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=Abstract=
Protective Effects of Adenosine-enriched Cardioplegic
Solution in Ischemic Myocardium

Ho Cheol Lee, M.D.*, Tae Eun Jung M.D.* Dong Hyun Lee, M.D.%, Jung Cheul Lee, M.D.*,
Sung Sae Han, M.D.*, Kyu Tae Kim, M.D.**, Kwang Youn Lee, M.D.**, Oh Cheul Kwoun, M.D.*™

Ischemic myocardial damage is inevitable to cardiac surgery. Myocardial damage after initiation of
reperfusion through the coronary arteries is one of the most important determinants of a successful
surgery. Adenosine is a potent vasodilator, and is also known to induce rapid cardioplegic arrest by its
property of antagonizing cardiac calcium channels and activating the potassium channel. Thus, we
initiated this study with adenosine to improve postischemic recovery in the isolated rat heart. We tested
the hypothesis that adenosine could be more effective than potassium in inducing rapid cardiac arrest and
enhancing postischemic hemodynamic recovery. Isolated rat hearts, connected to the Langendorff
appratus, were perfused with Krebs-Henseleit buffer and all hearts were subjected to arrest for 60
minutes. Three groups of hearts were studied according to the composition of cardioplegic solutions:
Group A (n=10), adenosine 10mmol/L+potassium free modified St. Thomas cardioplegia : Group B
(n=10), adenosine 400mol/L+St. Thomas cardioplegia: Group C(control,n=10), St. Thomas
cardioplegia. Adenosine-treated groups (group A & B) resulted in more rapid cardiac arrest than control
group (C) (p<0.01). There was greater improvement in recovery of coronary blood flow at 20 and 30
minutes of reperfusion in group A and at 20 minutes in group B when compared with control group (p<
0.01). Recovery of systolic blood pressure at 10 minutes after reperfusion in group A and B was
significantly superior to that in group C(p<0.01). Recovery of dp/dt at 10 minute after reperfusion in
group A was also significantly superior to group C (p<0.05). Group A and B showed better recovery
rates than control group in aortic blood flow, cardiac output, and heart rate, but there were no statistical
differences. CPK levels of coronary flow in group A were significantly low (p<0.01). We concluded that
adenosine-enriched cardioplegic solutions have better effects on rapid cardiac arrest and postischemic
recovery when compared with potassium cardioplegia.

(Korean J Thorac Cardiovasc Surg 1996 ;29 :199-207)
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mol/L) & H7Igk A=Y, 2e|x Z4ES wiAIF St
Thomas A1 A AN o)} 7% %2] adenosine (10mmol/L) & #
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Table 1.
cardioplegic solution

Composition of the modified St Thomas Hospital

Component Concentration (mmol/L)
Sodium chloride 110.0
Potassium chloride 16.0
Calcium chloride 1.2
Sodium bicarbonate 10.0
pH 7.8
Osmolarity (mOsmol/kg H:0) 324.0

o}7] slo) ¥ A5 A s)sich

ATRE W Wy
1. A2 =2

Adenosine< Sigma4} (St. Louis, MO, USAA|3E-28- A4
9l 2, St. Thomas A]Z =] (Table 1) 2 Krebs-Henseleit
(KH) 8542 Sigmartol} ] it 0.2 A 2315t}

2 Aol A= 350~450gme] Sprague-DawleyA] 31
5 AHREE AL, o] Foll ARE-RF Al Ao o] Fell uhe} St
Thomas A A 2| Aol A ZFS wjAllslZ 7552 aden-
osine (10 mmol/L) & H7FeF A1 A 2|4 -& AH-qF (AT,
755 F85t33)s St Thomas Al Az el Ao
adenosine (400 mol/L) & H7}3F A1 A x| o & A}&3F (B
), 22]3 hE2TLZ adenosine®] H7FE AL 7]
Z2] St. ThomasAl 4 2] - AF8-gF F(CTH) 9 3722
‘o] 2bzb 10vhe] ) AlE S shol). o] Sl Al R A slRl
1001U/100gmE 57} F2tslar, 308 F A5F=EF Al
A —-7"*] ¥ =‘ﬂ 1¥ A& HEsle] ek 4T KH &
T 2A& Al AL gl A

