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Uridine triphosphate prolongs action potential duration of guinea
pig papillary muscles via P2Y; purinoceptors!

QIN Kui®, REN Lei-Ming®, ZHAO Ding

{ Department of Pharmacology , School of Pharmacy, Hebei Medical University, Shijiazhuang 050017, China )

KEY WORDS  uridine triphosphate; action potentials;
papillary muscles; guinea pigs

ABSTRACT

AIM: To study the electrophysiologic effects of uridine
triphosphate (UTP) on the guinea pig papillary muscles
in vitro and purinoceptors related with the action of UTP.
METHODS: Intracellular microelectrode method was
used to record action potentials ( AP) in guinea pig papil-
lary muscles. RESULTS: UTP, adenosine triphosphate
( ATP), and adenosine diphosphate { ADP) prolonged the
action potential duration (APD) concentration-dependent-
ly in guinea pig papillary muscles. The potency order
was UTP = ATP> ADP. There was cross-desensitization
between the response to ATP and that to UTP, and nei-
ther Ado nor «, 3-MeATP caused great change in AP of
the papillary muscles, 'The prolongation of APD by UTP
was not affected by sustained perfusion with amino-
phylline. As an osmotic pressure control equivalent (o
UTP 3 mmol/L, ceftriaxonum 3 mmol/L or NaCl ¢
mmol/L induced a marked but slight prolongation of
APD. CONCLUSION: UTP produced AFD prolonga-
tion through specific and nonspecific actions, and the spe-
cific response to UTP was mediated by P2Y, purinocep-
tors.

INTRODUCTION

Adenosine triphosphate { ATP) and uridine triphos-
phate (UTP) function as extracellular signalling molecules
to regulate a myriad of physiologic responses by cell sur-
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face P2 purinoceptors. In cardiovascular system, ATP
and UTP play important physiologic and pathophysiologic
roles. P2X and P2Y receptors are purinoceptor subtypes
generally accepted as responsible for the effects of ATP in
cardiovascular systern.  Recently it has been found that
UTP decreases vascular tone both in an endothelium-de-
pendent and independent mannert'’ . UTP-induced re-
lease of vasodilator compounds such as NO from the en-
dothelium of cardiac blood vessels has been demonstrat-
ed, and UTP also affects vascular smooth muscles directly
to cause vasodilatation. A recent article suggested that
UTP induced vasoconstriction via P2Y,-purinoceptors in
the isolated pulmonary vascular bed of the rat, and liber-
ated intracellular calcium via P2Y,-purinoceptors in cells
cultured from guinea pig cardiac endothelium®’ .  So far
there is no available data on electrophysiologic actions of
UTP. The present study was designed to investigate the
effect of UTP on action potentials of guinea pig papillary
muscles, and to characterize the putinoceptor contribution
to the electrophysiologic action of UTP.

MATERIALS AND METHODS

Drugs  Uridine triphosphate ( UTP), adenocsine
triphosphate ( ATP), adenosine diphosphate ( ADP),
adenosine (Ado), «, f-methylene ATP («, B-MeATP)
and aminophylline were all provided by Sigma Co. Cef-
triaxonum natrium was provided by Guangzhou Baiyun-
shan Pharmaceutical General Factory (China) .  All drugs
were dissolved in normal saline (NS).

Tissue preparation Guinea pigs of either sex
weighing (300 + 20) g, provided by Experimental Ani-
mal Center of Hebei Medical University {Grade [l , Cer-
tificate No 04064), were stunned. The hearts were ex-
cised and immersed into aeraied Krebs-Henseleit solution
(K-H solution). Papillary muscles of the right ventricle
were isolated and pinned in a 1.5 mlL tissue bath. The
muscles were perfused with K-H solution (35 T %
0.5, pH7.2~7.4) gassed with 95 % Go +5 %CG,
at a rate of 4 mL/min. The K-H sofution contained
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(mmol/L): NaCl 118, KCl 4.7, CaCl, 2.52, MgS0,
1.64, KH;PO, 1.18, NaHCO, 24.88, glucose 10. The
preparation was stimulated by square waves at 1 ms dura-
tion, 1.5 times threshold voltage, and 1 Hz frequency
from an electric stimulator (SEN-3201, Nihon Kohden) .

Recording and analysis of AP  After a stabi-
lization in K-H sclution for 1 h, the glass microelectrode
filled with KCl 3 mol/L was inserted into the papillary
muscle to record the electrical signal intracellularly. The
parameters including resting potential (RP), amplitude of
AP (APA), overshoot (OS), maximal rate of depolar-
ization ( V) of AP and AP duration at 50 % and 90 %
repolarization ( APDy, and APDy;) were on-line analyzed
by a microcomputer system MAP2, a program designed
by the Department of Physiology, Hebei Medical Univer-
sity.

