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kozleménye

Osszefoglalds: A B-mimetikumok tokolitikus terapidban valé hatdsossdga a széles
korben valé alkalmazas ellenére is vitatott. Ennek egyik f6 oka a [3-agonistakkal
szembeni receptor deszenzitizacié, mely csokkenti e szerek hatékonysagat. Kisérle-
teinkben azt vizsgaltuk, hogy a deszenzitizacié jelensége végbemegy-e spontin mé-
don a terhesség soran. Izoldlt terhes patkdny uterusz modellen azt taldltuk, hogy
az elektromos erdtér ingerléssel kivaltott ritmikus kontrakcidkat a f3,-izgaté terbu-
talin a terhesség elGrehaladtaval egyre kisebb intenzitdssal gatolja. A radioligand
kotési vizsgalatokban a f-receptorok alacsony és csokkend tendencidt mutatd
mennyiségét észleltiik. Eredményeink alapjdn terhes patkdny uteruszban a f-re-
ceptorok deszenzitizacidja spontdn végbemegy, mely feltételezhetGen a tokolitikus
terapia soran jelentkez6 deszenzitizacionak is egyik komponense lehet.

Kulcsszavak: tokolizis, deszenzitizdcio, [3,-agonistdk

A sziilészeti gyakorlatban a tokolizis komoly
kihivést jelent. A statisztikdk tanisdga szerint a
vilagon a korasziilések szama az elmult tiz eszten-
dében 10% feletti volt, ami évenként mintegy 13
milli6 korasziilottet jelent [1].

A tokolitikus terdpidban leggyakrabban alkal-
mazott szerek a f§,-adrenerg receptor izgatok. E
vegyliletek hatékonysdga akut tokolizisben ma is
vitatott. Egyes vizsgalatok arr6l szédmolnak be,
hogy a B-mimetikumok csupdn 24-48 6rdig ké-
pesek megakadalyozni a fenyegetd korasziilést,
mds szempontok alapjan (korasziilés kockdzaté-
nak csokkentése, 2500 g alatti sily gyakorisaga,
respirdcios distressz szindroma, perinatalis hala-
lozés) pedig nincs szignifikdns kiilonbség a pla-
cebo hatashoz képest [2, 3].

Tovébbi problémat vet fel a -agonistak alkal-
mazdasaval szemben, hogy hosszabb terdpia esetén

a P-adrenerg receptorok deszenzitizécidjara kell
szamitani mind a sziilészeti, mind pedig a pulmo-
nolégiai gyakorlatban [4, 5]. E jelenség 1ényege,
hogy a -mimetikus kezelés hatdsédra a receptorok
érzékenysége €s szama csokken, igy nagyobb do-
zisok alkalmazasa sziikséges [6]. Ennek kovetkez-
tében a P-agonistdk valamennyi mellékhatasa (ta-
chikardia, aritmia, sziviszkémia, gliikz intoleran-
cia, hipokalémia, Na+-retenci6) feler6sodik [7].

A deszenzitizéci6é kapcsan felmeriil a kérdés:
vajon terhességben a jelenség oka kizardlag a f3-
mimetikus kezelés, vagy a terhesség el6rehaladta-
val a f3,-adrenerg receptoroknak farmakol6giai
beavatkozas nélkiil is csokken az érzékenysége?
A kérdés megvalaszoldséra kisérleteket végeztiink
elektromos erdtér ingerlés €s radioligand kotési
technika médszerével in vitro terhes patkdny mo-
dellen.
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Anyagok és modszerek

Az allatkisérleteket a Szegedi Tudomanyegyetem
Munkahelyi Allatetikai Bizottsaganak engedélyével vé-
geztiik (engedélyszam: 23/1999.).

Az allatok paroztatasa

Ivarérett ndstény (180-200 g) és him (240-260 g)
Sprague-Dawley patkanyokat pdroztattunk egy erre a
célra specidlisan gyartott, sajat tervezésti paroztato ket-
recben. A paroztatas kezdetétdl szamitott 4-5 6ran beliil
a nostény allatoktdl hiivelykenetet vettiink és mikro-
szkop alatt 1200-szoros nagyitdssal himivarsejteket ke-
restiink. Amennyiben a keresés pozitiv eredménnyel
zarult, vagy a hiivelybdl az ott 1év6 spermadugé miatt
nem tudtunk kenetet venni, akkor az allatot elkiiloni-
tettiik, mint 1. napos vemhes néstényt.

Elektromos erdtér ingerléses vizsgalatok

Az allatok felaldozasat kovetden a vemhesség 15., 18.,
20. és 22. napjar6l szarmazo uteruszokbol 0,5 cm hosszu-
sdgu gyfr(iket metszettiink, melyeket két platina elektrod
kozé fiiggesztettiink fel és belehelyeztiik egy 10 ml térfo-
gatd, kettds fali szervfiirdobe, melybe karbogénnel (95%
0, + 5% CO,) folyamatosan 4taramoltatott de Jongh puf-
fert (az egyes sszetvedk koncentracioi mM-ban kifejezve:
137 NaCl, 3 KCl, 1 CaCl,, 1 MgCl,, 12 NaHCO;, 4
NaH, POy, 6 gliikéz, pH: 7.4) helyeztiink.

Az elektromos er6tér ingerlést 1,5 g elGfeszitéssel és
40 V allandé ingerld fesziiltséggel végeztiik. Vala-
mennyi terhességi napon maximalis ritmikus kontrak-
cidkat valtottunk ki. Ritmikusnak akkor tekintettiik a
kontrakciokat, ha egy periddusidé (két inger kozti idG-
tartam) alatt a szovet egy teljes kontrakcié-relaxacio
ivet irt le a nyugalmi ténus emelkedése nélkiil. Maxi-
malisnak azért neveztiik a kontrakciokat, mert az alkal-
mazhaté legrovidebb periédusidével és leghosszabb
jelszélességgel (egy inger idGtartama) ingereltiink a rit-
mikussdg megtartasa mellett. Az egyes napokon alkal-
mazott jelszélesség és periodusidé értékeket az /. tdab-
lazat mutatja be.

I. tablazat

A maximélis ritmikus kontrakciok kivéltasra
hasznélt jelszélesség és periédusidé értékek
terhes patkanyban

Terhesség napja  jelszélesség (ms) periédusid (s)

15 60 23
18 75 18
20 62 17
22 150 24

Az elektromos erdtér ingerlést ST-02 tipusi stimu-
latorral, a kontrakciok mérését SG-02 izometrids mérd-
fejjel végeztiik (mindetté Experimetria Ltd., U.K.). A

gorbék regisztraldsat €s feldolgozasat ISOSYS Data
Acquisition System (Experimetria Ltd., U.K.) segitsé-
gével végeztiik.

A terbutalin (Astra, Sweden) dézis-hatas gorbéit
nem kumulativ médon vettiik fel. A kontroll és a ke-
zelést kovetd kontrakciokat egyarant 240 s-ig vizsgal-
tuk. A terbutalin egyes ddzisait 100 pl térfogatban ad-
tuk a szervfiird6hoz. Az egyes dozisok hatdsanak méré-
sét kovetden négyszeres mosast és 5 perces pihentetést
alkalmaztunk. A terbutalin hatdsara a gorbe alatti terii-
let (AUC) valtozasabol kovetkeztettiink a kontroll
AUC-hez viszonyitva.

Az eredmények statisztikai elemzését Prism 2.01.
(GraphPad Software, USA) segitségével ANOVA New-
man-Keuls teszttel végeztiik.

Radioligand kotési vizsgalatok

A radioligand kotési vizsgalatokat terhes patkany
uterusz membrédn prepardtumon végeztikk Maltier és
Legrand szerint [8].

A reakcidelegy 100 pl membran preparatumot (~0,5
mg/ml protein), 100 pl tricialt ligandot és 100 pl jelo-
letlen ligandot tartalmazott a nem specifikus kotés
meghatdrozdsara, vagy 100 pl inkubéciés puffert (0,05
M Tris-HCL, 0,01 M MgCl,, 2,5% etanol, pH=7,42)
a totdl kotés meghatarozasara. Az inkubacié a memb-
ran preparatum hozzaadasaval indult, majd az elegyet
vizfiirdébe helyeztiik az egyensilyi allapot eléréséig
(30 °C, 30 perc). Az inkubécié végén a szabad radioli-
gandot Whatman GF/C filteren keresztiili gyors sz{irés-
sel tavolitottuk el Brandell cell harvester segitségével,
majd 3x10 ml jéghideg (4 °C) pufferes (Tris-HCI,
pH=7,42) mosast végeztiink. A kotott radioaktivitdst
Wallac 1409 liquid szcincillaciés szamlaloban HighSa-
fe szcincilldcids koktélban hatdroztuk meg.

A P-adrenoceptorok telitési analizisét 0,25-10 mM
‘[H]-dihidroalprenolollal végeztiik 1 pM jeldletlen
propranolol jelenlétében vagy anélkiil. A specifikus ko-
tést a nem specifikus kotés totdl kotésbdl valé kivona-
sdval szamitottuk ki. A vizsgalt szovetekben a *[H]-di-
hidroalprenolol Kd értéke 1,28+0,27 volt. A statiszti-
kai analizist a fent emlitett modszerrel végeztiik.

Eredmények

A terbutalin dozisfiiggéen gatolja az elektro-
mos erdtér ingerléssel Iétrehozott uterusz kontrak-
ciokat (1. abra). A terbutalin dézis-hatds gorbéi a
terhesség eldrehaladtaval fokozatosan jobbra to-
l6dnak.

Az 50%-os hatést kifejt6 terbutalin koncentra-
ciok (EC50) a 15. naptdl kezdve fokozatosan no-
vekednek, majd a 22. napon igen jelentds emelke-
dés tapasztalhat6 (2. abra).

A terbutalin maximélis gatlé hatdsa a 15. naptdl
egyre csokken, a 22. napra a 75%-os gatlast sem
ériel (3. abra).
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1. Gbra A terbutalin elektromos erétér ingerléssel kivaltott
uterusz kontrakciot gatlé hatasa terhes patkényban in vitro
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2. Gbra A terbutalin EC50 értékeinek valtozdsa a terhesség
soran patkéanyban in vitro
(ns=nem szignifikans, ***=p<0,001)

A p-adrenerg receptorok szama a 18. napon
szignifikans csokkenést mutat a 15. naphoz ké-
pest, a terhesség végéig tovabbi viltozas nem ta-
pasztalhato (4. dbra).

