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Myocardial Protective Effect of Adenosine in Ischemic Rat Heart
Seung Kyn Park, M.D.’, Byung Rynl Park, M.D.”, Si: Chan Sung, M.D.", Hwang Kyu Jung, M.D.’

This study was undertaken to investigate whether adenosine administered during car-
diolegic arrest could enhance myocardial protection and improve recovery of function after
ischemia,

Isolated Langendorff-perfused rat hearts were subjected to 40 minutes of normothermic
(371C) ischemia.

Control hearts (n=10) received modified St. Thomas’ cardioplegic solution, and the rem-
aining hearts received modified St. Thomas’ cardioplegic solution with either 20 yM
(n=10), 200uM (n=10) adenosine. After ischemia of 40 minutes and 30 minutes of rep-
erfusion, left ventricular contractility was superior in all groups of adenosine-treated hearts
compared with control hearts. Furthermore, there was a significant incremental increase in
functional recovery with increasing dose of adenosine. Post-ischemic diastolic stiffness was
significantly better in all adenosine groups compared with controls. No differences were
noted in coronary flow or myocardial water content botween adenosine-treated and control
hearts. These data demonstrate that adenosine administered in these concentrations pro-
vides myocar-dial protection, preservation of myocardial ATP and creatine phosphokinase
and improved post-ischemic functioal hemodynamic recovery after normothermic ischemia,
presumably metabolically by reducing depletion of adenosine triphosphate, inducing rapid
cardic arrest and enabling improved post-ischemic recovery.
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Ay AT adenosined Moz HYYHAF
ATP X 83 E38HT", FAld gz
potassium® x| ¢] S H e i o &o] A7IH AN
&9 Adenosine® cardiac calcium channelol i 2
32 E4] 0= sinoatrial node, atrioventricular node
3283 A2 % 58 9A X AARNE 29
gohe Earp Qoo old] Azpe ARA A
adenosine® H7tstng wME Ao 81 4F
g festn YA ATPY 713 adenosineg &
FIE2 HE FH¥F A/FA 4S7%9 yE
high energy phosphate ¥ &o)] &7} g1& FHolz}
=7 B 4YE stAEHAN

SO

E Ay Ax 300—350gme] Spaque DawleyE 2]
F#HE W22 adenosine 20uM /LT 3} adenosine
200 M /Lo 2 Uyol Zrz} 1091814 o] &5t
WA pentothal sodium 12.5mg& & 7ol FA}ate
ol #H & H 53 el 250u heparing FAstn F&
AEENE AEEA 43S H&d e FA 4T
A gaed vl A43EEE FAANFLE FA
Langendorff ®FZ X dZ2&n FN=HE AA
B4tk ol wHEEn Ue AFe FHHw(left
atrium) & £8 1 £22 latex balloong 44
o] wol 44 e olgh7] ko] 5-10mmHg7} =
=2 GBI H ALFHoz HA4H 4 dP/dt
€ &% (Gould 3000 RS 3200) 3t} Table 1).

24N AHER latex balloon® 2 3717} Zol
9mm, & 5mmABE=HA condomd] FXE& ol&3t
o AFE ez 3 YFe] H44 017 £33
o & 0.3kcE e Fiele) g+ AUk

Table 1. Compositions of perfusion solution

NaCl 118.0
KCl 4.70
CaCl: 1.25
MgSO: 1.66
NaHCOs: 24.88
KH:PO: 1.18
Glucose 5.55
pH(5Vol%) 7.4

ZF AL 0.45um membrame filter {Whatman)o
o7§  Klebs-Henseleit solutiong Apg&H oo
oxygenator$} heat exchanger®4] modified Lan-
gendorff Heart Preparation apparatus (Hugo Sac-
hs Elecktronik KG D-7806 March F.R. Germany)
& ol&8dd. ©RA] 2x &= 7TE FAEES
Wi FFE 75cmHO7 H2 2 st on gFde
At E9HE 450—550mmHg Aol o]l f-215 2l

AARxAo 2+ Saint Thomas&{E AE3lEn
Az Me oldAA fdnoz HdIFTdHMe
adenosine (Hayashi Pure Chemical Industries.
Ltd. Osaka, Japan) 20uM /L (A20%2 )¢} adenosine
200uM /L (A200F) & Saint Thomasy 3 Ao} H
73t @FH-E A EF F A9 aortic rootel] F
Ao AF A AL 37T, 100cmH09] ¢yoz 37
4 FPR ol JHF 1EF 18 BFAY ¥
ZAYoEAN A RN BRFUBRFEE
B =3 FHATHF € HEA olFHATE
A+g8te 37T 2] Klebs-Henseleit solutione] ®71%
o2 e e E HEEHA TCE A € 5 US
2 34 ch(Table 2).

E Age &M 271A protocol2 Wyo] 3L
£ ¥4 43 LagendorffA Xl dZA%F F 15
B3 el TEdEE WA sgons 158F% 3
B33 ARG FA3 56 HE 2 AFRNE 2
AL o] F oF 40¥ T HEJHE FABHT HY
Aeo = 44 o] balloong inflation® 2 23

