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SUM MA R\�

VESmN, \IARIE-11OAN#{231}’OISE, AND HAIOBON, SmitoNE: The o’ffo’cts oil epimo-’phonimoe, prtmsttt-

gla-nditos, and theim’ mumitagonists omi ademioosimie cy(’hc 3’ , .)‘-loioohiophoo)sj)hate cotoco’tot m’atioouis

and tisootilitv of the rat uterus. Mo!. PIia-rmw’ol. 10, 457-473 (1974).

Interactiomis of sul)stmlmuct’s whsio’hs induce contnactioomis (prcostmiglamodins, ooxytoocimo) mimic! of

epimtej)hnne, which imoduces relaxmition, with the adeiivlmife (‘vo’lase svstemoi ��ere exmtmooimuo’d ito

estrogen-treated rat msuyo)nsetniumss. E�)imiephnine timid j)rostaglamudnu l’� (PGE1) (mtlso P( l’�2)

stinsulated mtdenvlafe cvclmise mictivitv. The respomuse to both mogemots was very rapid, bo’imig

detectable mit 30 sec. Proprmtmuolol imuhibited the activathon o)f ademoylate cyclase l)y o’pimio-’phot’ine

but isoot thtmit l)y PGLi . A simigle adetoylato’ cyclase mij)pemsro’d to he invoolved in stinotmlmitiomu

by bothi agomiists. P(il’ia , PC1#{176}’2a� amid ooxytooo’iio load tioo signifio’amot (‘ffe(’f oon ado’mioosimio’ cyo’lic

3’ , 5’-mssonopholsphato’ (t’,\\IP) (‘ohio’etit-rmifiolis. All the E minol 1’ prostaglmimo(himus motomilyzo’d

elicited contractions in rat ut(’ni; therefore P(E1 stintulafed comotrmio’fioons although elevtu-

thug cAi\IP levels. Epimiephnimte antagomuized comitnactiomis o’voked l�’ P(1’2a mimic! o oxytoocimi

as w’t’ll as bY PGE1 . ‘Flit’ relaximog effect of o’pinephrimsc’ could ho’ nsimsiicked h�’ dibutyryl-

cAi\1I� and imshibited by proprmtiiolol. There so’emed to) ho’ a good conrelafiois het��o’eio the

stinsulation oof adenvlate cvo’lase by (‘pinephrnie amid its effect (oIl msl(otilifv, inl�)hio’mitimog to

role for cAIsIP in smssoo)fh niuscit’ relaxation. Such a t’ornelatkomo could mooot be demisooiistrmito’d

for PGE1 . ‘I”��.oo prosf aglmimidimi momitmugomuists, polyphloref in pho msphmif t’ mind 7- oxmi- 13-pt’o ist ym to ile

acid, blocko’d the proostaglandimt E- amid F-imiduco’d comitractiommis l)ut did motif alfo’r flit’ mobility

of PGE1 to raise cAMP levels. Tho’ r(’sulfs suggest that imiferactiomi w ith midemtylafo’ o’yclmuse is

not a prerequisite for I:lie prost agltondins too ihoduc(’ (‘omit ract it ohs � It ut o’riuot ‘ smsst moot 1o moiusclo’.

The differemices in the a(’tiomi oof epiotephrimte mind P(E ott utenimie mssofihify nsmiy ro’fleo’t coma-

partmss(’mttahizatioon of the cA#{176}sIP formited itt respomouse to thio’se msgt’mtts.

I NTR0I)UC’rlox first- piimirmnaco)lo igictil effo’ots asonibo’ol to o t his

The st roiig snsooith ntuscle-st insulatimig (‘lass of co)msil)(Iunds . ‘Flit’ I liolo ogical muspo ct oof

activity of the prostaglmutdins ��‘as o�mie of the this activity humis 1)o’eti wohl doo’umo’tited ito ti
gemoeral review 110’ Bergstr#{246}mss et a!. ( 1 ) . Ho iw-

This work woos suppoorted by Uroints ElLA 33 evo’r, ootoly recemitly have bio(’hto’mliio’mll ‘ttl(!i(’s

and ATP 429,914 frooni the (‘entre National (IC Ia beeto reported toll the miio’chumomoisns of jlt’stml-

Becloerche So’ieoit ifique, b� t he Fondotthon pour la .

, . ‘ . . gltomodimu to(’tI( 010 oIl StliO( it Ii ioiusclo’ pi’o’�)ttrto-
Heo’hero’he Mo’dio’abe Frtioo#{231}toise, and by the aid of

the Coonuhuissari at a 1 ‘Energie AtohfliqUe in t he tiomos, particularly t hoe msuyonuet nuns . ‘I’m se
purchase tof radioactive compounds. have dealt either with speo’ific stm’uo’tural
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ro’oiuireiiiemits foot’ pro osttoglmtmidito ao’tivity (2)

or �vithi pnostaglmomodin-imoduo’ed nsoothiiio’mitioomus

of specific inetabohic j)atls\vmoys, itocltidiitg

the formisatiomi oof ademooositie cyclic 3’ , 5’-

tisonophosphate (3-6).

As a no’sult omf vanioous ihuVo’stigmitiohus (7-

10), to j)OssiI)le rob’ lot’ imotrmtco’llular c�-\\IP’ in

thto’ regulation 0)f imtenimie tomie atid ro’s�oin-

siVt’iieSS too phuysioologicmil stimsiuhi htas llo’o’lu

suggo’sto’d, i.e., activatioomu oof a-demoylate

cv(’lmise 110’ beta adnetoergic migo otuists , nesult-imig

ito inhibitiomu 01 coomot-racfilitv. in mu previous

comnissuioioa-t 10)10 (3) , ho wevo’n, we reported

that prostmoglamudimos of thoo’ E so’nies (PGE1,

J)( � E2) st imiiulated rtit at o’nimie co omit ract iotls

but were also 1)o)to’llt stin�ulmitors of the

ado’ioylate cyclaso’ svsml otis. ito thmot study

adt’mivlmot 0’ cvelase activity of the misyo-

io-io’t riumn was nieasured mis tho’ aco’umnulatiomi

oil imotrmio’o’llular ‘4CjcA�\IP subso’(1uemtt to

lmobo’himog 0 ml flit’ ,-\‘Fl� pootol �vith [‘4(1jado’toimie.

‘[Ito’ PGI’ t’ffect �vmos difficult too o’xplaiti, in

the light of thto’ hiypothto’sis that (‘A�\I l� is

thot’ imotrmico’llu!ar trmohis(luco’r oof ut(’nituo’

muiuscle m’t’lmoxmitit oti . Ho��o’vo’m’, �vith the teo’h-

hit �ll(’ U5t’(l itt 0 our expet’imuit’tuts, the (‘xistemico’

oil var’itous A’FP j)00)15 with diffo’ro’tit speo’ific

moot ivit it ‘5 could mooit be o’ootiiplo’telv rulo’o! out,

atid it mol)b)O’mil’e(i mueo’essmuy too ool)tmiiti accurmote

esti tiutitto otiS ool itit rmict’lluhtir c_A. \ I P lo’vels

utoder vmuritous stitsiulmttot’y (‘oomo(litiohos.

imo thoo’ Pt’t’s(’tot \\t)l’k the tinio’ o’oout’so’ muod

(‘xto’tot 0 of ltot’miitititimi tof totmil cA)oIP (mis ��‘ell

as moo’o’tinuulmsted [#{176}4(1]c,\\IP) timid oof the

ultinutote ino’chitotoicmil i’o’sptomoso’ elio’itec! I�iy

o’l)ihit’l)hih’iti(’ mulo(1 l)y ph’oosttoglmlmodihus 1’� mito(i 1”
himivo’ loeo’ti s\’stemssmit io’millv o’omuiptim’t’d imo

o’stm’oogo’tu-t rt’ato’ol rat uto’ni . ‘Flue m’esults co)n-

Ii h’n) tumid o’xto’mu! oour pno’Vit oils o oi)servmit iomis.

A go oo001 (‘0 orm’ ‘hat i omo �‘mis ft ound I )o’t weemi

0 ‘l)itio’Phonihi(� mto’tivatio iii tof todo’moo’lm-ute (yclmose

lhi(I t’joitit’phinimit’-itic!tto’t’ci m’o’laxmitiomo ; omi the

otho’r hoamod, exl)o’rimsio’motspo’rloonmuit’d�vithi the

I )t’t osttigltumuolimi mtmitagoomuist 5 1)0olyphlo oretimt

I )hio)sllhitlto’ amid 7-o oxa- 1 3-pro istytioio’ m-icid

boro)vi(lo’ o’videmtce that flit’ olumil PGE1 (‘ffo’cts

(oIl ntit miiyonso’tniumsi (i.o’., stiniulmstiooto oof

0 ‘I’boo’ tol)b)reviolt i000s used tire : cA\IP, tooieiioosioie

(‘((‘lit’ 3 ‘ , 5 ‘-1flt01000bIl100sl)htot(’ ; P�’� , Proost agltondins

I IB-t’A\IP, .V#{176},O2�dibtotyryboodeiaosiiie Cy(’lit’ 3’ 5’-

Ihi000ioOb)hioOsl)httte ; PPP : PolYl)hl000’et in l)litosl)litote;

I ‘“t�� , 7-o oxto-13-prost �‘ntoic tocid

mido’to�’late cvclmose muid (‘oohttractioomo ) art’ not

cmtusally ro’lato’d. �k �)ro’himnitimory ro’port of a

portioori of thieso’ ro’sults has ho’eti l)reso’huto-’d

(11).

C/ieiii wa/s

iIATERIALS ANt) iIETHOIIS

cA\IP was o)btaimuo’d fnomii P-L Biocitemni-

o’als Inc., atid thto’ooph�’lhitie, froont )Jerck

(I)mirmsistadt).

J)iljutvnyl-cA.\I P and L-o’piuephinitie hi-
tart rmite �vero’ jluro’htmiso’d Irons (1albiocht’n’i,

amid oxvtoocimi (Pitoocihi), frooni Sigmismi. Proosta-

glartdimis E1, Iii�:m, I”m��� mimic! 12cr were ti genertous

gift- frolrn I)n. ,J. F�. Pike of the LTpjoohimi

Cotiipaiuy.

Propratiolo ol amid P110’tttt o!anoiluo’ liydro-

choloonido’ were kimudly supplied l�o’ Labora-

tomiro’s CIBA, Paris, amid o’stradiool benzoate

( Bemozo-Gvnoo’stryl 1 ) , by Laboonatooires

RollisSel , Pmonis. Poolvpholoretiti phosphate

\‘.tis a gift frons 1)r. B. Hogbeng (Lo’olmob) to)

1)r. B. Vmirgaftig. 7-Oxmi-13-prostyttoic mocid

P11 (FX’ 1.148) wmo� proovic!t’d throough flit’

o’oourtesy ool 1)r. ,J. l’m’ied, [moiversitv of (1lii-

cagoo.

Celluloiso’ esto’r mii(’nih)ramie filters (HA
0.45 /.L, 24 nimsi) \vo’no’ \Iillipone prooduo’ts

Doowo’x AG30�V-XS (200-400 msseslt) was

obtaitued Irons Bico-Hmid, motid plastic-bmocked,

t hiimt-layo’r cellulo oso’ shto’(’t 5, fn omit Eastnsan

Kodak.

All reagents used wo’re proodw’ts of Proolal)o

(reagent grade).

