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=Abstract=

Protective Effect on the Rat’'s Myocardium with
Changes in Magnesium Concentrations

Chi Uk Hong, M.D.*, Kyu Seok Cho, M.D.*, Seh Young Yoo, M.D.*

The increasing use of coronary perfusates for the protection of the human heart during ischemic cardiac
ar-est has placed great emphasis on the need for a rational and safe formulation. For the purpose of this
study isolated rat hearts were connected to retrograde nonworking perfusion system proposed by
Langendorff, and then perfused for 20 minutes by coronary infusates of magnesium concentration of 1.66
m Mol per liter (group A, n=10) or 15mMol per liter (group B, n=10). After 20 minutes perfusion, cold
ca-dioplegic solution (modified St. Thomas’ Hospital solution) was infused for 2 minutes, and prepared
within 4°C Krebs-Henseleit solution. Finally, 20 minutes of cononay reprsfusion was reestablished after |
hour of cold ischemic cardiac arrest. Hemodynamic parameters (heart rate, left ventricular pressure, +
dp/dt max. and coronany flow) and enzymes assay (creatine phosphokinase, lactic dehydrogenase and glu-
tamic oxaloacetic transaminase) were performed each other at which rat heart was perfused for 20 minutes
and reperfused for 20 minutes thereafter. There were significant differences in the recovery rate of heart
rate, systolic left ventricular pressure, +dp/dt max, and coronary flow and reperfusion-perfusion ratio of
creatine phosphokinase (P < 0.05). But, there were no significant differences in the recovery rate of
—dp/dt max, and reperfusion-perfusion ratio of lactic dehydrogenase and glutamic oxaloacetic acid (P >
0.05).

(Korean J Thorac Cardiovasc Surg 1997 ;30:11-6)
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Table 1. Composition of Krebs-Henseleit solution
NaCl 11.8 mMol/l
NaHCO: 7 24.88 mMol/l

7!(C1 . 4.70 mMol/l a
MgSO. 1.66 or 15 mMol/l o

7 KH:PO: 7 7 1.18 mil\ioil/liiﬂ -
CaCl: 2.52 mMol/l -
Cr}lllcose 5. 55 mth)Mii )
Na-pyruvate 2 () mMol}iiﬁiiim

*pH 74
* Osmolarity 300 mOsm./Kg. H-O

uh2u] 4 (magnesium)-& gHf-3ha ole}. vhekat A4 2] o)
AT 3131“—4 Aol A, v o] A3l Rl
At o] Adddel A rladlge] FEE 16
mMol per llteer‘/}" 2 oyw Ao A= o] w7} 160
mMol per liter7} A&7 % 819l 77, o} 2 Al A=
A AREEA] 937k sl Y Al Bl by A
g vlaulgr F%E 15mMol per liter2 oeix dup.
Ay 2 vl 45 FEE 0.594] 1.5mMol per litero]
v, @Fde A4 vy FEE Y Zlo] 8
stk 5o A& A4S o] 87 vzt Ay =Y
< 53 BFRAW F F7e vty s=E AEE 2

ateh.
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M=

AlE EE2= A3 300golA] 350g9] 7 Sprague-
Dawley rat 20v}2]lE& 5 722 vhye] da2d As
Krebs-Henseleit £o4W v}l %7} 1.66 mMol per
liter2. 3} 3, A3 T BE vl2vlgr %7} 15mMol per
liter7} %] A sbo] A}-8-3}gich(Table 1).
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working retrograde perfusion system, Hugo Sachs
electronik, type 830).2.2 THFH 2 60mmHge] ¢ A3k gt
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Table 2. Composition of modified St Thomas' hospital
cardioplegic solution

NaCl 110.0 mMol/l
KCj - 7 16.0 mMol/i
MeCl ' 16.0 mMol/l
S ER
NaHCO: 10.0 mMol/l
Procaine 0.05 mMol/l
Sodium heparin 1000 mMol/l
~ Humun serum (11f;|;1m1n 12.5 mMol/l

