w87 A 2BE 13 1995

= Abstract =
Effects of Uridine 5’ -triphosphate on the Vascular Tone of Rat Thoracic Aorta

Kyu Sang Park, M.D., In Deok Kong, M.D., Joong Woo Lee, Ph.D.
Department of Physiology, Yonsei University, Wonju College of Medicine, Wonju, Korea

Background : Uracil nucleotides are stored in platelets and all other cells, and are released
into the extracellular space upon stimulation. They show various biological responses but their
actions and mechanism are not well understood. This study was conducted to investigate the
effects of uridine 5’-triphosphate(UTP) on vascular tone and to identify the characteristics
of their receptors.

Methods . Aortic ring preparation were made from the rat descending thoracic aorta. Endo-
thelial cells were preserved or removed by gentle rubbing. The basal tension of aortic ring
was lgm and isometric contraction were recorded on polygraph using force transducer.

Results . In aortic ring precontracted by 100nM norepinephrine, UTP induced dual effect
with various concentrations. UTP elicited endothelium-dependent relaxation at low concentra-
tions(100nM~ 10pM). and endothelium-independent contraction at high concentrations(more
than 30uM). Among uracil nucleotides, UDP was as much effective as UTP in vascular tone,
but UMP and uridine were not. UTP(pAsy 6.15) was more potent than ATP(5.17), ITP(4.75)
and other nucleotides(TTP, GTP, CTP). At basal tension, UTP induced relaxation at low
concentrations and contraction at high concentrations in endothelium-intact ring. But in endo-
thelium-removed ring, UTP elicited only contraction.

Prior treatment of aortic ring with suramin, a non-selective P,-purinoceptor blocker, inhibited
UTP-induced relaxation and contraction. Reactive blue-2, a P,y purinoceptor blocker, inhibited
relaxation only, but o, B-methylene ATP, a Pyx purinoceptor blocker, enhanced contractile
response. ATP inhibited the UTP-induced relaxation, but 2-methylthio ATP did not alter the
effects of UTP. It means that UTP and ATP act at the same receptor but 2-methylthio ATP
does not.

Conclusion © These results suggest that UTP-induced relaxation is mediated by nucleotide
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receptors on endothelium and the contraction is mediated by pyrimidinoceptors on vascular

smooth muscle.

KEY WORDS : Uridine 5’ -triphosphate(UTP) - Aorta + Nucleotide receptor « Pyrimidinocep-
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ATP7E A Eeldo] EAst] FEFHA HE&
Yetdte 2ol AL #3A AL 1929 Drury$t
Szent-Gyorgyiol ¢&lAelth. 1 o] ¥ 2 adenine nuc-
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1. 48 2
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2. M gl okz

Hj kel © 2= Krebs Ringer bicarbonate(KRB)&¢}
& AHgsged, ole =4 NaCl 117, KCI 4.7,
CaCl; 1.91, KHyPOy4 1.19, MgSO4 1.44, NaHCO3 24.8
2 glucose 5.5mMo|B, 95% 0,~5% CO,9 &%
MEE FY3 pH 742 HF L o7 3ot

Uridine 5’ -triphosphate(UTP), uridine 5’ -diphos-
phate(UDP), uridine 5’ -monophosphate(UMP), uri-
dine, adenosine 5’ -triphosphate(ATP), inosine 5’ -tri-
phosphate(ITP), thymidine 5’ -triphosphate(TTP),



