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SUMMARY

The elevation of cyclic 3’,�’-AMP which occurs in the uterus 0)1 the ovariectoniized rat
within 30 sec following ititravenous administration of estraoIioI-17�3 is subject to blockade

by immediately prior injection by vein of the beta-adrenergic mtnt.mtgonists propranolol and,
to a lesser extent, dichlorohsoproterenol. Propranolol exhibited a slight agonistic effect, not
hitherto recoguuized by o)timer criteria; dichloroisoproteretuol possessed timis capacity to a
striking degree, as had beeui anticipated. Bilateral aelrenalect.omy virtually abolished the
inhibitory effect o)f dicimloroisoproterenol on the respouuse to estradhol-17$ mvlmile interfering

only slightly mvith that due to propranolol. The alp/ua-adreumergic blockiumg agents phen-
t.olamhne and olibetmzvhine appeareti huiert by these criteria.

These data constitute the first Oi)SerVatiOnS correlating the effects o)f systemically ad-
ministered adrenergic blockitig ageuits with the cyclic 3’,S’-AMP response to estrogen in
time intact uterus, aumd appear to support the suggestion that ‘‘beta-u’eceptor” function milay

be closely associated witim time aolenyl cycla-se systeumi.

iN TRODU CTIO )N

It m�’as ohernoumstratt-d fm’oimm these bmobou’a-

tories that adenosiume 3’,5’-nmanophosphate,
whicim au’ises from its Imt’ecl.um’sou’ ATP through
the act ion of tiit- umumivo-usal Iv ihist m’ihutecl

enzyme adenyl cyclase, is ti-spomusive hum its

uterine locus to pro-vaihiumg o-strogeum levels
1 1, 2) Timus, diri-o-t mmnalysis of tht- iumtmtct

uterus at time i-mit fat’ o-umologenaus cyclic AMP

u’evemuled that t his ullucleatitle mm’as obo-pleted

aftt-r ovarhectomny. Its coumce-umt-u’at.ion was al-
timost iumst mititmmflt-o)uusly ui-st at-c-tb, homvo-vo-r, by

iuit mmovi-umaius aihummiumist rmmtiauu of physiological

umomutitmo--- o)f i-st umiihial-1 7/3. This u’i-spouise

‘Ibis wou-k wmos moideol by Grants CA-0148S

:onol 1-S( )5-FH-7009 frotn� tht- 1ITmiii ed Stat i-s Piublit-

I It-allh Sc -rvut’t-, by ( Irmomit 379 from the T,os Angt-lt -s

( ‘oointv lit-mon �\ssttt-lat1tioli, 010(1 by (1ouict-r omiti

(It-mit-rob 1�t-s-moi’ebi lolnti- ttf lit- ITnIvt1sltv tm

0 ‘tlifttrnumo

mvas also elicited by diethylstilbestrol, but

miot by estradiol-17a, in accordaumce with

t-stablished struct-ut-al requiremeumts for
o-stuogeimicity in time u’at (2) -

lum an effoi-t to aummolyze further the 1)05-
sihle relationship h)o-t mveeum this pheimonmenoum

amid time triggering of esti-ogenic activity, we

have o-xamined time capacity of various

heta- amid alp/ua-adt-emmet-gic receptor-block-

iuug agents to immteu-fo-u’e mm-him elevatioum of

uttotitme cyclic AMP cliii- to estrogeum This

al)puoachm mm-as pm’ouumpteol boy time know-mm

capacity of ceu-taium biogo-tuic minmiuies to

stitimuulate time adeuivl cyclase svstenm (3-5)
t-otuplt-d with time do-moumstu-moted release of

umotuiuisi hiistauiiium(- I 6-SI - so-uatoniui I 9) -

momuolepiuuo-phiu’immo- l 10 I thut-hug acute hau’umioumal

t’t’sI)t)umses 0)1 vatialis t miigt-t om-gaums, iticltt(l-

imog th(- iii titus I 6, 8, 10) - Mau-o-aver, pro-ct-

deumt exists fat- I bit- inhil dt iou 1�y co-u-tam

it It’i-umt-rc,�io-holtit-kitmc.�tlt’oezsof lath tim0- cyclic
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AI\’IP elevatiomi mis well as its metabolic

correlates in the response of selected orgaims
to their tropic horummotmes (cf. 11-13) . (4ener-

ally, these studies have been conducted on
isolated structures oi bm’okeum cell pi’epara-
tions in vitro.

