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=Abstract=
Comparison of Three Cardioplegic Solutions for Prolonged

Cardiac Preservation During Ischemia in Korean Mongrel Dogs

Yong Kil Cho, M.D.*, Ji Yoon Ryoo, M.D.*, Yang Haeng Lee, M.D.*,
Youn Ho Hwang, M.D.*, Seok Cheol Choi, M.PD.*, Dugk Jae Lee, Ph.D.*®, Kwang Hyun Cho, M.D.*

To compare the efficacy of cardiac preservation, we examined purine metabolites during 24 hours of
cold storage(0°C) of the Korean mongrel dog hearts after using three different types of cardioplegic
solutions. The hypothermic arrest with total cardiopulmonary bypass method was employed in St
Thomas solution{STS) and blood cardioplegic solution(BCPS) preservation cases.

Specimens were analyzed for levels of adenine nucleotides and their precursors by high performance
liquid chromatography.

The ATP content in the UW(University of Wisconsin) solution group tends to be higher than that of
the combined hypothermic arrest group(STS and BCPS groups) after 2, 4, 8, and 12 hours of preservation
respectively, but there were no significant differences between STS and BCPS groups.

The ADP contents in the UWS and BCPS groups were higher than that of the STS group at 4, 8, 12,
and 24 hours, but the difference was not statistically significant between UWS and BCPS groups.

The AMP contents did not change significantly in the three groups. The adenosine, inosine, and
hypoxanthine concentrations increased progressively, but the level of xanthine was very low in the three

groups.
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This study strongly suggests that UWS did not provide satisfactory long-term preservation of heart, but
was superior than STS and BCPS group with hypothermic arrest method.

Key words: 1. Organ preservation

2. Cardioplegic solutions
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o FE AYA 2447070 A F7 AR A S o w AR
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< Algste] 167042 HES Bty 9l ot
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(Korean J Thorac Cardiovasc Surg 1996;29:1066-75)

stk &)’ ey o)’ A& Al 7L Al EeHe) kA
3}, 2 Bel, x5 o8 ATP A= o] 8, =29 4
4 0] 8- pH, 8| aL Al o] AVRA Foll g5 2T
7} 9«1‘3}8 g g o] w 2 A AR ELN 0]
H7) gl © Aoz Qg A x2 ?i‘(swelling)—%
Histsla @ A E AMEE o B 2
£ vhx] @ oxygen-free radicals® 13t &4} Hohl ® AT
FA] 2ol =] phosphate 3H§E2] NA-S 2%
(substrate) & 59 24& £238oF g}’ Na+, K+,
Cat++ F57F Az 47 fAEHA e
Euro-Collins(EC) 8- 3} University of Wisconsin(UW) -8
o} & Al Wzl o Tol| A8E 3 glow, k3l AHE
N5k g ez uxE v Al 2] o
ALgF Na+, K+ 245 7} St. Thomas(ST) 8- = 2HA]
b 7 ATEE THE A o UW 42 B
Z2Ho] B} $58 Aoz odelA Qo et A
Aol FA oA B Stein ' UW Lol Siunford £
H 3} wlwate] ¥ Aol & B glon AT ol <
goF w4 A7 A EEE B S uvk shaleh
A Al 2 ¥ (blood cardioplegia) 2 "1114] v g5
AAE o] gale] A AU Be) AbaFdF A R4
Al 2Eake) #Has) Bt g o] s whAd = glrd
= A2 AR T A AY g Tl Wol AHE-
gl et A oAl Aol A Zell A HE e WY
o2 qldt HA(sludge)d o2 FAE=N o vAH 3
(microcirculation) g Wl & <= qlthe Holl A AFA[7F2] 4]
A HELo 2= et ol d £ v}

B = A= St. Thomas @, &4 A1 H A, UW o4&
hAaAo g Al A AAS PARE] F A4 3
AlA 8 23S AslebEql 8 .2 adenine nucleoti-
des(ATP, ADP, AMP), adenine nucleosides(adenosine,
inosine), purine bases(hypoxanthine, xanthine)-& 27 5}]
Zb gof o] A|ZkdE wiste} 7} gof alo] o] zto]F M A
glatodeh. vk UW o A4 2] B33}, 34l 71 & o
f-3le] QA A H-25]S FA]el A3 St. Thomas & ¥
g4 AR LA AHx BREHHe] vlEe ¢9ir}
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Table 1. Composition of Cardioplegic Solutions

St Thomas UW Solution Blood cardioplegia
Component Comiponent Component
Concentration(mol) - Concentration(mol)  Concentration(mol)
NaCl 144 KH2PO4 20 Blood Het 17~20%
KCl 20 MgSOs 5 KCL 20
CaCl2 22 Adenosine 5 NaCl 130
MgCI2 147 Glutathione 3 NaHCO: 25
Lidocaine 70(mg/L) Raffinose 30 Dextrose 200
Allopurinol 1
Potassium
lactobionate 100
Pentastarch 5(%)
Insulin 100(U/L)
Dexamethasone
8(mg/L)
©.2 Atz