*pH 7.8
* Osmolarity 324 mOsm./Kg.H:0

<3} o] E5E 3TCE AAH A FAEA B
ol o A} 49} BEVALZFAE 95%¢9} 5% vB]-8- & §F carbogen
4 #H&7] (lung chamber)2 E3A|AH #7F L42] An
BP0 400mmHg o)A}, BRAIZEA E9H(PCO2)-S
35~40mmHg Atel & fr#5led o] FF-N 2] pHE 742
FAskdch

P 8o 2 Krebs-Henseleit £9'% 98- o] &3}o] vl 1
vl 52 1.66mMol per literal tHZ2F A2} 15mMol
per literg] A% BE &lict.

al
A FES BT dA (A& WA 218k
A Z 1 gw heparin | unitE 22 FHd] F4}8}3L, 20%
urethaneS 2 5 1 kg Tmgs F7FH ol F1}sto] w33}
oat}. o}:_ %.} A 2 7]1% zx] b= 2o MXLO 212

wEA)F) F e gk 2l Al ol F el o T3S
Ablslar i Aol A7 3ke] Krebs-Hensenleit 494 &
BEA|F) 27 A8k L2 E X350 latex balloon(No

5. volume 0.2ml)}& #FA Aol AFd AR A} 7] 5L, o] 8H7] &
9t#-2 5~10mmHg® $-# 8k} Latex balloonol] <14
= shEabE sbE #H3b7) (transducer)ol] 17 3}e poly-
graph (Grass, model 792 Alubs &, A4 o431 AA
T4 4 o]gh¥ (+ dp/dt max)& S st k=l
A dEgog Fahvlel HENS 187} Ho}
FAb ZFeks} creatine phosphokinase (CPK), lactic de-
hydrogenase (LDH), glutamic oxaloacetic transaminase
(GOTE A ssct. 204270] v 2 FF2 A& A
A8 A F G H2E A7 5L 4T AA A
o} (St. Thomas' Hospital solution)& 60cmH:02] 3f3d o
2 28 Folste] ARAE fEEha, A" AR
4°C 2] Krebs-Henseleit -$-2Y ol 1A]7F FoF ©has A2 A3
stodrHTable 2). 1212 A4 & Aol ©hr] Krebs-
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Table 3. Changes of heart rate (beats/min)
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Table 5. Changes of +dp/dt max (mmHg/msec)

Perfusion Reperfusion ]Recovery rate (%) Perfusion Reperfusion . {Recovery rate (%)
A 197.70 + 22.611143.20 + 17.83| 69.53 + 5.66 A 2022.10+198.82{1608.20+132.23[ 79.68+2.70
B 202,70 + 22.61[170.70 + 13.70| 84.74 + 8.16 B 2027.50+156.40|1722.00+137.04] 85.23+7.37
* mean + stundard deviation *P<0.05
*P <005
Table 6. Changes of —dp/dt max(mmHg/msec)
Table 4. Changes of systolic left ventricular pressure -
(mmHg) Perfusion Repetfusion |Recovery rate (%)
) ) A 1035.50 = 84.67/802.00 + 39.03| 77.67 + 3.4l
Perfusion Reperfusion [Recovery rate (%) —
1051.00 + 85.69|812.00 + 32. 77.60 = 5.34
A 87.00 + 10.08 | 71.30 *+ 7.63 82.35 + 747 B 00 + 85.69 32.76
*P>0.05
B 88.30 £ 9.20 | 80.30 + 6.40 91.21 + 3.85
*P<0.05
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2] 2] % (Hemodynamics assessment)
HAA o AN 75 A
2+ B4} R (coronary flow)S QF Alef ol

o] <k (& dp/dt

A EFAE 3, ANBF 208 A} P AT+ EF
# 2} (mean + standard deviation)2 7|<3l1 T &

student’s t-test2 W] 3}o] p-valued] -9 +&F&

3tz ket

@ &4A

-2 (Enzymes assay)

0.05 ©]

BFASE ARG B BRI A& A7 2o}

CPK, LDH. GOTA| &

1-

54 %

%l Qlab 7
qd+ EF
t-test 2 v]5'8}o] p-value2] §-2J

222 O
TR=E

2, vlaslsich CPK& =z o}
Id¥e g F3719 560nmu Ao A FHEE
HA R 7|33l 5 72 student’s
0.05 o)5} 2 s}

t}. LDHE A 71422 570nm bl A 24 shed
I, GOT+ Reitman-Frankel®] &2 505nm 3}+Ae] F-33

Al Jd + &

=5 &
S 5% 005 o)k shadeh.