[S-#{176}4CjAdenimuo’ hvdroocltlonide (44.5 ntCi/

muimisoolt’) was tobttiimoo’d fromis the Coomssniis-

saniat It. l’F�msergio’ �\.toonuiquo’, Saclav, l’rmimuco’,

au [3H]cA)�[P (23 (1i msiliR)l(’), fromss Nt’w

Englamid Xuch’tom’ (1oorpoom’ation.

A ninoals

Vooumig virgito fo’msimolc rats (\\‘istar), 6

weo’ks (lid, went’ treat(’d with 30 �g (‘stradiol

for 2 dmuvs amid used tIlt the fohlowitig day.

Tissue Pi’epai’ation

Rats were killed by do’cmtpitatiomu, amid

their ut(’ni w’o’re itssmsuo’diatelv remisoved timid

imsiniersed in Kro’is bicarboitate buffer, pH

7.4, at 4#{176}.The torgamis were freed fromis ad-

henimug fat- amid contuo’ctive tissue. Its msioost

exj)enimsscmots, umiless o otherwise stated , t he
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emid onset niumis was ro’msso ovo’d l�’ (‘l(’miVihig t lie

uterus amid scrapimug amtd washing away flit’

less resistamit emidoniio’tnial tissue in buffer at

40, Histological so’ctiomus of these prel)ara-

tiomis (performiied thmimiks to) Dr. G. Vassort-

and \Irs. \I. 1’�. Sire) showed fist’ samplo’s to

comisist 0)1 lavo’rs oof both lotugitudimial mituscie
attd (‘ircular muscle, coorutamsiitiat ed with

30-40 � of the t’midtomiietniuiii as coompared to

histoloogical sectiomss of flit’ imitact uterus. In

son-ic o’xpeniiiiemtt s t ho’ nsyo omsiet niuni was

separated by stnippimug, timid imi this case f-he

histoologica! so’cfioomus showed the samsiples to

consist milniost exclusively of longitudimial

muscle; stnippimig had ro’nsoved all the (‘ndo-

nsetnium togo’ther with 115(1st oil tii(’ circular

uiuuscle layers. The latter nivomet-nial prepa-

rat-iton ��‘as r(’ferrecl too mis “stripped niyo-

nietniuni . ‘ ‘ � Ivtonit’t nimil preparatitomo front

13-20 rat uto’ni \\�o��(, cut imitoo small segniemits,

which wero’ poooled and divided ituto differo’nt

e(lual parts for flit’ fol!owimtg imu(’ubatioomus.

Incubation Teclo a iques

Incubat-ioms wo’re carried (out iii Krt’bs

bicarbomiate buffer (12) at 37� (gas phase,

95 % 02-S � CU2) umider constant agitation.

The conditiomus uso’d depended on whether

the aim (If the expenimssemit was to inv(’stigate

ademsylate cvclase activity through [‘4C]-

cAMP folrmatiomi from labeled [‘4C]ATP or

to evaluate changes of total imitracellular

cAMP lo’vels.

Incoi’poration of [‘4C]aole-n me in -uterine

St)’ij)S and ineasui’enoents of 1m4C]c�1MP ac-

cumulation . Betwo’emt SO amid 100 rag of

uterine strips were imicubated in 2 nil oof

Krebs bicarbomiate buffer in the pro’so’muce of
2 MCi of [‘4Cjadenine for 30 miii at 37#{176}(3).

The tissue strips were then transferro’d into)

another imicubatioms vessel comitaimtimtg 2 nil

of fresh buffer without- labo’led substra-to’ itt

the absence or presemice of 10 mim theophyl-

lute amid the differemit agemits at the imidi-

cated coomicentratiomss. Afto’r varied incuba-

fion timises the reactiomi was sto)pped bo’

immersitig the tissue strips imi 2 miii oof colt!

7 % tnichlonacetic tiNt! comufmiimiimug 0.20

jzmole (of umulabeleci cA\IP added as mu

carrier.

Tissue incubation for s-ubsequen t estimation

of cA ill P levels. About- .50 rng of myoonietnial

strips were mld(Ied too 1.� msil oof Knobs l)ioar-

homsate buffet’ mimic! itooub)afed for 30 mum

undo’n th(� (‘ozonditioomis do’s(’niblo’d muhooove. Ito-

cub)motions �\‘om’e furthiet’ (‘ollutituued with ton

without the toddifiootu oil theophvlhimoe (fimotol

(‘oomicelitratioho, 10 mit) amod the vminious

sui)stamices to be tested. Rea-ctioomos were

stoopped at diffo’remut timuuo’s (see IIESUL’Fs AND

DISCUSSION) i)\’ the addition oof 0.2 muul oof

cold 50 % tnichloraco’tic micid tint! itssnuo’diate

liomssogo’muization of the saisoplo’s mit 0#{176}imi ico’.

Levels of cA\IP were tioot- sigmuifio’amitlv

different iii o’xpenimsuo’mots in which utenimoe

strips after the vanioous imocubatitotos, wore

frozeti ill lio�uid N2 prior to) o’xtractiomi with

cold fnichloracetic acid oor were c!ineo’tlv

extracted with colt! tnichloracefic took! tot

00, proovid(’d that- flit’ hoomogenizmitioti �

as fast as poossiblo’ mifto’r flue additioms ool

tnichloracetic a(’id.

7’issue Extraction

After tIne 001’ the oot-ho’n incuhatiootu, umto’m’itoe

st-rips itt tni(’hlooracetic acid were hionsoge-

ItiZ(’d (with :.itu CIt na-Tunrax ho omsit ogetoizer)

threo’ timsies for 15 so’c tot O� atud co’mutnifuged

at 15,000 X �i foor 40 asia. After adchitioio tof

0.1 nil iof 1 N HC1, the supennatamut solutio)mt

was o’xt-racted six tinso’s wit-li twice its voolunse

O)f ether saturated with cold �vttter, ovapto-

rafeo! to) drymiess, aiud uso’d o’ithier foor the

punificafiomu of accumusulated [#{176}4C�o�A�\IP ton for

tootal o’A\IP assay. The centrifuged pt’llets

w(’ro’ dissolvo’d imu 2 nil oof 1 N NaOH foor

proteimi deternuimuatiomt (13).

Pui’ification of [‘4CJcA �iIl� �-lccuno idated in

E.rtracts

Tho’ basis of flue nso’thod has beemi ole-

scnil)ed imu ml previous pubhicatioott (3). ‘Flue

evaporated, tnichliormico’tic acid-sooluble o’x-

tracts wer(’ ro’suspended in 0.5 ml oil 0.05 N

Tnis-HC1, 1)H 7.0, amid tnemifo’d mico’oniimug to

Knishimua et al. (14) by passage throought a

columismi oof Doowex AG5O\V-XS (0.5 X 3.5

cmii). Elutiomi was o’mtrnied (out- with c!istillo’d

water; the first 6.0 nil oof eluato’, which cooms-

tamed a misixturo’ oof ATP, ADP, rood o’AMP,

were evaporated to dryness. The m’o’sidue

was dissolved iii 50 pi of distilled H2() amid

chroomsuatographed omi 111:1st , thimi-

layer cellulose slso’o’ts, imsimug 95 � t’thamoo oh-i
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it mtmsumu000moiumui mtcetato’ (75 : 30, v’v) as de-

vo’lt ij)imog .soolvetot . The 51)Oit (‘OOrne5�)otidillg

too cA’\1l�, as uvell mis those r(’pro’sehutimig the

niixt tore 0 of ATP timid ADP, was cut out amid

ra(lioomuo’tivitv � nseasured imu a liquid

s(,it 0 t i 11mit io out al)l )arat-us. The m’adiolact ivity

clue to cA\IP thus conIc! al�vavs be esti-
nitoto’d imo comisllmonisoto with the fairly cott-

sfant to itmul radioomiot ivitv asso o(’jmoted with

�ATi� mimic! ADP.

Pt’evitous exi)o’rit-uso’tots showo’d thmit [‘4C]-

a(!o’mi imoo� \\�mi��s itlt’t orpo orat o’cl , �)rool)al)ly t hurt ought

thio ‘ mio’ti on of mi(lo’mnmoe l)hoo)s1)horil)oos�lt ramis-

fem’tise, imito 0 itit rmico’llulmir midemoimue miuelo’otides

(if uuovomno’tnial st-nips, timid l)articulanlY imitto

the A’FP 1)0)01, �vhicl-i iut’t�vidt�s the ltOl)ele(I

suh)strato’ foor flu’ midemovlmote cvclase.

_\1)tOiIt iO � of the msddo’d m’modiooao’tivitv

wIts pm’o’seiot in the toottil tri(’hiloom’moco’tic acid-

solulho’ moivomisetnial ext rmscts. o’A�\1P lai)(’lihtg

t’tOhig(’(! lt’ooni 0.25 too 2.5 � tof tho’ rmoc!iootu’tivit-y

itit’oot’poom’mitedimotto the _A’FP-ADP poool.

c�\\iP ��-mos sepmorat(’d f’roont thieso’ iiuclo’omt jolt’s

i)V t htimo-laver chsm’oimsimittogrmt�)hiv.

‘Flit’ IlunitY 0 if flue maclit otio’tivit-v at- the

cA’-oIP s1)OiOt \VttS vo’nified b)v treatimug flit’

cx t nut-s with a o’vcl ic j)iIo ospliodio’st o‘rase

Pro’l)armitio)mi punifio’ol froisu boovimie ho’mirt- tic-
o’omn(lihlg to Buto’lser maid Sutho’rlamod (15).

Aftem’ this tm’eatmuit’tot altusoost mico m’tudioaotivitv

cooulol hn’ (k’tecte(! as cA.#{176}oIPoat flit’ o’ht’oniato-

gt’atuo shio’o’t . ( )n tho’ uthio’m’ limutoc!, additioon of

exogo’mooous [3H]cA)IP at flit’ omiso’t of samnple

hioinuogemsiztitiomi ro’sultec! in 60-70 #{182}� ne-

t’Ovt’h..” tof the tnitititeci cyo’hio’ miuclo’ootide at

tht(.’ fimomu! l)unilio’atiomo stt’j).

itSI,’ol!J 0/ (.‘L1!P L(’l’(�lS

��A:\Il� ��-mus os! itusmtto’d dil’o’c’tlv itt the tn-

chili om’mio’o’tic micid-sooluble o’xtracts mit’cortlitig to

(�eilmoomimi(16), ilsitog a prtot(’imu kitottse front

rmobhoit sko’lo’t-mil toiusolc punifio’d through the

D1���l�:-co’lloilo ost’ st elI (Jot’t ot(’iti fractio)mi o’luted

�vitht :�oo � 1)hi05b)h1tttt� buffo’r, pH 6.5) mind

to ii(’mtt-stmllble imohibitor 1)ro’pttreol from f-lie

stotii(’ muiusclo’ o’xt rtoct . All mtssavs were per-

ItOm’huiO’(! ito mu toottol volumuse of 50 ui its 50 mnii

mio’etmito’ h)Ilff(’r, 1uH 4.0, t’oomotmiituitog 2.2

Pti000lt’s oof [3H}t’A)ol P tohi(I varicous coomocemttra-

tiootos tof utilabeled (‘A’IIP rmumogitog froni 0.5

too 15 l)msuolo’s. I�mooh smtm’nplt’ � mimialyzed at

thor ‘o’ chiffem’o’tit (‘o)mocelttm’titiomos. \Vhit’n a

knowit ojuatit itv of o’xoget oeous cAi\ I P was

added to) ti tissue salssl)lo’ at the oomtset of

homitoogemsizatioms, 95-100 #{176}‘�oof the cyclic

muuclo’ootide, mis determusimoed by the abtove prom-

c(’dure, �vas recovered itt the fitial extracts.

cA\IP lev’ls w(’ro’ o’xpressed as pico)mstoles
per issilligrtomsi of pm’(oto’imo ton per rnilhigrmimn of

tissuo’, ivo’t �vo’ight.