Table 2. Composition of cardioplegic solution

NaCl 110.0 1100 110.0 mM/L
KCl. 16.0 . 16.0 16.0

MgCl. 16.0 16.0 16.0

CaClz 1.2 1.2 1.2

NaHCOs 10.0 10.0 10.0

Adenosing - 20.0 200.0 uM/L

CP t or 1 adenosine
95% 0,~5% CO,
Nonworking LV. Ballooning
Reperfusion 8%

Fig. 1. Schematic time course diagram of the exp-
eriment, CP. Cardioplegic solution, LV,
Left ventricle
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ol YA HHA AP L AL VIS goen Y
A A& (ischemic contracture) 2] WA M A &
Z238An. AY 05F ATFE AT en A2
F 158 52e FA4A 9] balloong deflationA]#H Al
ol LERIHI g FHAA AYEe e
T ARE HHIHF DL AFF 158 ¥ 4 balloong
5—10mmHg= APAAA ABF 152 9} 308
A 48 9 dP/dt§ 239k A Esre Y
A, AEF 158, ALF 02 F4UL 34
NEos ANYD BFVFFL I 22 AFAN
1¥3 2o} AA3y7)(Sartorius R180D)2 2R3}
dch 4AL Langendorff 37 A2 BE Rty
125C8] S5 2 AZRIINA 24 AXNA 023
€ &34t £ AN dzEn A202 adx
A20029) Q1o}M &A1 (developed pressure),
developed pressure X HutE4, HJ49 4P /dt,
BEBRFL 23 Yxaged ole ABF 308
CHEEE HYEY wAydee] X tis} percent®
B AEte] vl mEt '
FAA dYoMe A dxeH £ 4¥e 47
10718 o2 408 S8R FAX &4 BFIEX
M Rt ¥ ik Ao @7t F& £EAQ
% 24A13 oW o Imamoto, Iwasa 22} 3 Okunki Wt
ol 2§ A2 ATP2233 3} Sobel S 7 Forster
Fo wio 2 432 creatine phosphokinase2 &1
15 72]12 Shah, Cruz 22| 1 Baricos58] wioz
A2 Maldondialdehyde (MDA)E =R &«
adenosine®] AW energyE & E %2} oxygen free
radical scavenger®] 7%l ws ®ms] w2tk
(Table 3), (Fig 2).

Table 3. Measurements

Time to Cardiac Arrest
Nunber of Beats during Cardioplegia
Heart Rate
Coronary Flow .
Left Ventricular Developed Pressure
Developed Pressure x Heart Rate

+max aP /dt
Ischemic Contracture
ATP, Crdatinephosphokinase amd
Malondialdehyde (MDA) in myocardium

Fig. 2. Pressure and dP /dt recording of exp-
eriment, CP SOL, Cardioplegic Solution,
ISC CON, Ischemic Contracture, REF, Rep-
erfusion
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L AEXIY FOJA AFXINIX] MUESF

AR FA YHAAA REFe AR ZNA
24.0+3.30 A202& 15.70+2.26 231 A2002& 5,
40+1.352 A2023% A2007lA~ WA AHATHPLO.
01) (Table 4),(Fig. 3, 4).

2. AN FoA] AEXINX] ectopic beats

4@ g FqA JA A 7R ectopic beatse R
2olA 6.70+1.25, A202°lAM 4.40+2.17, 28T
A200Z 1A} 0.40+0.692 A2023 A20021A ®WR
2 9 tH(P(0.01) (Table 4),(Fig. 3, 4).

3 MEXY FojA| HEXI7R]| & HEES

43N A AR £ YdEFe R2E
ol A] 30.7-+4.24, A202 18.1+6.67 283 A202 &
5.80+1.9422 A20@27 A200FNA WU HUGP
{0.01) (Table 4),(Fig. 3, 4).

o NEX|H SOIA| ABXIDIX| AJZH

ARAY £ HFA7A A RRTL 832
+1.692 A20FL 6.96+1.72&% 831 A208¢L 1.
95+1.25&2 2 A207(PC0.05) 3 A2002(P<0.01) ==
oA T b3 ME P FEES B
%+ AR} (Table 5),(Fig. 3, 5).

5. AlgESe| 8=

HREre ¥l dEIAA 275.00

control

Agenocine 20uM

Adenocine 200uM

Fig. 3. Arrest beats during cardioplegia

Table 5. Time to cardiac arrest after infusion of
cardioplegic solution

Cardioplegic Time to
solution cardiac arrest
Control 8.32+£1.96
Adenosine
20uM /L 6.96+1.72
Adenosine
200uM /L 1.95+1.25

+25.18, A202°llA 267.50+17.51, 28l A200F°l
Al 257.90+12.26 /8 eolsien A@FANA 250.20
+11.16 (93.96+8.24%), 28 A200FolA 247.

Table 4. Cardiac arrest time, nuymber of arrest beats, number of escape beats, and total number of

beats during cardioplegia

Total No of
Cardioplegic Time to cardiac No of No of beats during
solutions arrest (sec) arrest beats escape beats cardioplegia
Control 8.32 24.0 6.7 30.7
+1.69 +3.3 +1.25 +4.25
Adenosine 6.96 15.7 44 18.1
20 M /L *1.72 +2.26 +2.17 +6.67
Adenosine 1.95 - 5.4 0.4 5.8
200 pM /L +1.25 +1.35 +0.29 +1.93



301 * PCOO1 VS. control
%% PCD.OL VS. control
« P00l VS. 20

204

Numbers of beaty/sec

B
control 20y 200 control 20 p 2004 contrel 20 4 200 »

Tig. 4. Number of arrest beats, No of escape beats,
and total No of beats during cardioplegia No
of arrest beatsNo, of escape beats Total No
of beats during cardioplegia

157

10 -
* P{0.01 VS. control

* % P{0.01 VS. control
e P(0.0L1 VS. 20 p

J_]

Time to cardiac arrest(sec)

control 20 200 p

Fig. 5. Cardiac arrest time

Table 6. Recovery of heart rate after 40 minutes of

Ischemia(beats /min)
Cardioplcgic  heart rate of heart rate after 40 min
soluton preischemia of ischemia %
275.0 257.3 93.75
Control +25.18 +243 4548
Adenosinc 267.5 250.2 93.96
20 M /L +17.51 +11.16 +8.24
Adenosine 257.9 2474 90.07
200 M /L +12.26 +9.06 +4.69

40+9.06 (96.07+4.69) /¥9] HEEL R TAH
freld e At (Table 6), (Fig. 6).