CHAL S by
IEEL T

Zk AR BEQ 2 sube}y, 15 vhele] 10~15kg A
o]9] Al A& thAF & shgith(Table 1). % 85
A e FAA7]a, A¥ 2 ketamine(10mg/kg)S
=8 FASI A5-& AR F ool A9 FA S
Adxeta, FE e Ad w3 ZHRic). Pentothal
(10mg/kg)s A= Fabsled o)A Alo) EHlsld, 7|3
At tube(No. 6.0-8.0)5 7H2] 7@ =)oll A3 & vol-
ume-cycled ventilator (Acoma CT 3, Acoma A}, Japan)e|
d43}ed 1% halothanex} 50% O: & 203, 27 CO:
F-9Hend tidal CO2)o] 30~35 mmHg® F¢ FxAj#}
A&l gt A E $13te] HEFSHE cutdown 3}ed
arterial monitoring line & A %8}z, A1 AHuH5-& checkd}
7] 913 EKGAlE AMAlel §-2h vl g A% =, A2
A& A% AR A S sk vtA 2
E5o EKG % Ut A& 7HAshe] gk Ao]
Y 57] dste] 100 mmHg o}kl 7, 98 gas A
A Ak Ao AR ¢ Soll& dopamine, atro-
pine, NaHCO3 59} oAl = ®3 F3lated b=l 4]
2 AU E fAgH I 2yt

o 2] #)
1996:29:1066-75

AYA FEY A &8 7H7 povidone 2B A%
T AFEE Y3 AFEFF ANE 78k FA, Al
v gt A xE2A1ZTh AAl A2 wa]E W
7] $13F Q1FA | 71 2}o) 44 H-9lal ALy E, ALE
e, s F9E skt g T 7)A -
off AN F9]a8 f1g el E #BR3F ¥, heparin
(Gmglkgrg FAF3LaL Absi o 59 (16Fr.) 4574 = (20Fr.),
33 W (20Fr)e Zh7h § E¥ RS Absiete] al-F3AlHl
7]{Sarns 7000, Sarns A}, USA)®} 2hAd 213}~ (Bentley A,
USA)ell 747t QdAstsdct lgAld 7o AbggF o
(priming solution)& t}2& 7Rl A A3 Ao 7 Hetr}
20~25% AHXEHA 33, 15% mannitolZ 6cc/kg® H 7}
sled ke ok 1300~ 1400ccE A}E313 o, QlZAlH 7
gk A A7) Ak Ao] 28~30C A E7HA )
3 752 #FHL 20~27L/m/minE Wzt £33
o} A 2o] 28~30C HF = of, AT A9 F-F 2
wala FAlel AetE T4 el FulE AA A A S 16G
FAHH 22 20cc/kg SO FdsPHA|, A7
NG A i A7HE AR Hdl XA, F
x| o} A ANE Faked wh shde). AlA
o] Byt &, Alstdi A9, ol 59, #F4, A
A|ska wle] £l F 0 A F-9) Hartman
o] A 3d] AV 2R ¥ A E AR AL
F3ldoh AR ALE FAR BELYY] 2
3l %71 Asb, 2] Hartman & 2837}
sted 0Cc AF7) HEE 2o A4 A A
A:A A2 Ho] 411 xS ¥R AFH R 4o F9)
T e 84 Al AR F4] set(blood cardioplegia deliv-
ery set, Shiley Al, USA)E a1 F-AlH 7)ol o3 Z3}ed 100~
130mmHg st o2 Absgiea 7jAlH2 Fqlshedct.
UW o8 o] 83t AA A" ol FgAH 7] Abg-glo] A
A3l A FYl UW A& 20cc/kg $3& F74
FAlo GEIFE AR Y FAaHo R F]lely AE
3w} e MR AAS A4 REsc ARE
A7) AL AE F D308 O X @ 4A D 8
Al7E ® 12217 ® 24217 ) & 630 A AAA 58
Fed 23 Ao 2 AHI FI5C AR WF
Lol Bksle] BA A S Falsic) 23] A 3= A
A9 747 gt E ¥4 & AH e E Tkt
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Adenine Nucieolide Adenine Nuclueotide

Catabolisin Restoration
ATP ATP
ADP
ADP
AMP A"‘"
{} s'nuclectidase —’)
Adenosine PRPP Adenosine
adenosine deaminase Adenine

Inosine Inosine
0 nucieoside phosphorylase G
PRPP

Hypoxanthine
ypoxa Hypoxanthine
0 xanthine oxidase

Xanthine

g xanthine oxidase Xanthine

Uric Acld
Fig. 1. Pathways for adenine nucleotide degradation and res-

toration. ADP. diphosphate, AMP. adenosine
monophosphate,  ATP. triphosphate,  PRPP.

adenosine
adenosine
phosphoribosyl pyrophosphate

ATP( 11mol/g) C18TS
R - ' EBCPS
DUWS

24 (hours)

Fig. 2. Changes of adenosine triphosphate concentration in
dog hearts(n=5/group) during 24 hours of cold storage. STS.
St. thomas solution, BCPS. blood cardioplegic solution, UWS.
University of Wisconsin solution

~ gl

[~

0
Hr

A

3.