]Iet/oo(l ,foo’ I?ecw’oliiog ( lei’ine Responses

Contractilo’ activity (of i��oolated ut(’nitue

strips was museasuro’d uvithi tin isoontetric

t ratusdueing clevico’ . TIso’ so’gmssemits w(’r(’

loa-do’d mit a b)asai t(’tssloomi of 0.2-0.3 g timid

weno’ llenfuso’d mit 37#{176}imi 30 miii oof Krc’bs

l)icarbotiate l)uffo’n (95 � � ()�-5 #{182}�C( )�) with

the smimuse stilt o’(Olssl)t)sititihi as described foor

the al)oov(’ iiicubatioons. The tissue was

eo1uihibrmtto’d iii the torgami h)ath foor30-60 nsin,

with several chamigo’s oof tho’ bathing fluid.

\Vho’mi mu sto’a(lv-stato’ patterti oof o’o)httracfioomis

evolved mimod the baso’hitue did riot chiamoge,

the differemot l)hmormusaco oloogicmol migemsts wo’re

addo’t! mit the itidicato’d cootucemutrati(omus.

Semusitivit y was mio!j usted elc’ct ronsically sto

that thi(’ nsaximusumn t’oototraotiori �‘ielded about

half to full-scale !o’flo’ctioort of the po’to. In

St)15i0’ o’xl)enin�emut 5 t hoe loaded segmsst’mot s,

imucuhat-ed in the tol�so’moce ton presetuce oof the

different agemits, \vem’t’ used for assay (If their

cA\IP o’o)mit(’ltt. Ito this case, after flit’ mist’-

chsamoio’mil r(’cording, flue bath fluid was re-

msiO)VO’d timid flue sc’gisuents were imssnso’diato’ly

extracted with colt! 7 � trichlormicetic a(’id

at 0#{176}as (lescm’ibed mulotove for floe estimssatiooti

of cAMP.

RESUL’l’s ANtI DISCUSSION

c�t�iIP (7010t(’nt (1) Ra-t ilyoineti’iuin

Effects of theop/o�jlline, e/)inep/01’ine, P(r#{176}E�,
an(l PGE2.

The mutodification oil cA\IP comico’motnatioomis

ito utenitie stnil)S uitit!t’t’ different itucul)afiomht

(‘oomsditiomts is showmt imt Table 1 . cAl\-I P (‘o)ti-

t-eiit, msseasured imiuiuuediato’ly tufter tissue

l)reparmitiomi \VitliO)ult further incubtitioomi, uvtis
22.0 pissioles/nsg oof Prootem (about 2 pmuuooles/

mug of wet tissue). After incubatioon for 23

us-iitu itt the ai)so’muo’o’ oil tho’ophylhine, flio’ne

u�’as a do’(’reaso’ of mohloout 50 C in tl�� level of

cAi\IP. This do’o’ro’mtse wmis attnil)uted to



\Vith theophylline, 10 i�rlM ((‘

5 ruin 15 ruin

12 ±0.49 10±0.7 19±1.13 21.2 ±1.08

(9) (5) (5) (9)
1.02±0.06 1.93±0.13

(14) (9)
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T.uttt�m-: 1

o’.-1.lII� iero-l.o i, rat oooqo,oooetriotooo oo,,oio’,’r(zriooo,s oooco,lazioo,o (010(iOiO(000.S

�&botit 50 iug oil hiiytohMt�’t ritob st rips were (‘xl o’oocted direo’t by wit Ii 2 iii! of cobtl 7( � I richbortoo’t’t O(’ tociti

( coluhlin A) . Other samples were ioocoobotted in 1 .5 ml of Krebs bicarbooioate booofier in 0he absence tor pres-

ence oof 20 Mit adeioiioe for 25 oiion tit 37#{176}(gtis phoose, 95( � O2-5� � C02) , ttoid the retoctiooio was 5tb)b�’(l by

extrouct ing the tissue �vit h 7( � o’oold t riclubooracet it’ tocid. (comluhuuho B) . ‘Flue I im-ostoes in cooloinuio (‘ were ioicoo-

hated like those iii coolunuio B (without adehoihie) . Theooplivlline ( 10 nut ) wtts t ho’io tiddeol, tiiod iiio’ombotit ioon

�voos coont ioitoed for the indicated t inie before a(lditiooho of 7( � t’tibd t ricliboortu’et it’ at’id. All tociol ext rtto’ts

were treated oos described tootler MATEJIIAL5 AND Ml;Toi010s for the estiiiutotiooi of cA�NIP l�’ flit’ ( ;ibmsottti

techhiiqtoe (16) . liesubts tort’ exl)ressed as pictomnoles of tAMP p� hiuibbigrt-tni oof prtmteiio oor p�#{176}�ouoilligrtom of

wet tissue. Nunillers iii pttreiitheses designated tboe hiuhoul)er oof experinselots.

1’otal cAMP Without Without theophvlline (B)
incubation ------- . . . -

(A) � .-�cbenone +Adenhne, I ruin
20 MM

phnoles/hoig prooteito 22.8 E2

(3)

poiuoles/hoig wet tissue 2.02±0-8

(10)

cAMP l)hosphoodiesto’rast’ activity itt thto’se

preparations, simice thue presemuce (If theto-

phyllimue in the incubafiomu ns(’diunu very

rapidly restored f-he initial values. It has also

been verified that the jiresemice of ademuitue at

the comucentratiomu (20 jrum) used itt flue Ire-

liniimuary labeling expt’rinsents with [‘4C1-

adenimue did not niarkedlv nsodifv the tissue

content of cAMP.

in the absomuce of thueophylhimte, epimseph-

rimue (1 �.oit) induced a rise ito total cAMP

levels tof rat mnvomssetriuns (about 30 #{176}�/()

stinsulatioltu) (Table 2). With PGE2 or PGE1

(5.5 j.zim), the stinsulatiomi was about 60 amid

210 #{182}�, respectively. Theophylline (10 mit),

when added together with o’pitiephnine oon

POE, exerted a syn(’rgistic effect iii imi-

creasimug cAMP levels, w’hich umider theso’

comudit-ions reached SO pm oles,/nug oof prof ciii.

The cAMP levels of misyonsetrial strips which

had heemu loaded undt’r the cotoditiomus ust’d

for recording nsechamuical activity amid incu-

bated with theophylhimse, epinephrine, or

PGE1 w’ere coomisparablo’ to) the cAMP levels

ftlumid in umuloaded noyooisietrial strips (Table

2).

Effect of’ various con(’enll’atio ns of’ J)rosta-

glan(/ins, ej)ineph-l’ine, and oxytocin Oil [14C1_

cA �i1P a’cum ulation . I’igure 1 a amid b shows

the dose-respomuse curves for the effects of

J)(; F’ Oa, PI, G1 , epirtej)hurimue, amod

oxytocimi ooh [‘4C]cA :#{176}o-IP accurnulat 1(111 amo(!

19.1 ±1.02

(13

2.12±0.06

(11)

totmul cA\IP levo’ls, resl)o’(’fivo’lv, ito rat

nl\’olmefrial st rips itucubtite(! imo flue pro’st’ttce

oof 10 mss�m t-heophivllimue 10)1’ 15 nsimu. Ito both

parts of the figure the curves were ainsost

identical for each agemit ft’sted. Epimoeph-

rifle stiniulated ado’movlat-e cyclase amid cAi\IP

accumitulatiomu with a asaxinsumit effect mit 1 �.oim

amid an apparemtt mictivafiomu constant (colt-

cemit ration givimug haif-nuaxinsal respo 01150’) of

0.1-0.2 sit. P(�E1 (‘hio’itoSll the activation of

ademuylmite cvclaso’ timid mu rise imi tofmil cAMP

level with a nsaximal efft’cfive dose tof 10 .oil

amid mimi apparemot mtctivations constamot of 1-2

pM. Dose-respotuso’ curves with PGE� were

superposable on those ool)faitoed wifls PCE1
( data moot showts). The (‘(ohucemutrmofio)mi re-

o1uired for PGE1 were highut’r tluamu t-hioso’ for

epimiephrine ; however, tho’ msiaxirnal r(’sb) otuSeS

were sinuilar in musagnitudo’ wit Ii both migetuts,

whetht’n [14C]cA�\lP accimmisulafiomu uu’as miso’as-

ured after pnior labeling with [‘4C}at!emoimoe or

total cA2uIP was estimated by the (blmismumi

hindimog assay. Our previous data (3) dealimog

w’ith [‘4C]cAi\IP miccurnulathon imudicmito’c! that

maximal stimulations by epitsephnimo ‘ arid

1 were Oi)ttiilte(l at colmicemof rat n Otis lower

tha-mu those described its the presemtt study.

The reaso)mu for this chamuge is uttkmuomwmo, sitice

the experimental protocol does moot toppear

to have beemi significantly altered except

for thio’ onigimt (of the rats. The results re-



11_i ± 0.9

16.() ± 1.6

246 ± 2.2

176 ± 1.5

11.1 ± 0.7
17.-I ± 1.4

25 2 ± 2.1

21.2 ± 1.1

513 ± 50

75.4 ± 6.6

76.() ± Go

15.4 ± 1.3
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T.�iom.i-: 2

L’JJco-t.� of 0-/)iI0ep/ori00o�, PGL’1 , (Ho(i PGE2 ooo c,411P
(�1)00 teoo t of rat oooyoonetro a no

lit o’xb)erihiietot A tibtout 50 mug oof oiovoontetrial

St rips ��o’re iiio’oibtoted for 25 huiili ihi I’�rebs bicar-

booioat e boootfei’ ; 1 lieu theopboylline, ooheo’e indicmoted,

�%.toO.;tt(l(led , foolbo ,�ed by t he ttdol i 0 itoh 0 of epi nephri ne
tor P( ; l’ , tirid iboo’oobttt ions ‘.‘cere eoont mooed for 5 niioi.

Tisootoes were ext rtt(’ted aiid tAMP was deternuiiued

mis tleso’ribeoi under M�,ro-att .� m�s .�N to mumo-;o’ioooios. Vab-
ues rt’prt’Sehit I boo’ nieans ± st-tondao’d erroors tof six

different exblerinoents. I ro exilerilnent B hflvo-

niet rittl sO hips �‘o’re lootoded iii t he 1)tit ii fluid toot utider

o’ooioolit io ohs fo or nic’tosuriiog ioieo’lutooiical toot ivit ies

iiit’OOl)tttetlfooi’ 25 to-tilt bef001’(’ t lie addit ioon oof the-

ooioli�lb i no’, epi 100’blborine , 00� P( i’ , tuid 1)1’ oo’essed tis

ttboovt’-

.�(l(litioihi \�it hoout \Vith
t hcojoluvllinc thc’oiihvlbioue,

10 mtt

1�xboo’o’ioiit’oi0 A

(ooiiti’ool

I;t)i neb)biriilt! , 1 MM

P( ;i � MM

PUI2 S.M p.�ut

1�xpo’rioioo’oit B

(�oohot rool

1;tl0iumdtuhiribot, 1 MM

P(i1�2I S.S pM

po;oIcs e.i .bIJ’/nig �ro0tt?i?Z

1)00t’tt’Ol ito F’ig. 1 mtt.t’ too o\\ (‘0 otisistt’tot ly me-

Pro oduo’il olo’.
P( I’ ha , l( ; l�’�a , tOtO(l t oxvt t ocimo did no ot sig-

tiiul(’tOtotlV afft’ct the muclo’iovlmtte cvchmoso’ tic’-

tivitv (oh’ ttotal t’A)oIP levo’l evo’n at o’ootic(’n-

tratnotos tts high as 100 jmim, which for tite

ox�’t ocimo 1)rt’Pmirtttitmmo t’(Ot’l’(’sj)t)ti(!s too 100

istilhiumoits - muil. Bhitth!a ci of. (.5) m’o’cemotlv re-

1)0 ot’t 0 ‘(1 ‘mimitilam’ ro’sults ft mm’iso oprootet’o’too oh (used
mis to 10(10 ticlrt’too’t’git’ ago’mit) timid P( F� in

est I’o ogt ‘mo-f t’etitt’d rmtt uto’m’us. ‘Flio’y molsto bound

P(1’2a mllO(l ooxvtocimo too lotove ho stimisulatoorv

(‘ffo’o’ts 0 otO t’A�:\l 1#{176}lo’vo’hs.