guanosine 5’ -triphosphate(GTP), cytidine 5’ -triphos-
phate(CTP), a, B-methylene adenosine 5’ -triphos-
phate(APCPP), reactive blue-2(RB-2), 2-methylthio
adenosine 5’ -triphosphate(2-MeSATP), acetylcholine
(Ach) 2 norepinephrine(NE)& Sigma A& (Sigma
Chemical Co., St. Louis, MO, USA)S Al&3g o,
suramin& Bayer# & (Leverkusen, Germany)& Al&
o BE Aok A g 5421, nudeo-
tideS2 1 N NaOHZ pH7} 7.00] &4 AR 9
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FTo3C)ol dd3dle TAHA st Walsls &
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Atk KRBEY L 37C2 fA8tn EFA2(95% O
1~5% COxE A% FF3A tisH e 1gm9]
7N123E & Fastn 602 A= 71t ol HE=
39tk 2 71ZF §<¢F KRBEH L 3~43 HlFo] F
12, Furchgott ¥ Zawadzki®] oz YA x
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FEAA B ol2A & F JtlE 1uM Achol
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R(EH)SR, £58 F#o] o|g3tA] FAY 23]
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A5& HwEd.
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(50uM), E& Py &4 A RB-2(100uM) &
1087 AXAS § oAl NEL2 HFFH & 22
F=9 UTPE 7t8te o a3 & dz2T 7 HL3g
t}. 22} 31 ATP(10pM) 9} B3 & Pyy 84 AFA A
2-MeSATP(10pM) & AAXF o UuTPy W3S #
A3l F4A FTHARE At . FH
UTPY] =& 2H4d) dig (G aTE F23}7] 93t
s A E7F AAY B 100uM UTPE Fo3ld
%3 BAES Y2Fog 1, 99 o A
2 FIAE AAHAFN T UTPE AFHEY 1 2
71E WzFH Yt Agades BF 27
i3 WR2g7 A

4. X2 B4

ZAF}E P+ FFLAE BASPOH, A 9
A3 #AAL Student? paired t-testd] 23t pgtol
0.005 ©13}Y W foj& Aolo] FAZ AUt
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= UTPel 51}

AA A7t incubation® 100nM2] NES Fof 3l
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T8 2. UTP7} norepinephrine(NE)RE FpRE H
AUXEHO| OIKI= BE NELZ |FEE 59
37| IR 0 UTPRNAl HsiEl=
THE YESE AMS F B + HER
A2 LIEHHACE LHIOMIZZ ERAIE+), &
2ol o= 8)0il= 5=0f [at o2 X $=9|
olBEME ?EH-H%\‘OL} LHIIMIZ MIAHAICE
(). Algld == 7)0l= 0l&BIS0| &S|
2HE|RACE

UTPE HAH 02 713t =& F7HAZ e 1
A7le A4 HstE 19 19 A3 8
WA E ZHA(E+) UTP(100nM~10uM) & FE
of vjglste] FHG oJFAH Y, L F=(30uM
ol e 38 FHAIE olFEAHRE EAY.
vl 3 YoM E AAAN(E-)dE FEH5HEL
FAHROY, ojghihge A3 AAHAN(2E
2).

2. 7|=&=sloA el @aEE ojAlz uTPe
23

13 45 1gm 71 2R s A UTPE HAZo R
FEE 9 5o A< W vevue g ¥
stojc}. UTPE WS AIE EAAI(E+) 10uM 7] Tt
A 7123 olstE o] A7t} 10uM o] FE =
%< Yeple 013'34—]'—- BAed(a2d 3-A),
ol ¢te] NELZ % 471 9 RARHA T
v YA ¥ *ﬂﬂ*l(E %—ﬂ&% B
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CONCENTRATIONLlog(M)]

Uracil nucleotides & uridineO] S0 O|
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32! 6. 01217tXl triphosphate nucleotides”t S &HAE

ol DIXl= e I8 61t Z2 R UTP,
TP, GTP, CTP(Ol&lol AIEE 4= 8). ATP.
TTIP(OIALS] AEE = 7)E 22 BN

oz rigel FHPEE JISsIRen,
NEQZ R&E 5 IV|0f it HES=Z
LIEHHRACE

3. Uracil nucleotides 3 uridine0] &2tE2{o} O|
= g3
UDP 9A] UTPt FY&HA HAFmolAe o,
TEAAE £5UEE YEhen, 1 8% %
UTPS A9 A ATH(2d 5). kA% UMPY uri-
dine?] Z¢e d@ZH Ao AFS FA 4%