I

ATP, ADP, AMP, inosine, xanthine %! hypoxanthine -2

AM-5Rg 2. 3

Sigma#| & , adenosine -
MannheimA) &, mZZvtE12}sl2 Lul Redel-deHaen
AE 199 EE Aok E. Merckdl & AH8-3tde). 357
= Millipore#|(U. S. A.) Milli-Q & 2-& 33t /55
Ap-g-3hd o}

& A = 8 elE g2} (HPLC)= DosohAll CCPD 3
* (Japan), GilsonA] 112 UV/VIS A}2]4] A &7]5 o] &3}
At AP ATP & #4E o= Watersd] CI8(.
9% 150mm)-= ~}-&3}9] 2, xanthine -2 £43 uo =
Cosmosil ODS(4.6 X150mm) Z4&-& A&3ldr}. H&7]
2] =}ARLe- 254nmel| A 73 &35}t

Boehringer

AMP( 1mol/g)

ADP(.UmoI/g)
16 L I

24 (hours)

Fig. 3. Changes of adenosine diphosphate concentration in
dog hearts(n=5/group) during 24 hours of cold storage. STS.
St. thomas solution, BCPS. blood cardioplegic solution, UWS.
University of Wisconsin solution

8

12 24

{hours)

Fig. 4. Changes of adenosine monophosphate concentration
in dog hearts{n=5/group) during 24 hours of cold storage.
STS. St. thomas solution, BCPS. blood cardioplegic solution.
UWS. University of Wisconsin solution

,qggl Az gl Al RS 100.0~200.0mg Y =& A& 2

2 (0.IN NaOH 4mL2E 3 tissue tearor & AA| o}
%"Jv:ap 2557 A g F AAEY S ImLA
2lgte] HPLCZ ¥4 w7tz 759 %%@.oﬂ L3
slelty. v}3o] HPLCE 24 djo] 47]¢ £
Microfuge 13,000rpm/min.ol| 4] 8&-7F €4 &g $
bzl 20415 HPLCe F9lahadct.

428 3892 ATP 55 24 & do= KH:POs
0.Imole®} tetrabutyl ammonium hydrogen sulfate 10
mmoleS FF4 ¢F 8300mLE o], 1.0N NaOHZ pH
£ 6002 9iF FF5R Ags] ILZ 9E5] AH43td
t} $19] £9-% Millipore 0.45:m membrane filter 2 o3}
sto] Abgsiglon, ge]ld s ¥ ImL/min & o] A}
Saldeh. A&7 W9l 0.022 ghEglon, ATP 534
Al 0.0052 3}e] &3 stAch. ATP2} ADP= S4e] 7
s RS AYA CI18 A= #ef7t =HA] ool &2

o Hm
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AL MBRES 25t MHX|UZ} X0

TAN{ 12mol/g) 0sTs
35 = BCPS
30 - @UWS
25

J il o)
8 12 24 {hours)

Fig. 5. Changes in total adenosine nucleotides(TAN) concen-
tration in dog hearts(n=5/group) during 24 hours of cold

storage. STS. St. thomas solution, BCPS. blood cardioplegic
solution. UWS. University of Wisconsin solution

o o] tetrabutyl ammonium hydrogen sulfateS % 7}s}o]
154 #3he & vbEo] S48kt 1 A Fef=of
= A7 e Fo] S490] 22 AMP7E sl o}
3L 71 Foll ADPS} ATP7} gt}
Hypoxanthine, xanthine, AMP, inosine % adenosines
A g we] kS-S ulabylx] w2 g2 pH 6.0, 0.
05M phosphate bufferE Millipore 0.45:m membrane filter
2 aistel g staleh, 4] S 20 fel S22
8mL/min. 2 3tgg o, 11.50 oA 1.2mL/min. 22 v}4t
218 A g2l -8 8% methanol 2 vlrgl o] 824
¥ 1.2mL/min. & §X3lgdct. 219 8% methanold 0.
05M phosphate buffer:methanol ¢} 92:8 & w& gololc},
ZA&719 H3l= 0.022 3l 2™ adenosine?] peak”} %=t
& 7 Sele HAE 0012 2o 2183} Fig 4%
agetEgR e g FAel &