\Vitho t lie ro’sults o of !“ig. I to atot! b total those

deso’m’ibo’tl iii flit’ It oh1to�vimog expt’m’inso’tuts, it

has bo’o’mi poossibIlo’ too coomoupmu’e the amsitoutot- cot’

radio iso ot 0 lot’ � hub t’.A. :o�I I � omitmuimis ��itlt the

mulIs ohit 0 ‘ It ‘Vt ‘ls oif t Ito ‘ o’\’cl it’ moucleoot ioio’. The

ro’sults o of’ siio’hi to t’tituijltlh’iso on (lo’nutomostm’tot(’ imu

till cases thtmot thto’ choamoge ito i’mtdioomoo’tivo’ o’A\IP

fom’moso’d m’t’fio’t’ti’ tlto’ o’hmimige no thit’ tihlsoolute

levo’ls 0 of’ (‘��#{176}slP. It (‘0)111(1 miot 1)0’ ml sitisple

comust’o b�m(’m�ce ol vmit’imobihit v itt t ho’ sjIt’cific

activity of ti-ic ATP pool(s) which serves as

the j)ro’cursor for (‘A M P.

Tiiioe (‘aol/se (if L/)ineplol’ine anoi PGEm I�1Tects

on Total (�41JJ� L�:�1’el iii t/oe Absence an(l

Presence of T/oeoploylline

Figure 2a sho�vs the kimietics for P(E1 amid

o’l)iiuo’Piunimuo’ respomoses at two) diffo’rent t’omt-
cent-rat I(IhiS, whicmu t hoeopluyl hitue was absent

fromis flit’ imicubafiooto muuo’diumss. itt the case of

epimut’pln’imio’, with t hue tuvo coomicemot m’atiomis

used (0. 1 j.oil mlti(l 5 /2i1), thio’re wmos tin imu-

crease imi cA\IP lo’vo’l which mippeared to l)e

doose-do’pt’tudemut , wit hi misaxitsial st imsiulatio omi

l)(’ing oobtmumued itt t’ti(’li imustt-omoce l)etwo’(’Iu 30

amid 60 sec . The o’\’(lic miuclo’ootido’ tho’n de-

o’liiued slowly with timsit’ mimic! at 15 mimi re-

nimiituet! slightly highuo’r thami the control

vmulut’. The r(’sults wc’re quite differemst with

PGE1 : tho’ ro’spcomuse \VtiS milso rapid, l�out the

levo’! tof o’Ai\IP o’o)ntimtued to) rise slolwly,

ro’tio’hiimog tt� msstiximuuuni at about S huh for the

Oj)tilistll (‘Omic(’litrtiti(itu (23 Mit). \\�ithitu 1-2

lisin thto’ levels tot cAi\IP, wlu’tu comsipared

o’ither mit submsuaximnal thoses (of t’pitiephnine

momtd PGE1 tor mit tiieim’ suprmtmssmoxitiial doses,

wo’ro’ ic!o’tit-ictul for 11)0th tigo’huts, but because

of flue (le(’lilie with tittie imo tlie case oof

o’pimiephrimtt’ thoo’ levo’ls after pm’oolooiuged imscu-

I)motiomu (3-10 muuin) \ver(’ alwtivs higher loon

PGE1 than for epimoephirine. it wtos veniuied,

i)y imuo’ubating o’PitlePhlrimue w�ith ut-enimue seg-

mssemots for varitous iueniocls (30 sec-20 issimi)

tumid sub)s(’qU(’hitlV testimug tlto’ stimisulmottory

o’mOj)ttt’it\’0_If the imto’ul)motiolimusediumsu. tIlt mu

so’ctOtud b)atchu tot’ utenimie strips, thtat this (his-
cI’o’pan(’v \�-te�; titot (11101’ too the degradmitiomi tof

o’�)itoephntttt’(rt’sults miot shoo��mi itothe prc’sent

�voork) . Hiemoco’ t wo o o’xplmiittit iomis msumiy 1)0’ tOt!-

vmtmuced for thtt’ lmucl� of deo’litie oil the PGE1-

imoduced mist’ ito cA)JP as ooppooso’d to) the

do’climue �vith o’pimio’phm’iooe (‘itht(’m’ tOIl imuiuil)it( ory

‘fl’ect oof l)(l�� oti the cvo’lic phioosphoodies-
termuse activity, tot’ imia(’c(’ssil)ilit-v ol the

o’,\i\IP formsio’d to thit’ mio’tio)Iu oil the imitra-

eel lular Phto 051)110mdio st erase . The latt en cx-

jlltilomltit)ml uvomuld oil t’oum’se sugg’st a so’o�uo’s-
t(’ro’d lormui ftom’ thit’ cA\IP lo)rhssed thst’oough

the stnuuulmotiomt by P(E1

Sintilmir t itii(’ c’ours ‘s o’xI erimsieiuts ��ere

po’rlt ormused in thoo’ I)m’�’so’m��’e o of 10 niM theo-
1)hVllittt’ iii the imucui)motioomtisuodiumut (1’ig. 2b).

Agaitu, with (‘j)itit’l)hit’iti(’ as �vo’ll mis P(�E1



14c c-AMP counts/mm) pmoles c-AMP/mg protein

concentration (molarity)
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F ou . 1 . L’JJee t.� of coo i’iou.� coo cc to tin tioio� of pro.�tagloz to do io .� E oi a d I’ , (/)i ooep/o mo or (hp ) , a a il o.r11toc o

(Ox�j ) on � 04CJe.l .1! J) acc 0/ no a loi tion a it il c. I 1! /) lerels i ii i’at no !I(onOetl’i to ))o

a. tJteo’ioie st rips ( 100 lug) svere ioio’oiba-ted iii 2 mb (if Kh’ebs bictorb000hiato’ bufico’ cooitaiiiiiig 2 MCI tof

I #{176}Cjtodehlihoe for 30 huh tot 37#{176}.At tiut’ clod of this ioocubatioii , sO rips were t rahisferrecl ilit(o 2 ml oif Kr’bs

bicarbonate l)ufier wi t Ii 10 huM t heophvlli toe tind t lie different tigen ts test ed tot t he o’ooiicen t rttt iooios sluown.

The reactiohi � stob)boe(l tofter 15 miho, tond the strips wero’ tretoted ZL� ihodi(’ated iii the text- foor tissay of

Ih4CJc�t,jO,4P accuinultttioon. The radiooactivitv associateol with o’A�NlP wto.s estiouttoted tis c(outits per hotih0100e

ler 100 ouig of wet tissue, tofter subtrttction oof tboo’ zero-tione control b’A’olP value obottuhieti tofter the first
iloclobat-iohi , tilO tovertige (Of 5(X) cl)hui) . b. Uterine strips were ihiculotote(l in Krebs l)ictorboihotote boofler withootot

adenine for 25 mm ; then 10 iiuii thetoplivlline was todded, to.s well tos the olifieretit tigeoots tested. After 15 hUh

o)f furt liet’ i hio’OObttt 1010 , t issue \Vtis ext rtu’ted foor toot ab o’A1olP oleternii toot io oh tts clescri bed i hi t lit’ t ext. \‘abues

represent the iiieatis ± sttoiodtord ernors (If 51X difl’erehit- experiments.

flit’timsie to ro’ach thue pltofo’mou wmos itovo’rso’Iy

relatt’d to) fist’ cooncemstrtotiomi oof flue agoomust.

it is also insj)torttitut to moo)te thmit foot’ a givemi

ro’spoomuso’. tho’re � moomsigtuificmomot clifferetoo’o’
b(�t uveeto tht ‘ t imuso‘ course cof PG E 1-i ttduo’o’c!

(‘A\IP muo’cumuuultttioio tittd thmit o’licitecl by
epitoephum’ino’. ‘Fluo’ m’espoomoso’s itt boot hi o’tises

uvero vet’s’ rmipic!, lIo’imog do’to’cttohle at 30 so’o’

(‘V(’li loom’ thto’ lomwt’st o’(omoo’o’totratioomts used itt

this o’xperimuio’tit , i.t’., 1 .6 toM l�( ;F:1 titu! 0.1

;.LiI (‘pihit’plunitit’. I tt midditiooto, floe jh’o’so’huOt’ ool

tlit’tophivllitit’ iono’vo’mito’d thuo’ c!t’cliioo’ ito c;\\l P

levels mof’to’r(‘pihi(’�)lunitOo’stimuuulmitioomo.

Effect of Beta an(l :1/p/ia ;I(ll’enel’f/i(’ Bloc/1iiog

Ageio ts 0 fri L/) i)1 eJ)/o i’me- a iiol P(iI�., 1-o�t mi ulated

A (ICOO11/ate Cycla.s’e _-1(‘t i”ities

Prtopramtoolo ml (25 �it ) , a 1)10 ockiiuoz migo’nt oof

beta mudremiergit’ ro’cepto ins, initihitec! h�’ 90 c;

ti-it’ mict’uisiulmititomo of [‘4CJcA\1 P mis wo’ll mis

the tootmol niso’ itt c_��C#{176}oIPlo’vt’l o’vooko’d by

ePiluo’Phih’ifle (Tmullle 3). This coomufinmsss thmtt ito

rmut tuuvo itsut’t niutsu, eI)itot’}Ihit’ilie stimuitoltotnoti oof

mid’mivlat ‘ o’v’lmise 0 m(’curs t htroughu beta

adn’muo’rgic ro’co’ptomns (3, 10, 17). Umu thto’

ootloo’r huminc!, Pm’ooI)rmomiool�l (lit! hoot tiioot!ilv flit’

respoomiso’ too P(ii11 , imidiemitimog thmi-t thoem’o’ mum’o’

� m’o’ceptoor sites for cpitsephrimue mimot!

Phuetotoolmotssitoo’ (25 j.�it), mu IllOckitig tigomit oof

alp/ia modro’too’rgio’ m’o’ceptoors, has rio o’f’fo’o’t oomo

the stimuiulmotiomtoby o’itho’m’o’pimieplot’imoo’ton

P( l’ � . [‘4C�jo’A\ I I � miccumssulmito’d imu t hit’ pm’(’s-

o’huo.t_’ oof l)htemOttolahiuitut’ mint! 0’l)it0t�I)10m’ittt’ \\���5

348() ± 330 o’pni, tumid uvithi l)hlemotomlmomisine

Plt15 P( ;Ei it wa� 4041) ± 440 o�pns ; tho’se
valut’s mot.e ido’tutictol with flit iso’ oolltmuto(’(! ito

thtt’ tllI5O’titO’ ool mumov todt’o’moo’m’gic 1)10 o(’kimog togo’mit

(‘l’milole 3) . It numiv ho’ o’omn(’luclo’d tiumit mitlremoo’t’-

gic m’o’o’o’ptoors mii’(’ titot invoolvo’d iti thio’ mictivmi-

tioti oof modo’tsi’lato’ t’�’clmose by P(il’ � its m’mot

mslvo itsiet ritmiss.