- Langendorff #Fx]o]] o343}
3L, AlAre] w=ke] A
Alubol| AbRF-S- B}, wEwWo] A
7}1% 7+ F F3hg Aol AAF ) o)uf A8-gF FFY

2 pH 7.42] KH gt5) 2 2 4], FA1-& Nacl 118 mmol/L,
K¢l 4.7 mmol/L, Cacl: 2.5 mmol/L, KH:POs 1.2mmol/L,
MgSO: 1.2mmol/L, NaHCO: 25mmol/L, 212 3L D-glucose
llmmol/L v}, #FHe) &5 37CE FA8hd T 95
% 022} 5% CO29| E7}25 A A AL4-31g] o,
A AL o] FH o 7}Fo] LE/AE 3t} 15841 vl =)

04 80cmH:0 ] o2 = BB T
A z‘sww% <t 3
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Fig. 1. Protocol of the experiment. Hemodynamic measure-
ments consist of heart rate, coronary and aortic blood flow, car-
diac output, systolic blood pressure, and dp/dt. They were meas-
ured at the Smin prior to initial administration of cardioplegia as
a base level and at the 1, 10, 20, and 30 min of working period
after reperfusion.

Table 2. Percent recovery of heart rate

Group Pre-arrest Percent recovery

(rate/min) Reperfusion

1 min 10 min 20 min

A 275%17 920+£84 989+44 99.6+87 96.0x89
B 265£20 909+£93 97.0+56 99.2+23 100447
C 276 +£27 938+54 946+56 949+52 920+ 6.8

30 min

A g Sl 2hsiA AFEA]A A ohA] 1SEZL f2
g ¥ deidms iP ’rﬁ} 50cmH:02] gt o2 2
Zell AAA 4T o AAAAS Flste] AHAE #
ARk oluf A154-& 4C Aol ©hPoiA] A4
5 #FAstA o, 30%0] A3 F oA A AN E 73
o] 3087k Al A& A Fch o) W) AT A E TFERE
] adenosineol] 3t Al ake} F-21-8-5 wkR18}7] A 4]
Aol Bo] & 2o KH £ 4gkS BALEHo) 25
AA MeFodct. F oF 141719 AA A F KH 8345
o] &3t #FE MAMAIA 1583 vidAd AhE2 A
7%, ohAl A o2 A3 A 3087 BEE AFHEk
#A F AFE FH A (Fig 1.
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Fig. 2. Percent recovery of coronary blood flow.

Table 3. Percent recovery of coronary blood flow

Group Pre-arrest Percent recovery

(ml/min) Reperfusion

1 min 10 min 20 min 30 min

A 17.6+£29 83077 864+9.5 83.0£103* 73.3+£7.3*
B 153+21 87.61+6.2 90.8+11.487.6+14.5* 81.0 £ 14.6
C 162+£23796+109802+98 778142698 £11.9

*

:p<0.01 versus group C.

o] x| gl 3 E-&5 F3le] A& | awslsdct Al A
Al A A A 9] F A AA A} dold
o) 74A 9] A|7bE EHA kel AL, Ak, E7)FH Y 1Y
I dp/dte] &4 -5 $]#1 4+ Narco BiosystemA}2] physiog-
raph(model : MK IV-P)& o] &3} Ant5& 7|53l
ok PAFE W T o] PEaRe |2 EQ)l AT gl
HEDE B3] M EEE FFAE Rolx] 4 FA3)
A3, AetEse ey 2 tH o] JFFS st
of Fatodct. CPKA| dA] A7 5 2hgAdetEe] 1E,
108, 203, 28] 32 308 ool 187k FAE FHd S
HHste] FAsA) g SESE AEE

F2] wet A FAE FHT F, o]RAE 100C 22
24 A7Hser A=EA7 kg F ]-g— 27 3}o] (wet weight-
dry weight)/dry weight<] W82 ehygic).

