Ren LM etal / ActaPharmacol Sin 2002 Aug; 23 (8): 721-726 -721-

02002, ActaPharmacologicaSi nica
ISSN1671-4083

Shanghai Insti tuteof MateriaM edica
Chinese Academy of Sci ences
http://www.Chi naPhar.com

Distribution of functional P2X,-like receptor
in isolated rabbit arteries®

REN Ld-Ming?, ZHANG Miao

Depar tment of Phar macol ogy, School of Pharmacy, Hebel Medical Univer sity, Shijiazhuang 050017, China

KEY WORDS arteries; purinergic P2 receptors, rabbits; muscle contraction

ABSTRACT

AIM: To clarify thedigribution of functional P2X,-like receptorsin rabbit arteries. METHODS: |sometric con-
tractile responses to noradrenaline (NA) and a,b-methylene ATP (a,b-meATP) were observed in the arteries iso-
latedfrom rabbit renal (Re), femora (Fe), ssphenous(Sa), mesateric (Me), splenic(Sp), and ear (Ed). RESULTS:
The maxima responsesto NA (E,...na) Varied among the arteries in an order of Re>Fe>Sa>Me>Sp>Ea. After
gandardization by the maxima response to KCl (E,..,. ka), however, thevaues of E, . na/Eqex ko iNthe six kinds of
arterieswere amog the same. EC, values of NA in arterieswere different, and the EC,value of NA in Me artery
was 54 timesthat of Fe artery (P<0.01). The maxima response to a,b-meATP (E, .. ap-meate) Varied among the
arteriesin an order of Re>Sa=Fe>Ea>Sp=Me, and the valuesof E, . .y mearp/E e ko Were ill different (Fe<Re
<Sa=Ea=Sp=Me). The EC,,valuesof a,b-meATP in regiona arteries were amos the same (0.23-0.77 mmol/L).
The vasocondrictive responsesinduced by a,b-meATP in the Re, Fe, Sa, Me, Sp, and Ea arteries were subject to
tachyphylaxis. CONCLUSION: Thereare functiona P2X,-like receptorsin the sx kinds of arteries used, and the
vasocondrictive responses regulated viathe receptors are Fe<Re<Sa=Ea=Sp=Me, which isconssent with the
sympatheti c innervation of the arteries.

INTRODUCTION giona blood vesselsincluding the rabbit ear', sgphen-

The neurogenic vasocondrictive responses in-  ous?, hepatic® and splenic artery!®.  Adenosine 5' -

duced by eedrical field simulationconsist of purinergic
(prazosin-resistant) component and adrenergic
(prazos n-sendtive) component in many different re-
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triphosphate (ATP) is consdered as the purinergic
cotranamitter released together with the classcal trans
mitter of noradrenaline(NA) from thesympathetic nerve
endings supplying those arteries™. The proportion of
purinergi c component to adrenergic component varied
congderably among variousarteries. In the rabbit ear
artery the prazosin-resstant (purinergic) component is
less gpparent in comparison with the adrenergic com-
ponent!™, however, alarge component of the vasocon-
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sriction inthe rabbit saphenous artery or splenic artery
in regponse to sympathetic nerve simulation is puri-
nergic component®®. Regional differences of endog-
enous ATP release in the rabbit arteries have been re-
ported®. But the contribution of functiona P2X-like
receptorsto the rabbit regiona vascular smooth muscle
has not been known.

The present sudy wasdesigned to investi gate the
contribution of functional a ;-adrenoceptor and P2X, -
like receptor to the vascul ar smooth muscle by observ-
ing contractile responses to NA (a -adrenoceptor agonist)
and a,b-methylene ATP (a,b-meATP, P2X, receptor
agonist!'?) in therabbit isolated renal, femoral, sgphenous,
mesenteric, plenic, and ear arteries. In this study, we
first reported the a,b-meATP-induced contractile re-
sponsesin the rabbit isolated rend, femoral, and me-
senteric arteries.

MATERIALSAND METHODS

Rabbits Mae New-Zeaand white rabbits (2.5~
3.5 kg) were obtained from Experimental Animal Cen-
ter of Hebel Medica University (Certificate He 0069).

Chemicals a,b-Methyleneadenosine 5’ -triphos-
phate (a,b-meATP), (—)-noradrenaline (NA), and ace-
tylcholine (ACh) were all obtained from Sigma Chemi-
ca Co. All drugswere dissolvedin distilled water.