6. AER|Y ROl BUSUBEY

HYdeol A BATRDFFS AR PN 14.30
+1.94, A207e0A 13.89+1.41, 31 A200F1A
14.37+1.95mm] /B0 o0 ARAAE Tase
T BAFABRFE AT A dzFAA
21.80+4.30 (156.73-+48.12%), A207lA 21.55+3.
06 (157.13+31.63%), 18l A200%olA 21.97+1.
98 (156.47+32.67%)ml /¥-o} ¥HE v YL
olduc BAEHBFH FEHASE ¥ 5 UL
Yzt 7 Abold] £AA &eAde gk &, ade-
nosineo] 2% AAA Y FogA] BYAFH F7le
FAE A grol adenosine©] potassium AR AW 1t F
Aol " Z9 BIYFe] Mg SEE FRE
WX A] ge Re= AlgE Y (Table 7).

7. RRE HLSUARY

40822 HYLYRF ABF 1583 0800 AN
BAERABFF L A=A Z42 15.60+3.51 (119.
09+32.80%), 15.63+3.70 (111.73+35.76%) K2

Table 7. Recovery of coronary flow during initial cardioplegia and postischemic reperfusion period

Cardioplegic Coronary flow Coronary flow

Coronary flowduring postischemic

Solution  of preischemic during cardioplegic reperfusion period
period period % 15minute % 30minute %

Control 14.3 21.8 156.74 15.6 119.09 15.63 111.73
ontro +1.94 +4.3 +48.12 +3.51 +32.8 £3.7 +35.76
Adenosine 13.89 21.55 157.13 15.0 109.78 15.32 112.12
20 M /L +1.41 +3.06 +32.63 +2.25 +26.88 +2.29 +26.95
Adenosine 14.37 21.97 156.47 15.59 110.38 15.46 109.91
20 M /L +1.95 +1.98 +32.67 +1.97 +10.35 +2.11 +24.02




26 AR

1004

% Recovery of coconary flow

|

control 20p 200 p

Fig. 6. Heart rate

A207 A 2+ 15.0042.25 (109.78+-26.88%), 15.
32+2.29 (112.12+26.95%) 928 A200 M E 2
2} 15.59+1.97 (110.38420.35%), 15.46+2.11 (109.
91+24.02%)ml /222 S¥Ao|HETY BAEY
BFZo] O F71stg ot b 7 Alold) EAIF &
o]4& A}dtH Table 7), (Fig.7).

8. ZHald &80 B} (developed pressure)

Y gdeoide HAHdY #£E2He dzoM
137.10+13.58, A20°lAM 148.20+15.24, 233
A20079) A4 137.00+16.36mmHgP en MAFZF 15
T3 302 M F4de] 58] Hes g2 FolA
2}z 45.70+14.88 (34.05+12.94%), 64.40-+16.61
(47.73+134%), A20TN A 64.30+17.14 (44.27+13.
%), 94.00+18.28 (64.12+14.62%) .20 A200%°]
A& 74.80+11.00 (55.44+10.75%), 102.50+13.68
(75.03+16.95%)mmHg2 AVFFE 1524 A200
T 223 ABFE 02M A0FH A200F 25

100 ~

% Recovery of heart rate

S0

control 20 p

Fig. 7. Coronary flow

oA £&£HF7te FAY FeALE 2 (P.01)
(Table 8),(Fig. 8).

9. ZAMAo] =23 W3} (developed pressure X Al
YrE 1 DP X HR)

DP X HRe 2B EL ATAFF 1583 30&0A
ZzZt dE2PAAME 30.96+11.93, 44.97+14.72%,
A20Z91 M+ 41.51+13.85. 60.43+15.28%, 18l
A200Fo A= 51.82+8.58, 72.06+7.10% 2 ANHFF
1583 30%0A izl vl A20% (P<0.05)=
A200F (PLO.O)EFAAA #&£8 F719 FAH &
o4& Rt} (Table 9),(Fig. 9).

Table 8. Recovery of left ventricular developed pressure after 40 minute of ischemia

Cardioplegic developid pressure developed pressure of reperfusional period
solution of preischemia 15 minute % 30 miunte %

Control 137.1 45.7 34.05 64.4 47.73

OnLro +13.38 +14.88 +12.94 +16.61 +13.84
Adenosine 148.2 64.3 44,27 94.0 64.12

20 M /L +15.24 +17.14 +13.84 +18.28 +14.62
Adenosine 137.0 74.8 55.44 102.5 75.03

20 uM /L +16.36 +11.0 +10.75 +13.68 +16,95
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% P(0.01 VS, control
* % P€0.01 VS. control M
e PC0.01 VS, 20 p +*

)
*

e
3o
By EOER
a
S8 s
B i
E A5, 08,
A& Qe
188 EREY
fc'ﬁ&?: RERER
c 120 y 200 p control 20 y 200 p

Adenosine 15 min. Adenosine 30 min.

Fig. 8. Recovery of developed pressure with time
of reperfusion (%) D.P. percent of deve-
loped pressure compared with presischemic
baseline level)

Table 9. % Recovery of developed pressure x heart
rate after 40 minute of ischemia

Cardiopegic % recovery of D.P xH R after reperfusion

solution

10. A 42| +max dP/ dt

HYgeolne) A l+LV max dP /dtE 9 F
ZAME  2090.004-280.67, A20FNME  2102.00
+309.52, ZEl: A20039IME  2137.004436.34
mmHg /ZQo AR/FF PBAHE dxZlMe
1180.00+286.90 (55.98+8.11%), A20&9lM&
00+136.36 (58.85+9.68%), 22l A200Z A&
1572.00+345.86 (73.78+7.57%)mmHg /22 A200
ZoM FHHe 5ol ¥ FL FAF FA4E
B H(P0.01) (Table 10),(Fig. 10).