Megbeszélés

A p,-izgaté terbutalin uterusz kontrakciot gatlo
hatasat in vitro terhes patkdny modellen vizsgal-
tuk elektromos er6tér ingerlés modszerével. Pat-
kanyban a vemhesség 22 napos, igy a terhesség
utolsé harmadéaban (15-22. nap) végeztiik a ki-
sérleteket, mely a human terhességben is a tokoli-
tikus terdpia indikédcios id6szaka. A human terhes
méh kontrakcidihoz hasonl6an ritmikus dsszehu-
zodasokat [9] valtottunk ki. Igy kisérleti dsszealli-
tasunk in vitro koriilmények kozott modellezte a
sziilés soran fellépd kontrakciokat.

Kisérleteinkben a f,-receptor agonista terbuta-
lin a vizsgdlt valamennyi terhességi napon csok-
kentette a stimulalt kontrakciok intenzitdsat. A ter-
hesség elérehaladtaval azonban mind hatarerdssé-
ge, mind pedig hatékonysdga jelentGsen csok-
kent. A hataser6sség csokkenését a terbutalin altal
kivéltott maximdlis hatds gyengiilése jelezte, kiilo-
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3. Gbra A terbutalin maximdlis gtlé hatésénak véltozdsa
terhes paf/(én{ban in vifro
(ns=nem szignifikéns, *=p<0,05)
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4. Gbra A B-adrenerg receptor denzitds véltozésa terhes
patkény uteruszban (ns=nem szignifikéns, *=p<0,05)
nosen a terminushoz kozeli idépontokban (20. €s
22. nap). E jelenség azt mutatja, hogy patkanyban
terhesség soran f3,-mimetikus elokezelés nélkiil is
csokken a terbutalin hatdsa. A terbutalin haté-
konysaganak csokkenésére az EC50 értékek no-
vekedésébdl kovetkeztettiink. Egy farmakon
EC50 értéke szamértékileg megegyezik a farma-
kon ¢és a farmakolégiai receptor kozotti disszocia-
cios allando (Kd) értékével. Minél kisebb ez az
érték, annal nagyobb az adott farmakon affinitdsa
a receptorhoz és — agonistak esetében — a haté-
konyséaga is [10]. A terbutalin EC50 értékeinek
novekedése a terhesség elorehaladtaval azt jelzi,
hogy af,-adrenerg receptorok érzékenysége
csokken a terbutalinnal szemben, igy nagyobb
dézisok sziikségesek ahhoz, hogy ugyanazt a ha-

tast valtsuk ki.

A receptordenzitdsi vizsgédlatok részben ma-
gyardzatot adnak a fent emlitett jelenségekre, hi-
szen az eredmények azt mutatjdk, hogy patkany
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uteruszban a terhesség végén a B-receptorszdm
igen alacsony, amelyben még csokkend tendencia
is megfigyelhetd. Ugyanakkor a receptorszam-
véltozas a terbutalin hatdsaban bekovetkezd vilto-
zésokat nem teljesen koveti, igy ez csak egy té-
nyezGje lehet a deszenzitizacionak.

Eredményeink tiikrében tigy gondoljuk, hogy
vemhes patkdnyban a terhesség utolsé harmada-
ban az uterusz B,-adrenerg receptorainak érzé-
kenység csokkenése spontin bekovetkezik, mely-
ben részben szerepet jtszik a receptorok alacsony
szdma is. Bér az allatkisérletes adatokbdl humén
kovetkeztetéseket csak igen nagy Gvatossaggal le-
het levonni, mégis feltételezziik, hogy eredménye-
ink tovabbi magyardzatot adnak a B-mimetikus
hatés csokkenésére a tokolitikus terdpidban.

Koszonetnyilvanitas

A szerzdk koszonetiiket fejezik ki Czinkotdné Nagy
Judit és Csiszdr Zoltdnné asszisztenseknek a kisérle-
tekhez nyujtott segitségiikért.

Koszonjiik a MiivelGdési és Kozoktatdsi Minisztéri-
um pélyazati timogatdsat (regisztraciés szim: MKM
FKFP 0618/1999).
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Gaspér R, Marki A, Mihdlyi A, Falkay Gy.
Spontaneous desensitization of the B-adrenergic
receplors in pregnant rat uterus

Inspite of their widespread use the efficacy of -mi-
metics is debated in tocolytic therapy. One of the main
reasons for this is the receptor desensitization against
the B-agonists, a process which decreases their efficacy.
We investigated whether this desensitization process
also occurs spontaneously during pregnancy. It was fo-
und that towards the end of pregnancy contractions sti-
mulated by electric field on isolated rat uterus were in-
hibited with only a reduced intensity by the B,-agonist
terbutaline. In radioliogand binding studies the small
density of the -receptors was shown to decline in the-
ir numbers. We conclude that desensitization of the 8-
receptors occurs even spontaneously in the pregnant rat
uterus. This process is assumed to contribute to the
human receptor desensitization during tocolytic the-

rapy.

Key words: tocolysis, desensitization, (3,-ago-
nists
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SYNERGISM BETWEEN 3;-ADRENOCEPTOR AGONISTS AND
SUBTYPE-SELECTIVE a1a-ADRENOCEPTOR ANTAGONISTS IN THE
TOCOLYTIC EFFECT ON PREGNANT RAT UTERUS IN VITRO

A Mihalyi, R Gaspar, D Csonka and G Falkay

University of Szeged, Faculty of Pharmacy, Department of Pharmacodynamics and Biopharmacy,
Szeged, Eotvos, Hungary

SUMMARY

1. Despite great efforts in recent decades, premature birth
is still a leading cause of perinatal morbidity and mortality.
Ba-Adrenoceptor agonists are frequently used as tocolytics,
although their use is rather controversial. Previous animal
studies have revealed that blockade of oya-adrenoceptors
results in relaxation of the pregnant rat myometrium.

2. The aim of the present study was to investigate the
uterus relaxant effect of the p;-adrenoceptor agonists
(terbutaline, ritodrin) applied together with the subtype-
selective aa-adrenoceptor antagonists (WB 4101, 5-methyl-
urapidil) in an in vitro rat model. The main objective of the
experiments was to clarify whether there was an additive or a
potentiating synergism between the two drug classes.

3. Myometrial rings were taken from female, 22-day
pregnant (end-term) Sprague-Dawley rats. Electrical field
stimulation (EFS) was used to elicit rhythmical contractions.
Non-cumulative concentration-response curves were con-
structed to the B;-adrenoceptor agonists and the a)s-adreno-
ceptor antagonists alone and to (,-adrenoceptor agonists
co-administered with the cja-adrenoceptor antagonists.

4. Both groups of drugs inhibited EFS-induced contractions
in a dose-dependent way. Administering the B:-adrenoceptor
agonists in combination with the cjs-adrenoceptor antagonists
resulted in a significant decrease in the ECsp and an increase in
the maximal contraction inhibiting effect.

S. The potentiating synergism that has been revealed
between Bi-adrenoceptor agonists and «)js-adrenoceptor
antagonists in the uterus relaxant effect may be of great clinical
importance because it could improve the efficacy of therapy of
preterm delivery.

Key words: as-adrenoceptor antagonists, B:-adrenoceptor
agonists, combination, electric field stimulation, rat, tocolysis.
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INTRODUCTION

Despite great efforts in recent decades, tocolysis remains one of the
greatest challenges in obstetric practice because premature birth is
still a leading cause of perinatal morbidity and mortality.'?

The numerous physiological mechanisms that control myo-
metrial contractility involving the adrenergic system, oxytocin, sex
steroids and prostaglandins have led to the elaboration and investi-
gation of various therapeutic methods.

However, none of these therapeutic approaches has resulted in a
serious breakthrough in the problem and none has been shown to
decrease the rate of preterm delivery.® Of the various pharmaco-
therapeutic alternatives, Bz-adrenoceptor (B2-AR) agonists (e.g.
terbutaline, fenoterol, ritodrin, hexoprenaline) are applied most
frequently, even though their efficacy is not fully satisfactory and
their use is rather limited. The response to these drugs is
reasonably good in acute situations, but the significant elongation
of gestation by chronic use of B;-AR agonists is still controversial.
B2-Adrenoceptor agonists are contraindicated in a number of
situations, such as tachycardia, diabetes mellitus and arrhythmia.
When not contraindicated, treatment of preterm labour with B,-AR
agonists is often accompanied by disadvantageous phenomena.
These drugs often give rise to serious maternal and fetal side-
effects, some of which are life threatening,2 The cardiovascular and
cardiopulmonary systems are the most severely affected (e.g.
tachycardia, arrhythmia and pulmonary oedema).-’ It is well
known that the efficacy of Ba2-AR agonists decreases towards
the end of pregnancy as a result of B,-AR desensitization.®
Accordingly, in order to prevent or inhibit preterm contractions,
ever higher doses of B2-AR agonists are required; these become
less and less tolerable, increase the incidence and severity of side-
effects and endanger the success of the treatment.

It has been shown in previous animal studies that, in parallel
with the B2-AR, the a;-adrenoceptors (x)-AR) also play a major
role in the regulation of myometrial contractility.® The density of
a1-AR in the rat myometrium was found to be increased by the end
of gestation, which suggests that these receptors are involved in the
increase of uterine contractility. Further investigations revealed
that, of the different a;-AR subtypes, it is the a;a-AR that are
mainly responsible for the elevated c)-AR density.'® Blockade of
aa-AR results in relaxation of rat uterine smooth muscle, while
antagonism of the ap-AR subtype does not produce a significant
relaxation of the rat myometrium. However, antagonism of the
a;p-AR subtype results in modest relaxation of the pregnant rat
uterine smooth muscle.!!
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The previously discussed problems relating to the use of B,-AR
mimetics show that these drugs alone do not provide a fully
acceptable solution to the problem of tocolysis. The data available
on the aja-AR subtype-selective antagonists also suggest that the
efficiency of these compounds may not exceed that of B-AR
mimetics.'" Therefore, it seemed reasonable to examine the
interaction between these drugs when they are coadministered in
an in vitro study. Thus, the aim of the present study was to
investigate the changes in the uterus-relaxant effect of a B,-AR
agonist when applied together with an aja-AR antagonist.