Arterial preparation Rabbits were sunned by
ablow, then exsanguinated. The renal (Re), femora
(Fe), saphenous (Sa), mesenteric (Me), splenic (Sp),
and ear (EQ) arteries were excised and cleaned of ex-
cess connective tissue and fat. The vascular endothe-
lium was removed by gently rubbing the lumen with a
scored polythene cannula that was dightly smaller in
external diameter than the internal diameter of the ves-
sdd”.  Ring segments (4-mm in length) with or with-
out endothelium were mounted horizontally in a10 mL
organ bath by carefully inserting atungsten wire through
the lumen of the vessal ring and anchoring it to a &
tionary support. Another wire smilarly inserted, was
connected to an isometric tenson transducer, and re-
sponseswererecorded on apolygraph (ERT-884, Youlin
Electron Co, Kaifeng). Optimal preloads of 3.0 g,
3.09,250,15¢9, 2.0gand 2.0 gwere applied to the

Re, Fe, Sa, Me, Sp, and Ea arterial segments, respec-
tively. The preparations were alowed to equilibrate
for 1 hin physologica solution of the following com-
position (mmol/L)": NaCl 133, KCl 4.7, NaH,PO,
1.35, NaHCO;, 16.3, MgSO, 0.61, glucose?.8, and CaCl,
2.52, pH 7.2. The solution was maintained at 37 T_
and aerated with 95 % O, and 5 % CO,. A successful
remova of the arterial endothel ium was confirmed by
the loss of relaxation response to ACh (1 mmol/L) in
precontr acted arteria rings®.

Drug adminigration NA (0.001-100 mmol/L)
was added cumulatively to the organ bath to construct
concentration-response curves.  The concentration-
response curvefor NA was repeated twicein each prepa-
ration a 35 mininterval. Thefirs set of datawas not
used in anadyss.

A sective P2X, receptor agonis a,b-meATP
(0.03-10 mmol/L) was added non-cumulatively at 1 h
intervals”, because it rapidly desenstized itsown re-
ceptor’®.  Only one concentration-response curve for
a,b-meAT P wasgenerded pe prepaation. a,b-MeATP
3 mmol/L was added to the preparation 1 h before con-
sructing the concentration-response curve for a,b-
meATP. A sngle concentration (120 mmol/L) of KCl
was added to the preparation in the end of each experi-
ment in order to sandardize the vasocongrictivere-
sponsesinduced by NA or a,b-meATP inthe different
arteries®®. In the experiment of desensitizing P2X,-
like receptor related response, the preparations of the
Re, Fe, Sa, Me, Sp, and Eaarteries were exposed to
1 mmol/L a,b-meATP for 20 min, and then the second
adminigration of thesame concentration of a,b-meATP
was repeated in the preparations without washing.

Statigical analyss Data were expressed as
meantSD. The EC,,vaueswere cacul ated with the
equation: IgE/(E, .—E)=IgCH oK (E, response; E, .,
maximal response; C, agonist concentration; K, equi-
librium disociationcongtant).  Duncan’ smultiplerange
test (a computer program of PHARM/PCS-
Verson 4) was used to evaluate the differences of E,,
or EC,,valuesof NA and a,b-meATP inthesx arteries.
If the gatistic test was significant, we compared the
individual datum by unpaired t -test. P valueslessthan
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0.05 were consdered datigtically significant.

RESULTS

Contractileresponses to KCl in the arteries
with or without endothelium Themaximal contrac-
tile responses to KCl 120 mmol/L (E,,.«c) in the Sa,
Sp, and Ea arteries without endothelium were s gnifi-
cantly increased, in comparison with the arteries with
endothelium (Fig 1). Endothelium removal did not
modify the contraction in Re, Fe, and Me arteries
(Fig 1). Inthe arteries without endothel ium, the order
of KCl-induced contraction magnitude was Re>Fe>Sa>
Me>Sp>Ea (t tests).
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Fig 1. Maximal contractile responsesto KCI (120 mmol/L)
in therabbit renal (Re), femoral (Fe), saphenous (Sa),
splenic (Sp), ear (Ea), and mesenteric (M e) arterieswith or
without endothelium. n=5-10. MeantSD. #P>0.05,
°P<0.01vs thearteries with endothdium.

