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Abstract

Adenosine 5’-triphospate (ATP) was compared with adenosine and papaverine for the measurement of
coronary flow reserve in 12 anesthetized dogs.

Intracoronary bolus injection of ATP(1ml, 1-500 #M)produced a dose dependent increase in the
blood flow of the left anterior descending artery, which attained the plateau at the dose of 100 M. The
ratio of peak to resting coronary flow volume (coronary flow reserve) with 100 M of ATP(3.5 % 0.5) was
similar to that with 200 #M of adenosine (4.0 % 0.7)and SOmM of papaverine (3.7 % 0.8) . Hemodynamic
variables did not change after administration of each drug, except left ventricular regional wall motion
abnormality during papaverine injection. The coronary flow reserve as measured after intracoronary ATP
administration (100 zM) decreased as the grade of stenosis of the left anterior descending artery pro-
gressed. In addition, the flow reserve was similar to that of adenosine or papaverine administration at each
stenosis grade. Intravenous administration of ATP (1,000 g/ min)caused a similar increase in coronary
blood flow as intracoronary ATP injection (100 M) . However, premedication with 8-phenyltheophylline,
an adenosine receptor blocker, significantly suppressed the coronary dilatory effect of intravenous ATP
and intracoronary adenosine but not the effect of intracoronary ATP.

These results indicate that intracoronary ATP is useful for measuring coronary flow reserve and that its
coronary dilatory effect is not mediated by metabolysis to adenosine.

J Cardiol 1998; 32(1): 1-8

Key Words
Adenosine, Coronary circulation (coronary flow reserve), Vasodilator agents,
Adenosine 5'-triphosphate (ATP), Adenosine, Papaverine, 8-phenyltheophylline
L & i IRIRZE DOBEERIIRIE L LTHWORA TV, 20

sHALCIE, fEkIZEIC OINY) L OEEIRAZ S HH
S I F 4 6k (coronary flow reserve: CFR) X, &) WHNRT X725, ZOFERLEREDQTER R

FERRFSLERI A SENE: T 602-8566 FART LI XA RHTE ) I/ EVHRH-ET 465

The Second Department of Internal Medicine, Kyoto Prefectural University of Medicine, Kyoto

Address for reprints: AZUMA A, MD, The Second Department of Internal Medicine, Kyoto Prefectural University of Medicine, Kajii-
machi 465, Kawaramachi, Kamigyo-ku, Kyoto 602—8566

Manuscript received October 20, 1997 ; revised February 17 and May 28, 1998 ; accepted May 29, 1998



2 WEH-IUHE-X Ep

CEELZLEUREREFRET 249 120, BkTI
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Selected abbreviations and acronyms

ATP = adenosine 5’-triphosphate

8PT = 8-phenyltheophylline
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Fig. 1 Dose-dependent response of coronary flow volume (CFV)to intracoronary adenosine 5’-triphosphate
(ATP)and adenosine administration (n=12) (left), and to intracoronary papaverine injection
(50mM) (right)

Increase of mean CFV plateau with 100 M of ATP, and 200 M of adenosine. Maximal vasodilatory
effects were similar for the three drugs.
Values are mean = SEM.
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Fig.2 Aortic pressure and coronary flow measured in a dog
CFV augmented stepwise and coronary dilatory effect was prolonged as ATP concentration increased. High
dose ATP reduced aortic pressure slightly.
Abbreviation as in Fig. 1.

Table 1 Maximal response of coronary flow to ATP,

L S adenosine and papaverine (n=12)
1. ATP, 757/ >, ISR > ORBEHRAERS ATP Adenosine Papaverine
C & BRMEROTL (100pM)  (200M) (50 mM)
ATPE 75 3 v ORFEIRANZESICL Y, BEIMHE CFR 3.5+0.5 4.0%0.7 3.7%+0.8

Tmax (sec) 16.8+2.9 16.3+2.7 23.0£4.0**, ##

RIZATPTI100 pM 3T, 77/ ¥ ¥ TiX200 1M Tiso (sec) 774%11.8  60.8+89  121.2416.4**, #*

THERFHEICHE , TOREILEMERZ
2 CH R j(}/ : % Tig i _E i **p<0.01 vs ATP; ##p<0.01 vs adenosine.
PIREEL L ENB/INY ¥ S0mM EAHFTSH - CFR=coronary flow reserve; Tmax=time from injection to

7> (Figs. 1,2). maximal flow volume; Ti20=time from injection to return of
. P . . flow volume within 120% of baseline.
MFHEIATT S b — 23T % ATP(100 M) & 7 F Y
J (200 uM) DFETIE, HGPOHRARMEE RS

J Cardiol 1998; 32: 1-8



4 AE - E-E 32

Table 2 Effects of drugs on hemodynamic parameters (n=12)

Control ATP Adenosine Papaverine
(100 M) (200 «M) (50 mM)
Heart rate (beat/min) 14024 139+26 143£28 134127
Left ventricular peak systolic pressure (mmHg) 106+18 106+18 108+14 10515
Left ventricular end-diastolic pressure (mmHg) 6.0+3.6 7.5+4.4 9.7+3.3 8.7t4.4
LV dP/dt max (mmHg/sec) 2,758 £579 2,470£733 2,682+924 2,557£819
LV dP/dt min (mmHg/sec) —1,907+505 —1,636+444 —1,721£643 —1,487£325*
Mean aortic pressure (mmHg) 83+18 82+19 83+18 79+16
LV dP/dt="first derivative of left ventricular pressure.
*p<0.05 vs control (paired r-test).
Control Adenosine Papaverine
200
LVP {
(mmHg)
oL
L |
(mmHg/sec)
-1000
Segment T
length
(mm) oL ’/J\/ //\/ /\_/ fJ\/\.,

Fig.3 Hemodynamic parameters measured in a dog

1sec

Intracoronary papaverine caused an increase of peak negative dP/dt and abnormality of wall motion. ATP
and adenosine caused no significant changes in any parameters.
ECG = electrocardiogram ; LVP = left ventricular pressure . Other abbreviation as in Table 2.