MATERIALS

Uterus rings were taken from female 22 day pregnant (end-term)
Sprague-Dawley rats. Muscle rings (0.5 cm long) were sliced from
both horns of the uterus and mounted vertically between two
platinum electrodes in a tissue bath containirig 10 mL de Jongh
buffer solution (composition (in mmol/L): NaCl 137; KCI 3;
CaCl, 1; MgCl, 1; NaHCO; 12; NaH,POs 4; glucose 6; pH 7.41).
The temperature of the organ bath was set to and maintained at
37°C and carbogen (95% O, + 5% CO,) was perfused continuously
through the bath. Tissue samples were equilibrated under these
conditions for 60 min before the experiments were started. The
initial tension of the uterus rings was set to 1.5 g and the tension
dropped to 0.5 g by the end of the equilibration period. Following
the equilibration period, rhythmic contractions were elicited by a
digital programmable stimulator (ST-02; Experimetria, London,
UK) using square pulses with a duration of 150 msec and a
frequency of 23.75 s. The stimulating potential in each experiment
was 40 V. The tension of the myometrial rings was measured with
a strain gage transducer (SG-02; Experimetria) and recorded by an
ISOSYS Data Acquisition System (Experimetria).

As the first step, non-cumulative concentration-response curves
were constructed for the aja-AR antagonists WB 4101 (RBI,
Nattick, MA, USA) and S-methylurapidil (5-MU; Sigma-Aldrich,
St Louis, MO, USA) and for the B;-AR agonists terbutaline
(Sigma-Aldrich) and ritodrin (Sigma-Aldrich). Next, concen-
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Fig. 1 Concentration—response curves for the aja-adrenoceptor antago-
nist WB 4101 (@), the B,-adrenoceptor agonist terbutaline (M) alone and
terbutaline in the presence of 1 X 10® mol/L WB 4101 (V). Both WB 4101
and terbutaline inhibited electric field stimulation-induced contractions in a
dose-dependent manner. When terbutaline was administered in the presence
of | X 10 ® mol/L WB 4101, the dose-response curve was shifted markedly
to the left and an increase in the maximal inhibitory effect was observed.

tration-response curves were constructed for both terbutaline
and ritodrin in the presence of 1 X 10" mol/L WB 4101 and
1 X 10 mol/L 5-MU.

The areas under the curves (AUC) were analysed statistically
with Prism 2.01 software (GraphPad Software, San Diego, CA,
USA) using ANOvA with the Neuman—Keuls’ post hoc test. Data are
given as the meantSEM and in all cases n = 10.

All parts of the study involving animal subjects were conducted
with the approval of the Ethical Committee of Animal Experiments
of the University of Szeged (permission number: 1-74-8/2002).

RESULTS

Both the aja-AR antagonists (WB 4101 and 5-MU) inhibited the
rhythmic contractions of the rat isolated myometrium in a dose-
dependent manner, although their potencies were less than those of
terbutaline and ritodrin. The ECsp and maximal contraction inhib-
iting effect of WB 4101 were found to be 2.2 £ 0.6 X 10~ mol/L
and 71.5 £ 9.1%, respectively. The ECso and maximal contraction
inhibiting effect of 5-MU were 5.3£2.7 X 10*mol/L and
62.4 £ 4.4%, respectively. Similarly, the B2-AR agonists terbutaline
and ritodrin inhibited electrical field stimulation (EFS)-induced
contractions in a dose-dependent manner. The ECsyp and maximal
inhibitory effect of terbutaline were 4.040.5 10”7 mol/L and
73.3 + 1.3%, respectively. The other B,-AR agonist used in the
present study, ritodrin, inhibited the EFS-elicited contractions with
an ECsy and maximal inhibitory effect of 1.1 £0.2 X 10-¥ mol/L
and 60.7 % 3.7%, respectively.

The concentration-response curve for terbutaline in the
presence of 1 X 1076 mol/L WB 4101 was shifted markedly to the
left and an increase in the maximal uterus-relaxant effect was
observed (Fig. 1). Similarly, when terbutaline was applied with
1 X 10°°mol/L 5-MU, the concentration-response curve for
terbutaline shifted markedly to the left and the maximal
contraction inhibiting effect increased (Fig. 2). When terbutaline
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Fig.2 Concentration-response curves for the ajx-adrenoceptor antago-
nist 5-methylurapidil (@), the B;-adrenoceptor agonist terbutaline (M) alone
and terbutaline in the presence of 1 X 106 mol/L 5-methylurapidil (V).
Both 5-methylurapidil and terbutaline inhibited the electric field stimu-
lation-induced contractions in a dose-dependent manner. When terbutaline
was administered in the presence of 1 X 10°® mol/L 5-methylurapidil, the
dose-response curve was shifted markedly to the left and an increase in the
maximal inhibitory effect was observed.
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was co-administered with 1 X 107 mol/L WB 4101, the ECsp
fell from 4.0+0.5X 107 to 43+ 1.1 X 10®* mol/L and the
administration of terbutaline in the presence of 1 X 1076 mol/L
5-MU caused a decrease in the ECso of terbutaline to 5.1 £
1.9 X 10-¥ mol/L (Fig. 3).

The maximal inhibitory effect of terbutaline increased from
73.3+1.3 to 82.5+3.0% when it was administered with
1 X 10°¢ mol/L WB 4101 (Fig. 4).

A similar effect was observed when terbutaline was used with
1 X 10°mol/L 5-MU, where the maximal inhibitory effect
increased from 73.3 + 1.3 to 86.3 + 4.7% (Fig. 4).

The concentration—response curve for ritodrin in the presence of
1 X 10°mol/L WB 4101 was also shifted to the left and an
increase in the maximal uterus-relaxant effect was observed, but
the rate of this shift to the left was not as great as in the previous
case when terbutaline was applied with the same concentration of
WB 4101 (Fig. 5). When ritodrin was applied with 1 X 106 mol/L
5-MU, the concentration-response curve for ritodrin was shifted
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Fig. 3 Changes in the ECsy of terbutaline when administered in the
presence of 1 X 10 mol/L WB 4101 (M) and | X 10°¢ mol/L 5-methyl-
urapidil (OJ). (E3), terbutaline alone. Using terbutaline in the presence of
1 X 10 ® mol/L WB 4101 resulted in a significant decrease in the concen-
tration required to reach 50% of the maximal effect. Similarly, when
terbutaline was administered in the presence of 1 X 10°¢ mol/L 5-methyl-
urapidil, the ECs of terbutaline was significantly decreased. *P < 0.001.
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Fig. 4 Changes in the maximal contraction inhibiting effect of terbutaline
when administered in the presence of 1 X 10%mol/L WB 4101 (M) and
1 X 10 ® mol/L 5-methylurapidil (O). (FJ), terbutaline alone. Using terbuta-
line in the presence of 1 X 10 mol/L WB 4101 resulted in a significant
increase in the maximal inhibitory effect of terbutaline. The maximal
inhibitory effect was also increased significantly when terbutaline was
administered in the presence of 1 X 10®mol/L 5-methylurapidil.
*P<0.01.

markedly to the left and the maximal contraction inhibiting effect
increased, similar to the effects observed for the combination of
terbutaline and 5-MU (Fig. 6).

When ritodrin was co-administered with 1 X 107¢ mol/L
WB 4101, the ECsp fell from 1.1+£02X 107 to 8.1+
1.4 X 108 mol/L (n = 10), while administration of ritodrin in the
presence of 1 X 1076 mol/L 5-MU caused the ECsg of ritodrin to
drop to 3.4 + 1.2 X 10-® mol/L (Fig. 7).

The maximal inhibitory effect of ritodrin increased from
60.7 £ 3.7 to 87.3 £ 7.2% (n = 10) when it was administered with
1 X 10-¢ mol/L WB 4101 (Fig. 8).
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Fig. 5 Concentration-response curves for the aja-adrenoceptor antago-
nist WB4101 (@), the Br-adrenoceptor agonist ritodrin (W) alone and
ritodrin in the presence of 1 X 106 mol/L WB 4101 (V). Both WB 4101
and ritodrin inhibited electric field stimulation-indeced contractions in a
dose-dependent manner. When ritodrin was administered in the presence of
1 X 10 mol/L WB 4101, the dose-response curve was shifted to the left
and an increase in the maximal inhibitory effect was observed.
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Fig. 6 Concentration-response curves of the a;x-adrenoceptor antagonist
5-methylurapidil (@), the Bz-adrenoceptor agonist ritodrin (M) alone and
ritodrin in the presence of 1 X 10 mol/L 5-methylurapidil (¥). Both 5-
methylurapidil and ritodrin inhibited the electric field stimulation-induced
contractions in a dose-dependent manner. When ritodrin was administered
in the presence of 1 X 10 mol/L 5-methylurapidil, the dose-response
curve was shifted markedly to the left and an increase in the maximal
inhibitory effect was observed.
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Fig. 7 Changes in the ECso of ritodrin when administered in the presence
of I X 10 mol/L WB 4101 (M)and 1 X 10 mol/L 5-methylurapidil (CJ).
(£3), ritodrin alone. Using ritodrin in the presence of 1 X 10 mol/L
WB 4101 resulted in a significant decrease in the concentration required to
reach 50% of the maximal effect; however, this change was not as great as
in case of terbutaline. Similarly, when ritodrin was administered in the
presence of | X 10 ® mol/L. 5-methylurapidil, the ECsp of ritodrin was
significantly decreased. 'P < 0.01, *P < 0.05.
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Fig. 8 Changes in the maximal contraction inhibiting effect of ritodrin
when administered in the presence of 1 X 10°® mol/L WB 4101 (M) and
1 X 10 ® mol/L 5-methylurapidil ((J). (&), ritodrin alone. Using ritodrin in
the presence of 1 X 10 mol/L WB 4101 resulted in a significant increase
in the maximal inhibitory effect of terbutaline. The maximal inhibitory
effect also increased significantly when ritodrin was administered in the
presence of 1 X 10 ® mol/L 5-methylurapidil. *P <0.01.

