEMgHETHEREILEVWERSALN (K5 @
p<0.05). MICHKAFHAHEDL LHh-72Cal.0
mMOEE, &M T d CKiglii 34 7n b » 7273
BEEZER T, (K5).

5. MBKGEHEE

KOEBRIZOWTAS ER6ITRTIL £ h
ZFhOMgiEE Iz B\ Ca paradox% K7z L7c#t
THBILBWEZSR LA (p<0.05). /2, &
Mg CCa 1. 0 mMOFHE < 7e AEA D H - 7.
6. BILEIV 7547 A (BE#ACF)

X 7 iXCWCPERIC & % E#{LCF ORI E
ERTH, WThOFETIERNEIR LS
IRV, BEELCFIZET LT\, BEWRBALE 5
S CRIMgBEOHEMCEY, WIhoCagE
THCFRHEMI BEAEBD > 7o Fio, BB
RS04 RIC B W THREMCT AR A BEZR LT
DiiMg 16.0mM, Ca 1.0 mMBET, 42.9£3.8

(mf/min-g dry wt) T&H - 7.

£ B

BT O L3 & L Tpharmacological
cardioplegialZ DIEFMIC K p R WERE LT
IEREBERIGEIN TS, HETEEHRS v MO
ZHWT, BEOEEREEICEL T, WMELEER

UHERBFOA T VBE P THOUHEEDR
A L X1 5Ca overload & FHEIWC fhi> 5Ca, Mg
BEICDEPIEEEERQCE/MM, Lipl, O
Hamgmm e Lz wOREE (MRINEKESE
BRI L5 0HRES) PEE SN AICWED,
COFERBMBEREEDZ WVEN/OOMERE
THHEEZDLNHID, TDA A VHHBIT DWW
TOBFIZ LA ERshTwizw., 2D TEn-
gelman SNLOHHRER DOEAFEIZ L 505 R
R OB 1T WRER SO I SRR
FLDLOBREESRBIFCTH - o |G L.
ZHIZK L, Salerno b Fremes (M
KEMgECa L HIRER) # BKRMWIC RS
LOMBIEEREA Z EITE D, BN UHRERE
HLlcH LI ERELTWS. T0XkDIC, Bt
TERE L RERGFED EHL O BEN TS0
RRHOM L TOWRWORBERTHS. EE
B ZDLDIEROBEDERITEMIMFIERIC
BT B4 FVHEBRORHE PRSI INTVAHICD
Drb 6T, R CMEIERD A A /I
DVWTOBHF BRI EINTWizWedEE
%z, Tv FMEHLEAOWTER TEKEOHR
HRDOA TV, 7 ThCa, MgRE &.O08
REDHRICOERE L.

FERICHER L7 ORI M % 0 2 70\ iR
B (5K modified KHB¥%) THh5. Lo L,
BAESL  OfEgk TERECERICH S T 556
OEIERITIME 2 EAR & Licd D TH B0,
% LTI Hnrfe eb R Uit O IE R D i K D F i
MFREREPRLENTWSEIETHAHEINT
W5389, Chitwood HYDHFFE ClL L AFTEE R M E
H1337°C empty beating heart 5.18=+0. 55 mf
0;/min/100g LVEHEL TS, EH I
Baunwald?<Challoner®{Z X 1, DL F#IRE
DEBRFRFEEDHIB0~85% 30 O BEMAY I i -5th
BICFBEINB LS. DFDEERT CLEER
fTlebh /e OB IHE BT O OB
4, b bLER L-Chitwood 5 DfED15~20
BEWVDT LT, BEVEEEVEZS. —TF,
Digerness HOOIEIT & 5 & OMEIRIRIZEER L7
FRSE N B R DR F AR EEIZ4. 00~4. 06 ml O,/
nlTH Y, THEERICRRITERMEIET OMFE
HBEE*»RSICHESE LBAETHSEEZLN
5. Ko TAERTHRERZMERA L/ LIZME
BHEREOEIC S W TR L W Bbh s, L
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(IU/15 min/g dry wt) * [d: p<0.05 vs Ca 0.1 mM
2501 = # BE: p<0.05 vs Ca 0.1 mM
= * ox : p<0.05 vs Ca 0.1 mM
— and 0.3 mM
2004 =
-
ég Mg MRE
15011 7= (mM)
- o o1.2
- 8.0
100+ Zg 5 16.0
-
sl =
-
r hee oy
0 = | U L 7= —
0.1 0.3 0.5 1.0 2.5
Ca ME (mM)