In time course of time I)reseumt investiga-
tions, m�’imich have beeum cau’u’ieol out in two,

it has been deteu’mined that time acute
elevation of uteriume cyclic AMP duo- to
estrogen is subject to varying degrees of
inhibition by prior systeuumic ti’eatment with
cert,aiui beta-, but not alp/ia-, ailu’etmergic

receptor-blocking drugs.

MATERIALS AND METHODS

Most of the l)1OCedUt’es utihizetl hame
been described earlier (2).

Female Sprague-Dawley rats, 6 weeks ole!

atmel weigimiuig al)out 150 g, were omariec-
tomized amid maintained in a low’-stei-oid

environment utmder controlled temperature

atmd lhgimtiumg condit iotms for approxinmtely
3 weeks. Oum time day of the expeu’itmmemmt they

were matched by hotly weight itmto cotmtrol

aumd experimental groups. In certain in-
staumces, adreumalectomny was carried out

imntler light ether anesthesia 3 him’ priot’ to
atlininistratioum of test coummpouimds in artier
to obviate gross vau’hatiouis hum chi’culating

catecholamines amid cortical stem’oids. In re-
lated studies, results of which are described

elsewhere,1 it has beeti oiemoumsti’attd that

exogenous cortisol amid derivatives, but not
deoxycorticost crone, au-c pow’ei’ful iumimibitors
of uterine cyclic AMP elevation due to

estrogen.
Estradioi-17/3 or its i)lank vehicle control

sohimthoum was injected intravenously under

light sodiunm pentobarbital (Nembutal)
anesthesia as previously described (2).
Adreneu’gic blocking agents were dissolved

in 0.9% NaC1 immediately prior to use,

protected from light, and, unless otimerwise

indicated, given intravenously just before

estrogetm or control solution. These drugs

included time beta-receptor antagonists di-
chlorhsoproteu’enol anti propranolol, and the
alpha-adrenergic blocking agents phentola-

‘C. M. Szego and J. S. Davis, manuscript in
preparation.

unine atid pheumoxybenzamhume.� All intra-

venous injections were in the amount of

0.25 mh/100 g of body weight.

At pi-ecise intervals, ustually 30 sec after
hmornmotme or control solution was injected,

uteri were smvhftly excised and! plunged into
liquid nitrogen. Preparation of the trichior-

acetic acid extracts of frozen, pulverized
utei’i pooled from timree identically treated
mouminimils w’as caru-hed out as described ear-

lier (2).
Detet’uimiumatioum of cyclic AMP was con-

olucted lv a modification of time highly

senshthv(- anti precise method of Breckeum-
u’idge (14), hum wimicim the tissue “blank”

analysis mm-as carried out in the preseumee of

the specific phmospimodiesterase3 previously
iumactivated by boilhumg (2). Examples of time
semmshtivitv aumol liumearity (Fig. 1), repro-

olucibihity (Fig. 2), antI aohditivity (Table
1) of this analytical ummethiod are giveum

below.

RESULTS

Reliability of time nzetiwd of assay. It is

em-idetmt, frotim data adduced iii Table 1 amid

in Figs. 1 and 2, aumd from result preseumtcd
elsemm’heu-e (2) , that time Breckenridge nmetimod

as preseumtly atlapteol lends itself favorably

to the precise amiahysis of time moclermotely
imighm levels of cyclic AMP etmcoummtereel in

timi- u-mit tutt-m’ius, The i-eproducihilitv of these

m-aliues hum time ovariectonmizeh rat from

sample to satimphe (see also ref. 2), amid on

repeated atmalysis of time -same sample, to-

Dio.-liloroisopu’otercnol (DCI) was a gift from

Eli Lilly and Company. Propranolol [Imioieral

1 - (isopropylamiumo) - 3 - (1-napthyloxy) - 2 -

I)rapmouiol hydrochloride I wits geimerously prtuvidcd
by Averst Lahoratoric-s, Inc. Phi-ntolmoniine [2-

(X’-p-tal�-1-N’-m-hvdraxvpiuenylaminomno-t.livl) -2-

imidazolinel mvas kindly made available by time
Ciba Pharnimot-c-mutica.l Corporatioum. Piienoxvhenzmo-

lime (Dibenzyline; �-phenoxyisopropyI-N-benz�-l-

/3-chboroethylamine hydrochloride) was contributed

by Smith Kline & French Laboratories, 1mw, Pro-

nethalol [Net-halide : 2-isopropyluounino-1-(2-naph-
thyl) ethanol hydrochboridel was generousl�’

donated by Imperial Chemical Indiustries, Ltd.