7E:l

1. &4J8HE %= (beats/min)
AE B
ABF A= 143.20

17.8 35”7—0]

FH2LE 7|53t p-valued] F

1}

= J AE THFA] 197.70 + 22.613] /&,
I, ¥ B #

Al 202.70 + 22.613) /3, A BFFA1+= 170.70 + 13.703) H-
olgict HEA AAA F FHEFoME ATl 69.53 +
5.66%, Bio] 84.74 + 8.16% 2 Bifo| 234 £ 4
2 ®.93c}(p < 0.05)(Table 3).

2. A A eFHmmHg)

T57] FAA o= AT #F-4] 87.00 + 10.08 mmHg,
ABFAIE 71.30 + 7.63mmHg 3, B #FA] 88.30
+9.20mmHg, AFFA|+= 80.30 + 6.40mmHgch &
A AR F 3882 AT 82.35 + 7.47%, BFo] 91.21
+ 3.85% % Bro] f-213hA Estcth(p < 0.05)(Table 4).

3 FAM S5

HFAA o] AE T5H) A EZ o] 43 279 o
] W3} (+dp/dt max)E= ATo| FFA] 2022.10 + 198.82
mmHg/msec, #-FA] 1608.20 + 132.23 mmHg/msec %]
a1, BFo] THEA] 2027.50 + 156.40 mmHg/msec, &
Al 1772.00  137.04 mmHg/mseco] o}, 318 A A1A =
F 3 B850 AFo] 79.68 + 2.70%, BT-¢] 85.23 + 7.37%
2 Bie] #9314 Fgkt (p < 0.05).

A olgtr)A]9] g3 W3 (—dp/dt max)E ATS
THA] 1035.50 + 84.67mmHg/msec, | HFX] 802.00 +
39.03mmHg/msec] 3., BiFe] IFA] 1051.00 + 85.69
mmHg/msec, A FHF-Al= 812.00 + 32.76 mmHg/mseco] &
ot HEA AAA F 35S AT] 77.61 +3.41%, B
o] 77.60 £ 5.34% 2 F T3+ F4e s p>
0.05)(Table 3, 6).

2! 0|2+7| 243 (mmHg/msec)

4. ZHab R 2 (m)/Imin)
4 A ATl FFA] 18.60 + 2.88 mi/min, A2
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Table 7. Changes of coronary flow (ml/min)

Perfusion Reperfusion. {Recovery rate (%)
A 18.60 + 2.88 | 13.90 = 2.13 75.17 = 7.68
B 19.90 + 3.31 16.80 £ 3.12 84.34 + 6.02

*P<0.05

Table 8. Changes of CPK(IU/])

; . Reperfusion-

Perfusion Reperf .
o cperiudion Perfusion ratio

A 12.37 + 222 | 16.44 + 2.56 1.34 £ 0.10
B 1190 + 2.48 14.72 £ 2.26 1.25 + 0.08

*P<0.05

2.2] 13.90 + 2.13ml/mingd 37, BFo] #HA] 19.90 + 3.31
ml/min, | 33FA] 16.80 + 3.12ml/minc| gt} | EA Al
xR F 3ELEL AT 7517 £ 7.68%, BTo| 84.34 +
6.02% 2 BT°] 23t £k} (p < 0.05)(Table 7).

5. CPK (wroblewski unit)

AT SAHE 71 " A ke sl A skebA 2] E13) Cre-
atine kinase:= ATo] WFA] 12.37 + 2.22 1U/l, A F7A4]
16.44 + 2.56 TU/IGA 32, BT-o] #FA] 11.90 +2.48 TU/,
AN WFA] 14.72 £2.26 1U/IQc) S8A AAA F AT
CK7} 1.34 + 0.108) AF43}e] 32, B CK7F 1.25 + 0.08
v Abgsle] Bio]l FolshAl &4de] Ao (p<0.05)
(Table 8).

