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The Comparison of Protective Effects of Adenosine Included
Cardioplegia According to Adenosine Dosage

Kyung Jong Yoo, M.D.*, Meyun Shick Kang, M.D.*, Kyo Jun Lee, MD.*,
Sang Hyeun Lim, M.D.*, Han Ki Park, M.D.*, Jong Hoon Kim, MD*, Bum Koo Cho, M.D. *

Background: Adenosine is secreted by myocardial cells during myocardial ischemia or
hypoxia. It has many beneficial effects on arrhythmias, myocardial ischemia, and reperfusion
ischemia. Although many investigators have demonstrated that cardioplegia that includes
adenosine shows protective effects in myocardial ischemia or reperfusion injury, reports of the
optimal dose of adenosine in cardioplegic solutions vary. We reported the results of beneficial
effects of single dosage(0.75 mg/Kg/min) adenosine by use of self-made Langendorff system.
But it is uncertain that dosage was optimal. The objective of this study is to determine the
optimal dose of adenosine in cardioplegic solutions. Material and Method: We used a
self-made Langendorff system to evaluate the myocardial protective effect. Isolated rat hearts
were subjected to 90 minutes of deep hypothermic arrest(15°C) with modified St. Thomas’
Hospital cardioplegia including adenosine. Myocardial adenosine levels were augmented during
ischemia by providing exogenous adenosine in the cardioplegia. Three groups of hearts were
studied: (1) group 1 (n=10) : adenosine - 0.5 mg/Kg/min, (2) group 2(n=10): adenosine -0.75
mg/Kg/min, (3) group 3 (n=10) : adenosine -1 mg/Kg/min. Result: Group 3 resulted in a
significantly rapid arrest time of the heart beat(p<0.05) but significantly slow recovery time
of the heart beat after reperfusion(p<0.05) compared to groups 1 and 2. Group 2 showed a
better percentage of recovery(p<0.05) in systolic aortic pressure, aortic overflow volume,
coronary flow volume, and cardiac output compared to groups 1 and 3. Group 1 showed a
a better percentage of recovery(p<0.05) in the heart rate compared to the others. In
biochemical study of drained reperfusates, CPK and lactic acid levels did not show significant
differences in all of the groups.
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Conclusion :

AF97)
1998;31:837-44

We concluded that group 2 [adenosine(0.75 mg/Kg/min) added to cardioplegia]

has better recovery effects after reperfusion in myocardial ischemia and is the most app-

ropriate dosage compared to group 1 and 3.

(Korean J Thorac Cardiovasc Surg 1998;31:837-44)
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min) ¥ 37( mgKgmin) 22 Vel 247k 1omkelH A¥
sled wlashgivt

A8e Langendorff +8EH ol KH 49 F8o] 37T
2 7heste] BHEAIIHAM 95% Abaet 5% ©l }I}%zt% F
Qsle] FHFole] A% E7} 400 mmHg o4, olAEEA

%57} 35~40 mmHgE AT 5 JEF 35ict Sprague-
Dawley 23]l Entobar® 1 mg/100 gm22 5734 T3]3}
u}#| 5t %o| Heparin 1 mg HEAHL E3to FUskH+h
AAFE Aefel sE3o) AFAFEE AWeto] AT
HE S0 A2Y Fo 4T KH Ao T2 AeflA
YEdn e 29 Adstn s AN Fol
k= HAWE ALy E s AAsG Fuld A

! o7
Fe ZA 28Ry AAste] uAgY £¥L 158 A
g o] YA £oz w158 £JA7 Fol dE

2352 24 408 4424 80 cmbiO
Fq3to) AHAE SEshgich old) 44
AA7kA) AR A 71E g, 434

Ao} Fq1 F Al 2l

3 AAE9) 255 3 15TE A3 ARBA F 0
B7F A8 3o 37C BHAE wAdy 3 2037
Aste] A EA7L Fo)

— 838 -




94
1998;31:837-44

Table 1. Percent recovery rate of heart rate after

reperfusion following 90 mlnute lschem|a

Group‘ Comll“‘ . il | .
(beats/min)

1 2703154 982%29% 98.8+2.5% 97.0+3.2%
2 2754%72 940%28% 92.2+29%° 92.4+3.1%°
3 2720%80 97.6+7.0% 84.5T86% 73.4+85%

' . control value just before ischemic arrest (mean*2SD)
: percent tecovery rate compared to control value (mean*2SD)
: p < 005 versus Group 2 and 3

