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Background | Among the various mechanisms of myocardial reperfusion injuries, neutrophil
is thought to be one of them. Endogenous coronary vasodilator adenosine is known to have
myocardial protective effect through variable pharmacologic action, influencing the function
of several cell types involved in the pathogenesis of myocardial reperfusion injury. This study
was designed to determine the beneficial effect of adenosine on the left ventricular function
during reperfusion and whether this effect is due to the adenosine on the role of neutrophil.

Methods : 27 open-chest cats were randomly divided into 3 groups. 6 cats received ischemic
injury without reperfusion(group 1). 21 cats were subjected to 60 minutes of proximal left
anterior descending coronary artery occlusion followed by a 60-minute reperfusion. 11 of 21
cats received intravenous adenosine(0.15mg/Kg/min) infusion starting 5 minutes before reperfu-
sion throughout the entire period(group 3). 10 cats reccived equal volume of saline instead
of adenosine(group 2).

Resuilts :

1) During the experimental period, significant decrease of heart rate, blood pressure, RPI,
negative dP/dT and increase of LVEDP were noted in group 2 and 3 with no difference between
the two groups. The reduction of positve dP/dT was more significant in group 2 at 30 and
60 minute of reperfusion than the preocclusion value(1404+ 111, 1631+ 161 vs 1832+ 169
mmHg/sec at baseline, p<{0.05). In contrast, positive dP/dT in group 3 at 30 and 60 minute
of reperfusion were similar to baseline values(1890+ 92, 2052+ 112 vs 2025+ 227mmHg/sec at
baseline, p==NS). These were significantly higher(p<{0.05) than untreated group 2.

2) Infarct size was significantly reduced in adenosine-treated group 3, when expressed as
a percentage of the area at risk(284+ 33% vs 44.5+32% of group 2. p<<0.05). The significant
increase in myeloperoxidase activity observed after reperfusion was not detected in adenosine-
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treated group 3.(0.184 0.05 vs 046+ 0.09 unit/100mg wet tissue weight, p<{0.05). A significant
correlation was present between infarct size(% of left ventricle) and myeloperoxidase activity(r=

072. p<001).

3) Light microscopic examination demonstrated the decreased acute interstitial and intravas-

cular inflammatory infiltration and capillary plugging together with decreased tendency of inci-

dence of contraction band necrosis in adenosine treated group 3.

Conclusion : These findings suggest that intravenous administration of adenosine during

the early reperfusion period significantly reduces infarct size, improving the early recovery

of global ventricular function. The probable cause is the effect of adenosine on neutrophil

as one of the various protective mechanisms of adenosine in feline heart model subjected

to coronary occlusion and reperfusion, 60 minutes each.

KEY WORDS : Intravenous Adenosine + Reperfusion injury.
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1. AExiE ¥ Zd|

AEFEL AT 2.2~4.5kge] AT 1%o] 27
utEl g o TERle]l AHEEHE T THFE keta-
mined A F kg 2mgS FHFAIY {231
dad et A F kgD Imge FAE FHFALsEA
FRAAH G vtHE ngole ALIEFFTY HE
el getdlE nREn VAHEAE YT F
W7 5mme] VEl#oR V=g R AT
% &7 (Harvard model 607 respirator) & A}-8-3}
o AYI7IE FAVTEEF S AN TN
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Fig. 1. Diagram of experimental procedure.
® : indicate the time of hemodynamic measu-
rements
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2.0/10X0.2+8.0/10X0.3+2.5/10X0.15+1.0/10 X 0.
25=2075%01Eh). o) F ZA| s WHE 2A
218tA el WalE #8798 10% neutral buffe-
red formalin®ll kil U A& d¥o] EFE my-
eloperoxidase &g 3 FA —70°CY deep
freezerol] A3}l