2

o]
ST
L

HPLC®  Realst

hypoxanthine-8] SAde] A =2H& adenosine A2 F-
27} =gt
4. SH Az

PC-SPSS(Ver. 4.0)5 o} -&3}o] controla} |7t 4=%]
2] W] AE paired t-testE &3}l o, A A1 287k &}
o] HAF ¥4I (analysis of variance)g $-&3fo] 187t

EAA folMde] 9l 79+ Duncan test® A}FAA &
"é/‘l stadch. P-valuet= 0.05 ©]31]l 738 EAAql on]
P I R s A

AT A3
1. St Thomas 2H(STS)OAM Q] AjZICHY E A

ATP 5% 2417k 13.2molfgol A 5.7 umol/g o2

o E-2) 7
1996:29:1066-75

Aden‘osine ( pmol/g) 0sTS |
® BCPS!
38 ouws
3
25
2 4
15
1 p
05 j
0

{hours)

Fig. 6. Changes of adenosine concentration in dog hearts
(n=5/group) during 24 hours of cold storage. STS. St. thomas
solution. BCPS. blood rdioplegic solution, UWS. University of
Wisconsin solution

8] 744810 (p<0.01), 25 24X 7R 7k A& Q) 7F
& Btk 53] 8AH & 44z et o plgle gha
B9 cHp<0.05)Fig. 2).

ADP 533 4417 10.0umol/goll A4 8.7umol/g 2. 2. 2] w]
7

(TS )

sz AA(p<0.05)E B ok F 244k 7EA v
A ol 4 g %":—a #%) shelehFig. 3).

7y 6.2umol/gell A 4.6umol/g o2 FFAn
T(p<0 05), L&l FFO2 thA] F71ste] 244|7ke 7} A]
$2 3t cHFig. 4).
TAN(total adenine nucleotides= ATP+ADP+AMP )
S5 8AI7 R 29.4umo0l/goll A 18.4umol/g o B 2ln]g)E
2F 4 F(p<0.05), 12417 (p<0.01), 2421 7l (p<0.05))
E AL 75 ¥ o ehFig. 9).
Adenosine FEE 2A]7bel 0.22mol/gol) 41 0.35mol/g2-

2 oulglE Z7HE ol ¥, 24X 7k kA Al FrtE
oFAHS ¥l vH(p<0.01)Fig. 6). Inosine 3%+ 24} 74 ©]
T2 #x4Aq) 712 Hdvkp<0.01)Fig. 7).

Hypoxanthine F5%+ 124 7F, 2417k 0.3100 4] =zt
0.51 mol/g. 0.74umol/g o2 Z7}El oFAre B rHp<o.
01)(Fig. 8).

2. Blood Cardioplegia M(BCPS)OIA{2] A|ZIIHYE 2
A

ATP FX4= 2417} 42170 141 mol/gell A ZH2F 9.2,m
olfg, 3.6umol/go 2 FAT ZHA(p<0.0)E EAF, 244
77 R] x| &4 9l F g BodtHFig. 2).

ADP %= 2X]17¢el 13.9mol/gell 4 12.4umol/g o2 7}
2(p<0.0D)EE ¥ AAF 58 fFAser) 124170
3umol/g 2 & 7FAaled ch(p<0.05)Fig. 3).

AMP FZ+ A AIZMRE f-o A sl Aol & Reix
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lonsine { 1t mol/g) QasTs
A [l |mBCPS
354 . I |muws
3 ’ i ‘M‘
. /-
25 ! )
1 ‘:}I-“ ;'w
1: I o
54 i P
!
14 i
051
o ‘
12 24 (hours)

Fig. 7. Changes of inosine concentration in dog hearts
(n=5/group) during 24 hours of cold storage. STS. St. thomas
solution, BCPS. blood cardioplegic solution, UWS. University of
Wisconsin solution

°-‘31E}(Fig 4). TAN 5= 247}, 82170 oFzke] b4

E Bolut on|gli= zbo]= ol AL, 24412kl 33.3umol/g
oAl A 18.1mmol/goE 2v[sle ZAE BAHp<0.05)
(Fig. 5).

Adenosine F =+ 2417, 4A17F, 24217k 0.40mol/gell
2] z¥zt 0.61. 0.83(p<0.01), 0.52umol/g(p<0.05) 2.2 =7}
| 478 RgdcHFig 6).

Inosine™} Hypoxanthine %+ 2A| 7kl o] 32 A& &
715 278 2.9 cHp<0.01)(Fig. 7, 8).