5. CWCPHCa, Mgl & creatine Kinase (CK) it &

(%)

89- * [Q: p< 0.05 vs Ca 0.1 mM
] # B p< 0.05 vs Ca 0.1 mM

8 8- *B: p< 0.05 vs Ca 0.1 mM

; and 0.3 mM
871

8 6 -
1 M gilk BE

851
8 4-
8 3"

8 2+

o

A

03 05 1.0
Ca iRE (mM)

g 1+

X 6. CWCPHCa, MgiBEE L KGEHER
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»LEBLGEREZFRNICERTHZLICLS
BEREHBINTWHE. 5E ) Weng R0
WEITD 5 LD ICBERBENMENIT EOHFE
BERIVEL, LBHIVISATVARELS L
WL FEEFELTFHERICTKHBRIC L AR
775\, 2404 Dempty beating % ficit % & .03
BROHOMEDOHBR ETE T LTWAC & &k
L TW5S. Ko TAHRER TR AERFEER
BLOLBHEELSE 2T, TOREERA %240
5 & 2 RRTEERIC X 5.0 EIERR %1804 &
L, ML OERRE % S0 T2405 LR &
LAERZ TR - 7.

EHE DT - 12 EBRTCRICWCPHEMg R
W T, OEREREERETCaREICITIEAEK
FEHICEL L, ~VEIDdose-response curves
Bonl (K3). A —sEERETS%AF
& ZTDORIBEOMICIIMg 8. 0 mMBEZ#BRWTEHEE
ICERDD, CWCPILBWTEHCalkEOFEAE
HrREIN/. ThTAERTLHEEDOEE L
L7-CKItHiE B L UMIBREDOIE Th 5 A4
Ko EHREMLEEREDE & VM4 A @M 55 -
llEilL-TEMTFOGNS (K5, 6). L»
LCa 1.0 mMOEKY — 7 {E% 29 5 % AoFiiMg
BEICIEEIN -

—IC Mgl Mifa D T 3OLF — R ORI
ATH N, TOEENRBEIICat OREHIER
IZHBHEINT A2, FZHE, Shine 59085
IZ B\ TMgDnegative inotropic effect% kst
CapEZETAHAIELINLIVR TS EHEL,
Takemoto 520 & FM-OLIHIC BT, O ERER
POEHCaREIIMgREICHE X, Mgk
EAEWE EEHECaRESRE <R D, MggER
ELaNTXEHCaRBE HELS B EL, TOH
FIZ DWW TOELE CMg-CaEHifFA & b T
5. oL, BEOERICBOTUIZORIMLE
KB AHELRELYD, IR L/ALS>ICCWCP
FOMgBEIZCaOEBBEICHE Lizh 7.
ZNid Touraki 520 EITH 5 L HiC, Mgit
slow channel blocker & L TCid 2 fliDBA 4D
TR L CDOEHEANH W &, B0 &R
7% 0 MRBEE OREE SR /- N channel DEERE A7
NTWsHTE, BLXUKEE20mMTlislow
channelBEH L T\ A Z LIOOBEdHIIC &k ¥ &Ml
BB 5EEE P OCa, MR OEREE1E
WCRIETHE, ThbbEHECaEEnMgEEIC

HEINS L WOBBRIIR Y 1/l o 7alzd d
Ez25.