4) Myeloperoxidase &%

Bradley%zs)ﬂ} Mullane52000]] 2}l upH o 2 =
At =k rlestd g3 2oh

71 AE8F 4 AAZ2AL 05% hexadecylri-
methylammonium bromide(HTAB) & &3 pH
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Y3l homogenization A7l ¥ 30%%t sonication$
10,000g°l1 A1 3087+ HEeF 45N 0.1mlE 0.
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hydrogen peroxide(©]” Sigma Chemical Co. St.
Louis, USA) 7} %€ 2.9ml9] pH 62! 50mM pota-
ssium phosphate ¢34 3 & F £35H7|=2
460nmel| A 3023t o 2 283 A 30
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7= units(u)/100mg wet tissue weight24] A3}
fom, MPO9 T+ 25°Col A ¥ 1 mol2] pe-
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AR 9ol #Ae Romsons?V o) WYL Wy s}
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IFTY AFAHEE 20081 w-golA FHEX
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AutsdE A 1, 2 YR 2 AT 43
A ZA] Zhz B3 200+ 18, 187+ 7, 205+ 63 F o
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Table 1. The changes of hemodynamic variables during the experimental procedure

HR(beats/min) SBP(mmHg) RPP(HR X SBP/1000)
Tigi_o“p 1 2 3 1 2 3 1 2 3
Baseline  200+13 18717 205+6 16210 16711 17910 33.1+3.8 31.6£3.8 37.2£29
Occlusion
30 min 171+16 184+9 187+7 142+ 8 154+ 8 156+10 24.8+3.4 28.5+2.3 29727
60 min 180k15 175+8 1868 145t 9 156 6 159t 7 26.9+4.0 27.4t1.8 29.8+2.2
Reperfusion
30 min 16315 175+8 154+ 7 163t 8 25.0£1.3 28.6t1.8
60 min 164+6 17618 162+ 5 16510 26.8+1.8 29.4+26
LVEDP(mmHg) P-dP/dT(mmHg/sec) N-dP/dT(mmHg/sec)
A ) 3 1 2 3 1 2 3
Baseline 10.8£0.9 11.2£1.2 12.2+1.0 1755%1.7 1832169 2025+227 1544+149 1491135 1555212
Occlusion
30 min 14.7+1.3 12.2k1.1 15.2£1.5 1530£168 1645£71 1983200 1269t118 1447£109 1469155
60 min 15.1£2.3 13.8£2.6 16.4£2.0 1520+ 91 1530+ 91 1881+179 1188%£132 1289t 71 1310t 73
Reperfusion
30 min 19.5+4.5 15.4%29 1404111 1890+ 92%* 1195+ 34 1413+139
60 min 15.8+2.8 154322 1631161 2052+112%* 1404+116 15261160

HR : heart rate, SBP : systolic blood pressure, RPP :

rate-pressure product, LVEDP : left ventricular enddiastolic

pressure, P-dP/dT : positive dP/dT, N-dP/dT : negative dP/dT

*1, 2, 3 denote group
**p<{0.05 vs group 2

zlols #AY 5 QAT £E718L-S AFAFA
Al 2 dzd R AFFAAM 42 162+ 10, 167+
11, 179+ 10mmHg 1 &35 H ZF 308l 142
6, 154+ 8, 156+ 10mmHg, 60l 145+ 9, 156+
6, 159+ 7mmHg& A 7z} 71E X9 vl&) f2s1A
Zrstgen, AAF 3089 F£27] ¢ A 2
2Tl A 154+ TmmHgZ A £ 2] A (p<0.05 vs
167+ 1lmmHg) 7437t ABF 60Fl 163
+3mmHgZ 7IEA2 ¥t HIu28T
o] A EQ RPIE 7 79 7]FEX]7} 83.1+ 3.8, 31.6
+28, 37.2¢+ 2924 {4% 27t gRe A 2
gz 2 AdT AAF 308 Z 6082 RPIE
Z+7Z} 25.0+ 1.8, 28.6+1.8 E 28.6+1.8, 29.4+26
o2 A BF 71EA 0 B3 fo5A Ay o
zZk #3249 Aol (UG-

Aol T E g2 AP A 10.8+0.9, 11.
2+ 1.2, 12.2+ 1.0mmHgH 2™ A&AF 308 % 60
—‘%91 A 2 hETN A 19.5+ 4.5, 158+ 2.8mmHg=E

F 98 A (p<0.05, vs 11.2+ 1.2mmHg) 3713}

Aok APTFNME 154229, 154+ 2.2mmHgE
F7htg oy 1A% RS Aol #BY 5
AN oo (Table 1, Fig. 3), Al 2 2T FHolx