@: p < 0.05 versus Group 3

AHCPK, lactic acidy® Al#slGch SAHH $X+&
A EAT “Hi%l"ﬂ gt W52 Ao v)us
Fol 7)%& #hg Foll Aol AMEE A
A A g -‘1"—01] %% (wet weight)y &

C oA 2447t AxN Fof FAs}o
27 31 o((1- A 5 2] X 100=%

%7%1%*—1% SASE 011%}0% ANOVA test® A3 3o
g.ow pte] 0.05 ol
22 ZF34

1) Aese

A 27 ARA AA EA d2ge FATHLE &
oz ot gtk 0¥ ARA F ¥FAYY £FE A
2 AQA £3o 7 upte] 108, 308 281 60 74
g A#e dxgtel i HEER dAs B 2 1T
L 982%, 988% T 97.0%{oH, 272 94.0%, 922% %
924% FoW 3L 97.6%, 84.5% X 734% A ABF F

1080 =A% JBFL AT Alolo] B4 FoAo]
gglodh, 3083 0¥l AT HEEL 1T 2TH 3T
of wls} 283 272 37 uls EATA R st =
$oH(p<0.05)(Table D).

2) £F| WSy

Al 2749 AR A4 ST d2ge FATHLE +
2Jg zpo)7} it 0FETH AAA F wjAGA €T A
A ZA9A 8o ulre 108, 308 2L 60Fed 54
g AR el A WEER s £ 2AH 1T

oft=alel B2k w2 MZESE

Table 2. Percent recovery rate of systolic aortic pressure
after reperfusion following 90-minute ischemia

1 1187267 83.1%21%° 808+22%° 79.1%2.1%°
2 1224160 904125%  884%24% 858%24%
3 1185%52  764+16%  61.7X40% 573%37%

: control value just before ischemic arrest (mean2SD)

: percent tecovery rate compared to control value (mean£2SD)
: p < 0.05 versus Group 1 and 3

@: p < 005 versus 3

i
2
*

Table 3. Percent recovery rate of aortic overflow volume
after reperfusion following 90-minute ischemia

Tl 472120 512%86%@ 503%93%@

484198%@
2 474%30 888+49%*  856E51%*  75.1E£3.6%*
3 493%18 31.7%78% 165%6.1% 3.0%1.4%

' . control value just before ischemic amrest (mean+2SD)
: percent recovery rate compared to control value (mean£2SD)
: p < 0.05 versus Group 1 and 3

@: p < 005 versus 3

< 83.1%, 80.8% 9 79.1% Qo 27 90.4%, 884% U
85.8% AL, 3FL 764%, 617% R 573%%A AMAF F 10
308 % 60T°ﬂ A% 279 3EEL 1% 37 3
Ego vl 22l 179 3EEL 379 A 5E v §
AtA o2 Fo8tA & rhp<0.05)(Table 2).

75.1% 9:11, 3i-f 317%, 16.5% 2L 3.0% A A#F F 10
2 308 9 0ol A% 279 3BEL 17 37 3
&l Hl%ﬁ a2 x 179 HEEL 3T JEE vlE F
2181 E9kTHp<0.05)(Table 3).
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Table 4. Percent recovery rate of coronary flow volume
after reperfusion followmg 90 minute ischemia

o
Hicdlel B2 w2 AZES50

Vcoﬁtfoil Percent recovery rateZ
Group g
+ Aoefminy 10 min 30 min 60 i
1 27%13 69.017.6%@ 67.3%74%@ 63.5-11.8%%#
2 23.1+2.1 91.0%£5.0%* 84.1£94%* 68.619.3%#
221718 543*4.9% 42414.0% 372%23%

: contro! value just before ischemic arrest (mean+2SD)
. percent tecovery rate compared to control value (mean*2SD)
* . p < 005 versus Group 1 and 3
@ : p < 005 versus Group 3
# : p < 005 versus Group 3

Table 5. Percent recovery rate of cardiac output after
reperfusion following 90-minute ischemia

Group  Control' Percent. recovery rate”
{cc/min) 10 min 30 min 60 min
1 69.6328  580%37%@ 569130%@ 544F2.6%@
2 70537  89.8+2.6%* 850%t3.0%* 73.1%3.6%*
3 714%16 389%44% 24.0%54% 129*1.0%