3. Uiversity of Wisconsin ZH(UWS)H|A{2] AlZtIHE
A

=~

HI

ATP g+ 2217}, 4417}, 8A12beR 15.0umol/goll A 2+2}
10.3, 7.6, 5.0unol/g -2 7+2(p<0.01)8}+] 2.0, 24| 7keh
ol = 124]7bcH 2] 4.1 mol/gell 4] 2.04mol/g.0. 2. 2] v]9) = 7}

45 BAe(p<0.05)(Fig. 2).

ADP 3 E¥= 4] 7kf 13.5m0l/gol A 15.2umoljg & & 4}
o Bolut 2lulale Aol il 24X 7kl 7hA] &
A3 - 23 cHFig. 3).

AMP Fxiz 247 Ae& Bolvt n|gl+= Aol
AUHRIL, 2 Foll = A3 w25 BAckFig. 4).

TAN X+ A7 29.2amol/gel| 4] 20.9mol/g 2 2 2
n)ole A4S Bl 2(p<0.01),  F 124] 700 9} 2441 7F
thol] Z+z} 19.7umol/g2} 17.0mmol/go & 73 A% S B
1 thp<0.01)(Fig. 5).

Adenosine®} Inosine X 2A) 7kl o] X AL =
716l 27-& B9 vHp<0.01)(Fig. 6, 7).

Hypoxanthine % 8A| 7t o] &2 A& vl 47
& 3.9 tHp<0.01)(Fig. 8).

z87 9
HAZL HNZEZE 95 XX M7 X}0]

Hypoxanthine( L1mol/g)
09+
B s ) :
a7 Y —
B BCPS

06 1

BUNS
as

04
03
02
0.1

0

41
24 {houra)

0.5 2 4 8 12

Fig. 8. Changes of hypoxanthine concentration in dog hearts
(n=5/group) during 24 hours of cold storage. STS. St. thomas
solution, BCPS. blood cardioplegic solution. UWS. Universily of
Wisconsin solution

Energy charge(%) Y

(hours)

Fig. 9. Changes of energy charge in dog hearts(n=5/group)
during 24 hours of cold storage. STS. St. thomas solution,
BCPS. blood cardioplegic solution. UWS.
Wisconsin solution
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AR wk7] ghate| Ao Al o]A] ggro] 1967+
Barnardel] 2]3}ed FHZx=® AJZE o]F & g0\t Znlk
Stanford t &l 4} o oA 2] Z49. cyclosporine] & 3}7}
deH L & Fole XA A E = Tt e 9l
A Pated A @ olehV. o] Al S 913 A7) MELN LS
T2 Al 4] A5 Balo] g} Av|o 5 AlEE]o] gHo
v AlAS Bl AVl M= AldA g HA 6~104]71e]
A7) BEo| 7hgdtrtar sht, o}] Aol A 2] Al o] 4]
= 4RIl A 6A17E ool Y] BE Abe Blef A mho]
HFA AHE Qe 5 Ak B FE Yk
o alile) A% 43e FolA} WAl AeAlel 24E
(diabetes insipidus) 42 Q13 A ¥ts} 4bed7] £
59 A& 213} inotropics ¥ vasopressin 52| A7) 7ke]

FolVel y Bu)stdal W) =

Bt

le

3,5-triidothyronine, thyrox-
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A A2 g RELAE Na'. K7F Azl Fre}
G231 242 St Thomas . Na*, %59 K7} A
Fud 3} gabebA =A% UW 4, Bretschneider(HTK)
N Furo-Collins ¥, dextrose 2} mannitolol] # »%9]

Na 7} &-8-% Stanford o, Eh-& 7| o2 Na', K™7}
ghaxl A A" 2o 8 g 4 ¢glrh St Thomas
e Kol Mg™, AlxEur otd3} o3-S 3l procaine
HCL A HZ& 7 438l7] 9|5 Al 292 Na+ 5% 5

o

& FHetT Yok UWele) 542 @ 3227 5 AHlac-
e acidist 722 o) &8 HASLel o 4 H3E U3

[e)

%°—“|(KH*PO4) @ Zii o8 Qg Al x FAE W3k
A AME-qloncotic pressure)S ot Mol AR o §
2]8t7] 218t colloid&E# 2} lactobionate®} raffinose @)

H:0:, lipid peroxides, disulfides, ascorbate 52} 7+-2- 4| &
=X A8 A 78}7] $)& glutathione'® @ xanthine oxi-
daseE AL O: free radicals & 1% =42 ul ]38} 7)
218t allopurinol & AT{-FA] ATP §HA 2 AW AME 2=

3}7] 2138}t adenosine'” ® Al E1t o} 3HE 913 Mg S-S
Faata glck H4 AR HS Hole] HET 44§
(hematocrit)2 20% ¥ 8}2 K*. Na*, 155} 55

r‘(‘)[_vl

o
FAIA Abgste F2 doe) Ak I THE o4
A A TEF ABFA AL S HAEY] 90
of o] g=lo] 23 e}

A 7l 54 1 MRV d93y
(hemodynamics), 4§ &}l £-4{(biochemical), ¥ e}
ol ZAHmorphological) 52 2 w]i2& 5 9lc}. Yeh S0
A AR A 62417 W2t BE F dv|A oz 2 Aot
UW 2 Al £ efsiaiq]l RExfo] <parbar g wbd,