N EAAle] SR HE
HAA HYA AE TANHE R2FAMN 2063
+1.47, A207lAM & 32.17+1.91, 28l A2003

Table 10. Recovery of coronary flow during initial ~
cardioplegia and postischemic reperfusion
period

Caidioplegic Preischemic Postischemic
% Recovery

15 minute 30 minute solution period period
30.96 #“97 1090.0 1180.0 55.98
Control 41193 +1372 Control  Logo67  +2869 811
Adenosine 41.51 60.43 Adenosine 2102.0 1212.0 58.85
20 uM /L +13.85 +15.28 20 M /L +309.52 +136.36 +6.68
Adenosine 51.82 72.06 Adenosine 2137.0 1572.0 73.78
20 M /L +8.58 +7.10 20 M /L +436.34 349.86 +7.57
1004 % P(D.0S VS. control * PC0.05 VS. control 1001
* % P(D.01 VS. control * % PC0.01 VS. control o1 Vs ol
* P<0. . contro!
3 B %
2 50 @% : —I—\
x 04 -
I~ E0Eq S 504
" ; :g&ﬁ g
G o
| e
control 20 p 200 ¢

Adenosina 15 min. Adenosine 30 min,

Fig. 9. % Recovery of developed pressure x heart
rate with time of reperfusion

control 20

Fig. 10. % Recovery of + LV maxdP /dt after 40
minutes of ischemia



e

ME 34.13+1.768 22 A203 % A200Z°0A =F
o wa A HEY ZAFol F4HALs (P.01)
HEA A& AT WE2IoNAN 42.4042.59, A202
ol 4] 39.50+4.81, 2al: A200FNAM 23.15+6.
29mmHg2 A200F 1A s1¥4 Aol 24 &3ty
QATHP0.01) (Table 11),(Fig. 11, 12).

12. Al 22U ATP BIF 2| 8

Table 11. The time to onset of ischemic contract-
ure and degree of contractue

Cardiopiegic Time to onset of ischemic Degree of
solution contracture(min)  ischemic contracture(mmHg)
Control 263 £ 147 244 £258
Adenosine
2 M/L 1719 395+ 481
Adenosine
o0 M/L BI13+ 176 851629
+
% P(0.01 VS. control
40~ *% P(0.01 VS. contro!
*
e 304 {
£
£
A

20+

JL

control 200 p

Fig. 11. The time to onset of ischemic contracture

4082 HEA AAPAFE A2W ATP #/3&
=AM 2.07+0.19, A2020A 2.5140.15, 18]
3 A20091 A 3.44+0.26uM /gm of wet weight2
A20021A4 AR B A2 ATP 4432 244
(P<0.01) (Table 12),(Fig. 13).

13. Al 2 creatinephosphokinase &7 &l Hi8}

0¥ 9] H¥A HAAE 43 creatinephos-
phokinase €F#F2 HF oA 44.66+4.82, A20T
ol A} 52.03+7.44, 1211 62.43+8.62I1U /mg tissue
2 A2007A ¥mE @2 AW creatinephos-
phokinasel #-F%FE& B ATHP0.05) (Table 12),
(Fig. 14).

14. A 24 MDA BIFaie] B3t

408 el HEAY dBAF 42K MDA i 3e
xFoll A 7.63+0.82, A20olA 8.95+0.63, 22

507
% P(0.01 VS. contro!

—H

30 4
204

104

Degree of ischemic contracture{mmHg)

control 20 p

Fig. 12. The degree of ischemic contracture

Table 12. ATP Creatinephsphokinase and MDA value in myocardium after 40 minute of ischemaThe time
to onset of ischemic contracture and degree ofia

Cardioplegic ATP Creatinephospho MDA
solution (M /gm of wet wt) kinase(l.u/mg tissue) (uMg / tissue)

2.07 44.66 7.63

Control +0.19 +4.82 +0.82
Adenosine 2.51 52.03 8.95

20 uM /L +3.44 +62.43 +7.21
Adenosine. 3.44 62.43 7.21

20 uM /L £0.26 +8.62 +0.46
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4 1 * P{0.01 VS. control

4

2

A 05 B AP AR AR

Myocardial ATP(uM/gm of wet wt.)
n
1

K A S KA S KA IS S SV A IR AT AT R KK LI K

\
[

control 20 u

Fig. 13. ATP im myocardium after 40 minutes of
ischemia

S
(=3
(=]
=

707 * PC0.05 VS. control

L 1%

Y3
%

1L

50+

BB BB D

PN PN PN PO I E NI TA

=A
a

BABED
S A

BHBE
BEery
[CNON ATV

pi3

304

Creatinephospho kinase in myocardium{1.pn/mg tissue)

10 1
R

ANRAN N NN NN

control 20p 200 u.

Fig. 14. Creatinephosphokinase in myocardium aft-
er 40 minutes of ischemia

3 A2007N M e 7.2140.46uM /gm tissueE 4 2
MDA &/ 32 Z} T Ale)d] $A4 4L 2ol
ekt Table 12), (Fig. 15).

3 1
g
= PAEQES
Q- FREREN
= RAEQA
= SRS
g 5 ARy
] BRGNS
= X SIS
AR
SRERG
AStaRe
control 20 p 200 p
Fig. 15. MDA in myocardium after 40 minute of
ischemia
! ot

o] Algel A7 Adenosine2 THF AAAAL
37C Y 40839 ischemiad] =29 A& fzjol 44
A 715585} ATP REo] 433 7(NEE B4
Atk 42 A2 AR g JHE wom AA S o
g 9o vls FYA4Y extractiongol 7HE &
Z o)t} A2 9] extractiono] & 70%F = H W)
BA718 & 10%°)13 2 ischemiad ©271Ae] FF