6. LDH (u/l)

Lactic dehydrogenase:= AT-¢] 54| 29.61 + 5.47u/l,
AN B2 40.40 + 6.84u/19 2, Bro] H-FA] 29.74 + 4.73
w/l, AAF/FA] 39.22 +4.29u/1gd ). HEA AAR] F AT
£ LDH7} 1.37 + 0.088) 4358+l 2, BT~ 1.34 + 0.154)
Arsle] T F2ke) 242 st (p > 0.05) (Table 9).

7. GOT(Karmen unit)

Glutamic oxaloacetic transaminase= A7-°] TFA] 61.
01 + 6.82u/l, AATFA] 68.39 + 7.58u/I I, Bire] IH5HF
Al 61.11 + 6.94u/l, AWFA] 67.39 + 7.13u/15 . HEA
AR FATE GOT7F 112 £ 0.059 A58 3L, BT
£ 1100058 AFssted 7 E2ke) oL gl
(p >0.05)(Table 10).
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Table 9. Changes of LDH (u/l)
. . Reperfusion-
Perfusion Reperfusion epe. s Km.
Perfusion ratio
A 2961 + 5.47 | 40.40 £ 6.84 | - 1.37 = 0.08
B 2974 + 473 | 39.22 + 4.29 1.34 + 0.15

*P>0.05

Table 10. Changes of GOT (u/)

Perfusion Reperfusion Ple{refizlircf:f::i-o
A 61.01 £ 6.82 | 68.39 = 7.58 1.12 = 0.05
B 61.11 = 694 | 67.39 + 7.13 1.10 £ 0.05
*P>0.05
] &t

o] 372 Axp ntaulgre] ¥ AR E3HA
o gk AP BE Z}E ik A o
Zo}. ZTebgS Al stae vtavge] 7H B2 Al
A Ff ofololrh # Al AW mtdlg = 173
+ 0.2mMol per literg} 1 2325 o] gjc}'”.

a2l Al E Woll A adenine triphosphate (ATP)<}
t}2 adenine nucleotides®} ¥-3H4 & 3 A5l =3+ 2]
o) &3} vkl o2 EAFTh o] F FFe| vhalwe
X u8-o FAA 9t oy Az:u T A%
E]'”),

o152 F2% tiAbel 2HE-ghch ATP| E-3A =
ZE] Q& vtadlge & 57} o]k A4 A
o] ZlARA T8 A9 T8 2AA ot A X o}
ad|4Re] A&l g A7 A o] 23} vlvlFEF vt
2l obdlld FEe el = EitAl Fiel ofzte] W
s} 2% A EY FF 75l & 9% Frf vkdleE
& gk Al xe] R Ag ukg} Aks), A olF2
Bz QAR A4

AV A Eel FA whe Al E mpadgo] kA w4
A 34 2] 98 percentS' g-uksl= FZolr} . vl & w}
g uke, 2, Eebg, A 2urke] A g A
He B x| obAuh, A E el o] mhagre] Al E) RS
Febg o) FH A FW R ZAF ol AATIE A
el A gleh Aulad| g Fo) Al E 75 ALl o3
2 Frh g F B o]AL ¥ A AT
o] o] A;E e} glek FF EAH AT Al EedA A E
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Aol halF FErh F7hso) ol 4o B
Folo] Folstol A2 HESE P 7 70] ek A2

do)