-

o &2 %]
1996:29:1066-75

Demertzis %"'-& St. Thomds‘ﬂi o2 A1 A B Zl o 1)
gto] Uwl 2 1}01 T ositheE s g} 89
A A7 4 ‘3“"74] F*(cardiac index), ¥ - FHAIA
uk A %\—(stroke work index), A1 A =g}, o) 4] 7] ¢ (capil-
lary wedge pressure), 3l Al " A A5 Fo8 &A
g ul, Al gAY UWel 2} St. Thomase & Abelef] 51
g atol ol glkar shHY, Yeh SV E % B ol
7] HAA 7150 UWH o2 B2 # Al Aol =243

= Bk gt

AT Az vEE=
2 AR 24, o] Rl e A4}
off oJs}o] A2 2] §-7]dF
H:0& X A3kt o]2] &l 4
o] L 2| 7} fref = v
Zel ATPE A A3 st
ol A TtE-o|zl ATPE
% Ax7} st

oHKmitochondria)&= A X &
ZAske] o)e) %)
E& A2 AEAA CO:9}
Espabg-o] olofd wf, cieke] 3t
oA M x2 FE A A F
o] 4} o]FA mEFx=eo}
A o E R E o] &3} 7+
5 q &l 2ol 3atAQl AR E T
gl ATPSL QlAabe® He Ak3bd ol Ab3Hoxidative
phosphorylatnon)d] 2]3le] ATPE ¥3}=E &=, olzdt ¥
£ AWl BT Serl A FFeks] skl A
wHol} ADPS} glabe 2 Fafs o A e o]8j gk
Al o] ATP 3|1 Hxa= A Al AHE
T8 BEAe] gl o2 7A] F WiFo] sleng,

a1 LSS GER 03L WL ook ohs 4
s 2AE Ao, Agegd Sl oY

nucleotides= ATP%} ADPo|l® 19 to}& nucleotldes.
inosine triphosphate(ITP), guanosine triphosphate(GTP)
uridine triphosphate(UTP) 52 A A} Hst ot &
2] creatine2 ATP2} 1]'%'6}04 creatine phosphate & E]
o] =& AAstal gt EFo] & w crealine
phosphate o1} 2] = t}A| ATPE ¥ A ste] o] &-=r}.

Creatine + ATP —~|———Creatine phosphate + ADP

Creatine phosphokinase

59 7bAl2 ATP AJAbE T} 289 ATPaseel] 2|3}
ATP 5}3)7} v o}l ATP 50| ozl 75k #A 7} 9)
o} ATP7} 7HA45 71 #ol] 1A creatine phosphate”} 3+4~
] 3 creatine phosphate®] 70%7} EsiE ™ ATP7} 2H4
%] 7] A1=}b3lar ATP7) 13% 2 o)z &b 732 Ae] 2
715 Aol o) 2A] Eic} o]2l gt A2
A% FAI7F el=d ATPE actomyosing actin®} myo-
sine 2 el Fte] F8-& o|HA|F] 7] o]t F ATP7}
Z5x] 231 actin®} myosin filament: A 2 9l

A EHe FEAAG BH 49E FAs Ak =

2 actin®} myosin®)
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ATPE= A 2.9] g afolof M AAREAFCR =
FEAY Nat+ ot K+9] 75 H5 gl 3'%}73: 5}
t}. ATP, ADP, AMP: 5= A zlo] Z2)3}3 9]0
3l Bxrlel 7153 2 9ok AAAQ 35S 3=
A E A ATP7} A A 3F5F-2] adenine nucleotide2] 80%
o] A& 2|8t e, thatz Aol A] ATPv ADP 2]<]
AMP A1) #edsla glvhs 28 AYsr] ds oA
A 3Henergy charge, EC)el= E&8o] Al E2] o] Abel
o] #3le] Daniel Atkinsondl] 23te] Al Awdc}?. o]
2 ATP, ADP, AMP 39 #Adl A2l adenine
nucleotide#] 7} dwht =& F-o =] QlAl7]ol o)} ”
A AL d=39] H ol & o] ASHEC)= th
7} zro] & ¢ 9)Th

EC(l 1A W8} =

oY

}-J

[ATP] + 1/2[ADP]
[ATP] + [ADP] + [AMP]

A A adenine nucleotide”} 1% ATPZ Q14Fs}=H ol
2 AsH= “1” o9, 3} adenine nucleotide”} “®]o]"3l
3L AMPEE E2a8HH (07 o]ch. dubq oz A Ee] ECe
2 0.9 o]™, o]71-2 adenineAtAl 7} 7} ] o ¥ ATPZ <l
AbztE]of 9lch= S 9m|sta oot

B AT A= 308 ECE Al 89 BFellA 0.6
AEE F2 8t on, A|7ke] A Hghel| e} STSS} BCPS
Lol Fof| A1z 0.3~0.52 3F4E $3E Ho|v} UW £
T 14ANAAAE 05 AR o] F Ay hrles ¥
< FAF #A A K Fig. 9).