o},

4. 0{2{7}X| nucleotides?t &ZZ&2dof O|X|
&3
UTPE H| &3 © & o7 nucleotides®] A E ¥
wEFHHE 6). YFolgAge dF HAFS
UTP>ATP>ITP>TTP>GTP>CTPEo| 2.8, UTP
2 A28 & o] nudeotides® F] 3 FE o) A
ol FETHE vehll A gk} 53] UTPY] o] $hH8-o
d$F pAseol 6.1524, ATP(5.17)H} ITP(4.75) Bt}
1ouf o} s R
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I 7. FEl £8A AIEHHIS0| UTPO ot g0l
2ol Okl g HOMEZE EXsks 8
U2 NESZE TpeHAIZI F| 10uM UTPO|
olst olte] ACE X SIRSH, su-
ramin(SURA ; 100uM), a. B-methylene ATP
(APCPP ; 50uM), reactive blue-2(RB-2 ; 100
pM)(Oj&fel AlElg| = 6). ATP(10uM), 2-
methylthio ATP(2MeSATP ; 10uM)(0jalel &
el o= 7)E 44 1022 TAX|E F 10
uM UTPOi 25t O|2t8IEE CHEDO CHEt
RS2 LIEIHRALCE *2 p<0.005, ¥*2Z pl
0.001¢].

SURA APCPP RB-2 ATP

Ho A Zol7t Bon o £ 84 & AT Aol
Aztelo], F7HA] Z4-& Eeldtd Ztzte] g 2
dAle] 9FS AHBEUY. HA FFo|HF LS su-
ramin(100puM) 3% RB-2(100pM) <] AR X9 o} & zt
Zt 2T 38.3+8.0%, 31.6+6.5%2 AA A
&9.2o9, APCPP(50uM) ol o3| E 88.0121% 2
2289 (2Y 7). 10uM ATPE AA A QS 9
g7 @ o) o3 uTPe @olgto] 3431 6.0% 2
aA #FaHPoY, o9} & 2-MeSATP(10uM) &
qeg nX) R FAH(1023£2.0%). & F52E
o A suramino] 93 39.3+8.0% 22 A
HJ o, APCPPY 88119472 12.5% 2 23]
F3o] F7HEUY. ¥ RB2E U F7HAIE
%3S Uehd wE, ATPU 2-MeSATPE 793 o
e uAA dAH(2Y 8).

250

200 } e

150 F

PERCENT OF CONTROL

50

SURA APCPP RB-2 ATP 2MeSATP

8l 8. 7l £8A ACHIEO0| UTPO olst Sk
=0l OIXl= S LHITMEZF MAE "2t
100pMe| UTPE F0ist0] &3t 3718 O
AOZ BIFH, suramin(SURA ; 100uM,
AEE £ 8) a. B-methylene ATP(APCPP ;
50uM), reactive blue-2(RB-2 ; 100uM)(0]4t
o| AlHy $£E 6). ATP(10uM, AEd o=
8). 2-methylthio ATP(2MeSATP ; 10uM, &lS
gl = 7HE 242 1087 IXXIS = 100
uM UTPO|| oiSt =378 HEZO Oist
HES2 LIEHHRICE =2 p<0.001g].

| oF

Pyrimidine nucleotides= 1980137 Y8 A ¥
A o7t AE viebdo] B A7) AlZ3HY
S}, ATPY adenosine® #-2 purine nucleotidesd]
i Ae LA Ad7HA 3. dRoAE o
E0] H¥F ¥l F8F ¥ @732 ddx
ANSQEU?, BN e 53] ZES F590
$& fEdgn Bnstgoy®). et o AF s
28] A& UeuE AHAY HEF dFdx
UTPY UDP%o] #AE Aozt F2s ¢, o
9ol = UTPE B8 7 (monocyte) 9 adhesion& A+,
superoxided A 9] 27} arachidonic acid®] 4&)
37 & frEdtd 5 #d9sn Yo
Y AT, HZoe 34 53 (oystic fibrosis) 3
Aol Al UTPY ATPE nasal superfusiondte] X &9
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EgS detn Rud v o o] o x ¢ g
Al gy ddF &89 7teAol Aoy,
opF] o] &9 Zgof #aA FAH 2 WA 23t
‘gl o]t