Contractile regponsesto NA in the arteries
without endothelium NA (0.001-100 nmol/L) pro-
duced vasocondrictive responsesin Re, Fe, Sa, Me,
Sp, and Ea arteries in a concentration-dependent man-
ner (Fig2). Themaxima contractile reponsesto NA
(Emax.na) inthe six arteries were significantly different
in the contraction magnitude, Re>Fe>Sa>Me>Sp>Ea
(t-tests). After gandardization of E, .. ya BY Eqax kar
however, the vaues of E,, ya/Enex. ko Were dmost the
same in the s x arteries (P>0.05, Duncan’ s new mul-
tiple range ted, Tab 1). On the other hand, the EC,
value of NA inMe artery was 54 timestha of Fe artery
(P<0.01, Tab 1).
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Fig 2. Concentration dependent response curves for NA (A,
n=6) and a , b -meATP (B, n=4) intherabbit renal, femoral,
saphenous, splenic, ear, and mesenteric arteries without
endothdium. Mean+SD.

Contractileresponsestoa,b -meATPin thear-
terieswithout endothelium a,b-MeATP (0.03-10
mmol/L) produced vasocongrictive responsesin Re, Fe,
Sa, Me, Sp, and Ea arteriesin a concentration-depen-
dentmanner (Fig 2). The maximal cortractile responses
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Tab 1. Valuesof ECspand E,. for NA or a, b -meATP in therabbit arteries without endothdium. n=6 for NA. n=4for a,b -

meATP. Mean#SD.

NA a,b-MeATP
Artery Erex. na Enex. ap-meatp
(9) EC.,(mmol- L?) (9) ' EC,,(mmol- L?)
Ere [Eax. ka1 (%) *0 S IEqex. ka1 (%0) =0

Rend 7.6£0.9 14017 0.33+0.12 5.240.3 87.6x1.0 0.23+0.04
Femord 6.4+1.1 13717 0.17+0.05 3.310.5 6718 0.45+0.10
Saphenous 5.140.6 130+19 1.4+0.4 3.840.5 99+3 0.773+0.019
Mesenteric 4.0+0.4 155423 9.2+1.8 2.0:10.4 9815 0.44+0.09
Splenic 3.7810.21 162+27 1.4+0.3 2.6+0.6 105+11 0.279+0.014
Ear 3.59+0.5 155+13 0.93+0.19 2.67+0.10 1107 0.47+0.07

to a,b-meATP (E, o ap-mears) iN the six arteries were dif-
ferent in the contraction magnitude, Re>Sa=Fe>Ea>
Sp=Me (t-tests). After standardization of E, ., .p-meare
with E, ko, however, thevalues of E, ... .5 meard Emex ka
were still different, Fe<Re<Sa=Ea=Sp=Me (t-teds).
The EC,,values of a,b-meATP inthe sx arteries were
0.23-0.77 mmol/L (Tab 1).

Vasocondtrictive responses (g) induced by the first
exposure to a,b-meATP 3 mmol/L, which was added
to the organ bath before congructing the concentra
tion-response curve, were 4.9+0.7, 2.8+0.6, 3.0+0.3,
1.610.4, 2.4+0.5, and 2.35+0.06 in the Re, Fe, Sa, Me,
Sp, and Ea arteries, and which were not significantly
different from the vascular responses (g) induced by
the second exposure to a,b-meATP 3 mmol/L in the
values of 4.940.5, 3.040.6, 3.2+0.4, 1.740.4, 2.4+
0.5, and 2.33+0.05 (n=4, P>0.05).

Contractileresponses to KCl in the arteries
without endothelium for both groupsof NA and a,
b -meATP After consgtructing the concentration-depen-
dent response curvesfor NA or a,b-meATPin each
experiment with sx kindsof arteries, the contractile
responses to KCI 120 mmol/L were observed in order
to standardize the vascular responses to agonists NA or
a,b-meATP. The vasocondrictive responses(g) in-
duced by KCl (120 mmol/L) between the two experi-
mental groups(NA and a,b-meATP) in thesx kindsof
arteries werenot significantly different from each other
(P>0.05), and which were 5.4+0.4, 4.7+0.7, 3.9+£0.4,

2.6 £0.5, 2.35+0.23, and 2.3+0.4 (n=6) in NA group;
and 5.9+0.4, 4.9+0.6, 3.8+0.6, 2.0+0.4, 2.5+0.7, and
2.4+0.1 (n=4) in a,b-meATP group.
Contractileresponsestoa,b -meATP in thear-
teries before and after desendtizing P2X,-likere-
ceptor Inthe preparations of the Re, Fe, Sa, Me, Sp
and Ea arteries without endothelium, a,b-meATP
1 mmol/L caused obvious contractile responses (g) in
the values of 4.440.3, 2.3+0.4, 2.5+0.3, 1.5+0.4,
2.0+0.6, and 1.70+0.22 (n=4), respectively. The con-
tractile responsesto a,b-meATP diminished rapidly in
the unwashed-prepar ations continually exposed to the
first administration of a,b-meATP for 20 min, and the
second adminigration of the same concentration of a,
b-meATP did not produce any responses (n=4).