The highly specific 3’.5’-cytlic monanucleotido-
phosphodiests-rase w-a,s a gi-nerous gift of Dr. R, \V -

Biutcher, whose cooperatiomi is gratefully �t-knowl-

edged.
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F i � ;. 1 . Conopo-soto- route of St(lFo(l(lI’(lS’ ((It’t’ie(I t/tt’otql/o

1/ti’ c-,otire Br-ct-en ridge (1110l!JtiCal proct’iltii’e

:\uialyses were coto(iuucle(i out knaovmi ami)muuutm-c of

cy(’lio AMP, as olescrihed imi the text , um-ciuig amo

Aminco-Bawnmmuo moped uaphotalbuaromel er for am-c-

sessnmeuut of TPN1I produced. Iuostu’umeuit l)mirmtuiie-

term-c were as follows : xenaui lamp 4 16-992 ; a pot I ed

1P21 phottmultiplier luI)e use(i at 1/�’i S(’moIe sen-ti-

iivity with slit arrangement Na, 4; A = 34() m�,

F’ = 455 ni� (calibrated). Seuum-citivit�’ wmos tot-ta-

sionally checke(i with qomimuiuie m-ctmouudards. }uozyum�i

coneeumtratiouis wet-c such timat the cs’cliug u’mite wmos

approximately I (100. IJuitier the auoalyt irmol touooii-

tions indicated, glu(-ose-6-P at step o- of the Breckeuo-

u’idge analytical pu’oeedtmu-e (2, 14), imo a comiccuot uat itouu

of 3 X 10-6 M, would yield a mid fluorescent-c value,

in the arbitrary muvoits herein mutilized, of approxi-

mately 2.�O. A TPNH fluoromet nc stauudmord o’turve

iii the proportional rmonge (14) was regmulaulv rout jut

parallel, together with its siniultaneotus moleo’mular

weight determiuuat ion (tilt raviolet ), to) calihurat e the

gluease-6-P yield jut mohm-cahute units. Cyclic AMP

(lots 50027 auid 60046) wmis olutmuuueoi front Cal-

biochem. Its fu-eedom from trace atieutosiuie puns-

phate contamiuiants, which were euuo’otuuitered imo

many other ciommnercimol preparat iomis, was verifieo I

by paper chromatography (2). The comocemotratittuis

of cyclic AMP shown more time levels present at step

a (see also Tmthle I ) - These should 1)e untmltiplied by

0.95 to correct for 1 mole of water, which was stably
mi.ssoeiated with the cyclic nuo-leotide under omit’ cout-

olitions of stormige. Apparemut moleo’oulmor weight was

determiuued by the ultraviolet mimet hod, using mi

calibrated Gilford tot t mocimmen t to the Beckmaut DI’

sped rophotameteu’, momud bused oui a molar ext iuuo’tiouo

coefficient of 14,650 �1m cmm at pH 7.0 (15). Each

point represents the average of 2-iS iletermiuuatiomis

carried independeuitly throtugh the cot ire procedure

in replicate expenimemits condut-teii (luring a 10-

month period. The range is seen to he liuuear over a

gethmeu- mvitim proummpt titmibot’gmiui-selectim’e (see

legc-umib to Fig. I c-levatiomm in t’espouise to

humt ma veimous ly admitmhstered est m’ogcmi hum

phuysiohogical coumcemit rat ions (Tables 1 amid
2 amid u-c-f. 2 I , u’eumdem’ed it likely that imuhmibi-

tioum of thit- horummoumah effect atm time cyclic
tilu(’heOtiihe could readily be detecteol.

Lack of influence of a(IrenalectolnmJ. For

t’(’mLSOtis iumtihcatetl abovc-, iiowever, it was

first umecessary to tbetermiumc’ mm-hit-timer poteum-

thaI aumtagonists to estrogemmic actioum would

fuuuct houm huidepemidemit hy of aolremial activa-
tioum. Heumce, levels of uti-rine cyclic AMP