1�1Tect 0/ Coiio 1)in(’(l h/) ilIe/)l1 l’in(> a lo(i J�GL

010 (‘;l_lIl#{176}�-tc(’u1nulatu)n in Rat ]Iqoineti’iuin

‘ltll)le 4 shutows thuo’ resumlts oohtaitoeol wisemo

P(�E1 timid epitoo’phinimoo’ \\��e moddo’cl simssul-

tmitio’t ouslv to) iticubatt’ol tuuvoomuset rimol st rips.

.Af supramusaxitnmol o otoo’ettt rtot 10)105 ( o ‘pimoo’j)I o-

t.imtt’, 5 uit ; P(U�1 , 23 .oit) ito the i�ro’s’tit’’ of



pmoles c-AMP/ mg protein

PGE1 25pM

PGE1 1,65 pM

b)

60

40

15

time (mm)
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pM

pM

1.65 pM

FIG. 2. ‘J’ione cootrs(’ for epiooephriooe (Ep) (110(1 PGE1 effects at various conce,otrati(010s on total cAMP level

of rat �nyono-etriu-no

Uterine strips were ioicul)ated iii Krebs bicarbonate buffer for 25 miii at 37#{176}.loictobatitons were theoi

continued in the absence (a) cir presence (h) of 10 huM theophyllioue with the additiohi (of epihtephrine (0)

con PUE1 (U) at- the indicated ctooiceoitraticons, mood reactioons were stopped at the times indicated by the

addition oof co)ld t-richboracetio’ acid up to 7�. cAMP was assayed as described tonder M.-�TEtOtALS AND

MLThI(Oh)S, Values represehit the meaoos of three different- experimeoits.

thio’ophiyllimue, noo additive c’ffects could be

do’misotsstrated 0)11 [‘4C](’Ai\IP accumulation or

oomt total cA\IP levels. Thierefoore, although

ittt eracfimug � Ii dist imuo’t- receptors , PGE i

amid epiisephnine seem to activate f-he same

catalytic sites tof the ademsylate cyclase sys-

t(’msi : when the o’mizvmste is fully activated by

either agemit, it can mio lomogo’r be responsive

too the other.

On the oother hamuci, imu the presence of

PGE1 and t’pimuepltrimte at comucemttrations

itear their half-maximal effective doses,

cAMP levo’ls went’ always higher thami those

obtained with eao’h ago’nt whets presemit alone,

amid averaged approximssato’ly flit’ calculated

vmolues for epinephrituo’- J)htls PGE�-induced

effo’cts at these muomosaturatimug comicentra-

tiomss. These results would indicate that as
long as the ademiylate cyclase is msot fully

stinsulated, the presemice of PGE1 at the coon-

centration used does Iio)t nsodify the response

to epimuephruue, a-mud vice versa. The latter

observations differ to sonic ext-emut from

those published by Bhalla et al. (5), who de-

scribed the stimulatiomu of ademuylate cyclase

in estrogen-treated rat uteri by PGE1 itt a

dose-dependent rnamuiuer (0.3-30 pim) ; honv-

ever, PGE1 u�’as always less effective thamu

the beta adremsergic migomuist isoprotero’nol.

i\Io)reovo’r, at- low comuo’emutratiomus (0.3-3

,.�im), PGE1 inhibited iso)proterenol-imiduct’d

cA?iIP accumsiulatiomu. Accordimtg too these



Btostil levels

1.:bomloeplirihoe 5 pM

PUI , 5.5 pit

- 70)0±150)

+ 500±146

-

+ 1(050±100
- :3960)±33()

+ :3550±310)

3s00±20i0

:37s0±250

(‘oontrool

1;b)ihoePhi’ihie,

5 MM

P(;l:, 2Spih

b:lihoo’lhriioe

+ l�Ul�:,

1;lIihi0�l)lih’ih1t’,

0.1 pih

�)(‘,(.� , i.u pM

1pitiepborine

+ PUb

5-1 ±5 .5

90±7.2

4!)Ufl±65() (i52t) 105±5.5 155

25900±350

2230±:300

45±4.4

52.5±4.9

3170±320 372!) 72±4.25 75
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T�ish.o. 3

L’Jj’ect tf propraioolol ooo epitoep/orl roe- (1,0(1 PGL’ -
iioduteol rise zoo A.1IP levels of rat ?ioyt)lioctrioiiio

Uterine strips were treated as described tinder

Mvni.:itmAo,s �N1) Mhl0100h)S foor 1’#{176}ClrA�\lP tto’o’uiiiu-

lat iton (t’oolutuiiu A) amool foor I ootmtl oA�\lP do’termuuintt-

(itoh (colioonn B) (see alsoo legend too Fig. 1) . After

t he addit iO)hi oof t heoopluylline too the ituctobtot iton nue-

diusu, tissue strips were imio’tobated for 5 miii in t he

ahseno’e or iresetice oof 25 MM l)rooprantobool before

the .sub.seqooent addit ioon of epinephnine oor PGI,

arid ino’ulltot io hi %�‘tOS roont ih010ed foor 15 noi ii tot 37#{176}.
i\Ieans ± sttondard errors oof six ditierent experi-

muuents tire slioown.

Addition Propra-
nolot,

‘‘CIcAMP
accumulated

Total cAMP
� B

25��i (.t�

cfnn pmoles mg
protein

22 . 5±0). 75

24 .6±1 .0)

�2.5±4.0)

35.2±3.0

S5()±5.0)

51.0±5.1

no’sulfs, P(�l�1 tot 3 � , uso’d ito thuo’ o’xpo’t’i-

nst’mut oil ‘Fmoblo’ 4, shutould Itmivo’ imohiibito’d flit

epinephinimio’ ro’spomiso’ 40� ) . Utido’r tho’ pro’so’oot

expo’nins(’mofmol comodifiotus, mis fmir mis o’A)d P moo’-

cutusulatioomi is comio’o’rmot’t!, rat- mss�’oonio’triuttu

appemurs too 110’ isitoro’ r(’spoomosive toj I#{176}CE1thuami

imt the expt’m’imiiemits do’so’nibed l)���’ Bhmihla et al.

(3). It is thio’refore ptOssil)l(’ thsmot umudo’r tour

(‘xpo’nimsietuta 1 t’(ili(lifiomis ninth loowo’r do iso ‘s of

PC1�1 usuighit promc!uce ami imsluibitoom’y effect oomo

f lie beta modro ‘iut’rgio’ st imsiulmit it ott , 1)ut suclu

doses �vt’re mutot testo’d ito tluo’ preso’mof stuc!�

GO?)? j)�1’�5O)� 0/ l�:tr’o’ts of’ U) inej)lo I’in(’ a nil

PGE1 oio (‘A]IP Levels of’ �S(’1’a/)e(l and

oSti’i/)/)Ct/ JI/ilometo’ial I�I’e/)a ia/ions

All tlso’o’xpo’nimsuo’mots(!o’so’ril)edtoboovo’ wore

j)erfonluied with msiyomnet nial �)r� ‘parmit it Otis

obtaitoo’d ��:‘�‘ so’rapimug tiff floe o’iudoonso’tnial

cells. As do’scnibo’d umodo’r iIA’rEmuALs ANtI

METHOI)S, histological ooi)s(’rvtit-ioolos showed

fhueso’ sansples to ho’ coomutamssimuato’c! with 30-

40 #{182}�of f-lit’ tonigitial t’ttdoonso’tniuiii. In oorclt’t’ to)

eva!umutt’ flue comut nihufiomo of flit’ o’mudomit’-

tniumuu to) flit’ respootises ool flit’ ufenimio’ pro’pmt-

ratiootos too o’pitiephunimte amid P(il1 , a sent’s oof

expo’rimoso’mits wo’ro’ po’rfo ontuied with st ni�Ipo’d

T.�nm,i: 4

EJ/’ects of conobi,oatoopo (if (pt ooephri too (hot] I�G.E� tooo

I li(’]o.41fP (1(104110 oilatioio (010(1 total �.4��JJ) let�ol.s

ill root noqoonoetriotno

tterihie strips were treato’d as des(’nil)ed oonder

MViEhU.OLS .iNi) ME1ItoUoS foor 14Clo.\.i�IP tu’o’otnuubti-

tioohi (o’oolumn .�t) and foor I 0 0 al c:t�oIP det-eniouina.

t ion (o’oltmtusts B) (see legend t oo Fig. 1 ) . Ipineph-

h’ine oor P( 1l�� , cootuohined (or individuabbv, were

todded tot t he indio’ated eoono’ent rat-ioohis, tiiool 110000-

bttt moon �s’tts to 010 1 i hoooeoi at 37 #{176}foor 15 liii hi I hi t lie pres-

cute oof 10) hiM t lit’oOpliVlbihic . \lehOhis ± st tin(lttrol

errors oof six diflerent experiiuients are shoown.

Condit OflS 1’ ‘C1cA)d P � A ) FOtat cAll P � B

F; xjn’ri O’atcu- Ext�ri- Calcu-
mental lateot if mental hated if

adolitive a(l(Iitive

cpni pmroo;1e� mug proa’in

950±150) 19±2.0)

mi_iyoomuso’tnimil j)nc’pmim’mot io)mos, whuichi wo’t’e shooo�vn

too lot’ virtually Into’ oof o’tic!oonietniumoo month mtlsto

oil o’it’eular mususcle fiho’m’s. Soomuot’ oof flit’ ro’sults

arc’ shoowiu ihi Tmoblo’ 5. “Flit’ promfo’iri o’oototo’tot- of

the stt’i�)pti’cl msuyomuio’tniumus moverago”! (‘moo� ; oil

tiuc tootmol iIt’(Oft’imi fo mumiol itt thio’ itittot’t tot trios,

��hilt’ ito flit’ sc’t’tipt’d Prt’l)mirmttitohis tth)tOUt 80 �

oil the prooto’iti \vmis pro’so’tot.Ho’rot’o’, foot’ the

t’tOtiij)tlt’isOOIOs to ho’ nuo’momoimigful, m’esults �

o’xpt’o’sso’tl tts Pit’titittilt’s oil (‘A.\Il� p�’r noilli-

grmuui oof tt)ftol l)l’tofo’iti tof floe intact tissuo’ mos

ivell tis c_\..?oIP po’r muuihhigramis of promto’iti imi thit’

itidicmitetl pro’pmortotiomi . Thut’ st nippo’tl noy( o-

muset i’iuin �-)t osso’sso’d tutu modetoylat o‘ o’vo’l mist’

i��huio’ht (‘ou!d bo’ stitiili!mit(’(! o’quahly l)\’ ej)i-

tiel)hsl’imie timid P(il’1 (Tmoblo’ 5). ‘Floe vmoluo’s

loon t’,\�\IP levo’ls afto’t’ 1)00111 sfinuulatioomos ttt’o’

0,01_os partsl)lo’ t 0) t ho ose descnibo’d mu It OV�. ‘Fhiis

shows t limit o’mtt!omtst ‘t rimil co’lls cotufmituiimimot itig

floe so’rmoped tissue Prel)mormotioomo u�ere muoof itt-

volvecl t(i momo�’ sigtoifit’atot o’xtemit ito thc’ sti-



Incubation conditions

‘tVitliotit- theophylline

With theophylline

+ Epinephrine, 5 MM

+ PGE , 8.8 MM

10.3 ± 1.1

20.0 ± 1.65
92.0 ± 7.5

89.2 ± 6

8.8 ± 0.75
17.0 ± 1.05

65.0 ± 4.25

65.0 ± 5�5
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2 M. F. Vesin and S. Harhon, unpublished oh-

servat ionS.