" o] B} ATP ANl AlgtE ke ALHA gt

g Aa FEel Z2aHA HY FFHeE 43
2E At} 7%l Bl FRE viXA =HY ele-
ctron transport® %% slow flux”} mitochondriast
cytosolic compartmento] NADHS] &5 & =34 A
"t} welM mitochondriaiol NADHZF £7131A
=9 citric acid cycle, pyruvate oxidation, 131
fatty acide] beta oxidationE& A A71A4 o
133 cytosolio] NADHZT £2138tA €9 lactate
A AJo] 271331 glycolysisoll 21§ ATP ¢ anaerobic
g AAAZITH, oxidative metabolisme] Z&
A go2 vehue dud S A Fof
& ATP, ADP, 22832 AMP 9} 3 pooldl A adenine
nucleotide®] not lossolt}, ischemiaA] 4] %ol A
ATPS) precursor®] catabolismo] dojute Ae 2
FEQ ¢2A $tov Bensonse olwEo) ATPS
Aol APt FAcH, ATPE ADPE 7158
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& =] adenylate kinaseol &3 1 ADP+ ATP$}
AMPE W3} tissuet] AMPS o] Z713tA4 &
tt. AMP7} $718HA =98 21 fAMIE < adenosine,
inosine, hypoxanthine%e¢] vHEo]Xn phosphory-
lated uncleotidest @2 ©|2]% dephosphory-lat-
ed tHALE S AERE Bt Axor L24SA
gt} Adenine nuclectid tHAIES] AAE = ade-
nine nucleotide® net loss& X Fc}H? ReibelF2
isolated rat modelol*} adenosine® infusion¥to.E
ATP9] Aol /RE exogenous ATP+= A ¥9
& 598 5 ’319_“] Mo 9le ATPased] 2}
B3 g7 gEo] ATP leveld 3Eds f3Helx
2atn SRGY. o3 @ uncleotided TAIEQ
adengsine-& 738§ coronary vasodilator?] E4-2
z+31 9121 coronary blood flowe] A2l& P& &
23} coronary resistance®| metabolic control-2
22}, adenosine ] rat2] A Fx= 0.1-0.3u
M /Loln} o] ol4te] s & o) A& vasodilatationo] A3
Z & Aed Sollevig} SparkF o APolA ade-
nosine® 0.25puMolA 0.5uME ¥z Ay vas-
odilatatione] ¢ 50%3 &= F7IEFY e LLE &
o2 B AYe] ouAdygoi #AABFIF 204
M/L &M ¢ 50% F7Veh 200uM /L £
dojrie & 60% F7IEAEE RAFAT. 28y
47 xjef o adenosineS 20uM /L, 200uM /LE H7}
st AR FoA) dzFol vis BYBFHF F
77t deRez HBol A AY FAA] adenosined]
&4 FA FrHA EEE RoAFYHY. a8ln
adenosine2] 4 ¥ ¥ GEAPHA Ede YA
2]l nega-tive chromotropic and dromotropic eff-
ect7} QUth ©]Z& ARE T EF P speciesoll A
B IE JupRan), Adenosineol YAIH o 2 sinoatrial
node®} atrioventricular node E£tiol F&g & &
o0 o]3 % 4 vagal mechanismel 2§ ol
oigle F 47} k. vl 2o & adenosine myo-
cardial contractilityol]l th#l negative inotropic art-
ione Yehfi&d olrl T antiadrenergic mechanism
S BHAMA R 2. H2 Ao 4P ade-
nosine B-receptor-dopendent adenylate cyclase
activity& <3413 B-adrenergic-mediated con-
tractile responseel th3l negative feedback rmod-
uator2x H€& fon s, ¥xiedl meire

adenosine®] positive inotropic effect7} A& ¥ 31
siol 2 ouAddolNE 2kgrel postive inotropic
effect7} = A,

Stephen¥-& adenosined] ¥Z8°% hypotens-
ion, bradycardia, 18] 3L renal vasoconstriction% ©}
Aot R IHH,

Adenosine©] inosine°]Y hypoxanthinel v]s} &
< olf¥& nucleotide@Adol ®lmAH 7] WHERI
adenosine® adenosine kinase©l| 2]& wE=A AMP
2 phosphorylation® =] ¥]# inosineo] tajA=
o2 A7 glon E# inosoneo] adenosine S 2
ARG & 4 g171 dFoitd®”. High energy pho-
spate compoundst= 432 &3 ojgh 28I cel-
lular integrityd] Ao} W4-He)22 high energy
phosphate compound®] #4ye AIMX 433
FRL F F Uk A2 ATPRS 2 E isc-
hemia¥ F44 7159 221 FB3 v gcte
Bz o, 43e eSS ATP, ADP,
AMP 2} adenosine®] & ol ojsj A7} olm A BF
Al ATP9 A o) F2 &, Cardiac isc-
hemia®] subecllular effectol] D B A7 234 7}
4 AeHoiA vAdg JE2 AgEE F§ ol
tf 3] mitochondrial dysfunction’®, membrane dam-
age2 <% M ITHEZND M XY acidosis®, T3
ATP precursor®] &85 %W o&j7}x] o]&o] A7)
Hded ischemia¥ adenosine nucleotide ] 3& &
271 FR7Z2=2 o)RoXed HAAE nucleotide
pool] §33 Aol g Aol 18} o] A2 e
23] =g % nucleotide pool) 0.4%7%to] AjZ+3
MEAAEh gref ATP levelo]l S Ae) o]xel o
B & 7% ol2lt A28 Tl ATP levelo] &4 3
257 S e F 159 olde] 288t A4to]
Hrh FeAe AdAEgeE 88 EEF wyesw
salvage pathwaye|t} o] 2+ &4 adenosine kin-
aseo] 2}# adenosine® adenosine monephosphate
2 rephosphorylationA]# ATP z4& 715314 5
£ 7d2o|c}. 2 A phosphorylationo] W8 ¥ AX
W adenosineg ] €& + AT a3 E&Holy
Al =% mg Z2olty®, giebo) jschemia¥ ext-
ra-cellnler spaceo| A adenosine® washoutA]7}4
=53 o]l8]§ nucleotide®] precursor$! adenosine-g&

salvage pathwayollAl o] &% 4 g4 ®ch 29 v}



& 27179 salvage pathway”} $1:=6l adenine ojyt
hypoxanthine€ PRPP(phosphoribosylpyrophosp-
nate) 9t condensationAl# AMPst IMPE& Zizt ¢
EA e Rojpunxunan®  Hae) JYolA
ATPY B21% AL mitochondria®) dysfunc-
tion BttE ATP precursord] Adenosine-g& ol &%
F 27 HEDE BAF QP