wero- assayed in ovariectoummized u’ats acutely

t beimu’im-ei I of t heir aoireuma Is. Table 2 u’evea Is

:�)-fodd vmoniat 11)0 Itt (‘o)uoceuot umotlout. hit olt-viat iouts

��-itiiui these data wet-c tot) low to he u’epu-eseutte(l on

the figoum-e �orit bout mumotloucso-mole expansion. l’or ex-

moulmj)le, representative fltutort)unetri(- values for

1 )< I 0� iou O’�(’lic �#{176}oI\IP to nuo’emo I rat 10)0 at st ep (1

were 2.-SOS ± 0,022 (S1M ) lou 16 determituat iouus,

Time rem-omits were umtafle(’te(i liv overutight freezing

( -56#{176})iof the dilmuted -ctarooiauoI solumtiouis follooviuug

I ui(-hboumt(-et ic moo’iil reunovmol, mo_s o’ounpaueol to mm-

tuiodimtt e �)u’ad’em--isimig t)f the smoumiples. Nor motto t here

(let e(t able (let euii tumot lout t)f st ook st andau’(l (‘�(‘li(

:��tI P itt t riclulot’;oo’et it’ :t(iOl fuozeut in ohivioleti lots

atuoi moutalvzed mit imtteu’vals o)veu a 6-unomit Ii peu’itxl.

‘l’Iie seutsit ivity i)f t he as-cay, mobil rauilv olefiuted ( 14 I

:05 1 he oonceuit rat not of 3’,5’-.�\I P in the (�‘t’hitig

step which gives mm toamol flmuares(-eno-e of twice

t hue (mut erine I I is-cmue blank, �vmos mtpl)roxiflimtt clv

2 )< b08 mu, Control amid experimental tissmte blanks

wet-c iuioiist iuiguishable, Ito (hue l)reseuot procedmui-e,

stoI)jeo’t tO) the cont’eo’ttout fmoctou’ itulicmtted, art organ

level 0)1 1.17 X 10-0 mu cyo’lmi- AM P o’orrespo)tt(Is tO)

1,0 )< l0� mmat step a; ito terms of time momoutmit tic-

t uoallv beimug mouoalyzeoi, there is present at this stmoge

1 .0 x 10-ut mole of (lie unto-lent i(ie, Etidageutouts

o-vo’lio- AMP vmohues ( ± stauodaroi error) in nieso-

nmet u’ial fat pad uouimolvzeti by t he mobove met hod

averageoi 0.21 ± 0.02 (0, IS, 0,21, 0.24) �mole/kg

ft-em-cu weight amid were thus entirely similar to) those

of o-tomit u-ni epididymal fat paiis ito the expeninmetots

of But (‘her et ul, (16-I -5) determined by totally

mmodel)emooiemot proceolures. The eyt’lit’ AMP content

0)1 mesometrimol fat l):od of the ovaniec-tounizeoi rmot

was totou’espotusive to) estrogeut treat nuent -in u-ito, as

himoci heeti tinted emorlier (2) ito the case of (iiiopiuragnm.

Thus, 30 sec after time mitrmovetious admitoist ration of

1 � of estruooimol-17fl per 100 g of hotly weight-, (‘Ott-

o-emit ratioti of the cyo’lic tout(’leiutmoie iti mesometnial

fat pad averaged 0,22 ± 0.02 (0,20, 0.20, 0.26)

�oniole/kg fresh weight.
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3’, 5-AMP

I’n om. 2, Jtepu-osIoleibillt/J of t/to 11cm-u-leo, ruiqe a-c5oI!/

(1 1!J/i)iC(Il (%/)CCiflO(F) I

Each point u-epu-escnts amo iuotimvitloumol iieteutuumnoatiouno

of a kumowum aniotomot of o-yciic AMP cmoru’ie(l mui(lepen(1-

ently through the etot ire assay procedure as described

in time text anti Fig. 1 (see aisou Table I).

that- rio sigmmificaimt alterathoum humeimdogenous
cyclic AMP baseliumes or in responsiveness

to admiumisterecl estrogeum was detectable in
aninmals adm’enalectomized 3 hr prior to the

experiment. Moreover, hum confirmation of
emirhheu’ fiimolhumgs (2), respoumse to a dose of

estraohiol-I7� in thi- anmount- of 0,5 �og/100 g
of body mvehght mm-as immaxhmal.

Suppressi n q effect of beta-adren ergic

blockade. Table 3 shomvs timat propranolol

aumd, to a irnmcim lesser exteumt, DCI are cap-
able of iuutem’ft-riumg mvitim the uterine cyclic

�-��:�ip mtccuiii�ilatioii respomise to estrogeum.