TUlLE 5

(‘omparisomi of effects of epinephrine amid PGE, omi c.-IMP tenets �/ sem(tpc(l

an d stripped myometrial preparations

Scraped orstripped myometrium was prepared as described tinder u1AT�:ni.tl.s .tND Mi;THODS. Al)Otit 50

i�ug of either preparation were incubated under conditions specified in Table 2, experiment A. l�estilts

are expressed as piconuoles of cAMP per milligram of total protein of the intact titerus or as per musilli-
granu of protein of the tissue preparation. Results represent the menus ± standard errors of three dif-

ferent experinuents.

cAMP in stripped myometrium cAMP in scraped preparations

pmoles/mg pmoles/mg protein in pmolesmg to/al protein pmoles mg protein in
total protein tissue preparation tissue preparation

11.0 ± 0.9

21.2 ± 1.3
81.3 ± 5.3

81.0 ± 6.5

15.5 ± 1.64

30.0 ± 2.5

140.0 ± 11.5

135.0 ± 9

nuulationi of cyclic AMP formation observed
through the actiomus of epinephrine and

PGE1.

Correlation wit/i uterine 3fotility

Correlations between the effects Oh

adenylate cyclase activity of the different

pharmacological agents and their capacity to

alter uterine motility were systematically

tested. Contractile activity of the isolated
uterine strips was measured in the same
physiological buffer and with identical dose

ranges of active substances as those used

for the preceding experiments. As shown in
1”ig. 3a and b, PGF2a elicited the same type
of tetanic contract-ions as oxytocin, but

neither agent modified total cAMP level or

its accumulation in uterine strips (results of

I”ig. 1). W hen epinephrine (0.3 �m) was added
to PGF�2a� or oxytocin-stimulated strips,
immediate relaxation ui-as observed in both

cases. PGF10 , another agent which did not
alter cAMP levels, also induced contractions
(Fig. 3c).

POE1 (Fig. 3d) stimulated uterine con-

tractions, even though it elevated cAMP
levels. On the other hand, epinephrine, whose
effect is identical with that of PGE1 on
adenylate cyclase, antagonized the PGE1-
induced comutraction of uterine strips. Identi-

cal results were obtained with PGE2 or with

PGE1 . Finally, PGE1 , at a concentration
known to elevate intracellular cAMP levels,
was unable to provoke relaxation of PGF2a�

stimulated uterine contractions, w-hereas
subsequent addition of epinephnine to PGF20

plus PG E1 inumuiecliately c )unteracted t he

induced cont ract i �ns ( l�ig. 3e) . Likewise
POE1 failed to imuhuibit oxvtocimi-imiduced

comitractn)mus, uvhui le epinephninue added t �)

oxvtocini plus POE1 abolished the contnac-

tiOIis (results not shu( )w!i).

In these expeninuents the contractile

agents were used at them nuaximal effective
concentrations. It is noteworthy that for
PGE1 the maximal response for contractiomi
could be measured at 1 .5 MM, which was miot

the maximal dose for adenuylate cyclase
stimulation. Furthennuone, POE1 at 25 jrsi,

which maximally st iniulat ed adeniylate cyc-

lase, still provoked full comitractility ne-

S�0fl5CS and did not antagonize conitnact ions

elicited by PGF2a on oxytocimu, in spite of the

high intracellular cAMP levels under these

conditions. It has also been verified that the
presence of either P0F20 on oxytocimi does
not modify the re�poui�e of muuyometnial
adenylate cyclase to POE1 .�

The ability of dihutynyl-cAMP to pre-
vemit the contractiomis imuduced by PGF2a and
PGE1 is shown imi Fig. 4. A 1-2 nuui coricemu-

tration of the substituted cyclic muucleotide
had to be used, and a preliminary inicubation

time of 10 mm was muecessarv (this might re-

fleet the time required for its intracellular

penetration) . These results are imi close agree-

ment with previously published obsenva-

tions (8, 10, 17) mi which DB-cAMP was

shown to mimic epinephnine or isoproterenol
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FIG. 3. Traoioog oof isonoetrio’ o’oo,otractio,os (of ZSOO-

laled rat uterus ito the preseooee of o).rytocilo (hood

various prostagla todins .‘ effect of epilo ephriioe

The t’ooncentratioohu oil o)xytocihi (Oxy) wtts 0.4

mibliunit/iuil ; epinephrine (F:p) , 0:3 pM ; P(Fa,,
0.5 MM; PGF1a, 1.5 pM; PGlto, 1.5 pM, iv washing

with buffer soobution (recording stoipped during the

washing period).
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itt amttagoauizing the coomifractiolmos o’lit’ited by

t)XytOCifl in isoolated rat uterus.

Propranoilool imihibits flue relaxitug o’ffect oof

(‘pimuephrine ( 10, 1 7) . W htemu tho’ beta adre-
nergic blocking agetif (10 j.oit) was middt’d too a

PGF’2astinsulat(’d uterimso’ holrmo prior too the

addition of t’pimiephnimie, muo relaxatioms was

induced l)y tlue latter (l”ig. 5). Alsto, if pno�-

prahiollool was todded miftt’r epimuo’plsnitio’ had ito-

hibited flit’ stinsulmuting o’ffeo’f of PG I’�2a

noornial t’oomofnmictiomus imu respootuso’ too PG ‘�2a

ui’ere rest oort’d , as epimuephsnine to ould hit 0 loongo’r

exert its relaximig o’ffect.

The results oobtaimoed itt this coonupmormifive

study deserve a few comusments.

1 . It so’eisss clo’an thtit flit’ (‘(mItt racf ile

effects oof oxytoocitu timid PGF’?a oh rat uterus

did tuot imuvolvo’ a prior ihoteracfio)mu with the

adenvlmito� cvclaso’ s’i’stetui amid thmif the site

t)f fho’ir atutagonisns too o’pimiephnimue ton I)B-

Fmo. 4. Tracing of is000etri(’ o’oiotrao’tiooos of iso)-

loste(1 rat uterus.’ effect of 1)B-cAMP 010 PGF,,,- aiod

J5GE1-iiodou’ed o’oiotrat’lioios

The o’oncentratioti (of PGE1 was 1.5 pM; P(F�,
0.5 pM ; I)B-cAMP, 2 OhM. W = washing with l)tofier

soolutiooro (ret’oording stoopped during the washing

perio)d).

cA\IP is ltIO’tited mit a sto’l) bt’yomud cA\IP for-

muiaf itIli.

2. Imu the cmise oof o’pimuephnimie, there seems

flu he a good correlatiooti betweemu its effect 0111

adeiovlate cvclaso’ stimnulatiooti, with a sub-

so’iuemot niso’ in cAMP levo’ls, and its relaxing
o’ffect (lIt rat mvo onset niurn . Both epimiephrine

tu’tivities are p(ofemutiafed by theophuyllimue

(9, 10) , imthuihited bu’ a beta adremuergic bltock-

ing agent, proprmotiool(ol, amid appear to be

(‘lOst’l\’ related in timsie. In additiomu, DB-

cA:\i P, with soonso’ rest-nicticotis fomr the high

t’ootteo’tufnatioais tueeded, is able to atimsoic

o’j)inephrimie itt imsducimig relaxatiomu.

3. The results obtaimued with PGE are ntore

cornplex. I)uritug stimulation of rat myo-

musetnium by t-woo umuro’lated agents, epitteph-

nine a-rid POE1 , o’nhanced fornsatioomu tof both

total amid radioactive cA?oIP ui’as showmi too
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Fit:,. 5. Traoiiog of effeo’t of propratoolol on epi-

ioephriioe-iiodou’ed relaxatioto (of isoolated rat uterus,

stionilated by PGP�

The o’tticentrtotioon of PGFa,, was 0.5 pM; prom-

prati(ob(ib (Pr), lOpM;epinephrine (Ep),0.3 pM. W

washing with butler solutiomhi (recording st-tipped

during the washing periood).

olc(’ur too a simisilan o’xfemut tumid too foolloow simi-

lar finit’ o’oourses. Honvevt’n, fho’ ultintate

physiological respolmust’s uvt’re ooppoosite, i.e.,

relaxa-tioomu in tluo’ formist’r case amid coolutrac-

titllt itt flit’ latto’n. Our results imidicate that a

sihugle adetuylafe cyclase is involved itt both

epitoephunitie amid P�3E stimisulatiooti , sino’e tito

additive effects (‘oluld be ool)served w’ho’tt booth

ag(’mits w’ere used at supramaxinual concemi-

tnatioins in flit’ presemico’ tof theolphyllimuo’

(Table 4). Imi midditiotu, who’mt the effect tof

coombimio’d epimiephnimue amid PGE1 iias cx-

amimied ihi the absemuce of theophylline, it was

foumid that- imocui)atio)n tof misyonietnial strips

with 23 .oit PGE1 resulted iii comitnacthomos

with a rise in cAi\1P lt’vo’l (after 3 mssimu) too mu

value oil 29.3 ± 2.3 pmooles/nsg oof prott’ilu.

Subso’t1uemtt additiomi tof 5 �oii epimuo’phnine re-

sultt’d ito relaxatiomu with mio detectable extra

itlo’h.o_’mlst’ iii (‘.� �\l l� :if’to’r mimi mt!hititomimil i-iouitu

iti(’llb)tlt it 010.

i_\.t first sighot thit’so’ ro’sults moimoy (‘ast scone

dooubf 0010 ton evemi ihiValidate, flit’ hypotiit’sis

flumot c.\�\1 P is flit’ o’fft’ctive itutracellular

miso’dimifor of stiio(othu iuius(’le rt’laxatiots. As amu

alfo’rmuative o’xplamsatiomu , the hypolthuesis coluld

1)0’ advanced t hat o’o)mssl)mirtflOetttaliZat lou amid

o’ootist’quit’tot ‘‘umuro’mittivify” of the (‘ychic

nuclt’oofide fonmsied oohi POE stimiuulationu (occur.

Thst’se imuto’nprefatiootos will ho’ furtho’r dis-

cus�o�ed umudo’r CONCLUSIONS.

Similmor rises its o’A\IP levo’l dunitug pro-

lootoged isorno’tnic coomutractioomis cof rabbit colloti

l)y carhamsuvlo’hsohitso’ ton pootassiulsu ioomus have

recemit ly beo’ti 0observed ( 1 8) . Colmosequt’mut ly

it a-ppt’mired imiipt)rttitut to deterniimie the sig-

nificamoce of this’ niso’ ito cA?’oIP level under the

imiflut’nco’ of flit’ colmotrao’tilo’ PGE. Tho’ fohlolw-

imug expt’nimusemsts went’ do’sigmied first in order

too vo’nif\’ whuo’tho’r 1)00th POE o’ffo’cts ii’ere

(‘mousallv related.