¢ 4 gk
Posiive dP/dTE 7I1EX7} A 1, 2 =27 ¥
AHFA A 1755+ 179, 1832+ 169, 2025+ 227

mmHg/secS{iofﬂ A 2 dzFAME ATF30E
609 ZHzb 1404+ 111, 1631+ 16lmmHg/secE
46}71) (p<0.05 vs 1832+ 169mmHg/sec) %
Aok 2 ¥ste ABF 08l HAZ FAFA

o7} 6080 3EHE AFL FFT £ AU
AP FNAE ADE 308 2L 60 1890+ 92,

2052+ 112mmHg2 A1 71& o] vla} {3 A
= ggos ABF 3027 60 A A 2 =T
ztoj & B TH(1404% 111 vs 1890+ 92mmHg, 1631
+161 vs 2052+ 112mmHg, p<<0.05).
Negative dP/dTE positive dP/dT$} Bl 523 1 3} 9]
AggS BPo(Table 1, Fig. 3), Al 2 =T
AP Tz FAHQA Aol #AFT & QAU
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Fig. 2. The changes of hemodynamic variables during
the experimental procedure.
HR : heart rate, SBP : systolic blood pressure,
RPP : rate-pressure product
Group 1 : received ischemic injury only as cont-
rol 1, Group 2 : ischemia+reperfusion as control
2. Group 3 : ischemia+ reperfusion+adenosine
as experimental group

2. Al2BMIAT|0 CHEt He(Table 2, Fig. 4)
AL o2 R 2 ARTNA FHAA digh
AFE 9 v]go] zHz}t 387+9.1%, 38.4+34%,
40.4+7.6% 24 FAZF zlolgle] vimd dA s
Atz o] PR g A arie g4
37.8+7.3%, 44.5+6.4%, 284+ 65% 2 A 1 of
Z9] 37.8% B vt A FIQ Al 2 2Tl A 4.
5%24 ABFE 6.72R8E AR A}
7t o BAA o4 i 4o
3 A7 g ol 7HE Lol = Bt
AT Mo Bo7t dxFol vl f9
3HA|(28.4% 6.5 vs 44.5+6.4%, p<0.05) 3 gkon
16% 9] #Aa3Es #38 + JUh

3. MyeloperoxidaseX|2| t3}(Fig. 5)

MyeloperoxidaseX| = A 1 tf& T A} 0.14£ 0.04
unit/100mg wet tissue weightd 2. ABFAH A&
g ) 2 tZFol M= 0.46+ 0.09unit/100mg wet tis-

T SE
&——-s Group 1
25 Q3 Group 2
»——a Group 3

LVEDP (mmHg)

4

P-dP/dT (mmHg/sec)
®
3
T

S 1700 -
: I
ié 1500} T T
£ 1300 L ,\/
o _|_ » N
g 11004 i
i i ! | |
Baseline 30 60(0) 80(30) 120(60) minutes
H t
QOcclusion Reperfusion

Fig. 3. The change of left ventricular indices during the
experimental procedure.
LVEDP : left ventricular enddiastolic pressure
P-dP/dT : positive dP/dT
N-dP/dT : negative dP/dT
*p<(0.05 vs group 2
**see Fig. 2 for the group

Table 2. Analysis of infarct size

Group AR/LV(%) AN/AR(%)
1 33.7+ 4.6 37.8%+3.6
2 3841 1.7 44.5+ 8.2
3 4041 3.8 28.4+ 3.3*

AR : area ar risk, LV ! left ventricle,
AN ! area of necrosis

Values are given as meant S.E.

*p<<0.05 vs group 2

sue weight24] 3|8 &47HS Be A 1 g2 F4)
8] 3t §-2] 34 A (p<0.05) E%koH, AP FAM =
0.18+0.05 unit2A] A 2 thz2Fo) vla] 2l
(p<0.05) Hsith

4. ZMeo| 37|12t myeloperoxidaseX|2t2| ZA|
(Fig. 6)

HAAW AR o FAuRe =79

myeloperoxidase] ¢] & ##A £ Fig. 73 29k}
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*p<0.05

AN/AR

Fig. 4. Effect of intravenous adenosine on the size of
area of necrosis(AN) expressed as a percentage
of area at risk(AR). AR as a percentage of total
left ventricle(LV) is also shown. Despite a greater
AR. AN was significantly reduced when expres-
sed as a percent of area at risk.

o
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(@]
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o
=

(@)

Group 2

Group 1 Group 3

Fig. 5. Myeloperoxidase(MPO) activity in unit/100mg
wet tissue weight in each groups.
*p<0.06

el A7)’ 4% myeloperoxidaseX 7} 7}
3 AMe] A7)9 myeloperoxidaseX]= EA

Hog §old FABAT AATHE=0.72, p<0.01).