UTPZ7L FH 9] FHste] vie Jege
Fxo w2t o]FARE VYEAGH (Y 1). diF
Aol X o] UTPY] 282 F2 o] gzr&ut vehddn
BEYoU  HardeboE!9S Hoiot Y& (pial
vesse)oll A} £ AP {AIS o5 EHE B u)
ek, UTPY] 9@ o]t & WHHAE AAA A
FHoE2 (3 2), o]& WHZ st F&A= U
S EATE EFAT. 53] 1000M 0] 3]
$e FRAAE o] $HE IV YEYEZ o] &A=
UTPYl sl £& 338& 7HA 1 ok Azt
UTPS] ©]¢34-& endothelium derived relaxing fac-
tor(EDRF) & vi7h 2 dtejet Az s e, utezth Wl
A Eo} YXF FE&A AFESE WA FEAA
EDRFE 2|34 =1, o] EDRF= HEZ A X0
7hA o]l & 8-& e 7] W& o]}, o] 2] EDRFS
AAE ZAE prostacycling] #QE B % 3
P30 nitric oxide B4 A A 3 AhEE
A 5& & v FZ nitric oxide(NO) Y R olgt ¢ A
AeH. NO¥E nitric oxide synthase(NOS) 2 213 L-
arginine® 2 FE AAHE=H, dutzog NOSY
Zgo] &4 3 Hrlde Catt S BRE IO, F
UTPE ATPS} vl37lA2 YA EY Cat ' 7}
AlA NOE A4 2 #A g B 5 AP,
UTPY 93] WM X9 Ca*tol F7h3te 7AL
G-proteing 7§ 2 3 phospholipase-Co] &A13}l&
DAG3 1Ps9] Aol F7ts 1, 53] 1ol & Al
¥y AgE Catol 7] HEY Aoz A7
Bl 9lThsas),

UTPo] 9§ #5282 WM EE AASHE o
238 FUHEHALER(aY 4), o]d UE &A=
BE& AT EA s FEE A7 I E
AAA #F2E0] o F7HEE ol v WA XA
/4 5= EDRFY 9§ o] &2&-o] AtetA]7] wf &
Aoltt. 53] EDRFE oHf-¥ A5 0] gl AHdAMz
e ol A% FEH £E5FES X AN
nZ, ol AAA 499 EHAY FHade ¢
7t & Eo NEd g% AFZ9 avx
HAAME7L EAste Z¢ET AARE o 6 F

7hehed, olx 2 olfgtn T4 JAHY. ¢4
UTPY] 9§ 5242 o] g2 8-o Hl&] & F=7}
ga3tnz, olg9 F&A= UTPY sl ui3
Zgtgo] ¢S Aoz Aztdr

Uracil nucleotides ¥ nucleoside®o A UTPS}
UDPE A9 FAME 28 et &) s, uMPY
uridine A Ho] o} 7 AT wXA £&Y
th. ol& UTPY Z£o] uridinel2 E& oA 1}
Bue Aol obd S AJALE Et}. UDPY A%+ o
AgA e g AREE UTPY A9 AR E(E
Fo] JEMNA &4%S), UTPS 28 448 ALE
el 58 4 gtk #H o€ nudeotideE 7H9
285 vug A% utert b ARt RAed,
ATPY ITPET 108 o] ZHaHHY 6). ¢
W02 HH o|AF LS e FEAZE Py
FE&A7 2 A Aed, o] #&A e UTP7t
ATPY) B3] ¢ Yo g3 el §rpon),
Ak B AgoAe o9 4wtd F3E Yehe
Z, UTPo] & Ho|gZ8o] Py FEAE Wi/l 2
gtk B7) o e

dej7p #&A A JEFs T 2 FE4e
WAL ste FEAE THLA S, oA
UTPol| 9§ o]$h& 87 £52 8o O FEAE
At SAE ddenz Zh7e EE3igA
AYslYh WA suramin® UTPY o]z 43 4
Z244g 25 A AASAJA, suraminz}A 7}
oy F&ANE vAEH o2 sty g o oA
o e FEAE FAFLE £F37] ojdT. #9
APCPPY] 7% o]¢bz} 8o thh ZAAZAW, £2
A8 238 A F7HIAY. R o2 ATPE
U] 23} adenine nucleotidest ¥ HE A Poy
TEAE MAR e £F5& g 4HA gl
om], APCPPE HAA 3tAL ZF o]EY 354
2-o] &7 (desensitization) He A& SH g 3}
I A, sAg 2 APME 2382 APCPPY
o3t FZo] F7t dAorng, Wty UTPY F
%242 ATPS+ ¥ pyrimidine nucleotidesd] =
e SAolgn & § A0, o]y g 5L Ad
A9 4 & pyrimidinoceptor & UTP-sensitive
receptorZt T B2 YA 3 ok w yTpel 9%
o] ghit-3-o] APCPPY oJ3t] thd A ® olfE &
939 3oz g vehd ddeld 4ZEg.