4 @D 2N

ZF7719) vl ANOVA test & A F Scheffe test &
o] &3led A, BT CZ (N ET)] FAI3A fX4& 3
2 3k et
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Table 4. Percent recovery of aortic blood flow

Group Pre-arrest Percent recovery

(ml/min) Reperfusion

1 min 10 min 20-min

A 223+38771.7+£11.783.0+13.180.7+13.969.5+ 9.3
B 19.6+3.61689+11.678.1+13.681.6 157719155
C 194 +560608 +17.470.6 +20.068.0 = 23.1 59.8 +23.8

30 min

Table 5. Percent recovery of cardiac output

Group Pre-arrest
{ml/min)

Percent recovery

Reperfusion
1 min 10 min 20 min

A 399+57754%x 81845+ 7681.0+£12971.2x 83
B 349+£39 77.1£14.183.7x 98842+13.0759+12.6
C 355+£5769.6+13.0752+£13.172.7£17.664.5+175

30 min

= =}

1. AMR| S0f $ AFX|IXI| AlZH

) 2 (CHNA 104 + 4.3:29) vjA 7] X|7te] A
goutd AFL 42+ 1223 713 ke, BES 7.1 £ 2.0
Z7} Al A adenosine T (AT 2 B) o] th F7o) vls)
A AAA g zre] gotcl A BT 2T Alo)dl=
A ]l f2Ad o] it (p<0.01).

2 MYES

AutEo) 3B AFA A BF 2059 99.6%, BF

ol A& 30%w 100.3 %, )31 o 2T A= 2089 949
%2 3 3888 el o}, adenosine-e] o) £
vl A B =L Fghovt A o= gl
(Table 2).

BAES BFFS A T ADF 108 o 7 =2
355 R o] Folle AR} ot A S Byt
ATNME AF{F 205 9} 307w, BLolA= AdF

2080 2] 3 E-&o] 2Tl vlal A feJstA F3hcHp<
0.01) (Table 3 ¥ Fig. 2).
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Table 6. Percent recovery of systolic blood pressure

Group Pre-arrest Percent recovery

(m!/min) Reperfusion

1 min 10 min 20 min

A 83533 81987 867+60*855+110795+84
B 864+64 82.6+51 90.7+46%89.5+ 4.8 83.7+£6.0
C 87.1%67 77.0+42 828+6.0 816+ 77 759 +5.5

30 -min

* :p<0.01 versus group C.

(%)
100
N
90 -
3
80 t
]
70 -
—— Group A
—— Group B *
80 —e Group C p<0.01 vs. group C
5¢ + ¢ 4
1 10 20 30
Prearrest Reperfusion (min)

Fig. 3. Percent recovery of systolic blood pressure.

83 %<} 71 % 28]l BFell A= 2080 82%9] & 3 3] &
&5 Hetd o). AdenosineTo] of 2ol visiA] 3E A
=7 2ot 7t 7 2k f-21 3 Aol Uit} (Table 4).

ubgak

|20

5.

ik

ol AR ADF 108w 212} 84%, 84% 18I 75
%4 7} A o AlubZaks|Hg8 WMol ot 7t - Tl
2J3} zlol= gl T (Table 5).

6. +57|Ser

A el AR N BF 108w 2Hz} 86.7 %, 90.7% 1)
I 82.8%° 7 ¥ 3 EES Holow o] F Ae )
N EE Fodls %S Beow, AT Bie] A
TF 1080 Tl wialA folstAl Ekh(p<0.01)
(Table 6 ¥ Fig. 3).

7. dp/dt
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Table 7. Percent ecovery of dp/dt

Group Pre-arrest Percent recovery

(ml{min) Reperfusion

1 min 10 min 20 min

A 1,880 +25676.0 +19.4 922 + 20.4* 88.3 + 20.4 84.4 + 18.5
B 1935+27371.4+10.888.8 105802+ 11.1840%112
C l908i269670+75 751+149795+210734+104

30 min

* :p<0.05 versus group C.