For exanmple, propraumolol in a dose of 0.1
uomg/100 g of body weight (giotup 5) antag-

ouiizo’cl tho- activity of estraobhol (compare
time full-blown i’o-spotmse to 0.5 �cg/10O g of
the estrogen in Table 2) . rfiiis partial block-

ade was only slightly diminished in the
abseimce of time adremmals (cf. group 7) , in

coumtrast- to the lack of iumdepc-ndence frotmm

adrenal mediation of the inhibitory capacity
of DCI (see belomv). The suppu’essive influ-

i-tmce of pu’opraumolol was stmotisthcahly signifi-

cant Iv < 0,01, as calculated by the t-test

fat’ mi sei’hes of pahi’ed observatioums (19)
Both l)t’Ol)I’miuiOlol an(I DCI exhibited

some agotmhsthc effect of their own in the

absence of estrogen (Table 2) - Dobbs and

this cimat-acteristic mvas sonmewhat more

promhnetmt in time case of DCI (groups 11,

12, aimd 13 vs. appropriate contm’ol values hum

Table 2) thmaum it was humpu’opi’ammolol (groups
1-4). For propramoolol, for example, the

Conlh)Ouumtl effect of ant agoumhzhng estrogen-

induceol cyclic AMP elem’atioum while pro-
motiimg that due to its omm-mmhmmtt-m’action with

time receptor is reflected hum time ohiminished
effectiveness as atm iuihibitor of a doublet!

commceumti’atioum of time drug in the presence of

a fixeol ammmouumt of estrogen (groups 6 and 8

m’s. 5 ama! 7 I - Timo- dose-depeumolent, direct

sthunulatom-v o-fft-ct of propu’aimolol is mote

rea(hiv u’em-t-alethiti time abso-umee of estrogeum

Lsz(’l of ict,f!010O(( of (Z4/ctctUle(tOflt!/ OOt Ot(c’ilte e!/CltC ;l .111’ I(’i/)OFt.’t( to st i’m/wI-i ‘$

3’,5’-(’�’t-lic AM P-

Du’v totem-u usFm’eshi mu)c-rims

( t’t))9) Fst tmooiito.l-l 7$ (�t �mo t m’otl Adm-emtale-t omuized’ ( ‘omot tm 1 Adu.emomtlectomizedb

Vehmio-Io- t.omottttlc

�iq/JO() ri
bodcj oil

1)

�imole.s-/l’q

91, 1 .06 0.99

�ucottb-.-c//.-q

:;. 7)), 4.s3 4.41

Estu’aoiiol-17$’ 4)5

1.0

2

1

24, 2.55 2.13
SM, 1.S4 2.30

9,42, 11.7
s I6,s.3� 9.67

-‘ All valmue’t jut this monoti soil)seilouemol tal)les mime to.) be flmuitil)iie(i h� a 0-nm-meet into fmictou’ of 1)95 for o-onversion

to) mobsolute vmolues, its imodicateci earlier (2). See also legend to Fig. 1.

Adremoalectamy was cmorrie(i omit 3 hr prior tcu the experimeuit. All amoimals had beeuo somhjeo-teoh to bilatermol

ovariectomy 3 weeks earlier amid nmaintmiinued thoereafter as indicated in the text.
Received blank vehicle at. zeu’o time, Uteri were removed to liquid nitu-ogeti 30 sec lateo (see the text-.

d Where indicated, estr:othioi-17$ was administered intravemoouslv at zero time (cf. 2).



TABLE 3
lnflta-ioce of beta-czdreooergic blocking agents on uteri cue cyclic .1 MV response to e,stradiol-1 7$

Iuohibitor Estraduol-17$ Adretoalec-

Group close dose tomized’

Propt’atiolol

noq/1O() p ,.oq/JO() p

:i’,S’-Cyclic AMP#{176}

I-’t-eshm uterus I)ry uterus

1 0. 1 - - 1 .09 4 .76

2 0.2 - - 1.3S 6(5)

3 0.1 - + 1.05 4.55

4 0.2 + 1.42 6.19

5 0.1 0.5 - 1.36 5.91

6 0.2 0.5 - 19() 5.28

7 0_i 0.5 + 1.55, 1.51, 1.54 6 73, 7:32, 7.5))

8 0.2 05 + 1.90 8.27

9 - 0.1 - i__s-I 5.22

It) 0.1 4) 1 - 1.14 5.11

11 1.0 - 1.16, 1.41 5.15, 6.03

12 1.5 - - 1.12 4.$7

13 1 .0 ‘ + I . 53 6.59

14 1.0 0.5 - 1.52, 2.03 6.60, 8.72

15 1.5 0.5 - 173 7.50

16 05 0.5 + 2.16 911

17 1.0 0.5 + 2.07 .591
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-‘ Aoitc’noaleot onumy was c-�ortiedon t 3 lit prior to) the expeminmem ot. All mouoimmtlshumod becum subject eoi to 1 ilmot em-mol

ovmonmectomy 3 weeks emirlier atuci nmaititmoiuiecl thereafter its iuidicated itt t hoe text.