Z APCPP7} o] giut

olo

& 3A Y& FA gAY
FENEE SRR JdA AAFH o2 ol gt
o] A7t FojEvte Aol )9 W E ATPY)
7% APCPPY| 93 o|gatg-o] FrtH |, ol&
Py FE&AE viZ/lE & FF38-0] APCPPY 93
AasHez Az AHHQ AFEI} S A
olct. wratA] UTPo &8 o] &h&H§o] APCPPY] 2|3
AAHATE L UTPY F5%Eo] Py FEAE
A2 A gede TPAA FA F g €
F Qo

RB-29] 7% UTPY o]#28-& AA3 ZFAAZ
oy, FEWSL 4zt F7lEe S e
Pyrimidinoceptorg "i7lE ¥ FF¥Hgo] RB-2¢]
o8 F7tethe ML oln] Hud v glon) B
A3 Aot I3} e} o] gzt go] A E
A& Py LAY FAE 9udtedl, UTPE Py
F&A 0] QAN H5o] ofF Fomgn) B 4Y
AFEo] oo #F F¥HA e o F/HA 7}
$4¢ 478 & & e, AAE UTPE ¥R
g8 adAY 5L 71E |7t Yo Py F
£419] ARZ FF= Aoy, ERE RB-27} Py
FE&AT Adg oz Adste Aol o} & &
SAEE HAEg Ao g }a¥ £ 9oz gE F
A2 pFse Aolg. oo Ui FAAHA FAE
A7) Y3t g SHAEY +44 FRARE F
A4 F Py FEAQ AT EHAY 2-Me-
SATP(10pM) & WA AA X3t FEEA Py T&
Ao 7ol dojd D, UTPE Fo3to o] gk
2 #5325 v wak ). o] ul 2-MeSATPS] EDj0l
vl 3 208) 71 £ & FEE FHIYLIE BF3L
3622) yTPY] o) ghit3 e o} JFL& WA Yt
o8 g, Py FEAE w/EA o F58
F 1t} olof uwka} ATP(10pM) E A A A 3L &
UTPo 9§ ojghutg-o] IA ZAagged, ol AL
ATPS} UTP7} 22 £ 84 & i 2 e SAgL
& 4 gt} 1990 Davidsons %) pyrimidine nuc-
leotide$] UTP$} purine nucleotide$l ATP7} A+
A5 L 7A€ ¥ 2-MeSATP % APCPPY A #E
) kg 44 2 & nucleotide 822 L2 Py F4-A
MWz YysiQed, 2 AddA uted 4% ol
Y 9A) 7R 540 oj¢} dX 33t whetA
UTPE nudleotide 48 E w7lz 3t &S o

HAI71H, RB-2E Py ¥ o}yl nucleotide &4
7tA Bl g o2 gt Yz

B A9 53t UTPt EF UHAE E JE2
AEe e FEAEL AR 39 Yeldes 34
£% 95 9g. &3 UTPE 2 nudeotidesdl]
Hg] A go]l EAY E2 B AYIng o g
AYE 2L 5 US Ao HZEY o7 ojE9
AEW AGAA FHold %2 BN gdFse A
g% 9g5¢ 93 ddd uree FE olsigd o
Eol J4H €89 & HE F gled 7gdd.
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Aol WA £ AdddAe utert 839 o
Y ¥#o FYWsd nxe 9FE #Ftn
UTPl| tig 849 548 o744 £&4 A
Ag g BAssic,

g H:

] FF B L A S A& A HAA R}
EFEA RS Fo3to AL WEYSH, U
B @30 E F=dA 228 IAZE AA
Ak 71238 1gmE 7t A FHAE 2H3AA
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AHE WY S W, UTPE pAs©] 6.158, ATP(5.
174 1TP(4.75) 9l Hl3] @l AA AT} Z 3t
712733t UTPE WHAME S Azl A