Method of administration Agonists were given
with a microsyringe (50 pL.} to the tissue bath directly
because PZ purinoceptor agonists were quite easy to cause
desensitization of the receptors, and antagonists were giv-
en with constant perfusion. AP were recorded respec-
tively before administration and at 10 s, 20 s, 30 s, 1
min, 2 min, 4 min, 8 min, and 30 min after adminisira-
tion. Omne preparation was stimulated with just one ago-
nist. The interval of agonist administration at each con-
centration was 30 min. The data obtained were observed
in the same cell in each preparation.

Statistical analysis  Results were expressed as &
+ 5, and the responses to agonists were calculated as a
percentage of the control obtained immediately before
addition of the respective agonist concentration. Paired ¢
test was used to evaluate the significant difference be-
tween the data before and after agonist, and two way
ANOVA was used in the experiments with antagonists and
the comparison between UTP and ATP or ADP. P <
0.05 were considered statistically significant.

RESULTS

The microelectrode was kept steadily in the same cell
for 120 min, and the parameters of AP recorded at 30,
60, 90, 120 min did not show marked difference from
the beginning { P >0.05, Tab 1). NS as a solvent con-
trol had no marked effect on any parameters of the AP { P
>0.05, n=5, data not shown).

Effects of UTP, ATP, ADP, Ado, and a, p-
MeATP on AP in papillary muscles UTP, ATP,
and ADP were injected respectively into the tissue bath at
the concentration of 0.1, (.3, 1, and 3 mmol/L. All
the three drugs concentration-dependently prolonged
APDy; and APDo ( P < 0.05 and 0.01), and had no
marked effects on other parameters of AP ( P > 0.05,
Tab 2). The lowest concentrations of UTP, ATP, and
ADP to produce about 10 % prolongation of APDy, were
1.0, 1.0, and 3.0 mmol/L respectively. The effect of
UTP was not different from that of ATP at each compara-
ble concentration { P >0.05), but the effects of UTP or
ATP were more potent than those of ADP { P < 0.05,
Tab 2), Responses to agonists reached the peak values
at 10 ~ 20 s after administration, and disappeared within
10 min. Neither Ado (0.1, 0.3 mmol/L, n=35) nor
a,$-MeATP (0.03 mmol/L, n =35) caused changes in
the parameters of AP in the papillary muscles { P > 0.05,
data not shown) .

Influence of aminophylline on the effects of
UTP in papillary muscles Preparations were super-
fused with K-H solution containing P1 purinoceptor antag-
onist aminophylline 0.1 mmol/L for 20 min, and the pa-
rameters of AP of papillary muscles were not changed
markedly (P >0.05, Tab 2). UTP was injected to the
tissue bath at 0.1, 0.3, 1, and 3 mmol/L, and APDy,
and APDy, were also prolonged concentration-dependent-
ly. Comparison of the data between UTP alone and UTP
in the preparation treated with aminophylline did not show

Tab 1. Parameters of action potentials in guinea pig papillary muscles in control experiment. n=>5 animals. x t s.
Time,/ min RP/mV APA/mV Via/ V487! APDy,/ms APD,,/ms
0 -80.9£2.0 142 £ 4 1557 141.0+2.9 17743
30 -804 1427 156+ 10 1100+ 2.6 1767
60 -79+4 43£5 1559 140 + 4 1767
%0 -80+6 142+ 6 15549 141.0+2.6 177+4
120 -80.6x2.9 142+ 5 155+9 142.2+2 .4 1754
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Tab 2. Effects of UTP, ATP, and ADP on action potentials in papillary muscles and influence of aminophylline (0.1