b See Tables 1 atucl 2. These values more to) be compared with approprimite (-ototroi groups ito Table 2, whuereoto
are presemited cimota nelevatot to baseliuue.s ito the presence a.mmclmobsetice 0)1 the aoireuials, with atuti wit hoo)tot estrogen

reatmeumt- (see also u’ef, 2) -

Wheue non hoot’mouoe is inodicated, blanok vehio-le, ill atm equivmolemo 0 vo 1 umumeout a bo ly weight 1�a-cms, wmts

administereci immtravenotusly at zero time. Tissue samphuog wmos clonic �30 sec later.

(groups 1 and 3, 2 aumd 4, Table 3, vs. theim’
respective controls in Table 2). When added
to preparations ‘in vitro ot’ slowly humfused
in vivo, propranolol has exhibited no sym-

pathornimetic activity oletectable by other
criteria (20, 21). The vc-u’y short reaction
time in the presetmt experimeumts may have
cotmtributed to this posithm’e finding.

Propranolol, at time dose of 0.1 nmg/100 g

of body wehgimt, while effect-immg oimly partial
blockade of t.he maximal dose of estra.diol
(0,5 jtg/100 g of body weight), completely

antagonized the effect of a submmmaxhmal

coumcentrathon of hormone (group 10 vs. 9),
reduchrog the uteriume cyclic A�’IP concentra-
tioui essentially to the level seen in the
absence of estrogen (Table 2). Dobbs aumol
Robison (22) had earlier observed i)lock-
ade by pu’opu’ammolol of the cyclic AMP ele-

mathon l)1’OtlticiOI hum time isolated uterus on

adolhtiomm of isopu-otereumol to the organ bath.

The immild aum(l humcoumsistent blocking effect

of DCI on estm-ogeum-activated cyclic AMP
elevatioum in time uterus appeared to I.e
diummitmisheol by pu’hot’ adm-eumalectonmy (groups
14 antI 15 vs. 17, Table 3), possibly by
virtue of i-enmoving emmdogcumous cortical

steroids w’hmose secretion is likely to i)e ele-
mated by the umoumspecific stress clue to
administrathomi of DCI at these dose levels.

Sensitizatioum to time agonistic effect of time
blocking agent through reductioum hum circu-
lat.iimg catecholamiumes, imowever, has umot
i)een ruled out. as a contributory factor.

Pronethalol, struct.iurallv very similar to
propranolol altlmoughm jiossessing signifi-
cantly less effectiveimess as a beta-adrenergic
blocking ageuit (20L mvas very poorly toler-
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ated wlmeum adtumhmmhsterc-oI humtrameumously him
closes of 1-2 Immg/ 100 g of i)o(iy weight, ammo!

immvestigatiomm of its o-ffeetivemmess hum time

present exl)(’rhummemmts m�’as tlmerefou’e not

pursued. Acute toxhchtv foilow-immg intra-
venoums a(Iumohuiistu’athouu of l)m’01i(�thitil0l to
mimhce Imas beemi attu’il)uteol to a tmoumspecific

acthoui oum the ceumtu’al umemmous svsteumm u’atheu’
thaum to beta-rc-ceptor i)iockatlc’ (cf. 20).

Lack of influence of alpha-adrener#{231}jic
blo(-kade, A hium.mhted mmuuimlmer of expc’rinmc’mmts

were coumduucto- i \Vitim a Ipha -a I reneu’ghc
blockirmg agents, 1’�ti)ie 4 revc-als timat- pimeum-

tolaummiume, achtmmhumhm-mtem’i-d imit u’a�)i’u’itoum(-ally
aloume or humcouijtmumctiomi with a suboptiunal

m�atho of Prol)ramiolol givc-um i)y veium, faihi-d to
l)lOck uterine cyclic AI\IP accuummulathoum olue

to (‘strogeum om’ to po)t(-umtimite beta-adremueu’gic
blockade. Time al)h)aremmt efft’cthveumo’ss of

plmeumoxybeumzaummiuic- was acconuit co I fat’ by

the results with its oehmhcie couitrol.