58 Wl T Ak diAkel ATPRAYY) 343 7H47) 9]
th ATP A A o] A gHE Abgtel 4] Al42 ol ATP2] o] &2
A AT oUA Ak FAZ A4S ZH g} ATPZ
2w AZY vtavlEe] YAdelds) o] &3 w4
FE dAH AgS U HAH S ZE sarco-
lemmats vh2ulge] Fafel of 9 el Moz ub? Az
A= 2 Fapydo] Wzt o] Al E vl
Fepgo] A XL Z A FE5l) o] —”‘:"dﬁ M Z w1
o] A Frkeh Al 24 o] 23} 2 Fxe 7}
2 BAEzIc) gk A 2y etad g 43’30] A EE
ot avlgE- B QAR 99 2 dls opekd AlE i)
SRS st e A 23 EAHE 29
=& HEF AB/FAAE FFe Frf AT 7Ty IE
= AFsEA djabe] A B T el A] Qlakd A Aol &R
t}. A AF M) Eol| A= ATPS} total adenine nucleotideoFo]
wet weight kg 1594 25 mMole|t}h. ATPE= vl 43
EgAE EAE7] Wl wlavls ok ATPF(17
mMol per kilogram of cell water)3} oj]-$- $A}sich 38
Al mhdlse] AL HEF duR] FEAdd ml-$ Az}
gt g 8kS AT}

A HES Hos F= A Y vtavlge 4
Ao )83t e 7| 95 7] olzh;}

(1) Sarcolemmaw #] o] vl FEx}19] 247 %
A wlauvlF o] el 23t —n‘:é_]a 2rol A §-=]o
el R4 9 FX43) ATP 219 dR-249)
vt E-& FAAA Eot
A A Z A FA ol dpHoleta el Ee}
w2 AEx /& ¢ #F FS AR
(3) vkl 2] Na-K ATPaseol] Wit 24 A of 33}, 4

Euh-s 58 7w TElF o] 5219 7HH A od 3ko)
A9 Zh A 21T

Q@

~—

2 8

3 A% A4S Langendorff7} 31943} w)ut
F AAE ol gsto] AFY e vlavlg FEE At Wz
T4l 1.66 mMol per litera] AT} 15mMol per litere] B
2.2 o] 20982k BFA 712 4T Al A A Y (Modified

4 o=

%
0Iadls s HE A2 258510

St. Thomas' Hospital solution)°i Al ES ftA) 7
1217} Eeb A& A AR 7 T 2087} MBE XA 2T
A(n=10)2} AYZ Bn=10)2] #5 HF2) Pojata
Eoh eta A L2 ulwete] chew Re AE °éai
c}.

LS8 AAA F A 59 3dEgd e AT
69.53 + 5.66%, BT°] 84.74 £8.16%E. Bio| §93}
A £ A5 2edrh(p <0.09).

2. 757 HAIA gle] 3282 AFo] 82.35+ 7.47%, B
o] 91.21 +£3.85%2 Bio] f2akAl 9tk (p<o.
05).

3HAAY AT 52 AR o] 47 £3714]9 g
3 W3 (+dp/dt max)e] 3FHEEES ATo] 79.68 + 2.
70%, BT-0] 85.23 + 7.37% & B-o] 2 &HA] Ftck(p
< 0.05).

FHAA o]gbr]A| 2] gk Wizt (—dp/dt max)}= ATl
77.61 + 3.41%, BT°] 77.60 £ 5.34% & F T7+2] &9
A& et (p>o. 05)

4. DAk DFEF] 35BS ATo] 75.17 + 7.68%, BT
84.34 + 6.02% 2 BT-0] vr«l A £t} (p < 0.05).

5. A2 &8 7H 1A wred st s 2119 Cre-
atine kinaset= AT-°] 1.34 + 0.108} A}&3}ed 11, BTol
1.25 + 0088} AFg8te] Bito] #2l8hAl &Ate]l At
(p < 0.05).

6. Lactic dehydrogenase+= Ase] 1.3
I, BFe] 1.34 +£0.158] A3 }04
A} (p > 0.05).

7. Glutamic oxaloacetic acidy= ATo] 1.12 +0.058) A&
3kl L, Bo] 1.10 £ 0.058) AlE3sled = F7ke) $-9)
AL gl p > 0.05).

o] Aol xe} zro] HAF M EN wlavlE FE(0.5
to 1.5mMol per liter) B} "4 gtom Azl v}l1uF
&% (17.3mMol per liter)ell 7}7}-2 15mMol per liter®] =}
2V FEIFAIZES Ao £& 7oz AlgH ).

£ 0,089 45519
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