When ritodrin was used with 1 X 10¢mol/L 5-MU, the
maximal inhibitory effect increased from 60.7 + 3.7 to 84.2 + 3.3%
(n=10; Fig. 8).

DISCUSSION

The results of the present in vitro animal study indicate that the
combination of B,-AR agonists with aja-AR subtype-selective
antagonists appreciably increases the efficacy of the B,-AR
mimetics in terms of uterus relaxation as a result of the potentiating
synergism revealed. The significant decrease in the ECso and the
increase in the maximum inhibitory effect of the 3,-AR agonists in
the presence of aja-AR subtype-selective antagonists may be of
great importance, because it could offer a possibility to use a
considerably lower dose of 3,-AR agonists in order to achieve the
desired uterus-relaxant effect. Furthermore, these results suggest
that there could possibly be a markedly lower risk of the severe,

sometimes life-threatening, side-effects of tocolytic therapy with
B2-AR mimetics that is usually induced by the very large doses of
B2-AR agonists required. Supplementation of PB,-AR agonist
therapy with aja-AR antagonists could result in beneficial effects
on pregnancy related disorders such as pre-eclampsia, which is
associated with increased sympathetic activity.'? Furthermore, the
interaction revealed could be even more important in cases of
pregnancies where the mother suffers from hypertension, because
these mothers have a greater risk of preterm delivery.'? Supplemen-
tation with aja-AR antagonists could not only improve the
tocolytic effect, but could also exert a beneficial antihypertensive
effect.

These findings suggest that the combination of $,-AR mimetics
and aja-AR antagonists may provide a better solution to the
clinical problem of premature labour.

Because aja-AR subtype-selective antagonists are not used in
obstetric practice, further in vivo experiments and clinical trials
should be planned in order to explore the possible benefits of this
drug interaction.
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Ihvestigation of the role of the serotonergic activity of
certain subtype-selective oy, antagonists in the relaxant
effect on the pregnant rat uterus in vitro

Attila Mihélyi, Eszter Ducza; Robert Gaspar and George Falkay'

University of Szeged, Faculty of Pharmacy, Department of Pharmacodynamics and Biopharmacy, H-6720 Szeged, 'Eﬁtvﬁs u. 6,
Hungary
"To whom correspondence should be addressed. E-mail: falkay @pharma.szote.u-szeged.hu

Results from recent studies have shown that o, ,-adrenergic receptor (0;4-AR) antagonists could offer a new alternative in the
treatment of preterm delivery. However, members of this group [2-(2,6-dimethoxyphenoxyethyl)aminomethyl-1,4-benzodioxane
hydrochloride (WB4101), 5-methylurapidil (5-MU)] are known to influence serotonin (5-hydroxy-tryptamine) (5-HT;,) recep-
tors, too. Our objective was to clarify thé role of their 5-HT;, activities in the uterus relaxant effect, RT-PCR was used to
determine mRNA expression of the receptor subtypes in 22 day pregnant rat uteri. Isolated uteri were stimulated by 5-HT or
electrical field to investigate the contraction-inhibiting effect and the 5-HT,, activity of the o, antagonists. Both receptor sub-
types are present in rat myometrium. 5-HT induced contractions were inhibited by the o,;4 antagonists. Besides shifting the
dose-response curve of 5-HT to the right, 5-MU decreased its maximal effect. The o, antagonists inhibited electrical field
stimulation-induced contractions. 5-HT;, blockade increased the maximal effect of 5-MU but did not change that of WB4101.
These results suggest that the contraction increase caused by 5-HT is mediated by o, receptors. Serotonergic activity of o
antagonists and especially o, antagonists should be investigated as it may alter their efficacy and could interfere with their
side-effects. It is proposed that novel oy, antagonists should be designed with no 5-HT;, activity to achieve maximal relaxant

effect.

Key words: alphal A-adrenoceptors/5-HT1A receptors/rat/tocolysis/uterus

Introduction

It has been clearly established that the adrenergic system plays a major
role in the regulation of myometrial contractility during pregnancy
(Marshall, 1981; Legrand and Maltier, 1986). Thus, a number of
attempts have been made to employ drugs that affect the adrenergic
system in the treatment of myometrial contractility disorders, with
special attention to premature labour. Currently, P,-adrenergic-
receptor (B,-AR) agonists are among the substances most frequently
used as tocolytics; however, controversy surrounds their efficacy,
especially when they are administered in prolonged therapies
(Lampert et al., 1993; Katz and Farmer, 1999; Rosenberg, 2001). In
the rat, besides the B,-ARs, the o;-adrenergic receptors (0;-ARs) have
been found to have a great impact on myometrial contractility
(Legrand and Maltier, 1986; Zupké et al., 1997). This gave the
initiative for a series of new investigations exploring the possible
scientific and therapeutic significance of these adrenergic receptors.
In the pregnant rat, the o;/B,-AR density ratio increases towards the
end of pregnancy, this increase is mainly a consequence of an elevated
o;-AR density and not a decrease in B,-AR density (Gaspar et al.,
2001). Further studies have revealed that, of the three subtypes of o;-
ARs, it is the 0,4 subtype that is mostly responsible for the increase
(Ducza et al., 2002). It has also been reported that blockade of o s-
ARs significantly inhibits contractions of post-partum rat myometrium
in vitro (Ducza et al., 2001). Subsequent investigations showed that
o4-AR antagonists significantly increase the efficacy of the B,-AR

agonists, by raising their maximal contraction-inhibiting effect and
markedly decreasing their ECso (Mihalyi et al., 2003).

The investigated o;-AR blockers, 2-(2,6-dimethoxyphenoxyethy-
I)aminomethyl-1,4-benzodioxane hydrochloride (WB 4101) and 5-
methylurapidil (5-MU) are known to have serotonergic properties too.
These substances bind to serotoninl A (5-HT; ) receptors and exert an
agonist effect on them (Schoeffter and Hoyer, 1988; Eltze et al., 1991;
Moser, 1991; Chidlow et al., 2001).

Data have previously been published on the interactions between 5-
HT, o-receptor agonists and o;-AR subtypes (Castillo et al., 1993).
The aim of the present study was therefore to clarify whether the
serotonergic activities of these subtype-selective o;-AR antagonists
have any influence on their uterus-relaxant effect.

Materials and methods

All parts of the study involving animal subjects were conducted with the
approval of the Ethical Committee of Animal Experiments of the University of
Szeged (registration number: 1-74-8/2002).

Mating of the animals

Mature female (180-200 g) and male (240-260 g) Sprague-Dawley (SPRD)
rats were mated in a special mating cage. A metal door, movable by a small
electric engine, separated the rooms for the male and female animals. A timer
controlled the function of the engine. Since rats are usually active at night, the
separating door was opened before dawn. Within 4-5 h after the possible
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Figure 1. The expression of uterine o;5-AR (212 bp) and 5-HT 5-receptor
(388 bp) mRNA on day 22 of pregnancy. Results of the RT-PCR study
demonstrate the expressions of 0;,-AR mRNA and 5-HT, 5-receptor mRNA
on day 22 of pregnancy in the rat. The receptor mRNA, expression level was
normalized to that of GAPDH, and is represented on the y-axis.

mating, vaginal smears were taken from the female rats, and a sperm search was
performed under a microscope at a magnification of 1200 times. If the search
proved positive, or when smear taking was impossible because of an existing
vaginal sperm plug, the female rats were separated and were regarded as first-
day pregnant animals.

Reverse-transcription polymerase chain reaction (RT-PCR)
studies

RT-PCR was utilized to determine mRNA expression of the 5-HT 5 receptors
and the o) 5-ARs.

Tissue isolation

Female SPRD rats (250-300 g) were killed by cervical dislocation on day 22 of
gestation (end-term). Uterus tissue was rapidly removed. Two myometrial rings
from both horns of the uterus were sliced out and prepared for isolated tissue
experiments. The remainder was dissected in ice-cold saline (0.9% NaCl)
containing 2 U/ml of recombinant ribonuclease inhibitor (RNasin, Promega,
UK). The samples were frozen in liquid nitrogen and then stored at —=70°C until
total RNA extraction.

Total RNA preparation

Total cellular RNA was isolated by extraction with guanidinium thiocyanate-
acid-phenol—chloroform, according to the procedure of Chomczynski and
Sacchi (Chomczynski and Sacchi, 1987). After precipitation with isopropanol,
the RNA was treated with RNase-free DNase I for 30 min at 37°C, re-extracted
with phenol, precipitated with ethanol, washed with 75% ethanol and then
resuspended in diethyl pyrocarbonate-treated water. The RNA concentration
was determined by optical density measurements at 260 nm.

RT-PCR

RNA (0.5 pg) was denaturated at 70°C for 5 min in a reaction mixture
containing 20 U of RNase inhibitor (Hybaid, UK), 200 pmol/l dNTP (Sigma-
Aldrich, Hungary), 20 pmol/l oligo(dT) (Hybaid, UK) in 50 mmol/l Tris-HCl,
pH 8.3, 75 mmol/l KCl and 5 mmol/l MgCl, in a final reaction volume of 19 pl.
After the mixture had been cooled to 4°C, 20 U of M-MLV reverse
transcriptase, RNase H Minus (Promega, UK) was added, and the mixture
was incubated at 37°C for 60 min and then at 72°C for 10 min.

The PCR was carried out with 5 pl of cDNA, 25 pl of ReadyMix REDTaq
PCR reaction mix (Sigma-Aldrich, Hungary) and 50 pmol/l sense and antisense
primer. The primer sequences to amplify the 5-HT) s(-receptor mRNA) were
5’-CCA AAG AGC ACC TTC CTC TG-3’ (for the forward primer) and 5'-TAC
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CAC CAC CAT CAT CAT CA-3’ (for the reverse primer); these primers were
anticipated to generate a 388 bp PCR product (Albert et al., 1989). The primers
for the o o-AR were 5'-GTA GCC AAG AGA GAA AGC CG-3" and 5'-CAA
CCC ACC ACG ATG CCC AG-3"; these primers generated a 212 bp PCR
product (Scofield et al., 1995). A rat GAPDH probe was used as internal control
in all samples (Tso et al., 1985)]. The PCR was performed with a PCR Sprint
thermal cycler (Hybaid Corp., UK), with the following cycle parameters: after
initial denaturation at 95°C for 3 min, the reactions were taken through 35
cycles of 1 min at 95°C, 1 min annealing at 55°C, and | min at 72°C. After the
last cycle, incubation was continued for 3 min at 72°C, followed by lowering of
the temperature to 4°C. PCR products were used immediately or stored at
—~70°C. The PCR products were visualized by performing the electrophoresis on
ethidium bromide (Sigma-Aldrich, Hungary) containing gel. Densitometric
scanning of the gel was performed with the KODAK EDAS290 system
(Csertex Ltd, Hungary). The S5-HT,;»/GAPDH amplification ratio was
calculated for each RNA pool. The o;5,-AR/GAPDH ratio was also calculated
for each RNA pool.