5. ZX|H2|stX t5}(Table 3)

s5utE] ] A 2 diz2EF 7uiele] APTNA F
23 A FeEn A A A7 HEY 2579
AEREE +2 o] 4 97 Al 2 iz e
A oA BRAEIJOY dELAXE 74F 44
o At R AHp<0.05). EFH 3F 7Y %
FRAEE A 2 hzIAME A oollA +2 o]}
ojlRoyt dETdAe A dolA +1 oA
(p<0.05).

—~ 25 r=0.72
3 20 p<007
©
X 15
®
N 10 + Group 1(n=6)
5 s o Group 2(n=10)
5 ° aGroup 3(n=11)
£

0

0 02 04 06 08 1

MPO activity(unit/100mg wet tissue weight)

Fig. 6. Relationship between infarct size and units of
MPO activity in infarcted myocardium.

Table 3. Semiquantitative histological assessment by
light microscopy

Histological parameter CE‘:?; )2 G(r:f; )3
Hemorrhagic infarct
0—+1%* 5 7
+2—+3 0 0
Contraction band necrosis
0—+1 0 2
+2—+3 5
Neutrophil infiltration
Interstitial 0—+1 0 3%
+2—+3 5 4
Intravascular 0—+1 0 7
+2—+3 5 0
Patchness of infarct
0—+1 5 7
+2—+3 0 0

“p<<0.05 vs group 2 by Fisher’s exact test
**see text for grading score

AT A, FEAIAIY H = Table 334
AEgE HFor} {olgt

Zol A¥ToN He =
Hae BEHA G, 2N 2 B9
TEREE A3 #FHA dgon P -AAH
&2 Aol F7l WEAQA F £ KT
Aol #EE & UATh
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AdFagol HQFe ojv] B 484 2AE
7RI @A H o goh A AFA ATEE] A=t
HE ostd 4 Qe A1) Aded oA g Al
BFREGolet 3, ol A4S WG4
ol g olFYP4FNA dFo] A AH
FHAY B9y ddo] A4 JMEHE A5
A= vehdc

ATAERE, ALY JAE, 284S
A, FEREAY, 85 AT AA3E (postis-
chemic left ventricular dysfunction)9} @42o2 1}
il ABFEFS L 858 A, F leu-
kotriene B4, chemotactic factort} phorbol ester 5%
Wol o5 FASE TF T YA &L L
ASHEY S A oA ATP] 373 ol
A AAEE fedale o8 2Ashed 26D
53] 357 W EN AL, platelet-activating fac-
tor, o}t =4 thAMEE, AABAHER TS £
sto] S-S 23l o 7o E A8
A B fElibar]E Bakelg0]2(0y)
o] 712 Ta¥ &8 zUsHA HY old &A
3te] fFe|tA 7| AAEAAQ superoxide dismu-
tase(SOD) & AH8-3te] AJAFEFS AN F
Atis Bp293071 9ick et Engler%—f“)gl B
Aol ostd Aeit AEFEY o], £2AAL
Aol F % FAAND T AFWHL Aolg SOD
A o] ZHgA|7ko] gl Eoll A BFET FE
F271E AANZIHEE 7T vER 5
Ae AEdel g g 7IgEhy] ojH e
webA] AAE AR A g ZES WY 7e
oj¥tial . a¥EER B AP WHew
A —AAFA] GFgoz B2 F e 5F
7o AT &S FaAHoEAN 55T 4
2EA7AE st AAFELE £Y FUL
Aok & & YA TFFLLFYR 353
of thgh drdatiga] ARA2Y, o|RZgw 52
o] SFEAMRA]l AEEAe] ZAdEYE EiEL
olo] W& <Az et

olgigt 71HE 7HA FEFY EA H
oteliAle] HE-ANBFA ATEEA B
g #alol FobAlL Utk ot A
WAE ATPrhAREEZ 24 o] g 28o=
SN 2 AR aTRE Jepdiey

ofdet A A | Eo AFFREFE T
Ao 8F 2 ARTFEV) FHEl ol Ey)
A8 5o Bila ATRIEERE YeE
35T &5 2 F&7]¢ ALt GlEHaEL
2 Fatsl ol 2o WYY, 55T} AU
TAZ SHAA0 P FUALE A AJA
AEALEE ZAANIIL ZHEEHS G5 OF
g oFe]Ftgo] Hugo] glon, ol rjHdew
HE-AARELE F2NE F b 2538 F
Atk