Effects (�,/ Pol/J/)lo loo’etiio P/i ospliate an o/ 7-Oxa-

1 3-pi’ostijiioic A ci(l on Prostaglandin-In-

(l-Uceo/ Conti’aelions an(l �Stiinulation of A deny!-

ate Cyciase

� a pollynienic phosphorylated poly-

amiionic derivative of phltrizin, has heeti

foumid f tI amitagoomoizt’ stlruue st imnulating actions

oof booth PGE amid PGF ton certain isolated

sfl0000)th musclt’ 1)reparatioomos(19-21). Inaddi-

fitIlu, Fried et a!. (22) havo’ symuthesized coast-

pounds structurall�- related to prostaglandirts,

a-nso)mug tisens tho’ 7-oxa-13-prostymioic acid

derivative, which actively antagonized floe

stimulatitug effect of PGE and PGF’ ott a

SmsitIO)th issuscle preparmitioomi tof gerbil cooloomu.

Iii the 1)rcst’mit coonsparative study it

st’o’nit’d inspoortatuf too imivesfigato’ the effects

of f hese l)rosf aglamiditu tnut migo muists 0 on ho of hi

flit’ prolstmiglaludimu-imiduced commit ractio Otis and

sfimusulatioomi oof adenu’latc o’\’clmise. Figure 6a

repro’so’mufs a typical t’xpeninso’mut imu which the

respolmuso’ (of an isolmuto’d utenimue horn too PGE1

( 1 .3 Mit ) ui’as examssimued itt the absence ahid

pr�’s�’nce (of itucro’asittg coohocelutratiomis of
� Thio’ ongaiu was imicubated for 10 miii

with PPP hefoore flit’ additioomu of PGE1 , amid

aff’r flit’ rO’sptohise had beeti recorded it \\‘tis

\\‘Iish(’(l thro’o’ ton fooun tinso’s withi the h)uffen

before flit’ mudditioomu oof mu subsequent dose of



FtG. 6. Tracing of effects of differeoo.t coioce,otratioios of PPP ott PGE1- atod PGP2a-iiodotced co,otractio,os of
isolated rat uterus

The concemutratiohu of PGE1 was l.SMtot; PGF2a , O,5M�’; PPP, lOOMg/ml (1), 2GOMg/nsl (2) iv = washing
with buffer solution (recording stopped during t he washioig period).
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inhibitor amid PGE1 . PPP at 260 ,�g/ns1

almost- completely inhibitt’d tho’ sfimssulation

response to 1.3 j�M PGE1 (undo’r these condi-

tiomis � 120 �.og/ml, gave 30 �. imuhihitiomi).

Contractions induced by 0.5 j.oim PGF2a uvere

also) completely abolished iii the presetuce o)f

PPP at 260 jog/mi (Fig. 6b) . Under the same

conditiomus contractioius elicited by oxytocitu

(0.3 mihliunit/mI) were riot significamitly

affected. The results are iii agro’emssemut u�’it-h

tholse of Eakins et a!. (19, 20), us’ho foumid that

��J) anta-gomuized the actions of both PGE

and PGF compounds on isolatc’d gerbil

colon and rabbit uterus, while tho’ coomitrac-

tiomus produced by othc’r agolnisfs, such as

acetylchohine in the latter orgamu amtd acetyl-

cholimie, bradykinums , or 3-hydroxytryptansine

in the former, were mioot reduced by comicetu-

t-ratiomus of PPP which nsarkedlv atutagomsiz(’d

the responses to PG.

Tho’ saute type tif expenitisetits, usimig PYi

as a proostaglaluchimu altttigomuist, is shoowmi iii

Fig. 7, Comsuplete imshibitiomu oof PGE1 (1.5

Mim ) -induced cO)Isf ract 1011 could l)e 0 ml)ttuitie(!
with 30 Mim PY1 , amid 50 #{182};imuhibitiomu with 10

;.LiI l�Vl. \Vitlu PGF�2a , iruhibitiomi wtus also)

co)nuplete for ton amitagoolust to) agonist ratio) of

60: 1. Umidc’r idemitical coomsditiotus co)mutraetiomls

induced itt Issvo)Isst’fnial strips eithit’r by ooxy-

tocimi (0.3 nsilliumuit/miil) or by cani)alsuvlcho-

hue (3 ,,ii) wero’ muoot atitagomsized by PY�

(43 ,�ii) (data muot showmu). The ituhibition l)y

J)y1 of PGE- tumid PGF-iluduco’d o’oontractioomus

was reversible imi 1)00th cases, with thuro’t’ sue-

cessive washimigs w’ith buffer for 2-5 muuimu no’-

storing a muoormal nc’sponsse too PGE1 oor PG F20.

Omu the otho’r luamid, with PPP, it wtos foound

thuat the inhibitiomi oof the PG effects lasto’cl

foon a lomug t-imsie (30-60 musiti), in spito’ of no’-

petoted washimugs with frt’sh soAufiootts. Dunimig

this period oof iruhuibit i oIl nuy(omss(’f nimil ro’spo omoses

to) t)XVtO)(’ihi iver’ virtumullv unmifft-’oted.



1mm
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1”m;. 7. ‘Ir(Ieioog t)f efJ’ects of dij/’erent co,oeeotroztioios of P1� on PGE1- oii,�I PGF.�-iiooJuced cooot,’actzo,os tof

0 501(1 toil ,oi t toto p.o .‘!

The (‘oohoe’eoitratioho (if P(11 �vtos 1.5 �io; PGF� , 0.5 M1t P\1 , 8 M11 (1), 30 pit (s). w washing with

boofler sooboot ion (recording st ooblPetl (lunihig the washioig period).

‘Flit, moot it 010 0 of’ t lit’ t ivo o pro osttuglmotiditi tutu-

tmigootoists \�‘tos tolsto tO’sto’(l 0010 atlo’nylate

c�’o’lmist’stimuuulatiooto,mimic!flit’t’o’sultsmore sumis-

iuuai’izt’d ito FIII)lt’ 6. Ito this o’moso’, mis itt tho’ cx-

Pem’imoso’mlts al)OoVo’, PPP tom’ P\’ i , u��hit’ti used,
\vtls mO(lt!t’c! 10 muuimoprior too P( �Ei . It is cvi-

ttt’tit I hoot 1 lit’ mist’ imi toottil o’.� i’�sl 1’, :ts uvo’ll as

it 0 � I0( ‘ o� .\ �\ I I ‘ tit’t’un ouhtit io ott imit tut’t’tl I)y

vttl’io oils to otoo’o’tit mmii it otis t of’ I 5( ; � � , � mit it

nioot!ifio’o! boy hit’ l)t’t’sotot’t’ oof l�l#{176}l#{176}oom’ I�’�’�i

(‘i’O’lO tlooootghi tot flit’ t’ootot’o’til t’:ititomis uso’tl booth

:tmitagoomiists t’(Otlij)lt’tO’l\’imihiloitt’cll�( l�i_imo_

tluo’o’o I t,t omit t’tto’t it 01 os o of’ I lot’ moovo miott t”mutu . I �

tot ooh I )�01’ i mob 0110’ loath too o o’f’f’o‘t’t ooIl btostil (‘�\.)�T l�

lov ‘Is. I mI tOt It hit io oil (o Itt t a mooof to pt ott to I ) , t hey

(lit! loot ttfft’o’t flit’ mioot’nmtil too’tivatioomi of

toolo’ti#{176}lttl0’ o’�’��t’1:tst’ liv tb)itit’b)iit’itOt’. Ilemot’t’ tiut’

ohumol ‘(‘fool s oof’ l#{176}(� I�:� ito i’ttt miiytotouo’t t’iuiuu,

i.t’., o’totttt’:to’tioolOmototi siitmiitlutioomioof thuo

ti(lO ‘oo�’ImoI 0 ‘ o’yo’lttst’, ti ottv 1mt to omiujlo’to’Iv ohisso o-

t’imt:I t ‘oI in to h(’I’ I host’ to omit lit io otis,

It remssmuimoo’d too o’stablhish the j)t05Sil)ilit�’

thtit PGE1 nuighut bo’o’tomsso’ a ro’laximog agemut

after bloockmodo’ oof its ccomotrmictile effect by
PY1 , whiho’ still stimulafioog cAMP ticcumu-

imufiots. 110 flit’ pr(’�t’t�o’o’ of P\� (45 �.oit), which

o’oissplt’tt’Iy ituhtibit 5 (‘0 omitrmio’tuons evoko’d by

10( l� � (3 � ) (imoo’iml oat it oto to omiclit it ills as ito

I’ig. 7 ) , I lit’ 1)10 st aglmtmithiti f’ttilo’cl t om inhuib)it

t’timmtt’at’titoitsitttluo’t’t! by toxvtoorimo. ‘Fhois no’-

suIt is iii 0,0 otot t’tost I oo flint to 000100! �vith (‘j)i-

tlt’I)hll’itlt’ tor h)I3-o’,\�\Il’ (l’ig. 4), which

st m’oonglv I oloot’Lt ‘oI I lot’ to omit m’ao’l i It’ o’fI’o’t’t of’ t oxv-

ttit’imi, �\lsoo, �vhmemo I’( l�m � imihoiboit-o’tl Iri

l’’o’ � , it o’ootilol iioot atit mtgootiizo’ flit’ i’cspomiso’ too

t’�tm’btttiit�’lo’hioolimot’, :otitothio’m’ o’ooiott’tto’tilo’ a-gt’tit

oof thot’ t�ttt uto’m’tis. ‘I’hot’t’o’foot’t’, ito spito’ oil flit’

f’tio’t I hint t ho’ to on t mutt iho’ o’f’f’o’o’t oof 1#{176}(l’�� ivtts

blo ocketh , o’,� �\ I I � ft mm’tno’d t hit’o oomghi flit’ not iommuo

I his plo osttmglatoohiti t’t otild mmoot moot as Iiti itit t�:o-

o’olhilto m’mmio’dimtt o 01’ It oh’ t’o’ltixttt it mo



Tthoi.F; (�i

EJJ’eo’t (Of P(Ol!/Phl0i’(tiI) J)hosp/001te oiiod 7-oxa-13-pro.st!Jooooc ueot/ on I�GE0 (:o’toroztlooo)

of no!/onoctriozl adeioqloste O’!/Cl(I.o(

[Jterihie stril)s ��‘ere treated as described tinder it�TF;mom�l�s .�Nho Mo;Tl0000)s foor 1#{176}(’lo’Ai’olP tu’o’oohoiubtotioon

( t’O)ltOhiiio A) ahod foor t ot al cAINIP (leternu ii atioii (colunsn B) (see alsom legentl t to Fig . 1 ) . Aft ci’ t bit’ tooboli t i o 010

(If t heophvllitoe to 0 lie ihiclohat ioon niediuhut , t issue strips were i hoctibtot eoi foot’ it) hiS IOi i hi I he tlbsehio’o-’ oor pro’s-

ence of PPP oo’ P\ � , as indio’toted. P(� l� , tot t he c0000cehot rat ioohis shoowho , wtts t lien added , a�ool i no’�bottt iwo

\s.tos t’oiitiioooetl foor 15 hum tot 37#{176}.