BEAE ol£% 2P MEWY adenosined ©]
£ % adenosine salvage ratex= 71 A2 A A X2 ade-
nosined] A& ARt AR & BA FAU
7}, olgj3t FAI2 u|fo| & of myocyte cell wallg
%% adenosine?] Eu¥tgo] extracellular sourse®
¢]2 % adenosine®] salvage pathwayell limiting
stepe.2 Ayztgrt wetd A XY adenosine©] high
energy phosphate?] 714 & 71doln o] FHA A
& ischemia®Sto)) adenosine] #%& 7147|191 A
& adenosine®] myocyte® WA R3=E o
2 3559 AT adenosined FAFEE S A
olgt Az+ett. Mature rat cardiac myocyteo] it
2% o)A} adenosine influx¥ Michaelis-Menten 4
Z(km) 6.2uM = transport systeme] X3 AA &
olibA =Ho B £5+ 0.96 pM/mg /s €t A
£ ¢4 2%, transport system F3 AX W=
&7 adenosined adenosine monophosphat2 2
# 27 phosphorylation®) s} 4} X ] adenosine?] ¥
=7} 32uM ©]#t7} 519 transport systemE 3 A
X2 &AXA & adenosine monophosphate&
phosphorylation® o} M ¥ adenosine X9 F7t
= A gA B 23y 32uM o149 sxeliMe
A X\ adenosineo] =7 =HA #rh 2HA ade-
nosineg] ¥X7t 100 M oj4re] =¥ nonsaturable
component 2} adenosinee] myocytel2 &A%
277} ik, o} adenosine®] ¥ ¥H& mass actionel]
o3 Aoz ARPL) Stven Fo] A LEHo|A
adenosine® ATPS precursor2 o]&3< global
ischemia ¥ 7153 E& AAZFAT= R Foker,
Enizig 1212 Wang%©°] adenosined adenosine
deaminase inhibitord] EHNAS€ €7 o] &¥w 4
2W ATP REE dixEe vz A=
B0g sQch 2dn 8 AR Fee AL
A 40839 PR A4S ATP §4F& Uz
o ®}#] adenosine 200 uM /LZNA &} 75%3 %=

A 2AHAG, ole] 4¥ BAE vFo B W
A27 g ARANME adenosinee ATPS net
degradationg HAY £ Ao oA Ao 71A
& AMEEe ¢ # 924 adenosinec] ATP2] w3
& YA 3 A anaerobic il A ATPS A& =
237 ggoz Azgdr) 7

& d¥ME St. Thomas A A adenosine
20uM /LSt 200uM /LE 212t Yrietd = ¥
2 Ursied o ¥ 449y ou] Agolr ade-
nosin 200pM /LZNME HH4A $%80] 10% F7t
AR 0% BFUFFo] FUEALH ALEF
= 37t gtk £ adenosine 200uM /Lol A

E HA4 F£2Yol 20% FUIdR BRRFELS -

160% Z7189oH ANES5E 50%2 FAHYT

Beid B AYelAE AuEsad Halrl e AEE

9t AMtES7 50% AR FAEE LFEZY ade-
nosine& Wiyro] AHgEEZ oA r ANt AUeA
daAsEY, & AR isolated, isovolumetri-
cally contracting rat heartollA 1083t9] global
nor-mothermic ischemiaA] adenosine& 100uM 37}
Al BAY 7B ATPY Aol FrH e
ojgig ZAIZ}E 100uMe) adenosineo] ischemia®
ATP9 net degradation® ZAAFIL AAFA
ATPY AL FAANA7 Bz BIHFAT?.
T & AAE iso-lated working hearte]A ade-
nosine® 10 M EFL 80uM EHNA (erythro-9,2-
hydroxy-3-nonyl adenine hydrochloride, an ade-
nosine deaminase inhibitor) ¥7}AlH-& o 30&3te]
3] Y E< myocyteW adenosine level®] 74 & WA
g & AND sFe o] W A ATPHS 1u

M/g o402 ool MBFA Flsael WHE
MM 7Zidfgn 2o Yo, 1383 DianeFTHL -

(8—14T) adenosinec] aerobic hearelA adenine
nucleotide 2 incorporation®£d H3 $E€ 454
M /g dry tissue /minSE Namm$*'9] 20uM sal-
vage pathway®] rate limiting steps] X3} ade-
nosine 20 uM ZHolA A7ind 50, 100, 200 uM /L
adenosine 2.2 ®HFA] adenosined] incorporation$]
rate= YA3E 2 adenosine FE 9 ZFr}ol ule}
deaminated adenosine metabolite”} 713t &l
o] adenosine deaminasert T A QAL 9
ot & 4 Ak ischemiaz} Alztg o ade-
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83 o Derd 3 L

nosine pathway 20uM ] adenosineo] &j#f X 3i¥
o} AMP 9] feedback &/4& 5ol =712] ATP ¥
HEE A & F AP, o] YA St. Tho-
mas cardioplegic solutions] adenosine 200uM /L
€ A7 ol WE ARG AW ATPH &
P T EAS] AAL BH) postis-chemic hem-
odynamic recoverykx X% adenosine 200 uM /L#
A Ftrh.