HY-ANAFALES A el QoA It
o2 9% Axe AFAANY FEIF ABFE
& BES7 A 24 WA 7247 o]Fe] B
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A7 Je=Rez Hol olgd A 3FTY
AZAEF7IE A3 A &3 sy ofdl
e olgjg Ao JHoR ded] AuF
93 FFAYFFo| FrHEnte] ofEt A2z
W 2379 g3 SOV AES I o2H
ATFA % £48 FaA7] Rolzt Aztdrt
ol AT A A E A BFAIZA A T3 7]
& o] AL ofdi=Ale HIAHEGEE AP
FEA O agglAez Add & Uk

ol Alel AFE g thE AT AR5
o3 HAHHAAZFHA ot Ale] FHFEAR
T 18% WA 20%3%, YFAE & 27
AE 16%9 ATANRL2a9E B F ARy
HATANE JPFAG 45 31% 82 AHE
Basgded ol FoAR g zteold Aol
g FAEE ABFAILIG AR g
apolz nE ol Aot

2 Ao AdHdez A AW IHIY
W3lE ZAskA] @7 Wl ofsl:=Alo] og
AW EFasgiel digh ol mAe A=t
2HAHA FA EA A5G =Tl 3F
TFol Zgstel AN 271g FAde BRIV
A7l wEe] BEApoNe EE TolA #EY
AR AARE =IRNE Ao ER et
Qe Gk isiMEe #dsty] YEH 53 o}
iy gesielel F3zgd difde F4
A7 dart Jedztn A4d AR ¥
— A BFAIZEO] BT R0l FE3] ABFEY
o] A& votstx %3 Holgtn & F AAch

AnHo g B AFE 60% 3E, 608 AAEF
A7 gFol el A otdlieilE 9 0.15mg/Kg
o2 ABVFHARE 602 AWEAToZA
osty 27 Waglo] 16% Y= HAITAMRE
el 2718 74T F AN A27F0] ABFF
3lHE 4E AT & AU ® AT
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4 1}

obeliedl FHAl YA FHAF Ak, 5
%71 R o]/ sk Aol LI E 4T RPI(rate-
pressure product index)© Al 2 WEFZ AIF
Abolell frejgt ol #EAE 5 UJUTH

AAFHo g AN Z7le o=
g3 APFlM A 2 YETo HE #9
Z2E BEY & YATH28.41 3.3 vs 44.5+3.2%
p<0.05). MyeloperoxidaseX|= 3¥Y &4
We Al ERTEY ABFT Al 2 HEDAA
A8 =94219(0.46+0.09 vs 0.14%0.04 unit/
100 mg wet tissue weight, p<{0.05), ATFAH
obt Al & T3t AP FNAE EAT H28Y
< 2 vH0.18£ 0.05 vs 0.46% 0.09 unit/100 mg ts-
sue weight, p<{0.05). 71831l myeloperoxidaseX] 2}
FHAA ] A i AR 2719
' 9% ABBAE BP(=072, p<0.01).
ZAgHo 2 3F7 ATHE € A 84
Aee APTAA FstA Fastden 23+
U FEAAY] AEE obdliAlS AHEE AEE
A ZFolE ATl HAoY {3 Aole 1
At Q8 d AxF HSFF7159 AEL po-
sitive dP/dTX] &= AP Tl E ABFH 308, 608
71EA0 vla] ASFEHY FAT A7 U™}
© ) (1890+ 92, 2052+ 112 vs 2025+ 227mmHg/sec,
p=NS), Al 2 2Tl E 71EA] Hs) A%
A ZAE4E JebN A (1404£ 111, 1631% 161
vs 18321 169mmHg/sec, p<0.05), ATHF 30%0l
HA 2 skt

4 8:

obli=Al g AARAH FAFAFo 2N 4T
AR ANE AN F UL ASFF
Zo] ATAFF A= AL HAE + ANeH,
ole ot tfd F&FT 5T 4
SAF] AAaFHr 2 V1A dF2ta AdEn

(o
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