: control value just before ischemic arrest (mean*2SD)
: percent recovery rate compared to control value (mean¥2SD)
* . p < 0.05 versus Group 1 and 3
@ : p < 0.05 versus Group 3

2 69.0%, 67.3% L 63.5% Qow, 272 91.0%, 84.1% X
68.6% I, 3T 543%, 424% B 372% A ABF ¥
108 2 30% éo gt 279 JEEL 17 379 3EE
of vl 22| 179 FEEL 37 3EE B SAT

22 #9 3}711 E 3 h(p<0.05). 60%ell FAT HEELS 1
3} 27 Aol HEE T F 1Y FATA &
Qo] giglent 173 272 37 vl SATALE &
oJ8}A| 3 3keH(p<0.05)(Table 4).

l

1
3 AR dhxztel dF WEEZR sl & A 1T
L 580%, 569% 2 544% GoH, 27
i 7L 389%, 240% U 129% A AW{F F
10%, 3&% gl 60ﬂ~°ﬂ A% 2494 11%%3 HLFJr 3?31

ofm
-}
ok
.li
o

2 F3HA i2,%4(p<0.05)(Table 5).
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Table 6. Comparison of percentage of water content in
the heart, arrest and recovery time of heart beat, amount
of CPK and lactic acid in the drained reperfusates (mean
+23D)

Group 1 Group 2 Group 3

Water content(%) 848%15 86913 835*78
Arrest time (sec.)1 8.6+1.7* 72+1.2% 64T1.1
Recovery time (sec.)2 7 2.0119.3* 37.7%42*% 1905+49.4
CPK (U/L) 13124 03+05 1016
Lactic acid (mmol/L)  0.09+0.02 0.07£001 0.18%025

' arrest time of heart from infusion of cardioplegia

2 . recovery time of heart from infusion of reperfusate
* . p < 0.05 versus group 3

6) MAX O] FUA MK RLALY HAR =
ARl MutE 40l FHAIZ

AR A 9] F ARA} id EH 7hA 7= A7t
%, 722 o 64%E
v«ls}?ﬂ we] Al
Apolell= FAE A
>80z AW
3zo| 47 H

3ol 17z 27 w3l E?ﬂf‘%‘z—ii
AA7} deo] ok (p<0.05), 123 27
Fe] Aol ik 907t *‘Zﬁl F vz
FA Alapgo] Bohd A7k 179 27 ¥ 3
720%, 377% 2 1905%% 177 2204 37 88 4
Aoz Fospil] Alubge] we] Fol Hrh(p<0.05). 1Y
173 27 Alololle FAIEAQ] FoAo] AR tHTable 6).

2. 429 £RERY Y YK UA
Aze #EIFFFE 17, 27 % 3l A4 #HE

84.8%, 869% 2 83.5%% AT Atolol| FAFAHL 240
A ckTable V). A3tetd AAAR CPKE 13, 27 2 3¢
oA 27 HF 13 UL, 03 UL % 1.0 ULE AT Abelel
EAsA 7 FMo] U} Lactic acids 1T, 27 2 3
Fol A Z+zt B 009 mmol/L, 0.07 mmol/L % 0.18 mmol/L
2 AT Alolell EAIFAH g Foie] thTable 6).
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Aupisl = cpeksia|nt ol@ztx AEE AAE dAA
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ok oopelxeAl F4AE AL A2 f;—l A3 FEA7L Sledl Al
0 A2 289 LA vlmA AAE) LA gloy
A3 5879 ZHg71AE ofA7kA] AE3| FEEA ¢ g
o} 28 A3 47} 843 adenylate cyclased] EE&
AAA = AolA A2 849 287 A utdE = 2
42 Ul S5 gl AoltP T Al 44 A2AEY
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7 oblxAe Aze el ATALEYE Buisel A ATHL U $EF AVFRLA
2 JAAAE z2Roz oA ok ohdlxAle] A2RE Ea) ot AFE F2 A4AA 4o £
A7) obelAle] o] dhsto] oo} A glov, AAAY Sol T olslxAe) AR EF AelA
L opash gepbg A4ES AAARE AsAded 298 olfde] Bdgwe oxAErs
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