— 75 —



Ao, A EE

"'r"f’"? bgo g &
A& ﬁ“‘s}ﬂ 93t v A P, F&A AR
suramin, Pox 83 A GAQ o, B-methylene ATP,
I Py A DAL reactive blue-2E A
g F 753 ol WIlE #FAAY. 1
A3 suraming AR E A F£&3 o|gdo] BE
A H 3L, reactive blue-2v o] $HiHSUHS A3}
F2o}, a, B-methylene ATPE FEWEE 23]9
FMNAG. FE&A dT TR 37] 9
3t} ATPE WX A3 A7 UTPY 23 o] ghukgo)
AA ALY, Py FEA S APARA 2-methylthio
ATP AX A do= o} -8l gdko] gt

2 8:

UTPE & 9 A X &435= nudeotide &
AE viNE o] ur3-&, i HEZ A3 pyri-
midinoceptorg 72 FE9$& YehllE Aoz

A Er.
References

1) Rozengurt E, Heppel LA, Friedberg I : Effect of exo-
genous ATP on the permeability properties of transfor-
med cultures of mouse cell lines. | Biol Chem 252 .
4548-4590, 1970

2) Olsson RA, Pearson D : Cardiovascular purinocep-
tors. Physiol Rev 70 . 761-845, 1990

3) MacFarlane DE, Mills DCB : The effects of ATP on
platelets evidence against the central role of released
ADP in primary aggregation. Blood 46 . 309-320, 1975

4) Krishtal OA, Marchenko SM, Obukhov AG : Cationic
chanmels activated by extracellular ATP in rat sensory
neurons. Neuroscience 27 . 995-1000, 1988

5) Rapaport E : Treatment of human tumor cells with
ADP or ATP yields arrest of growth in the S phase
of the cell cycle. ] Cell Physiol 114 : 279-283, 1983

6) Burnstock G : Ouverview : Purinergic mechanisms.
Ann New York Acad Sci 603 . 1-17, 1990

7) Goetz U, Da Prada M, Pletscher A : Adenine-, gua-
nine- and uridine 5 -phosphonucleotides in blood plate-
lets and storage organelles of various species. | Pharma-
col Exp Ther 178 . 210-215, 1971

8) De Vries-Petiau GM, Leonis J . Evidence for the pre-

sence of collagen . Glucosyl transferase in pig platelets.
Arch Int Physiol Biochem 86 . 855-856, 1978
9) Keppler D, Rudigier ], Decker K : Enzymic determi-
nation of uracil nucleotides in lissues. Anal Biochem
38(1) : 105-114, 1970
10) Gordon JL : Extracellular ATP . effects, sources and
Jate. Biochem ] 233(2) : 309-319, 1986
11) Motte S, Pirotton S, Boeynaems JM : Heterogeneity
of ATP receptor in aortic endothelial cells. Involvement
of Poy and Py receptors in inositol phosphate response.
Cir Res 72(3) : 504-510, 1993
Kitajima S, Ozaki H, Karaki H . Role of different subty-
pes of P, purinoceptor on cytosolic Ca®* levels in rat
aortic smooth muscle. Eur | Pharmacol 266 . 263-267,
1994
Keppens S : The complex interaction of ATP and UTP
with isiolated hepatocytes. How many receptors 7 Gen
Pharmacol 24(2) ' 283-289, 1993
Fedan ]S, Belt JJ, Yuan Lx, Frazer DG : Contractile
effects of nucleotides in guinea pig isolated, perfused
trachea . Involvement of respivatory epithelium, prosta-
noids and Na+ and Clchannels. ] Pharmacol Exp Ther
264(1) : 210-216, 1993
Davidson ]S, Wakefield IK, Sohnius U, Anton van
der Merwe P, Millar RP : A novel extracellular nuc-
leotide receptor coupled to phosphoinositidase C in pi-
tuitary cells. Endocrinology 126 . 80-87, 1990
Greenberg S, Di Virgilio F, Steinberg TH, Silverstein

12

—r

13

=

14

~

15

D)

16

=

SC . Extracellular nucleotides mediate Ca* ™ fluxes in
J774 macrophage by two distinct mechanisms. ] Biol
Chem 263(21) . 10337-10343, 1988

17) Ford-Hutchinson AW : Aggregation of rat neutrophils
by nucleotide triphosphates. Br | Pharmac 76 . 367-371,
1982

18) Dubyak GR, De Young MB : Intracellular Ca** mo-
bilization activation by extracellular ATP in Ehrlich
ascites tumor cells. ] Biol Chem 260 . 10653-10661,
1985