DISCUSSION

It iswiddy accepted that the P2X,-like receptor
seems to be the most i mportant P2X subtypein the
vascular smooth musclé™, though this concept is not
aresult from functional study. Nori et al™@ observed
the coexpresson of mRNAsof three P2X receptor sub-
types (P2X,, P2X,, and P2X,) inthe rat vascular snocth
muscle. However, it wasreported that P2X, subtype
did not coupleto avasomotor responseé™, and that P2X,
receptor was mainly located on nerves and arteria en-
dothdia cells, only low dengity on the smooth muscle
cdld™. Moreover, a,b-meATP was inactive as an
agonist at the recombinant P2X, receptor™. EC,vd-
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ues of a,b-meAT P to acti vate the P2X, receptor were
reported to be approximately 0.5-5 mmol/L™. In the
present sudy, the EC.,values of a,b-meATP inthe sx
kinds of arterieswere 0.23- 0.77 mmol/L which were
cong stent with thereported EC,, values of a,b-meATR,
and the vasocondrictive responses induced by a,b-
meATP inthe Re, Fe, Sa, Me, Sp, and Eaarterieswere
subject to tachyphylaxis, indicting that the functiona
P2X receptors in the smooth muscle of the rabbit re-
giona arterieswere dominantly P2X,-like subtype.

Thevasocondrictive responsesto KA (120 mmol/
L) are usualy used to assessthe contractile ability of
the vascular smooth musclé®***, and agonists-induced
vasoconstrictions are often sandardized by E, . «q in
order to eliminate an influence of the different thick-
ness of muscle layer in larger and smal ler arteries. In
the present experiments, because the vasocondgriction
induced by KCI 120 mmol/L inthe Sa, Sp, and Eaarter-
ies without endothelium were much bigger than that
with endathelium (Fig 1), we used thearterial ring prepa-
rationswithout endothelium. Inthe endof experiments
constructing the concentrati on-dependent response
curvesfor both NA and a,b-meAT P, KCl-induced vaso-
congrictive responses (E,...«q) Of the same kind of ar-
tery in the two experimental groups were not signifi-
cantly different from each other. Therefore, it was
reasonable to sandardize the responsesto NA or a,b-
meATP with E,, «q inthe present sudy.

The valuesof E . ya OF E . ap-mearpVaried signifi-
cantly among the regional arteries, ie, Re>Fe>Sa>Me>
Sp>Eaarteriesfor NA or Re>Sa=Fe>Ea>Sp=Me arter-
iesfor a,b-meATRP. When the vascular reponses were
standardi zed by E, ., «o, however, thevaluesof E,_, ya
[E ex. ko Were almost the samein thesix kindsof arteries
(Tab 1). On theother hand, the valuesof E,..p-meard
E ox. kg Were dill different (Fe<Re<Sa=Ea=Sp=Me).

It hasbeen known that the releases of NA induced
by electrical field stimulation from Ea, Fe, Re and pul-
monary (Pu) arteries of therabbit are different in char-
acterigtics from the releases of ATP®.  The amounts
of NA released by e ectrical simulation from the four
arterieswere amost equal, but the amountsof ATP re-
leased by eectrica gimulation varied significantly, Ea>

Re>Fe>>Pu®. Moreover, it iswell known that the
densty of sympathetic i nnervation increases with the
decrease in lumen diameter of artery!™”. Inthe present
experiments, the sandardi zed maximal responsesto a,
b-meATP inthe large arteries (Feand Re) were sgnifi-
cantly smdler than those inamaller arteries(Sa, Ea, Sp,
and Me), which was consgtent with the experimenta
results obtained from both transmitter release study™
and histologica study™”.

In contrast with the EC,,values of a,b-meATR,
those of NA in the rabbit regiona arterieswere not the
same, eg, the EC,valuesin Me artery was 54 times
that of Fe artery. Satoh et al'*® reported that there were
different EC,,val ues of NA to produce vasocondric-
tiveresponses in the rabbit aortic, mesenteric, rend,
andiliac arteries, indicating an existence of different a,
adrenoceptor subtypes, and they further confirmed that
in additionto a ,, and a ,; Subtypes, othe subtypessuch
asa,, exigedinthe rabbit arteries.  Similar results had
been obtained from canine arteries™ and veins®!.
Hence, functional P2X-like receptor holds an impor-
tant action in the control of blood pressure, especialy
in the rapid and powerful vasoconstriction of the de-
fense reaction.
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