Purine nucleotidet= 5-nucleotidase®] 2}-8-of 234 <l
Ab717} B d ol H2E B3l BaEch 5 AMP
= adenosineo] ¥ t}g, Yoln|3} F o] inosinel &
1L, inosine2 7}rH-8ll % o] purine %3713 hypoxanthine
7} D-riboseiz ¥lt}. Hypoxanthined 1<z o g2 Abs}w
o] xanthine, ¢] oAl S AHuric acid) 22 o] FHZ wjAd=
o} A AFel e g4te] HF widAbEoy 1 9o B
A Z2E R QA g A) A3} & A(urate oxidase)el] £
&lod 1% F-3) = o] allantoino] = o] wj g}

& ¥ (ischemia) el A= A2 ATPZ} AA 7152
AAlo] b el 3] E= = v o upz} HAstA ot
rFF ao v %) 5 3531 phosphates} adenosine= 343}
A "}, o]F A 7FA % adenine nucleotides+= 27}#] 7
22 B35 =), A= nucleotide poolZ FE1S] A4 7}
AAgoltt 12t o]23 ARE vff =i A7k 0.

4% ¥ § 2 gl REE A oo, wef ATP7} =2
12 #Eo2 Ftasidohd ddle] sEoze 5=
17972 285tk & 5 lop. FHA = DA ¢

o

&4
2

(=

12 B
o

!
Ato|

o
rob

EAIZE HZEEE 21T AEA

(=

vsled = Al A A E(salvage pathway)oltl. F
adenosine kinase 49 24 ° 2 adenosineo] AMP2 2
o] =gl A+3Hrephosphorylation)7} =] ATP2] ) el 2
o} 8}A| =1L, adenosine®] B.FE ATP A4S 7Hx e}
A 71 3] 8o Zapr) deb
Masuda 52 AFgha} w]w]d5o](baboon), A2l 4
§ ATP 5= A9 v]eslgdon, A& AIAR HE ul;]_
NIH AA A &4 & A H-$5 vlaslode 27]d=
Al 7FR] E(species) Abo]ol]l ATP F %] abo]= glirtal
o} 2elvh 24417 AR BE 5 54 ¢ ATP % adenine
nucleotides®] #s)& Aol A= A1 A 2] o8-8 A} 23} 7
7} vhe A2 AR A BEH ] wlsle] FElgh o] ¢l
Aot e Ass AHANE Abgsle] BES A7
gk BE 832 B4 gJvial sksdv) Minten 5702
e A A 3] Aol A BEF A= R A
52 ATP7} 7 Br} 1A27h2] = 8 52 HEA 5 B
olm, 71 o] Foll = 24AI77A] HAZ AR F Mot F
FES FAsHATE Weisel 572 IAbEH eA] &
AR A NG Ag3te] AlAS A A A7) A edebe
A F<qre] adenine nucleotide®] W3}E 7|w sl =dl,
AL ATF BEE AP 7 $o]22 ATP, ADP
FTEE 7\}4—6’]@] veph 2o E dAE FES RS
23 slodv}. Abgrell A xanthine EX& 7ol u]3lo] = £
Yo p2S Ho|UZ xanthine? ®4AzE-S oA 8l=
allopurinol (UW &) 24 AJE)E& Atsell A AMS-& 53 8
slebar gk Neely 57%-& ATPo v HAH
adenine nucleotides®] #tAo} 7 FubzElm wizpedziel
&4 ARR B 5 9lon. 5 ATPRS] Ak
4 2% A4 adenine nucleotides7} u}]—,— vy w)rled 3
ol wistz B 5 qlvh 53 ATP= 8185 AA 259 3
B o5 AA3te F8% AEE AHEEH I o 2
g =% A= vt & U 5 o)Ak ATP FE&
38 Fol = 7P Al AT 358 BAY 5 AL 3t
o, Z2}= ATP w57} AR o2 7pedzql Al 3 B3}
Aol sl AL oPA LY, AAF Fol 7153 3]
—% d g ol F2 AL E A
ATl 4] ATP &%= 30Eh ol A= Al 89 7F 2po]
%i?d u, 2470 o] Fole= UW £ o] BCPS9}
STS &l Blate] 2u]gdAl £& 72 F B2 &
& BCPS &% STS &) nlate] JujglA] E2
EEE2 Helth AMP T 4471 o]s‘;oﬂ UW g5t
ol 4 STSUF BCPS & Fo] H]je] & 232 Wolul,
STS &3} BCPS &4 Ate]el = 2wl Abo] = ¢l