Inhibitor [#{176}CJc.�,\l P (.-�) � ‘l’otal c.-�#{176}I1#{176}(13)

No) PGI’� 1.65 MM 3.3 Mtt No P(;E �- 0.65 Mtt � I .55 MM .3.3 Mtt

� op?oz - pnzlec,- ,,i�’ pro/em

Nohie 870±62 � 2#{176}.)30±305 3860±330 � 20 .0±1 .02 25 .2±5 .3 - 45 .3±3 .0 61 .6±6

PPP, 150 pg/nil � 760±23 2770±2010 � 21.01±1.2 29.8±4.3 44.5±4.5 015.0±1.8

PPP, 300) Mg/thu1 - 970±120 2570±3(02 3760±350 � 20.5±3.0 - 29.5±3.3 43.0±6.4 57.2±1.2

Pyl , 30 Mit � 878±92 � 2560±240 . 26.4±2.15 45.8±3.5

PYo , 60 Mt1 988±75 2670±29() 3�0±345 - 20.6±1.2 45.1±:3.96 (11.7±2.41
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3 L. l3orstad tthi(l S. Iltorboon , hflah000.script in

preparat itoh

CONCLUSIONS

Tlut’ results ro’pt)rted ht’ro’ mogro’o’ with flue

l)revitously jMll)liSht’d oobso’nvtttiootos (7-10)
supportimsg the coomicej)t thtot cAi\IP is tu

msso’diatoor for relaxtitioti oof utenitic snsooooth

miiuso’lc imichio’cd by beta- adremuergio’ mog( mists,

simtt’e a goood coorm’elatiomu limo-s blo’t’tl demssoomt-

st rmit ed l)etwt’elt o’pimuephnilie act ivmot 10)11 of

adenviate cvclase timid its nelaxitug o’ffo’ct. Itt

addit-iomu , profo’ito kimumust’s which mire stimiuu-

lated by cA\IP have no’co’mitly loo’o’iu (he-

scnibo’d imu l)( it It o’hudomsuef niumut mitto ! mouvomuso

niefnnmmos of 1)O)ViIOt’ uteri (23) timid itt root

mit�’toiiit’tnuns .�

Iti the (‘misc (If PGE1 tour pro’vioous oobso’rvmi-

tiotis (3) luave h)t’t’li cootufirmusc’d : it sfimssubates

adt’iuy!mtt e cyclmiso’ amid imoclut’es to ootractiomis

oIl nmit muoyo)msst’f rnmtst. Acco )ndnsg to o Bhallmt

et al. (3), l)t)Viti(’ emidomsso’tm’iunt posst’sso#{176}s tnt

adenvltite cvclase system �vhtich is stiniulat e(!

by PGE1 hut mioot- l�’ flit’ beta moclr’tuc’m’gic

agomuist isoproto’ro’toool . I t- humis l)et’hi tlemsuoto-

stratt’d that flue o’ffo’cts of epimiephunimoe mis well

as P0IE1 toti todchivlatc c�’o’ltiso’ stinuulatioomo,

described ili flit’ preso’mit woonk, tint’ definitely

locahzo’d ims the huivtonsO’tl’iufls. Pmirmoc!o)xi(’mll

results wert’ thus tobttiimued with t’pimuephm’itot’

amid PGI� , i�hui’hi exert ompposife o’ffo’cts tomu

rat uto’rimie moi(otilitv dt’spite the Imict thtut

1)0th agt’mits stimioubate o’A \ I P mico’umssubatio )ti

ito thit’ miiyo)miuo’triuimui. At lo’mostloom’thoo’ ntoomouo’mit,

tho’so’tltutti mint’ t!ifftcitlt too imoterpro’t umolo’ss oihio’

spt’(’tiltitetS o’itho’r thimit the niso’ ito imott’mio’o’llulmir

(‘A\IP k’vo’ls msuiglut roof h)t’ thto’ ‘xclusivt’

nuo’t’hutomoisluu imivo olvo’d ito flit’ t’o’Imixat io hi o of’ t lot’

iiiyomuit’triumui, ton thumit flit’ ‘‘tltit’o’mlo’tivit\’’’ of’

t’A)�Ii� foirmused nuder PGI’ stiiuuulmotioon is clue

to_o its itotrti(’ellulmlr et omsipmom’t ni(’titmlhizatio on.

‘Fho’ lmottt’r h\’ptotltt’siS ivomulti itsspl\’ thotot PGl’�1

tOmi(l t’lIitOepIiritit’ St imssimltitt’ t’_-\i:\ I J) to om’toumotioomi

in 0)100’ timid the stomsit’ to onupartnoo’tot o of the

Isu\’oluuo’t nun , uvhuio’h miitiv m’o’pm’t‘so’tit mimi ito-

moc’tivo’ P000l oil o’A�\1i#{176}, tttl(h that flit’ o’vt’Iic

til1(’ltSOtidt’ htos too i)t’(’oihiit’ movailmoblo’ too its

iitf rmioo’llular bimoclihog iom’� ot o’ili ito 0 ot’do ‘r too I e

ablo’ too toot mis flit’ noo’dimoto or of’ ro’lmoxmot io ott . ‘[Ito’

latter stop t’toulc! lot’ mochiio’vt’ol in f Ito’ o’moso� o of

t’l)iltt’l)iil’ihit’, mimic! o’vemu with DB-o’_\ \ I P omm’

thieoophuylline, uvhuilc ito flit’ cmise oof’ P(i�1

t’,�.:\Ii� ivoould I’O’llitliIO mIS IOu ‘‘itimit’tivo’ lootol.’’

Io!o’motical results �voould oobtmiimo if o’pi-

too’phriooo’, but motif PCF1 , stimiiulttto’s ‘A\IP

moc(’umiuultotio)mi iti mitt tl(!difiO)IitOl itut m’too’o‘llulmir

o’oomiuptinftssctst , which o’oomtttuilicOl t ho ‘ toot iial

activo’ 1)000)1 oof t’,-\i\IP foot’ the ro’Imixing o’fl’ccf.

The tll)stmlUtO’ imoo�t’o’mtse ool o’A #{176}oIl#{176}ito t lois adthi-

titmlttil o’(omsipmlrtmoio’tot fhit’ti ivould httovo’ tom ho’

very smusoull as coomuipmiro’cl too the imtoro’moso’ 110 thuo’

imuactivo’ Pot)1, soo thimuf mimov niso’ ito o’.�:#{176}iIl��

cliit’ecl lI\’ epito(’j)ltt’ilit’, mof’to’m’msimoximiotol simiou-

latio)hu l)�’ P(E1 , ‘oumlol escape olo’to’o’fioomo.

Possible (‘olssptorthiuo’tuttlhizmitioon 0ml o’\\ I P limos
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also hooch suggo’sto’! hIv .-\moclo’rssoott (18) itt

vtonitoiIs smnoooothu muuusclo’s.

)oloort’oovo’r, flue ro’sulfs do’scnibo’d iii this

lOtobIt’T 0!O 0 muot o’lituiitotuto’ tho’ hvpt othiesis f-hat
t hot’ t’eltoximig mictio oti ool o’pihoe�Iltnihie cmumumitot- be

tot t m’ibnmt o‘o!, tot t hut’ lo’vo’l oof msso’miuhlramic imutt’r-

tictitoti, to) thuc’ simoglo’ muso’clumimoistui oil ademivltute

o’�’t’Imo-so ‘ st imisulmitio on . Amo middit it omitol niemis-

l)h’tltit’lit(’(’htitiiSliO muumoy ot’ o’toum’so’ operate,

�vitho flit’ O’tmflib)ihltOtiomti oof h)Ootlt muio’t’hatiisnss

i’o’sultimog in relmixmitioomi. Imi flit’ o’mose of P(�Io�1

mtt’tivtitjooti(oftitlO’Ii\’ItOt(’t’vclmiso’�voould be flit’

t)hil\’00110’ to) tOI)o’natt’.i3oth lt\’ptotht’st’Smueo’d

fum’t ho ‘r o’xpo’rnuscntmol o’xplo mrmotio010.

1’itomolly, expo’ninuo’tots P0’m’ftoI’mOut’cl ivith flit’

t \�.t 0 Pt’t mst moglmimocliti mototagoomuists, 1)0 olvphloort’-

tilt iohioosiolumitt’ tumid 7-o mxa-13-j)r(osfyhttoic acid,

htmovo’ o’lo’arlv c!istimtguishued two I�(�E activi-

tn’s. Thoo’se tomottogootoists doo itihoibif Prosta-

glmtmidimi (E mtmoo-l l”)-ihoduco’d t’oomutrat’tions but

(Ito titot Iiiooolif\’ flit’ m’O’sl)OOtus(’ tol muuvonio’frial

mido’ti�’lmito’ cyo’Iaso’ tom P(Em . It is moootewtrt hi’

fhitit ito to- vanit’t�’ oil fissut’s othuo’r thttimt smomooth

niuso’Io’ somisso’omf fist’ proostmiglmoti(!ihieffect-s

mlbll)O ‘tOt’ t 0 0 1)0’ muut’thititt’d via o�\ ) I P (24) . Imu

511(11 tissut’s PPP mili(l 1#{176}\i ahifmtgooluiZe the

1)10 ost agltimidimi acfivmotio 015 0 of mi(lo’tiylate ty-
cimiso’ as wo’ll as the sj)O’cifOt’ fltt’fmlhlomhiC l’o’spoluse

cvo�okt ti j�:” tlu(’ l)t’t osttoglmimot!imis ito flit’ particu-

lmim’ tissuo’ (2.5, 26). �\.Il fhio’se fimuditugs, added

too flit’ t obso’m’vmotioti fhi�ut P( � timid P( l’2� doo

hoot molto’r o’A�uIP lo’vo’ls imi rat ns�’oimsso’tniuisu,

Pm’omvitlo’ o’Vi(!t’tIOt’O’ thitot flit’ stinsulmofiohu ool
uto’m’ino’ o’ootitm’moctiootosby proostmogltomtdimus mssay

t ot’cilm’ ihO(!O’pO’htdt’tit ly o ml fluo’it’ mictio oti oto

mto!o’moyltoto’ o’yobaso’, Hloowo’ven, flit’ j)oossil)ihtv

0 ii ml to b’ to or ‘,-\.i\I 1� iii nut molulatimig tlio’ pm’oosta-

glmutodito m’o‘Silo OhisO’ iumis tot of hoo’o’mo o’xo’ludo’d. Imo-

to’rmio’t io oh 0 of tlit’ pr� osttoglmomidimos with oothem’

miuo’nolot’titoo’o’tuzvmosmotio’ svsto’isss, PmortioularlY

it 010 O’til’t’IO’I’5, hutos 1)t’t’Ii (lt’50’m’ib(’c! (4, 24) ; such

mui(’o’hoatoismlss tooulc! o’misily bo’ imovoolved ill flit’

l’o’gllltLt 10 on tof tltt’ prtmsfmogbamodin ti(’tiVities

exhuib mit o‘(I ill at o’nitoo’ smut ooof hi mssuscle o,o’lls.

At’KNO\VLEII(IIEN’I’S

\\,o, oo’o�’ grttt eftob t o 0 1�i’o ofessoor I I . (‘bttooser foot’

todvio’t’ tiitl lielpfool tIiso’tossioons I lii’o otoghootot t his

�voork . \Vo’ ‘��o ooobol I iko’ t 0 0 0 litthik b )r. .J . l’. Pike,
1T1)joo}iho (‘ohiipttlov, JiTtlltthoittz0000, \Vbooo lIrOOVitied us

\vit Ii I too’ 1)10 st togltohi(lins ; b )h’. .J . F�t’ied , foor t he

go’hio’o’)ooos gift oof 7-ooxtt-13-l)h’ost ‘m’OOOIO’ to’id ; tond I )i’.

B. Vargaft ig, fo or t he polyphbooret iou phoosphmot e (proo-

vided too luinu l)y 1)r. B. Hogberg). liloalby, we ex-
press totor thtuoks am 1)r. G. Vassort and N-Irs. M.

F. Sire foor t lie histooloogk’tol �sreptormoti�ns ; too NIrs.

lioohichon, foor teo’hnio’al assistahio’e; ahid to) NIrs.

Crosnier, foor typing the hnah010scnipt
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