Table 8. Changes of CPK during reperfusion (IU/L)

Reperfusion
G -
roup t min {0min  20min 30 min
A 79+34 58+28 59+28 56437
B 70422 63422 62+27  69+39
c BT+16  92+22 9324 10826

* :p<0.01 versus group C.

Table 9. Percentage of water content after reperfusion

Group Wet (gm) Dry(gm)  Water Content
A 1.29 £ 0.18 0.20 £ 0.027 84.5%
B 1.48 + 0.2t 0.21 £ 0.03 85.8%
C 1.52 £0.18 0.20 = 0.03 86.8%

£ dp/dtis AT A AR 1089 92.2%2] 71 52 3
B3 vehfol o BEE CTel A& 2089 22 89.2 %9}
79.5%2] 1 3]E-§-& el g} adenosine To] B X
Fo] vl A] Aubg o g o 5 B8 el o} AT
0E AR BARE 2 Fol@ Fol7h AeHp<O.
05) (Table 7 ¥ Fig. 4).

8. A ¥ FS02| CPKX| Bi3}

ATNA ADF 102, 208, 3080 272 v|dle] §
9)3}A] dgked (p<0.01), AAAHoz thzFe CPKA
7} ok T Tl vl A] ok A 23 = gloH(Table 8 2
Fig. 4).

o] £EFFFE AT
84.5%, Bio] 85.8% 18]2 tHxTo] 86.8% 2 2zt 7 %
o 213 #o]7} 219 (Table 9).

o]%H 9
Adenosine® B8t AlXX|e) A2RE

(%)
100
95 +
90 T
85 +
80 +
75 1
70 +
65 +

|
60 1 * p<0.05 vs. group C .
55 + i
50 + + + —— |
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Prearrest Reperfusion (min)

Fig. 4. Percent recovery of dp/dt
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* p<0.01 vs. group C
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Fig. 5. Changes of CPK during reperfusion.

1] &

A FEAl AAAZE o|FAARAH A2 HYALH
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V= Al o] pdafof] ATPS) B]ZFo] 4T =3 ATP
A o] Mlxle] 229 ATPX|7} 73] ZashA =,
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& ol A whx] 4.2% R 7.5%2] wE AR A7} fEE] o,
adenosined 7FstA] & 71&¢] St. Thomas 4] #| Y
& 283 7 B} 84 Y3l e, o) adenosine?)
g3} wjalsle] ZFe] FHAo] Frhste] AWt Fwt
Aol 2R HETS FUFoIN AR FF AS
3} (action potential) g 3alated WA M E Achg fist
0 2 49le) HslE QlEte] ATFE SR AN 3
Z3b7] woleba ored A 9lch. T2 AL adenosine 4%
o wjeste] AFo Al EUERE FAA|F7] Wi 2
e AbgA] AR A 75 F2AE ey A e
Al AdF Fod = AE Al peko] wbagE = gl
upebA] 315 AlA Kool #F Foll & adenosineo] EF
5% ope ol o2 Moz o] fe] ¥ H2g =i}
by sl w2 A1A A fuke Al 9] o)A BEs 4
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adenosine A1 A 2|4 2] 35 7Fzstgdow, A e A
4583 9= ALY 2B F AR AN EE HF
B8 AAstdnt &, AA, 18 AFAFL AL
A7) A &) 234 A& BA, v 2FL 3
B Eqb ATPAE 334241713 AR, AA A7t A A 2
2 Hohe A o] A 242 Q) ATPS) L} wgs)
27 o]l E4 MY AFTHIEE A FIoha sdl
o}V zel3 ZEF} adenosine®] EEA], ABAE vl
wpgr o} dodstAal 8- A=A ke, olFE
5o Ko os)a] A Eute] ©¥-F(depolarization)