ECTOREM (Tow) &, HEDPOBRKEEZRCHIED
120% (2 E TET 5 Rl (Tio) 12, TEHIH TI2IZFAE
THH, WTRINRNNRIRY VI D SFEECE» o2
(Table 1). ZOMO.LHEE, KBIRE, EZEIEER
HEREELELERE R ozhs, 71N Vs
BED BRI EE DO R/NEM dP/ dt ASHEN (X E 13 R A)
L7:(Table 2, Fig.3). ¥/, HEHDOFKESIZLYH
5 2% DEREIIRD 22 o 7205, EERBEDRR
BEEEI, ATP, 77/ ¥ V&5 TIEIELET,
Y TEROAELL 72 (Fig. 3).
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2. BBEROPRIE(ERLRF DB M FihHE
BRI B RE AR 28 % VR L 7D S EHIFH 51 &
D EHAl S MBI FREEIE, Wb RBEDESTIC

X YIET L7 (Fig. 4). ATP(100 M) EBIIRAFR5-12
L EHI L @ IR AR REME L, 77/ ¥ (200 M)
LB ZENEDHIZYy=0.86x+0.22(r=0.97, p<
0.0001), 7¥/%XY ¥ (50mM)IZ & B ENEDEIZy=
0.88x +0.26(r=0.94, p<0.0001) DA ZRL 7.

3. ATPRBHRAKRS E RMBHRABRSOEE &
SPT DR
ATP R EIRMNE 512 & 5 5E M ik & 8 Ve I,
500 xg/min TIZI27 T b —IZ&L (Fig. 5), # DA
(FE ML F R e fE = 3.0 £ 0.6) X A — B4 T D ATP 100
M EBIRNIRE DF R (GE M FHEEHE=3.120.6)
LFA%TH o7 (Fig. 6). F72, ATP RHEIRAZS
WX VEZE, KBIREZASHIVETL, HISOHE
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Regression line of coronary flow reserve as determined by different drugs

Coronary flow reserve measured by intracoronary ATP administration was closely correlated with those
measured by adenosine or papaverine administration at each stenosis grade.
PG = pressure gradient. Other abbreviation as in Fig. 1.

p<0.005

Fig.5 Responses to intravenous infusion of
ATP before (open circle) and after
(closed circle) administration of 8-
phenyltheophylline (8PT) (n=7)
Intravenous infusion of ATP induced a
marked increase in mean CFV before
8PT administration (control), but only
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il L 7 (Figs. 5, 6).
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a slight increase after 8PT treatment.
Values are mean + SEM.
Abbreviation as in Fig. 1.

( pg / min)

ZFD—F/T, 7R Y OBERAE S, LERE
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Christensen 5"V [Z X VERICHE SR TEB Y, LER
EDQTEROFMR L VBEET L b D LIRSS
P, TORFOFMIFAATSHS. ATPLT 7/ ¥
JFEDIZT) LU EBRELREEHREYES
WDT, MEFNISNNRY L) EEIHERHERS
bOEHEREING.
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Fig. 6 Response to intracoronary administration of ATP, adenosine and papaverine before (open circle) and
after (closed circle) injection of 8PT (n=7)
Adenosine induced a marked increase of mean CFV before 8PT treatment (control) but induced only a

slight increase after 8PT treatment. ATP and papaverine both increased mean CFV after 8PT treatment to
the same level as the control.

Values are mean * SEM. Abbreviations as in Fig. 1.

Table 3 Effects of 8PT on hemodynamic changes induced by intravenous administration of ATP (n=7)

Before 8PT After 8PT
ATP( pg/min) ATP ( ug/min)
Control o Control i
500 1,000 500 1,000
Heart rate (beat/min) 142421 132423 23+25 127+14 129+15 125+12
LVP max (mmHg) 111+17 90+13* 85+12% 10613 103+12 94+14
LVEDP (mmHg) 77147 92+45 8.8+45 6.2+5.1 8.1+5.5 77457
LVdP/dt max (mmHg/sec) 2,607+782  2289+766  2,031£726 2,725+384  2,691+491  2,474+535
LVdP/dt min (mmHg/sec) —1,684+345 —1,337+£358 —1,192+319 —1,639+354 —1,539+349 —1,256+204
Mean aortic pressure (mmHg) 90+16 62+15* 54415%* 80+15 75+17 - 65120

*p<0.05 vs control (before 8PT), **p<0.01 vs control (before 8PT).
LVEDP=left ventricular end-diastolic pressure. Other abbreviations as in Table 2, Fig. 3.
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