Isolated tissue studies

Preparation of the tissues

Uterus rings were taken from the above-mentioned 22 day pregnant SPRD rats.
Two muscle rings were sliced from both horns of the uterus and mounted
vertically between two platinum electrodes in a tissue bath containing 10 ml of
de Jongh buffer solution (composition in mmol/I: NaCl, 137; KCl, 3; CaCl,, 1;
MgCl,, 1; NaHCOs3, 12; NaH,PO,, 4; glucose, 6; pH 7.41). The temperature of
the tissue bath was set to and maintained at 37°C, and carbogen (95% O, + 5%
CO,) was perfused continuously through the bath. Tissue samples were
equilibrated under these conditions for 90 min before the experiments were
started. The initial tension of the uterus rings was set to 1.5 g, which dropped
spontaneously to 0.5 g by the end of the equilibration period.

Determination of contractility changes (5-HT stimulation).
Noncumulative concentration-response curves were constructed for 5-HT
(Sigma-Aldrich, St Louis, MO, USA). The spontaneous contractions of the
tissues were recorded for 4 min.

5-HT was then administered to the bath and the contractions were recorded
for another 4 min. This procedure was repeated after a 5 min regeneration
period during which the tissue samples were washed four times with de Jongh
buffer solution. The 5-HT concentration range was 1X10°-3X10-6 mol/l.
Spontaneous contractions were regarded as the control. The contraction
increase caused by 5-HT was expressed as a percentage of the control
contractions.

In the following step noncumulative concentration-response curves were
constructed for 5-HT, but this time in the presence of the subtype-selective o 2-
AR antagonists, WB4101 (Tocris-Cookson, Bristol, UK) (Morrow and Creese,
1986; Hieble et al., 1995) and 5-MU (Sigma-Aldrich, USA) (Gross et al., 1988;
1990; Valenta et al., 1990) at both 1X10-7 and 1X10-% mol/l. The procedure
was similar to that described above, except recording of the control
contractions was preceded by a 5 min incubation with the o ,-AR antagonists.
Each concentration-response curve was constructed by using newly removed
uterus samples. The reason for this was that, following a 30 min regeneration
period after the first series of 5-HT stimulation, the changes in the contractions
caused by the same concentrations of 5-HT were different as the basal
contractions were smaller than in the first series.

The tensions of the myometrial rings were measured with a strain gauge
transducer (SG-02; Experimetria Ltd, London, UK) and recorded with an
Isosys Data Acquisition System (Experimetria Ltd).

Electrical field stimulation (EFS)

Noncumulative concentration-response curves were constructed for the oy A-
AR antagonists, WB4101 and 5-MU. Contractions were elicited by a digital
programmable stimulator (ST-02; Experimetria Ltd), using square pulses with a
duration of 150 ms and a frequency of 23.75 s. The stimulating potential in each
experiment was 40 V. After the previously described equilibration period, the
tissue samples were stimulated by EFS for 4 min and the contractions were
recorded and regarded as the control. The o, 5-AR antagonists were then added
to the bath and the contractions were recorded for another 4 min. This
procedure was repeated after a 5 min regeneration period, during which the
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Table I. Changes in the contraction increasing effect of serotonin (5-HT) in the presence of different concentrations of the subtype-selective o;5-AR

antagonists WB 4101 and 5-methylurapidil (5-MU)

ECso (mol/l) (mean = SEM)

Level of significance E ax (%) (mean = SEM) Level of significance

1 5-HT 8.0x10°% + 1.9x108
2 5-HT + WB4101 1X10-7 mol/l 4.5%107 * 1.1x1077
3 5-HT + WB4101 1X10-° mol/l 5.8%x1077 + 1.8x107
4 5-HT + 5-MU X107 mol/l 3.3X107 * 6.2%x108
5 5-HT + 5-MU 1X10-6 mol/I 3.9%107 + 48%108

- 4379 * 389 =
¥ 424.0 + 54.8 NS
* 328.7 + 66.3 NS
ik 384.4 + 40.7 NS
sk 301.2 = 26.2 »

INS;:P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001.

ECs, the concentration of 5-HT producing 50% of its maximal contraction-increasing effect. E,,y, the maximal contraction-increasing effect of 5-HT in the

system.
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Figure 2. Concentration—response curve of 5-HT alone and in the presence
of different concentrations of the subtype-selective 05-AR antagonist WB
4101. 5-HT (squares) increased the contractility of the pregnant rat
myometrium in a concentration-dependent manner. 1X10-7 mol/l WB 4101
shifted the concentration-response curve of 5-HT to the right (circles). When
WB 4101 was present at 1X10-6 mol/l the right-shift of the curve was more
explicit (triangles). The y-axis represents the contractions expressed as
percentages of the basal contractions.

tissues were washed four times. Following this, noncumulative concentration—
response curves were constructed for the o o-AR antagonists in the presence of
1X1077 and 5X1077 M (S)-N-tert-butyl-3-(4-(2-methoxyphenyl)-piperazin-1-
y1)-2-phenylpropanamide (WAY100135) (Fletcher et al., 1993a; 1993b), a
subtype-selective 5-HT;-receptor antagonist. The experimental design was
similar to the previous one, but the control phase was followed by a 5 min
incubation period with WAY 100135. Here, and also in the previous case when
5-HT was used to elicit contractions, newly removed uterus rings were used for
each concentration-response curve.

Data analysis

The areas under the curves (AUCs) were analysed statistically with Prism 2.01
software (GraphPad Software, San Diego, CA, USA), using ANOVA with the
Neuman-Keuls’ post hoc test. Data are given as the mean * SEM and in all
experiments n = 10.

Results
Receptor mRNA expression

We demonstrated the expression of o;a-AR mRNA and 5-HTja-
receptor mRNA on day 22 of pregnancy in the rat by RT-PCR. Both
receptor subtypes are present in pregnant rat myometrium (Figure 1).

Effects of oy4-AR antagonists on 5-HT-induced
contractions

5-HT increased the contractions of pregnant rat myometrium in a
concentration- dependent manner (Figure 2). The ECsy and the
maximal effect of 5-HT are presented in the first row of Table I.
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Figure 3. Concentration-response curve of 5-HT alone and in the presence
of different concentrations of the subtype-selective o;5-AR antagonist 5-
MU. 5-HT (squares) increased the contractility of the pregnant rat
myometrium in a concentration-dependent manner. When the
concentration-response curve of 5-HT was constructed in the presence of
1X10-7 mol/l 5-MU (circles), the o;5-AR antagonist shifted the curve to the
right. On increasing the concentration of 5-MU to 1X10-% mol/l, the
dose-response curve of 5-HT was further shifted to the right (triangles). The
y-axis represents the contractions expressed as percentages of the basal
contractions.

WB4101 (1X10-7 mol/l) shifted the concentration-response curve of
5-HT to the right (Figure 2), significantly increasing its ECsy, but not
markedly altering its maximal effect (Table I, row 2). When WB4101
was present at 1X107% mol/l the right-shift of the concentration—
response curve of 5-HT was more explicit (Figure 2) and its ECsq
increased further, but the maximal effect was not altered (Table I, row
3):

Similar phenomena were observed when the concentration—
response curve of 5-HT was constructed in the presence of 5-MU
(1X1077 mol/l). The o,;5-AR antagonist shifted the curve to the right
(Figure 3) and, as in the previous case, the ECs, of 5-HT was
significantly elevated whilst there was no significant change on the
maximal effect (Table I, row 4).

Interestingly, when 5-MU was applied at 1X10-% mol/I concentra-
tion the dose-response curve of 5-HT was again shifted to the right
(Figure 3), but the increase in the ECs, was accompanied by a
significant decrease in the maximal effect of 5-HT (Table I, row 5).

Changes in contractility caused by a;5-AR blockade and

simultaneous 5-HT4-receptor blockade

WB4101 inhibited EFS-elicited contractions in a concentration-

dependent manner (Figure 4). The ECsy and the maximal contrac-

tion-inhibiting effect are presented in the first row of Table II.
5-HT 5-receptor blockade with WAY 100135 (1X10-7 mol/l) did

not change the contraction-inhibiting features of WB 4101. The 5-
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Table II. Changes in the contraction inhibiting effects of the subtype-selective o;5-AR antagonists WB 4101 and 5-methylurapidil (5-MU) in the presence of

different concentrations of the 5-HT) 5-receptor antagonist WAY 100135

ECsp (mol/l) (mean = SEM)

Level of significance Emax (%) (mean = SEM) Level of significance

2.5%10° £ 52%106
2.5X10°° * 6.9x1076
2.0X10°5 + 2.8X10°6
2.9X10°6 *+ 9.3x107
3.7X105 + 8.9%10°7
3.8X106 * 8.6x107

WB4101

WB4101 + WAY 100135 1X10-7 mol/l
WB4101 + WAY 100135 5X10-7 mol/l
5-MU

5-MU + WAY 100135 1X10-7 mol/l
5-MU + WAY 100135 5X10-7 mol/l

QNN BN -

- 76.5 = 6.4 -
NS 76.2 + 18.4 NS
NS 136256 NS
- 537+ 9.1 -
NS 7823 <x11:51 NS
NS 89.6 = 54 %

INS; P > 0.05; *P <.0.05; **P </0.01; ***P < 0.001.