= w9, adenosineo °)#)4l= IS (hyperpolariza-
tion)o] 7] wj ¥ 7Zojatil F23bH A adenosine ©H=
2ol7} 248} r]S by akedck?. ¥4, adenosine?]
2017} A e 2] Al Aol A ATPO] 33 & wh=) s}, A
TEA = ATP A S 7T /M E e 48 A
st} Takeo S & AAbA Adele] E7] AlAbo| A aden-
osined £olgk AT ATPS} creatine phosphatex]7} 7}
ek sh9d 3, Wyatt 5 & adenosineo] 7} AA
2| NG AbE3te] HHAJF) Foll = ATPS B.Eo] A 5]
om, ol ¥ Eqr ATPS Eai7l AR Ane}x 544
t}. Adenosine®] ATP2} ¢} 3}th A} (catabolism)E 7224 7)
L 7% ARFEAY 28 AR Ak {2l 7] (oxy-
gen free-radicale] P48 oJAsh= Exte JA =Hedl,
7 7ere A3l $-8]7] (superoxide free-radical)?} ATP
9] tjAE4l hypoxanthineo] xanthine oxidases] ]3]
xanthine 22 33l A& oA K= 7] of Folr}'™ 1
wb2bA] adenosine2 ATPO] 3|2 wbx|gF o224 oA
A BEE W o 4BF £ FoP Ad 8
ARG A st A% 7 Zolel. zevt ATPA] 9
$-2)7} adenosineo)) 2] 844 3] &Fot ATPS] 537} 7ha
5] Azpe) A AFF F ATP] 3| ¥o] Fa18 HpelA]d
a4 =ate] gli=d), Bolling ¥'M& 33 Fo ATP
7h el & adenosine®] AIE gldom ANFF wfel
adenosine ol 2] o whE ATP 3| Ho] # =g}
shoich. ATP 2 ATP Q753 o] o) 3ol b= Al o) 318
Zot A& oz APl o] Ay AFAF w 7] A (sub-
strate)®] 2202 ATPY] A Aol S F7] Wi 7]
Q) adenosine®] T2 7159 HHA & AAE F 7
glt}h. W& A FR}Eo]* " adenosinee]+} hypoxanthine )
2Fe ATP Aol vh-$ §Fs}cial B sl 93, Reib-
el7} Rovettot= ¥F5=3) adenosine BHS FF3ted A& o7
o) adenosine deaminase (ADA)o)] 28} 4] inosine > 2 4 A
2aio) ATP AL FHAAZIA 23h7) wjiell aden-
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osine?] o]t ALE ubR|slE EAE o] FF3) o) T}
a2 &t

T2hx] WelAd adenosines 571X 2 o2 adenosine
deaminase inhibitorg! erythro-9-(2-hydroxy-3-nonyl) aden-
ine hydrochloride (EHNA)&E A& Foisl= 75 33
=3 glc} Silverman 57 & 602 7}e] 3 & Fol aden-
osine &5 A&7 % EHNA%LY] E4-7 EFl4 S
de7l7] el ATP=| ¢} vl5=38}A f-Al=ldka oot
&4, ATPY 24 Foix A& H 2t o]7le] Al £}
S E3931R] £, Al X7tell 9l ATPase of 98] 1}
S=)7] W E3hd o] £k shale.

& Ayl A7 3EA T= adenosine To] #
F AAAYE AR 2T B drg e g 9493l

2.5, St. Thomas A Aol 4 ZFL WAL TEE

2] adenosine (10mmol/L)& 3713 AA 2 -& A48 7
F ZFS #5352 glE St. Thomas AR Aol AEw
2] adenosine (400mol/L) 7} AFo]ell&= ¥ zlol7} ¢l
o}, BAFY AFeFe] 3 B8-S adenosinedol| A o] & -
3t v, o]+ adenosineo] 7} F AT A A%
< 7, 79 A5x4 715E 7R w2 o
-5 317] A 2 Zol2ki oAz} AdenosineS Al Aol
AbAe] Fgol FE5& W A2 A EZE e felso] Ak
T Age AL BFHRE T 22X AT
B33 QS 71A)7] diel o] 3 HY "JE}M]
A wllg Afoletal & 4 ok APF S0 § 2
24 Yept no-reflow #AP" 2 #8315 337 9
g g3 e} oA 2] &4, Aiaatee] W
A ZAA EolE = B3rFA o] d3F Gol sl #
el v faEd e dFaFe] Azl o)W adenosine
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