Adenosine cardioplegic solution Y% W& A%
A 9] 71A-& adenosine®@oll ¥llste Ko Faxrt
Z7}std At sinus nodeZ & 9] hyperpolorization
£ 825t Awe] action potential 2 A s W4
g FEATE RS9 calcium influxyt #HAE
© 2 negative inotropic effect& {¢AF & Ao
BETI84)  cardiac arrest7tA] & beatss] FE
Adenosine 200uM /L7} adenosine 20uM /Lol H)3)
HY HojM o ¢ wWE JAXNE FE8 & AN
o] 42 2dof|A adenosined] z&7)HL olnix
A XY adenosine? o] &7} Zr7leted ATP7F A A
Hi 23 o U 4 7158 Ee] 2HE & 8l
A" Aoz AT g Hzbe ol g 47
ol adenosine #H ¥ Je] FUol ATPY g A
AA ABFE ATPEHS B3 24 A4 & £+
AT 53 P,

Adenosined] ol% 42U ATP 2 &L WE
AA A olsf 4 Y 4+ .29 adenosine HY A
ol A A2 ATP not degradationg =8 &%
2 gojuA #dn ¥ # ek H2 Bao) osha
adenosineo]v} EHNAE #¥A FFA7IH 3083
2] giobal ischemia®¥ 'no-reflowe]’ subendocardial
areavt F7HE22 ol HAsIIAH HYAH low
calcium solution®.2 YA {|FAILL 2 HA7%5
ol A% e A2 ATP R2ERE 9&4 2
AR Jow calciumBErt 23 ATPZE izxE
o B8 A FAE R AH Axde) cal-
ciumo] 2.4mMoll A 0.05mM7tAl A 2452 ZA] 3
AAFIEZ HEA 27 RAF ATPE BESHA
s E8% 0.05mM calciume 2 ¥ W BHF A7 A
HYE 58 35S A ZAEAAP ATPS 288
Z2 A 71 2D vascular patency ] A4E& ZAAIFA
H7l gEZolth?, H44e 715HEE H4% A2
ATP#%o) iy d7olM rats} dogel A% sBE

20—30% oMo ATP#Ho] 1uM /gmoe g Hojfon
functional recovery+ 7152 u® M X Al @
A A}, Kaost magoverne™ adenosine& car-
dioplegic solutionel] M 7}ete] FUA§ & 60E T isc-
hemia¥el] ATP7} BEHE A& 24 Axy o
Yol M= adenosine 200 uM /LEAMe =2z
adenosina 20uM /LZl X 2o} ATP B &o] 43
3] ¥482 BoF3 Ut} postischemic pho-
sphocreatine value7} ischemia®<to] A2n &9 &
EE Bed 2o parametergle Bt oy
& AgME ol FF A 2R

Potassium cardiopegic solution< cardiac arrest

- o] AlZto] HY A myocardial ATP level® 23t}

28} 31 postischemic func-tional recoveryx A &}s
At potassium cardioplegic solution® 19553
Melrose®'7} M go2 AlE3 olF @& & sol-
ution, infu-sion style 22111 F7}80] 7ig= o] A
AHg-E 3 gl

High K cardioplegia ®j+ diastolic arrrst®7} %
i 5 =4 °]+ membraned] depolarization sodium
influxe] 242 action poten—tial durationell 2}
7} 257 wEo| P78 cardioplegic solutionel
AREE = Ko == 15914 40mM /L Atelol] e
BT,

Kol ¥=7} 5&4% myocardial wall tension2]
2718} A EW Calciume] £FH o Eo%® sarocpla-
smic reticllum®] calicum pump€ =338le cal-
cium pump activity®] Z7}2 <% tension ind-
ependent high energy phosphateg] A% 7} Zv1d
o $3H Ko %7 Bod membraneg 33|
depolarizationg A]71A] Z3] &M% cardiac arrest
7F fHA A Bk A& Melrose solutione] 3
2% He #x% K ¥x 9 hyperosmolality 28]
cytotoxicity$} #27} AR, 8F £3] AL HE
high K plus hypothermia®] £&& Az B&EL
¥R F3A sfF:n uopy,

2]} hypothermia®} hyperkalemia®] E8-& o}
4HelA e Raltte vt o)

AA AR F low-amplitudes] 4437 &
Fol A=FE Ron®® 2/ oju=FHro K =7}
3B 7] F ATP level & ZAAAF glonis Ax
hypothermia plus hyperkalemia7} 4%3x =& )
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2 mgA 2% £ o2 AT ELyel A
2 A2EIE FAA R YREgess),
high external Ko] &A% = adencsines] 28714
& Kol 2358 Z7HAA out-ward K current& &
w3t high K solutiono] 23t depolarization “3e}
o) A sinus noded] A BEFE JAsy] oz
AL ed® ARAE 93 adenosines Ke] E82
e A4AXFo]| adenosined B2 AL EH A
2oz Fab7b g1 2 hemodynamic recoveryt} bio-
chemical status¥ adenosine®} K E-&of oz s
B}z gron olo] i olfF2E MEue] Ko ¢
& 92330 adenosined] €M hyperpolari-
zation ¥}7] #2 o] resting membrane potentialoi
& Ko} adenosine &89 HAE ZA37] A3
electrophysiologic study7} ¥ 289} adenosine® K
o] £8L ischemia®t EEAT AFANE |RLAT
w #HE27] E< ATP valuert Z24f e 227t 9
o, wetA adenosine @= Abgo| adenosined} K
o] T8 wid) A3 $FIvtn FAEDL 19
U 2 Aol E TherstenS®o] 483 ¥z
adenosine (10mM /L) o2 AHAE F=AH B
2} greke v}t Ko} adenosine 200pM /Lot EL3 7%
K 92 o] 8% A¢uc I8 W 4FANE a8
F AA®,