_E. o FIO

r°¥
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st} adenosine FE7F AA| 7k o] Ax UW £ o)
STS 847} BCPS £ ol u|3le] A3 ¥ FH&
HolEx 72L& UW 29 Yol -85 adenosine ujF2. 2 A
7}=) ™| inosine, hypoxanthine -2 ATP, ADP, AMP o} 1]
Bho] ko) X E Holt A7te] Aol ube} LAuidt
Z7F FAE Rddch UW Sz BEF 7ol
inosine 34- hypoxanthine FX7} STSv} BCPS £ 1ol A
—‘?’J’/P < FAE Holut & yrv) HHE BRI AT

o wlal A FE= FA A sHch webA
"J AF5o] ATPo} TAN FXo] F7to] o] & & 4l
A 715 B& x| v A ER AHE 5 s Aol

]

b AlE BE T Tl ded F sl doida
w7122 e ol AHQl 0|4 Ag Fo| £ 7
o] Alsys]ofolak oF 4 31 & A o2 A7),

7z B

s

Al A S o2 Ql-FAl | 7] o Absl1 E o] 8
AAAA NS FAloll AlalEbHA St Thomas £
(n=3), ¥4 AAxAn=5)F FFAZ 459} UW &4
(n=5) #HFto g AT HES 3 A S 0C Hartman$
Aol 24120 HE T A AHNE AN T8 2 A
FHslgd o, 3% N4 maZ2rlE 1ty vl g ATP,
ADP, AMP, adenosine, inosine, hypoxanthine, xanthine
S5 A%t ohaat 2 A5 ot
I ATP Fxw Al £ 5ol A 227 78 eln|ql=

g B ok UWS el vad £ 535

Ho o, B3] 4A 7712 = STS2} BCPS+-2] 24]7F

o} FAE AR F2& 52 AF FA3A
2. ADP 5+ 4A]71 o] % UWS2} BCPSioll A4 STST

2o} ogullAl £ FAE Hge w Al ZFelA 2

A7k o} 42173 el om]le F3EE Holvh ATPo A

o} 2 A EHQ] ZFasE BolA = ¥t
3. AMP 5% BCPSS} UWSTol A 2X|7h) o] &2 %

7}l oFAto] 2417k 7R A LEL om|glE Hol=

ofuigich
4. TAN 5%, A &9 B5 A7 F-5 ojn|gle= 7ha

E R F, UAZMAA] A SH Q) gha ofakE Bl

ot
5. Adenosine, inosine, hypoxanthine -5 X+ UWST-ol 4

STSe} BCPSTell wlsle] vlwA & & $A& Xy
v}, xanthine FX= At 5ol A v|efe] AEE v
7} E3stedch

24

o 521 7]
1996:29:1066-75

o] A2 UW g2 A2 MEFE 7ol A STS2}
BCPStol v]&lel ATP, TAN2] A7} A 3}ef] w} B HZE 5
Ho| 58S & ot &5 AR 71Fe 7MY Al
38 A& el = adenine nucleotides®] F+x]2) 2jn)
= olxA ]l o] 2] Ago] Futs|ofolyl FHo] ¥ A
L2 At REh
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olsl iz Sol & Aol 7} glgleh

FHEFAF ARSI R A TR A AR AAE AR BE T AAS HE3l] 0T B
EaiA AT AR 636 A A4 TH2AE A Hste] 75C WAL Y F, 2ad
A A ZRvIE 22} 2 2 purine metabolitesE &4 8}gl ).

UW 8- (UWS)T9] ATP 5%+ St. Thomas £ (STS)w*3 A A4 Y (BCPS)T-ol] vldle] .0
v}, STS 3} BCPS T Zbol) = B0l zlo]7} lsict.

UWS 3} BCPS T-¢] ADP "or‘£7}‘ 4,8,12, 24 /\]7\_}‘1’»}]9] STS —‘?__7-_53_1:]— ] U‘_}_—, UWS 3} BCPS & A}

AMP 5= AT 2o A w3t} @] 993, adenosine, inosine, hypoxanthine %= 2|7} 7 3}
off whiz} A 2} Z7Fsl 4 oL, xanthine 9] Fx ol Lukolol A vlar}t Brbasl o).

E AT Ax, UW £-do) A7 e A ZREFH = olF] ZAFH o] gl o}, AAl AAL8] & FA]
o A]#§ g} St. Thomas g o]rt FA & Hri= Bl 5 HELY 2 AR F.
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