ECs, the concentration of the o;o-AR antagonists producing 50% of their maximal contraction inhibiting effect; E,,: the maximal contraction-inhibiting

effect of the o, 5-AR antagonists in the system.
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Figure 4. Contraction-inhibiting effect of WB 4101 alone and in the
presence of different concentrations of the 5-HT o-receptor antagonist
WAY100135. WB 4101 alone (squares) inhibited the EFS-elicited
contractions in a concentration-dependent manner. 5-HT 5-receptor blockade
with 1X10-7 mol/l WAY 100135 changed neither the shape nor the position
of the concentration-response curve of WB 4101 (circles). Elevation of the
concentration of the 5-HT) o-receptor antagonist to 5X10~7 mol/I did not
significantly alter the dose-response curve of WB 4101 either (triangles).
The y-axis represents the contractions expressed as percentages of the
control contractions elicited by EFS.

HT, -receptor antagonist had no effect on the shape or the position of
the concentration-response curve of WB4101 (Figure 4). No signifi-
cant change was observed regarding the ECs, or the maximal
contraction-inhibiting effect of WB4101 (Table II, row 2). Raising the
concentration of the 5-HT o-receptor antagonist to 5107 mol/l did
not significantly alter the dose-response curve of WB4101 either
(Figure 4). The ECs, and the maximal contraction-inhibiting effect of
the ot;5-AR antagonist remained unchanged (Table II, row 3).

The other subtype-selective o 5-AR antagonist, 5-MU, also proved
o inhibit the EFS- induced contractions of the isolated rat
myometrium in a dose-dependent way (Figure 5). The ECs, and
naximal inhibitory effect are given in the fourth row of Table II. In the
sresence of WAY 100135 (1X10-7 mol/l) the concentration—response
xurve of 5-MU was shifted slightly to the right (Figure 5), but no
:ssential change was observed in the ECsy. The maximal contraction-
nhibiting effect of 5-MU showed an increase in the presence of
WAY100135 (1 X 10-7 mol/l), but statistically this change did not
yrove to be significant (Table II, row 5). When the 5-HT o-receptor
intagonist was applied at 5X107 mol/l concentration the
:oncentration-response curve of 5-MU was shifted further to the
ight (Figure 5). The ECs, of 5-MU did not display a considerable
leviation in this case either, but the maximal contraction-inhibiting
‘ffect of the o o-AR antagonist increased to a greater degree, and this
ncrease was statistically significant (Table II, row 6).
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Figure 5. Contraction-inhibiting effect of 5-MU alone and in the presence of
1 X 107 and 5 X 10”7 mol/l WAY100135. The subtype-selective o;5-AR
antagonist 5-MU (squares) inhibited the EFS-induced contractions of the
isolated rat myometrium in a dose-dependent way. In the presence of 1 X107
mol/l WAY 100135 (circles) the concentration-response curve of 5-MU was
slightly shifted to the right and the top of the curve was higher, though these
changes were not significant. When the 5-HT 5-receptor antagonist was
applied at 5X 1077 mol/l (triangles) the concentration-response curve of 5-
MU was further (but still not significantly) shifted to the right; however, the
top of the curve was significantly elevated. The y-axis represents the
contractions expressed as percentages of the control contractions elicited by
EFS.

Discussion

Recent studies have shown that the subtype-selective oj5-AR
antagonists have a pronounced relaxant effect on the pregnant rat
uterus (Ducza et al., 2002) and they appreciably potentiate the effects
of B,-AR agonists (Mihalyi et al., 2003). These promising results may
afford an adequate basis for a new approach in the treatment of
preterm delivery, which is still a leading cause of perinatal morbidity
and mortality, costing approximately 13 million lives annually
(Althabe et al., 1999).

The existence of a close relationship between the serotonergic and
adrenergic systems has been supported by a number of studies
(Castillo et al., 1993). However, the data available concerning this
relationship regarding the myometrium are limited, and the informa-
tion relating to the different receptor subtypes involved in the
relationship between the two systems is incomplete. With regard to the
severity of the problem of preterm labour and the possible benefits of
the use of subtype-selective o;-AR antagonists, it seemed to be
particularly important to elucidate the role of the serotonergic features
of these substances.

5-HT itself increased the contractility of the pregnant rat
myometrium. Both o;5-AR antagonists inhibited the contraction-
increasing effect of 5-HT. When 5-HT was administered in the
presence of 1X10-7 mol/l WB4101, its concentration-response curve



as shifted to the right, and when the concentration of WB4101 was
creased by one magnitude the shift was even greater. In parallel with
is, the maximal effect of 5-HT did not change significantly. These
sults suggest that there is a competitive antagonism between 5-HT
1d WB4101. Furthermore, since WB4101 binds to o,;5-ARs with
eater affinity than to 5-HT 5 receptors, these results suggest that the
»ntractility-increasing effect of 5-HT in the rat myometrium is (at
ast partially) mediated by o,;A-ARs. Similarly, when the
yncentration—response curve of 5-HT was constructed in the presence
' 1X 10" mol/l 5-MU, the curve was moved to the right, and elevation
 the concentration of 5-MU to 1X 106 mol/l further increased this
ght-shift. However, when 5-HT was applied together with 5-MU, the
radministration led not only to a right-shift of the curve but also to a
icrease in the maximal effect of 5-HT. These observations suggest
at the serotonergic activities of the two o,;4-AR antagonists differ
ibstantially. To determine the difference between the substances in
is respect, the dose-response curves of the oi; ,-AR antagonists were
mstructed alone and in the presence of the subtype-selective 5-HT 5-
ceptor antagonist WAY 100135, EFS being used to elicit contrac-
s. The contraction-inhibiting characteristics of WB4101 were not
langed when the 5-HT 5-receptor antagonist at 1X10-7 mol/l was
Ided. When a five times larger concentration of WAY100135,
K 10-7 mol/l, was applied, it did not alter the uterus-relaxant effect
ther. This again indicates that WB4101 inhibits contractions of the
egnant rat myometrium through o, 5-ARs. Since WB4101 inhibited
e 5-HT-induced contractions, these resulits strengthen the hypothesis
at 5-HT-elicited contractions may also be mediated by o;5-ARs in
e rat myometrium.
In contrast, the contraction-inhibiting properties of 5-MU changed
hen it was applied together with the 5-HT5-receptor antagonist.
ren in the presence of 1X10-7 mol/l WAY 100135, 5-MU exhibited
i increased maximal contraction-inhibiting effect. Elevation of the
ncentration of the 5-HT a-receptor antagonist to 5X10-7 mol/l
sulted in an even greater increase in the maximal effect of 5-MU,
is increase proving to be statistically significant.
Impeding the serotonin agonist effect of S-MU by 5-HT, 5-receptor
ockade raised the maximal contraction-inhibiting effect of 5-MU to
L6 * 5.49%, which is even higher than the maximal effect of
B4101, 76.5 * 6.4%. These results suggest that the serotonergic
tivity of 5-MU is more pronounced than that of WB4101. The
fferent chemical structures may offer an explanation for the
teworthy difference between the serotonergic properties of the
0 0yA-AR antagonists. It seems probable that 5-MU has a dual
fluence on the pregnant rat myometrium: a dominant o;,-AR
tagonist effect that inhibits contractions, and a less expressed
onist effect on the 5-HT 5 receptors that increases the contractility
the pregnant rat uterus.
Although subtype-selective o) s-AR antagonists are not yet used in
armacotherapeutic practice, the data obtained on these substances
far suggests that they could improve the armamentarium of
:olytic agents. The results of the present study allow the assumption
it in the future, subtype-selective &;5-AR antagonists should be
signed with no or only negligible 5-HT 5-agonist activity so as to
svide a maximal contraction-inhibiting effect.
Since the demand for highly specific, subtype-selective substances
great not only in the field of obstetrics but in other areas as well, the
'otonergic activities of o, antagonists and especially the o,
tagonists should be investigated, as this may alter the efficacy of
sh substances and could interfere with their side-effects.
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ynergism in the uterus-relaxant effects of terbutaline

nd 5-methylurapidil on the pregnant rat uterus in vitro

.. Mihdlyi, R. Gaspar, G. Falkay, Department of Pharmacodynamics and Biopharmacy,
‘aculty of Pharmacy, University of Szeged, Hungary

Ibjectives: Despite many efforts in recent decades, preterm delivery remains the main
:ason for perinatal morbidity and mortality. Although B,-agonists are widely used as
seolytics in the gynaecological practice, their efficacy decreases towards the term of
regnancy in consequence of B-desensitization and the increasing incidence of side-effects
1ypertension, pulmonary oedema). The aim of the present study was to investigate the
iteraction between the P,-agonist terbutaline (T) and 5-methylurapidil (5MU)- an
1a-antagonist which in our earlier studies was found to be suitable to inhibit
ontractions of the uterus in vitro.

lesign and methods: Uterus rings taken from 22 days pregnant rats were mounted
etween two platinum electrodes, through which the samples were stimulated with a
eriod time of 24 s and pulse width of 150 ms. In the first step, T was used in increasing
»ncentrations to inhibit the contractions in the presence of a constant SMU concentra-
on. The following step was to record the dose-response curve of SMU at a constant
ncentration of T.

esults: It was found that in the presence of 5MU the dose-response curve of T was
rifted to the left and its maximum value increased. In the presence of SMU, the EC50
alue and the maximal inhibiting value were about 5 times lower and 13% higher,
sspectively. Similar phenomena were experienced for the dose-response curve of SMU.

onclusions: Analysis of the study data revealed a strong synergism between the two
harmacons. The results suggest that the disadvantages of B-desensitization and the
>rious side-effects may be reduced by the synergic relation between the two substances in
sssible clinical application.
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Iteration of a-adrenergic receptor subtypes and pharmacological reactivity
f the late-pregnant myometrium in the rat

. Ducza, R. Gaspar, A. Marki, G. Falkay, Department of Pharmacodynamics and
iopharmacy, University of Szeged, Hungary

Ibjective: The adrenergic system plays a major role in the contractility of the uterus
uring pregnancy. Our previous studies have shown the significance of a,-adrenergic
:ceptors (ARs) in the control of pregnant uterine contractility. Our present aim was to
etermine the changes in the expression, density and pharmacological reactivity of
-ARs in the late-pregnant rats.

lesign and methods: RT-PCR method was used to demonstrate the expressions of
1- and P,-AR mRNA. The densities of receptor proteins were determined by
adioligand binding assay (RBA); the pharmacological reactivity was tested by electric
eld stimulation (EFS).

iesults: The a,/p-ratios determined by RBA were 21.6, 43.9, 33.9, and 51.1 on days
5. 18, 20 and 22 of pregnancy, respectively; this was confirmed by RT-PCR analysis.
he expression of the o;,-ARs increased from day 15 to day 22, while o;5-AR
tpression was not detectable. EFS studies revealed that the o;,-AR antagonist
-methylurapidil had EC50 values (1 x 107°-3 x 10~ M) about one magnitude lower
1an those of the o;p-AR antagonist BMY 7378 (5 x 107°-1 x 107° M). However, the
1s-AR antagonist cyclazosine exerted no action on stimulated contractions. A strong
srrelation was found between the oy 4/0-AR expression ratio and the ratio of the
€50 values of BMY 7378 and 5-methylurapidil (r* = 0.9993).