19) Hardebo JE, Kahrstrom J, Owman C, Salford LG :
Endothelium-dependent relaxation by uridine tri- and
diphosphate in isolated human pial vessels. Blood Ves-
sels 24(3) : 150-155, 1987

20) von K gelgen I, H ussinger D, Starke K : Evidence
for a vasoconstriction mediating receptor for UTP, disti-
nct from the Py purinoceptor, in rabbit ear artery. Nau-
nyn-Schmiedeberg’s Arch Pharmacol 336(5) . 556-



560, 1987

21) Hardebo JE, K hrstr m J, Owman C . P; and P; puri-
nergic receptors in brain circulation. Eur J Pharmacol
144(3) : 343-352, 1987

22) O’ Connor SE, Dainty IA, Leff P . Further subclassifi-
cation of ATP receptors based on agonist studies. Trends
Pharmacol Sci 12 : 137-141, 1991

23) O’ Connor SE : Recent development in the classifica-
tion and functional significance of receptors for ATP
and UTP, evidence for nucleotide receptors. Life Sci
50(22)1657-1664, 1992

24) Abbrachio MP, Cattabeni F, Fredholm BB, Williams
M : Purinoceptor nomenclature . a status report. Drug
Dev Res 28 : 207, 1993

25) Seifert R, Schultz G : Invovement of pyrimidinoceptors
in the regulation of cell functions by wridine and by
uracil nucleotides. Trends Pharmacol Sci 10 . 365-369,
1989

26) Shirasawa Y, White RP, Robertson JT : Mechanisms
of the contractile effect induced by uridine 5-triphosphate
in canine cerebral arieries. Stroke 14(3) : 347-355 .
1983

27) Seifert R, Burde R, Schultz G : Activation of NADPH
oxidase by purine and pyrimidine nucleotides involves
G-proteins and is potentiated by chemotactic peptides.
Biochem ] 259 . 813-819, 1989

28) Mason SJ, Paradiso AM, Boucher RC : Regulation
of transepithelial ion transport and intracellular cal-
cium by extracellular ATP in human normal and cystic
fibrosis air way epithelium. Br | Pharmacol 103(3) '
1649-1656, 1991

29) Martin W, Cusack NJ, Carletton JS, Gordon JL : Spe-

cificity of Py purinoceptor that mediates endothelium-

dependent relaxation of the pig aorta. Eur ] Pharmacol

108 : 295-299, 1985

Demolle D, Lagneau C, Boeynaems JM : Stimulation

of prostacyclin release from aortic smooth muscle cells

by purine and pyrimidine nucleotides. Eur | Pharmacol

155 © 339-343, 1988

31) Moncada S, Palmer RMJ, Higgs EA : Nitric oxide :
Physiology, pathophysiology, and pharmacology. Phar-
macol Rev 43(2) : 109-142, 1991

32) Schmidt HHHW, Lohmann SM, Walter U : The nitric
oxide and ¢cGMP signal transduction system . regula-
tion and mechanism of action. Biochim Biophys Acta
1178 : 153-175, 1993

32) Mannix RJ, Moatter T, Kelley KA, Gerritsen ME

: Cellular signaling responses mediated by a novel nu-

cleotide receptor in rabbit microvessel endothelium. Am
J Physiol 265 . H675-H680, 1993

34) Julou-Schaeffer G, Gray GA, Fleming I, Schott C,
Parratt JR, Stoclet JC : Loss of vascular responsiveness
induced by endotoxin involves L-arginine pathway. Am
J Physiol 259 . H1038-H1043, 1990

35) Kasakov L, Burnstock G : The use of the slowly degra-
dable analog, o, B-methylene ATP, to produce desensiti-
zation of the Px-purinoceptor . effect on non-adrenergic,
non-cholinergic response of the guinea-pig urinary blad-
der. Eur | Pharmacol 86 . 291-294, 1983

36) Dainty IA, O’ Connor SE, Leff P : Is 2-methylthio ATP
an appropriate tool for the identification of Pay-purino-
ceptors 7 Br ] Pharmacol 101 : 507, 1990

30

R



	199525010068.pdf
	199525010069.pdf
	199525010070.pdf
	199525010071.pdf
	199525010072.pdf
	199525010073.pdf
	199525010074.pdf
	199525010075.pdf
	199525010076.pdf
	199525010077.pdf