mmol/L} on the effects of UTP. n =5 animals. x+s. “P<0.05, “P<0.01 vs before agonist. P < 0.05 vs UTP
group, P <0.05 vs ATP group.
Percenta hanges %
Drug/mmol- L~} i
RP APA Viax APDs, APy
ute 0.1 +1.1+x4.7 -0.3£1.0 +0.2+0.9 +2.6+3.2 +2.2+£3.0
0.3 +0.6x1.4 +1.0+2.0 +2.1+3.8 +5.0+2.7° +3.9+2.9°
1.0 -04£23 -1.6x1.8 -0.8+3.3 +9.4+4.5 +8.4+3 4°
3.0 +0.4+2.4 -3.9+£3.3 -2.8+7.8 +18.1+£6.9 +17.1+6.0°
ATP 0.1 —(Li+3.0 +0.0+09 -1.3£2.6 +2.8£2.0° +2.5£1.6°
0.3 +0.2x2.1 ~0.7£0.7 —-0.2+£1.8 +7.2+3.5°% +5.6+2.5°
1.0 -0.5£2.0 -1.2x1.3 +0.2£2.2 +10.2+4.8° +8.4+£3.4°
3.0 +0.1+£3.8 -5.8x3.3 -5.0+4.9 +24.3+8.3° +21.0+7.0°
ADP 0.1 -2.3+1.5 +0.0x1.2 -0.2+0.8 +1.2+1.1 +1.2+1.2
0.1 -0.5x1.4 -0.12£0.4 -0.420.6 +1.120.7% +1.2£0.7™
1.0 -1.0x1.3 -0.3+1.4 -1.9+25 +5.4+1.1° +52+1.1¢
3.0 +1.8£2.9 -1.3+2.0 -0.9x1.2 +9.9£1.3™ +9.3+1.9%
Aminophylline treatment
+2.4+4.0 +0.4£2.2 -2.4+6.8 ~-0.2+2.4 -0.7+3.4
Aminophylline treatment
UTP 0.1 -1.2+1.2 -0.1+2.0 +0.6+4.1 +1,5+3.3 +1.2+3.2
0.3 -1.1x1.5 —0.4£0.7 -0.4+1.2 +5.4+4.8 +4.4%4.3
1.0 -0.0+2.4 -0.6x1.3 +1.1+3.3 +9.8+7.5° +8. 1257
3.0 -1.5£3.8 +0.1+£1.0 -2.5%£5.0 +16.8+7.7 +13.726.9°

difference in prolongation of APDy, and APDgo({ Tab 2).

Influence of sustained perfusion with ATP on
the effects of UTP in papillary muscles  After
preparations were perfused with K-H solution containing
ATP 1 mmol/L for 20 min — APDy, and APDy; were pro-
longed by 3.2 % and 2.6 % respectively { P < 0.05,
Tab 3). UTP | mmol/L did not affect the parameters of
AP in papillary muscles perfused with ATP (P > 0.05).
Increase of UTP concentration to 3 mmol/L prolonged
APDy; of the papillary muscles only by 11.9 % (P <
(.01, Tab 3},

Effect of osmotic pressure on the AP in pap-
illary muscles Ceftriaxonum, molecular weight of
which is near to UTP, was used as the osmotic pressure
control.  One molecule of UTP salt contained 3 natrium,
therefore NaCl equivalent to the natrium concentration of
UTP salt was used as a Na ionic control. Cefiriaxonum
at 3 mmol/L prolonged APDy, and APDy in papillary
muscles by 11.7 % and 8.8 % respectively (P <0.01),
but had no effect on AP at other concentrations ( P >
0.05, Tab4). NaCl at 9 mmol/L prolonged APDy, and
APDy by 6.6 % and 5.1 % respectively { P < 0.01},

but had no effect on AP at 3 mmol/L ( P > (.05,
Tab 4).

DISCUSSION

UTP, ATP, and ADP concentration-dependently
prolonged APD of AP in the guinea pig papillary mus-
cles, and the potency order was UTP = ATP > ADP.
Ado and a«, B-MeATP at concentrations used had no
marked effect. P purinoceptor antagonist aminophylline
did not alter the effect of UTP, and there was a cross-de-
sensitization between the responses to ATP and to UTP.
These results indicated that the prolongation of APD in
guinea pig papillary muscles by UTP was mediated by
P2Y, purinoceptors.

Pelicg'® reported that ATP elicited a dose-dependent
shortening of APDj, in atrium of the anesthetized dog,
but this effect of ATP was mediated to a large extent by a
vagal reflex and to a lesser extent by Ado, the product of
enzymatic degradation from ATP. In the mammalian
(human, cat, and guinea pig) atrium, Ado increases
outward potassium current mediated by P1 purinoceptors,
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Tab 3. Effect of UTP on action potentials in papillary muscles perfused with ATP 1 nmol/L. # =5 animals. % + s.
%P <0.05, “P < (.01 vs before agonist.
y -1 Percentage changes/ %
& RP APA Vo APDy, APDy,
ATP treatment -6.0+7.9 -1.8x23 +2.826.0 +3.2+1.7° +2.6+1.7"
ATP treatment
UTP 1.0 +0.ix3.6 -0.5+£2.7 -3.1x5.6 +2.6+2.8 +2.8+2.6
3.0 +0.8+1.6 +0.2+1.1 -2.0+4.4 +11.9%3,3° +11.9+3.3°
Tab 4. Effect of ceftriaxonum and NaCl on action potentials in papillary muscles. n=5animals. x 1 s. "P<0.05, ‘P
<0.01 vs before agonist,
Percentage changes” %
Drugs/mmol* L.~} e change
RP APA Vo APD,, APDy,
Ceftriaxonum 0.1 +0.6x1.2 +0.2£0.9 +1.8x2.1 +0.4£0.8 +0.6+0.8
0.3 -0.6+0.8 +0.6+0.8 -1.0£1.6 +1.3x1.0 +0.9+£0.9
1.0 -0.2+2.2 -0.8+x0.7 +0.0x2.1 +0.9+1.4 +0.0+1.2
3.0 +0.3£2.0 ~-1.8+£1.8 +0.1£4.0 +11.722.T +8.8+2.5°
NaCl1 3.0 -1.2£0.7 =-0.2+£0.6 ~-03+1.4 +0.6+1.5 +0.3+1.4
9.0 -0.1x£2.6 +0.4+1.2 +3.1+4.7 +6.6+3.1" +5.122.5°
and results in shortening of APD and hyperpolarization of ~ was much higher. Consequently, influence of osmotic