‘'onclusions: There is an a-AR dominance at the end of pregnancy in the rat. Our
ndings suggest that both o, - and a;;-ARs are involved in the regulation of pregnant
terine contractility. Nevertheless, the o, ,-AR seems to play the major role among the
1-AR subtypes in late-pregnant myometrium contractions.

P117

timulatory effect of p-carbolines on locus coeruleus neurons

1 anaesthetized rats: an electrophysiological study
. Ruiz-Durdntez, J.A. Ruiz-Ortega, |. Pineda, L. Ugedo, University of the Basque
ountry, E-48940 Leioa, Spain

larmane, harmaline and norharmane, all B-carboline related compounds have been
roposed as endogenous ligands for imidazoline receptors [1]. We have studied the
fect of these substances on locus coeruleus (LC) neuronal activity by extracellular
>cordings in anaesthetized rats. Harmane (100 pg i.c.v.) caused an increase of LC
euron firing rate in control and vagotomized rats (Epa: 79% * 32.2, n=5,
<0.05 and 73.6% £+ 17.8, n=5, P <0.01 respectively) that lasted for 10-
5 min. Efaroxan (100 and 500 pg/kg i.v.), an I; imidazoline receptor antagonist,
iiled to prevent or reverse the harmane effect. Local application of harmane (0.55-
7.6 pmoles) also caused an increase in the firing rate of LC cells (E .y 65.1 + 12.4,
=5, P < 0.001) which was reversible and dose-dependent. Similarly, intracerebro-
entricular administration (20, 40 and 80 pg) and local application (1.1-17.6
moles) of harmaline increased the firing rate of LC neurons (Epa: 52.9% * 9.8,
=6. P<0.01 and 75.3 £ 14.4, n=8, P < 0.05 respectively). Finally, norhar-
1ane (2.5-10 mg/kg i.v.) also stimulated LC neuronal activity in a dose-dependent
1ianner (n =5, P < 0.001). We conclude that B-carboline compounds, increase LC
euronal activity. This effect is not due to changes in blood pressure and is not
1ediated by I, imidazoline receptors, but is induced by a mechanism located in the LC.
Supported by the CICYT (SAF 99/0046) and UPV-EHU 026.327-EC238/97.
. Ruiz-Durdntez was supported by a fellowship from the Gobierno Vasco.
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Phenylephrine-induced contractions of perforating branch of the human
internal mammary artery: role of adrenergic o receptors

S. Pesic', L. Grbovic?, A. Jovanovic?, M. Radenkovic?, "Department of Pharmacology,
Medical School, 81 Brace Taskovic, 18000 Nis, Yugoslavia, *Department of Pharmacol-
ogy, Medical School, 11000 Beograd, PO Box 661, Yugoslavia

The role of the adrenergic receptors in the phenylephrine (Phe)-induced contractions
of the perforating branch of the human internal mammary artery (HIMA) was
investigated. Arterial segments were obtained from 28 women undergoing mamm-
ectomy. Standard procedure for in vitro blood vessels investigation was used. Phe
(1077-107° mol/L) induced concentration-dependent contractions of perforating
branch of HIMA with intact and denuded endothelium with similar pECs, values
(intact: pECs, = 6.72 % 0.04, denuded: pECs, = 6.87 + 0.01). In both type of
preparations, the o-adrenergic receptor antagonists, prazosin, a selective o,
antagonist (4 x 107'°-4 x 107 mol/L) and rauwolscin, a selective o, antagonist
(107°-107° mol/L) antagonized the Phe-induced contractions. Thus, the following
pA, values were obtained (intact vs. denuded): 10.05 + 0.13 vs. 10.10 £ 0.23 for
prazosin and 6.03 £ 0.12 vs. 7.22 % 0.13 for rauwolscin. In conclusion, this study
showed, following the affinities of antagonists and affinity of Phe itself, that identical
subtype of a-adrenergic receptors, probably o, subtype, is involved in the Phe-
induced contractions of the perforating branch of the HIMA with intact or denuded
endothelium.
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Pharmacologicological effects of novel imidazoline-based derivatives

J. Petrusewicz, A. Gendiwill, Department of Pharmacology, Medical University of
Gdarisk, Do Studzienki 38, 80-227 Gdarisk, Poland

Objective: Over the last two decades significant work has been done on the field of
imidazoline-derived drugs and imidazoline receptors. Moxonidine and rilmenidine,
representatives of the second generation of centrally acting antihypertensive drugs, have
been recently introduced into therapeutic use but the work for identifying new compounds
continue.

Design and methods: In this study we investigated effects of 9 novel clonidine-like
compounds on isolated rabbit aortic rings. Clonidine, well known representative of the first
generation of centrally acting antihipertensive drugs, exhibit affinity not only to central
a2, I1 receptors but peripheral o1 and a2 receptors as well.

Results: Inquired compounds could be devided into 3 groups, regarding to their
constricting activity. The first group (laboratory codes SK-P-1 to 4) characterised by 2
methyl or chloride moieties by the benzene ring, produce irreversible contraction that is
close to phenylephrine. Compounds SK-P-5 and 6, that form the second group deprived of
methyl and chloride moieties, displayed only minimal but reversible contracting activity.
The last group of compounds SK-Fw-I.-II, and III do not have any contractile effect on
isolated rabbit aortic rings but after incubation reinforce phenylephrine contractions. One
compound-SK-P-2 (strong irreversible contractile activity)-has been subdued more detailed
analysis in the presence of specyfic receptor/channel blockers such as prazosin, yohimbine,
diltiazem, clotrimazole and rimalkalim. Rimalkalim-K/ATP channel opener produced dose-
dependent relaxation of the vascular smooth muscle preconstricted with SK-P-2.
Conclusions: On the basis of these experiments we think that investigated imidazolines
exhibit affinity not only to peripheral a1 receptor but K/ATP channel as well.

8P120

Characterization of a,-adrenoceptor subtypes in rat cerebral cortex:
evidence that a);, represents a conformational state of the o, -adrenoceptor
M.D. Ivorra, K. Ziani, M.A. Noguera, R. Miquel, R. Gisbert, P. D'Ocon, Department
Farmacologia, Facultat de Farmacia, Universitat de Valencia, A.V.A. Estellés s/n 46100
Burjassot, Valencia, Spain

The a;-adrenoceptor subtypes of rat cerebral cortex were characterized in binding studies.
Saturation binding experiments performed with [*H]-prazosin (0.025-6 nM) in rat cerebral
cortex evidenced the presence of two distinct affinity sites for prazosin (pKp pign = 10.35 £
0.09, pKpjow = 8.84 £ 0.15. Ryyen = 70.2 % 10.5 fmol/mg, Ry, = 40.0 £ 2.5 fmol/mg,
ny = 0.44 + 0.08, n = 6). The prazosin low-affinity sites disappeared when the experiments
were performed in presence of 100 pM GppNHp (pKj, = 10.16 % 0.06, Ry, = 118.0
6.8 fmol/mg, ny = 0.87 £ 0.02, n= 3), thus suggesting that the oy, subtype is a
conformational state modulated by G proteins. Competition binding experiments were
performed with two [*H]-prazosin concentrations and the results shown in Table 1 confirm
the existence of two prazosin binding sites modulated by G proteins and demonstrate the
presence of two o -adrenoceptor subtypes: o3, and o, in rat cerebral cortex.

Table 1

[?H)-prazosin 0.2 nM [H]-prazosin 3 nM

PKi high PKi tow Ny PICs0 high PICs0 tow Ny
Prazosin (P) 9.75 + 0.08 088 931+040 7.13+046 058
P + GppNHp 8.02+0.14 0.94
S5-methylurapidil 872 +0.13 6.92+0.08 060 6.74+029 495+030 0.51
BMY 7378 7.07 + 0.06 086 568+0.18 0.75

Mean + SEM pK; = —log K;, ny = Hill coefficient, n = 3-6 experiments.
Supported by CICYT SAF98 0123.
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The findings support the notion that capsaicin-scnsitive aflerent nerves, by
the release of scnsory ncuropeptides, significantly contributc to the
modulation of utcrine contractility. It is suggested that uterine sensory nerve
activation may be part of a trigger mechanism leading to precterm
contractions cvoked by, c.g. inflammatory processcs.

University of Szeged, Department of Pharmacodynamics and Biopharmacy -
Hungary

PI19-06

ROLE OF SEROTONERGIC ACTIVITY IN THE ALPHAIA-
BLOCKADE IN THE PREGNANT RAT MYOMETRIUM IN VITRO
Mihalyi A., Ducza E., Gdspdr R., Falkay G.

The adrenergic system plays an important role in the regulation of
myometrial contractility. It had been revealed that blockade of the alphal A-
adrenoccptors inhibits contractions of the pregnant rat uterus clicited cither
by eclectrical ficld stimulation (EFS) or norcpincphrinc. Some alphal A-
adrcnoceptor antagonists cxert stimulatory cffect on 5-HTIA receptors. The
aim of the study was to clarify whether this feature has any influence on the
uterus relaxant cffect.

Utcrus rings were taken from 22-day pregnant SPRD rats and mounted in a
tissuc bath. Concentration-response curve of S-HT was constructed alone and
in the presence of subtype-scleétive alphal A-adrenaceptor antagonists,
WB4101 and S-mcthylurapidil. Next, the concenteation-response curves of
the alphalA-antagonists were constructed in the presence of 5-HTIA -
antagonist WAY 100135, using EFS. RT-PCR was uscd to determine the
mRNA expression of the two rcceptor types.