—0, AZBRTEMgBREA G WIEE, Ca
paradoxSie C A fEfEMENEH - /2. Ca paradox
1219665E 12 Zimmerman H29Z L D @& TG
N, ECalERBICCagBREZER T A4
L AR E R TH 5. Frank OO0 EEH
W OCaEEA50 pM LUF DOFf, paradoxE &5
HUBEHFELTHS. L LIOBSRITERR
hropH, RE, ERE, BERFE, o4tV
BELREFE<ZEFICEIDEAINED. BICHE
R & < il B W 2 WTERBE S
FTHUE, 70t 2CaBER0mMTESTHID
HRIAOGNS EWHD, REEICBWTALRN
72 & D ICCWCPHFOCalgE HEW L TMgiE
EREWE & Ca paradox D47 A REBRIEAE <
HAHBFEEET L L, MgBRLOIEA2E VR
MERTBAKIMEERO D, Mgz L
CWCPOREETRE SN L, EMgORHZITRE
Z Bl o oCaltE T4 Ca paradox 4 Uiz &
Z2zbhs. FBE FERICEOWUEIRKTIORT
ZE<, CaBEIBERE < MgBERABWTE
CWCPHEDELA 5 7R OBECFRBEZ R L
Il ETEMTIONE EEZOLNS.

BEERGEIh TWAFremesiExit L &
95 M IMCWCP (LU FCWBCP) I i3 j M Ui 7
W L RRICCaF L — FRIRUMgBEHIME N T
B0, SEAOFEZFOMERZBREI» GIIBRTO
CWBCPZHBR T CHERTAIESIEHRTHS L
Bbns. BE, HYFHZBWTLER CFremes
WhRRERT A LIV LELEBTHS
N, EBEBEEROICSTHRIE L-Cal i3
2 DIEFNC L DBEWEH S SODIE & A EDEPR
$0.7TmMELTFCdh - 7o, EERHBITCa paradox
BIBPEDIDPIBREETHEIATIEDS
B, REER L DECa CWCPOERBERIZ O
EEZEAIES EEZLNA. FR T Tl
NCaDE AT HIEEDIE D —ERE DL BN
BiigE8r 5z, CaOEHRBENTEL, ZD
FEHRCa paradoxBHERAB T 5. MiCHifasCan
BT ETH, KERTALNI X DI OBEREEE
TEL S, Lo TCWCPIZBWTIECanE 4
I VREARTIZZEFICHER L T T &8
BTHHLEZS.

A ECWCPHDCa, MgiREE & Ui RESR &
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(a) Mg= 1.2 mM

BN F M
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*fmuE{LCF 30 w0k
r —p— 1.0
20 ......... A ....... 2_5
10F
or . : :
4] 100 200
BE  (min)
(b) Mg= 8.0 mM
60r
50 .
i Ca BE (mM)
. 40 o1
N I e Qe .
BHE{LCF 2 - ol
BT~ 2t 0_5
L s pr— 1.0
20 L e A ....... 2_5
10
0 : : :
0 100 200
(c) Mg= 16.0 mM BE (min)
70 r
60
HRAEALCF 0] %o 0
30 —_—— 1.0
LR . ® ee A ....... 2'5
20
10F
0 : ' :
0 100 200
B (min)

®7. CWCPEERIZ X ABME V754 7 A (BEEELCE) ORI
KAZEE(CF: CWCPHhEERE (nf/min) /EHRER (g dry wt)
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DOEIRICOWTEE L2, LIHRED BER X
DE L OMEIEZEM L, Ca overloadZBhik L,
BIrVF—HEBLAWERE L, FEBEOOE
BRERFICROZIEIDH. Lo TSHSBEIEMMDA
AV DOWTHEMICHEE L, L OEBNTHrD
BRI REROHRER AN T HLELRD S
LEPph5.

w® F

Z vy FMEHOERE (working rat heart
model ) #FHWVWT, EETEKLHRER
(CWCP)FRDA A /#AL, #icCa, MgAd AV
BESOBRERFEICRIETHELRA L, KO
.
1. CWCPIZ & 51805 DI B\ TR RGE
BrhOCalEEIZ X VLI OHREDRICE
ME N7z,
2. CWCPIZBWTid{ECagE CidCa paradox
TR TREBEESD D, Mg NZ D
BN T EE 2 Oh, B, LR CHRKICHE
ABEhTWwib{ECagMg CWCPIZERTH 5 &
Ezohic.
3. BILOMEIER E R Y, CWCPTIIMgEE
DI E ST, Ca 1.0mMOREH TRLE
WEIERER L.

etz Bicdicn, BY)E5HEIEE & HREE -
B BEBICEELLIHERESEY. TH
B SR /- B EABEEN, BEMUERE O T
HAEPELL COBEREMICE BB LT 7.
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