Stephen% < adenosine-® rat hearto] &% 4y
o] A global ischemia& <F 10¥3 217132 ¢ ¥ myo-
cardial ATP & 273§ Z 3} adenosine$ £ F9
A adenosine® 3R ¢ ol vid ATP ¥+
Zo] AR 2L L7EHA =HU adenosine sal-
vage mechanism& mitochondria®) X} ATP& A4
7] A A48 BT A HA 108
anoxia¥ adenosine FojFolAM 4R ATP7F HR
=4 23 g2 ischemia $<9) adenosine effect
£ €7 92 ischemic contracture protocol-& Lot
34 FQEd o3& ischemic contracture model-&
o] &8 ischemiadl] ¥ myocardium$ tolerance2]
upper limit £ contracture”} ¥|7}5R Jejr}l =HH
ATP=o] critical level2 7+4 5 o] noncontractural
ezt o o4 #X8 4 93 calcium-independent
rigor complex7} #AH 39§ functional ass-
essment 3t TI®®  Hearse 5?2 ischemic con-
tractures] A A-g AAAFIEEl ATPS ana-

erobic production®] F 842 ¥3]% net ATP deg-
radation®] B9} contracture =& DHEA &
¥slo] Qg o} StephenF®el Yol ade-
nosined ischemic contracture®] WAL <
50% AE AAQANYSF UYL contractures} EZE7}

Ag AJE Hl4¥ AL AAAND £ DA B
AR APAINE HYAY AZ LANR] WEE o

ol Nqe 29.63+1.47%, adenosine 20uM /LN A&
31.174+1.91% 183 adenosine 200uM /LFlA &
33.13+1.762 2.2 Stephen® o A @B Ao} YA 314

T g%eud BA¥ez fo4¢ AHE YRl -

¥4 729 A& adenosine 200puM /LFoNA o
230 v8) 50%AE SHE ZHE 2JT

Adenosine©] oxygen free radical scavenger2Aj

9} 71%& YEl & malondialdehyde (MDA) 9} H7} -

dAe o vish f2 & 2pol & el R et

oleiF ZHE 4AA AP iy FF e R
A2 F4F oot &3] thFe] adenosined bol-
wsE FYIA FEH BT S 2AY F A9,

E Pl A adenosine©| angina pectoris like pain -
£ $2AZSF JdoE 2ot Qo a8y 849 4

¥ A= adenosine©] cardioplegic agent® 8%
g zZede RE FHIH F3I
raventricular tachycardiaX| 8 & $isj oju] AlgH 31
A= o,

A7 dyez 712 JAA Y| adenosined H
Ztges B $4E ASET W) S 59

sup- -

=

t o

Yot o] BRI ENY wE AAA KT T &

#}1#A) adenosined] 2 & ATPS BEEANA ZFL
o] £71Ae) FHARAULA L1 AME ALHA 2
Hol 88 oz AlgdEY,

e of

ARe AN FFEFRE olFATIR nPAT
2%} A norepinephrine®] BulE AAAFIH H$A
AZHEd O 458 Z2A7IR 49 At Ean
€ Yehgie Aoz ¢3A U= adenosine o] §-3}
o 3|84 AAAA adenosine AP Yo J2HE
a3 AW ATPEE, 2213 S84 AFAE A2
o NN BAANE WE7) AN A B YFAA
Langendorff#& A& o]&38td dRF, adenosine
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20puMZ, 282 Langendorff |{FIJXE o] L3ld
) =F, adenosine 20uMT, 12]3 adenosine 200u
MzZoz Yol A48ty g g d3e 4
=3

1. 4B AA] 44E47} adensoine Foll A R 2o
Hla AHden &HF AFAAAR] L2 ATE
adenosineoll A thz T wis BUdh =8 %=
9} adenosine@ A %% 2] adenosinewol] B]&] 4
WEF7E HAL AR AIRE] #te

2. ABFA At dLAFABFR ¥
adenosineZ# 2 FolA #F93% Aeoly Bolx) ¢
ig=4

3 HYA ARAFE 429 71%522L adenosine
oM 2ol vs 2P on ¢ nFE 9 ade-
nosineZol A AFx 2] adenosinezo] vla] S+
.

4. A8 27 %9 A AL adenosine T ol A
dzFol v AU 25 E ) adenosineFoll A
A& = 9] adenosineFoll Hl&] o A=A} E5 3
¥ A2AEY ¥ 1¥E9 adenosine oA
2 Z3 HE X9 adenosineToll ¥l& a5},

5 ¥ ARAE 42 ATP €532 1%%
9] adenosinewol]A 223 A¥ =2 adenosined
off v 3 gt

6. 18A AHEAE A2 creatinephosphokinas
o ¥fEe DEE 9 adenosineFol A = F I 2
¥ % 9] adenosine ol v)a) Batch

7. 584 43 A% 4320 Malondialdehyde ] &
#3& adenosineZ s R FAelo] R Fol
AU}

o]’4e] ARE gds B o #¥F HAolE ade-
nosineS AR A A FGA #E AFA7} f 2
Hoy ¥4 4SS e 2o AQEn O Axs
23531 AYH A4BAF 429 J1sEo] ¢43
32 A2 ATP#o] & $X=0 422 &40] &
A e HEY JANFE AP ESF, S AFS
2] 3 oxygen free radical scaveugere) 7550l
o ¥l g2 S EFURT olvlx o)& ade-
nosine°] BE HAAXNE F 30 YA AFAA 4
oW ATRe & $x15ta ATPS] 7122 A ATP
o] Aoz BAstE 7tgez Y8,
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