The mRNA expression of the alphal A-adrenoceptors is significantly greater
than that of the 5-HT1A rcccptors. Scrotonin increased the contractility of
the myometrium dosc-dependently. In the presence of the alphalA-
antagonists the concentration-responsc curve of scrotonin was shifted to the
right in cach case. The utcrus-relaxant cffect of WB4101 did not change in
the presence of 5-HTIA —antagonist WAY 100135, The maximal inhibition
of 5-methylurapidil increased in the presence of the S-HT | A —antagonist.
These results suggest that the contractions induced by scrotonin arc mediated
by alphal A-reccptors. Serotonergic activity of WB4101 docs not influcnce
its utcrus-rclaxant effect. Concerning S-methylurapidil, its scrotonin activity
depresses its efficacy in terms of utcrus relaxation. These findings provide
further proofs for the intcraction between the adrenergig and scrotoncrgic
systems.

University of Szeged, Department of Pharmacodynamics and Biopharmacy -
Hungary

P19-07

STUDY ON MYOMETRIAL ACTIVITY AS A FUNCTION OF
INTRAUTERINE PRESSURE IN PERFUSED RAT UTERUS IN
VITRO

Zupké 1., Boker D., Falkay G.

In spite of the increasing knowledge concerning the regulation of the motor
activity of the pregnant utcrus the mechanism which is responsible for the
initiation of dclivery remains unknown. The intrauterine volume and
pressure is proved to be one of the crucial factors determining the
contractility of the myometrium [1]. Up to now the cffect of intrauterine
pressurc on the activity of the uterine smooth muscle could be investigated
only in vivo, arising a methodological limitation to most investigation on
drugs with myometrial sitc of action.

We therefore claborated a unique system in which the isolated uterinc hom is
continuously perfused by a peristaltic pump. The longitudinal contraction of
the hom and the inner pressurc are registrated in the same time. Duc to
perfusion, non pregnant uterine horns, which had no spotancous activity in a
traditional in vitro chamber, showed a pressure dependent motor activity.

The spontancous activity of the myometrium was recorded as a function of
the perfusing pressure during the time course of the pregnancy of the rat.

We believe that the involvement of intrauterine pressure as an experimental
parameter into this in vitro system gives a substantial contribution to the
understanding of the initiation of labor as well as to the development of new
tocolytic agents and uterotonics.

1. Csapo AL Model cxperiments and clinical trials in the control of
pregnancy and parturition. Am. J. Obstet. Gynccol. 85: 359-376 (1963)

University of Szeged, Department of Pharmacodynamics and Biopharmacy -
Hungary

P19-08

ALTERATION OF ESTROGEN RECEPTOR SUBTYPES OF THE
PREGNANT MYOMETRIUI\! IN THE RAT
Minorics R., Ducza E., Mdrki A., Falkay G.

Estrogens cxert numcrous biologic cffect in large number of targets,
including the utcrus. Two subtypes of estrogen rcceptors (ERs) have been
described to date, ERalpha and ERbcta. The timecourse density of these
sublypes in the pregnant rat uterus is not completely cxamined. Our present
aim was (o determine the changes in the cxpression of ER subtypes protcins
and mRNA on days 4, 5.6, 7, 8, 10, 15, 18, 20 and 22 of pregnancy.

To demonstrate the cxpression of ER subtypes mRNA we uscd reverse
transcription-polymerasc chain reaction (RT-PCR), and the densitics of
receptor proteins were determined by radioligand binding assay (RBA).

This was the first characterisation of ERalpha and ERbcta during pregnancy
in the rat myometrium. The first maximum of ERalpha mRNA expression
was found on day 5-6, then the receptor expression increased again from day
8 lo 22. ERbetal and beta2 were detectable from day 7 to 15 only. The
maximum levels of ERbetal and beta2 mRNA were on day 7 and slowly
decreased to day 15. These results were supported by the mecasurment of
RBA.

In light of these facts it can be concluded, that the presence of ERalpha is
dominant on thc days of pregnancy. The continuous increasc in the
cxpression of ERalpha mRNA until the cnd of pregnancy corrclates with the
expression pattern of alphal A-adrenergic receptor mRNA investigated by
carlicr studies. Therefore the interaction between cstrogens and the
adrenergic sysiem, a previous hypothesis, might be reatized through the
ERalpha receptor.

University of Szcged, Department of Pharmacodynamics and Biopharmacy -
Hungary

P19-09

ONTOGENESIS OF MUSCARINIC ACETYLCHOLINE
RECEPTORS IN SERTOLI CELLS.

Caviglia D., Angelini C., Scarabelli L., Vaci A., Palmero S.

Cholincrgic-like molecules have been previously focalized in rat testis during
postnatal development by immunological assays.

In a recent study all the MI-M5 mAChR mRNA subtypes were detected in
Sertoli cell primary cultures from 30-d-old rats.

The aim of the present study was to cvaluate by RT-PCR the ontogenesis of
mAChR mRNA isoforms during postnatal dcvelopment in Scrtoli ccll
isolated from prepubcrtal 8-15-21-d-old rats. Morcover, the localization of
the mAChRs at Sertoli cell level was investigated on piglet Sertoli ccll
primary cullures as well as in 2 purc mouse clonal Sertoli celt linc
(42GPA9).The presence of molccules immunologically-related to
cholinergic system has been then validatcd by specific monoclonal
antibodics.

Our results suggest an age-dependent expression of the different muscarinic
receptor isoforms.Actually, M1 and M2 mAChRs mRNAs appear to be the
carliest (8-d-old rats) subtypes cxpressed in rat Sertoli cells, while all the five
isoforms were identified in Scrtoli cells from older rats.

The presence of muscarinic receptors in Scrtoli cells from piglet testes as
well as in a pure mouse Scrtoli ccll line was demontrated both at mRNA
(RT-PCR) and protcin (Immuno-cytochemistry) level.

Cholinergic molccules in Sertoli ccll might play a role in cell-to-cell
communication affecting cell differentiation and co-ordinating cell functions.

Dcpartment  of Experimental, Environmental and Applicd Biology
(DIBISAA), Genoa, ltaly

P19-11

ACTIVITY OF BGT: QUALITATIVE AND QUANTITATIVE
ANALYSIS OF BILIRUBIN COMPOUNDS THROUGHOUT
DEVELOPMENT

Ortiz A.', Cantarino M. H., Bustamante N. ', Cubero F.J.?, Garcia-
Barrutia M.S.', Mula N.?, Maganto P2 Araliuetes R. M.’

Hepatic bilirubin cxcretion requires bilirubin UDP-glucuronosyltransferase
(BGT)-mediatcd glucuronidation. Paticnts with type 1 Crigler-Najjar
syndrome and Gunn rats inherit deficiency of BGT activity towards bilirubin
as an autosomal recessive trait and, as a result, cxhibit marked
hyperbilirubinemia.In fetal life placental clearance of bilirubin of fetal origin
is cfficicnt via conjugation in maternal liver. At birth, once the nconatal pup
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uterusz szovetmintakban, mint a nem terhes ¢és a [djasgyengeség miatt végzelt
csaszarmetszésbol nyert mintakban. Kovetkeztetés — megbeszélés: Eredményeink
tikkrében megallapithatjuk, hogy az o,—adrenerg receptorok a human uteruszban
jelentds mennyiségben kimutathatok, és szerepiik a fajastevékenység kialakulasdban
bizonyithato. Ebbol adodéan a jovoben az aj-adrenerg receptor blokkoldk a
tokolitikus terapia fontos részévé valhatnak.

Interakcio a terbutalin és altipus szelektiv o -antagonistiak kozott az uterus
relaxalo hatashan

Dr. Mihalyi Attila, Dr. Gaspdr Robert, Csonka Dénes, Prof. Dr. Falkay Gyérgy

Szegedi Tudomanycgyetem Gyogyszerhatastani és Biofarmaciai Intézet, Szeged

Bevezetés - a munka célkitiizései: A tokolitikus céllal széles korben
alkalmazott ,-agonista vegyiiletek terapias értéke erosen vilatott. Korabbi
allatkisérletes vizsgalatok kimutattak, hogy az altipus szelektiv o -antagonista
vegyiiletek jelentos mértékben képesek relaxdlni a terhes patkany uterus
kontrakcioit. Vizsgalatunk célja a két hatoanyag tipus kozotti interakcio felderitése
volt egyiittes alkalmazas esetén in vitro patkany modellen.

Anyagok és modszerek: Az izolalt 22 napos terhes patkany uterus mintakon
ritmikus kontrakciokat hoztunk létre elektromos er6tér ingerléssel. Nonkumulativ
modon megszerkesztettiitk a terbutalin dozis-hatas gorbéjét onmagaban illetve WB
4101 valamint S-metilurapidil konstans koncentracioi mellett. Az interakcio
tipusanak meghatarozasara izobola analizist végeztiink.

Eredmények: A terbutalin dézis-hatds gorbéje mind WB 4101, mind 5-
metilurapidil jelenlétében balra tolodott, mellyel parhuzamosan a maximalis
kontrakcio gatlo hatas is szignifikansan emelkedést mutatotl. Az izobola analizis
igazolta, hogy a fennallg interakcio potenciald szinergizmus.

Kovetkeztetések - megbeszélés: A potencidlo szinergizmus révén egy ilyen
gyogyszerkombinacio lehetoséget nyujthat a mellékhatasok kockazatanak
csokkentésére, a terapia eredményességének novelésére. Ennek igazolasa tovabbi
in vivo vizsgalatokat igényel.

Az erythropoetin kozvetlen hatisanak vizsgalata hum:in méhlepény ereken
in vitro
Dr. Resch Béla Endre’, Dr. Sonkodi Sdandor?, Prof. Dr. Falkay Gyérgy'
'Szegedi Tudomanyegyetem Gyogyszerhatastani és Biofarmaciai Intézet, Szeged
’Szegedi Tudomanyegyetem Altalanos Orvostudomanyi Kar,
l. sz. Belgyogyaszati Klinika, Szeged

Bevezetés - a munka célkitlizései: Az erythropoietin  (EPO) direkt
vazokonstriktor hatasa dllatkisérletekben igazolt. Vizsgalatink célja a rekombinans
70
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