I)15CI.�55ION

I imhmihitioum l)V adt’eumem’gic blo(-khmig ageuut i-

of immctaboihc respommses to exogc-umous cati’-

clmolaummhnes is imow a w’ell-estabihshed 1)110’-
nonmetmoim (21-28) - Mou’eoveu’, hum soumme but

not all iuistaumces hum which altem’athoui of

steady-state o’yclio’ AM P levels hum huitact

cc-Ils appears to mmmo-olhate timese respoumses, it

has beeum simowuu hum hsoiated Ot’gati Pt’(’l)mtt�i
thoums that. exposure of time rc’ceptom’s to
selecteol ammtmogomuists (huicludiumg substaumt’es

other timaum mi lu’etic’rgic l)iockiumg agents)
humterferes umot oumhv with time metai)oihc
correlates tlmenmsc’lves, hut also, ammo! imi timo

preolicted direction, with thi- dvmmaummhcs of
unetahohistim of the evehe uiuucheotide (cf.

11-13, 16, 22, 29).
The pu’eseumt expc-rimeumts eoutstitute thit’

first tlemouistratioum timat blockade of uteu’inc-

heta-adretmergic receptors, imitimeu’to cimau’ac-
teu’ized hum thus ou’gamu aim tiuc’ i)asis of thiehu’
iumfliuence oti uimotihhtv abut’ (30), is mussoci-

muted witim nmmpairunent of the cyclic AMP
elevation due to estu’ogeum. Timus, acutc’ svs-

tetimic t.reatumment of ovarhectotuiizc-d rmtts w’hthi

propranolol hum immoderately low doses ahol-
isimed t.he effectiveness of suhnmaxinmal coum-

centrathomms of estraohol aumcl significaumtly
o’linminished time u’esponse to levels of time
horuumoume, which, if uuuopposed, would imave

l)c’(ti timaximmmal hum c’hhchting cyclic �

accutimu lat houi .� I)C I cxiii i)ht e( I ummaimifestly

less iuihmhl)htor)’ iumfluc-umcc timan did Propraum-
olol, amiti its l)ttI’tial I)iocking action cOUl(I be
ovc-rcomlm(-, hum comitrast to that of puoj)ruitmolol,
l)V l)t’hot’ ailreumalectoiny , Homvever, it) mmeithem’

(‘ase did toxicity al)1)c’uiu’ to play a u’ole hmu

tIme stii�j�t’essim’e humflui-umc’e of timc’ drug, for
uic’ithmeu’ mm-i-u-c- theu’e mmmiv sigmis of distm’ess

(luu’hmmg ou’ after thu humtu’avc-umous iumfusioum,

miot. W-(.’t’c� time euiologc-mmoums i)asc’hhumcs of uto-rhume

cyclic .-\.\l P oliumiimmislmed hum aumiummals umot u’e-

ci-imhumg est u’ogeum . A it hmoughm Pt’OPraumOlOl has

lmhtlmc-u’to 1)eemu (lescm’hbc-d as a ‘‘pure’’ beta-

mouutmigotiist. w’ithm tuo agOtuhsth(’ humflueuuc’e i)(’r

si- I 20 4 , time �)rc�s(-uit timitut t’(’V0’�tI It slight

olose-olepeumdi’uit eff-ct of its owui humpu’ouumot-
huig elevathoum of ut(-t’imme cy(’hhc _\J\lP over

t lii- veimicie (‘omit u’ols. Thus h)hm(’uioliuc’mmoum was

uumou’i- h)u’omioumici-(l fom’ I )CI , although at

Iuigiu-u- olosi-s, The l)u’0I)i’tiSht�’ of time latteu’

tlriug to iimteu’act mvithm beta-receptors as mvell

mis to ammtagommizc’ time actiomm of a(lu’o’umergic

(‘ouumpouui(Is it-c ‘�Veii u-ecognized I 31 -33) , Timums,
Pomvo-ll auid Slatet’ ham-c shiomvum I 31 I that thui-

(‘apacitv of time dichmlou’o coumipounol to aumtag-
ouihzt- u’c’laxatioui of tomue hum hsoiat(’(l rat

uti’u’iuui- st t’il)s �ouc’vioumi-ly iXh)O5(’(i to) eJ)i-

umej)him’humi-olh(! toot oco’ur exei-pt with comuceum-
t’atioius of the 1)lockimmg ago-mit wiihchm thmt-nm-

selves pu’oummoted decu’emuseol immotility.
Iii (‘Oumtt’ast to tIme u’c’iative c’ffeethvt’uiess