RP. In mammalian ventricular myocardium, Ado does
not cause this effect*~% .  Song and Belardinelli'” did
not observe significant electrophysiologic changes in
guinea pig isolated ventricular myocytes superfused with
ATP 0.01 ~0.1 mmol/L. Results of the present study,
however, showed that both UTP and ATP at concentra-
tions above 0.1 mmol/L. produced concentration-depen-
dent prolongation of APDy, and APDy in guinea pig pap-
illary muscles. Bolus injection of the drugs to the tissue
bath and higher concentration of the drugs might be ac-
counted for different resuits of the present study from
those of the others!™.

1t is well known that P2 purinoceptors have the char-
acteristic of tachyphylaxis. In this stdy, ATP 1
mmol/L injected to the tissue bath prolonged APDy, by
10.2 %, but the prolongation of APDy, was only by
3.2 % in the preparation superfused with ATP 1 mmol/L
for 20 min, which demonstrated that constant superfusion
with higher concentration of ATP was not suitable for ob-
servation of the responses to ATP or to UTP as agonists.
Therefore, we adopted the way of bolus injection of the
agonists to the tissue bath in the present experiments.
Parameters of AP in time or solvent control experiments
were in accordance with the observations reported® ™",

The concentration of UTP administered in this study

pressure on the cellular electrophysiology was analyzed.
Ceftriaxonum, whose molecular weight (661.59) was
similar to that of UTP (589.1) or ATP (551.1), was
used as osmotic pressure control. Ceftriaxonum only at 3
mmol/L prolonged APDy, and APDy, respectively by
11.7 % and 8.8 %, suggesting that effects of UTP and
ATP on APD at 3 mmol/L were partially related to an in-
fluence of osmotic pressure. One molecule of UTP con-
tained 3 positive ions of natrium, and NaCl at 3 mmol/L
equivalent to UTP 1 mmol/L in natrium ion concentration
had no influence on the AP. On the other hand, in the
cross-desensitization experiments between UTP and ATP
in preparations superfused continuously with ATP 1
mmol/L, the prolongation of APD by UTP I mmol/L
was abolished, and by UTP 3 mmol/L, APDy was de-
creased from 18.1 % (in normal preparations, Tab 2) to
11.9 % {in desensitized preparations, Tab 3}, the value
of the latter was equivalent to ceftriaxonum at 3 mmol/L
(11.7 %, Tab 4). Thus UTP at a concentration less
than 3 mmol/L produced a pharmacologic action on APD
of papillary muscles, and UTP at 3 mmol/L prolonged
APDy, and API, through both specific and unspecific
mechanisms .

A selective P1 purinoceptor agonist Ado at 0.1-0.3
mmol/L did not cause great changes in APD in papillary
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muscles, and aminophylline which selectively antagonizes
P1 porinoceptors'® " at 0.1 mmol/L, did not affect the
responses to UTP, suggesting that P1 purinoceptors did
not contribute to the prolongation of APD by UTP. Pre-
viously, we reported that in dog and rabbit splenic arter-
ies, a dose ratio of a,-MeATP to ATP to induce equiva-
lent vasoconstrictive responses mediated by P2X;
purinoceptors was 1:100 ~ 1 130002B) | In the present
study, ATP produced a marked effect at 0.3 mmol/1.,
but a,3-MeATP did not induce any effect at 0.03 mmol/
L, suggesting that the prolengation of APD by UTP was
not related to P2X,; purinoceptors. On the other hand,
potency order for prolongation of APD was UTP = ATP >
ADP, and a, 3-MeATP was much less effective, which
was consistent with the potency order of P2Y, recep-
tors¥),  In conclusion, UTP produces a prolongation of
APD by specific and nonspecific actions, the specific te-
sponse to UTP is mediated by P2Y, purinoceptors, and
the nonspecific response is due to the influence of osmotic
pressure of UTP at the highest concentration.
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