of l)et(l-aolrenerghc hulaekaole, the o’levat ion

of cyclic A\IP due to i-st rogeum was tumohuiflu-

emmci-d by 1)t’iot’ systeuumie tm’emotumm(-nt witim time

alpha-adu’euui’u’gic aumtagoumists pimetutolatmiitme

ammo! phmcmioxyi)tnzaummiuie Tim(- blockiumg ac-

tion of propraumolol was, moreom’er, imumnmodi-

fleol by counbined tu’emitmmmetmt with Phietitolti-

momine. These results w’ere umot uuiexpeoteii, for

Alto-n ibis manumoso-topt wmts sunhnui(tool, it w:ts

h-�tt-iuo-o1 t horomugho t boo- o-tourtesv of I)u’. G . _\hauo

Rohison of Vanderbilt University thmat he mono!

Mr. .Jmonues 1)ohhs ht�ove t-:truot-d tout siuuo i Imomo-x� )ttI-

moo-muis mtn( I t-onflt-mumeoi - lw an unro-lat.o-o I mos.-ay

ummethiouoi, the o-levmot ion ouf iutc-rino- cyclic AMP imi

the ovmoriectonoized rat following o-strogen ao!mimm-

ist.rat ion in. o’io’o (2) - Moreover. these workers

immdependentlv achieved i)lO(’kade oil (lois response

let prior systemic treatn’oent with propranolol, as

deuumomistrmited in t lie present- ro-port (petsonit I

t’onmnmmummuication) -
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tioc- J)OSiti\e coiio’ltttioum bet.weeim cyclic AIVIP

elevatiomu ammo! metaliohic effects of catechol-
amiimes imas beeum assochateol l)l’hlnarily with

activation of beta-i-eceptoi-s �cf, 29) . This
geumerahizatioum is hoi’ime out by iimdhcathons
434) that alpha-aolremiei-gic receptors in

l)ancretttic islet tissue cells appear to in-
hibit the geumeration of cyclic AMP. Thus, it

is evideimt- that acute beta-adu-energic block-

tide, in coumtrast to alpha blockade, inhibits

uterine cyclic AMP elevation due to estro-

gen. \Vhetimem’ timis relationsimip is causal or
fortuitous cauiimot be determined from the

l)reseult data. These firodiimgs, however, ap-
rear to be imi keeping with the general
ol)servations of Almiquist 23, 30) on the

predotniumaumce of beta-i-eceptors, to the
vhrtiual exclusioum of time alpha-type, in the
mumvometu’himm of time nonpregumaumt. rat (how-

t-vc-r, cf. 10, 35, 36).
Time apparently dhm�cu’epauut findiumgs of

Levy auid Tozzi (37), oum the omme hand, who

showed timat time hnhibitoi-v effect of cate-

chobanmiumes atm rat. myometrial coumtracthlity
could be blocked by propi’auuolol but not by
pimemmtoianmhume, ammtl the obsei-vations of
othmers (10, 35, 36,), wimo have iuumplicated

o lp/ua-adu’eumergic receptors ito t hmhs organ,

serve to illustrate the restrictive umatuure of

the tem’imm m’eceptot’,” eveui whthhim time motor

franmewou’k of time orhghimai defimmitioim. Con-
sidem-ablo- higbmt imas beeum simeol upon t.hese

conflicting data 1w the closely coumtroiled
stumdies of Tothill, mvhich took into account

thm(- functioumal state of time ou’gamm in terms
o)f its endocrine eumviroumummental imistoi’y prior

to removal to time missav bath (38; cf, also
refs. 35, 39) - Timus, adreumergic excitatory

m’eceptors, “inducible” by chronic exposure

t.o large commceumtrations of est.rog-mm, were

postulatc-d (38) imi rat uteri 40-45 imu’ after
massivo- closes of diethylstilbestrol, or him

late pregnancy.
Fiuu’ther work is likely t.o rt-veal time tie-

gree to whicim tim(- preseumt- coumclusions are

aim ovo-u’simphificatiouo. Prohienms iti iumterpre-

tmution iumvolve lack of absolute specificity

of interaction of drug and receptor hum any

case (39) and the existence of species and

um-gmomo oliffo-temices timnouog receptors (13. 29.

35) Icu say umot..hmhmmg of the iuocoummpleto- dis-

iuutmt i(’uti - tim- vet - bet weeum mmm(ttiiuohiC anti

motot- u’eceptou-s (23, 40) . Conmpouimding

these difficulties is time cellular inhomo-
geneity of time uterus. Bc-youmd these prob-
lems tlmei’e appears the iieed to identify

specific meta bolic receptors and determine
to what degree they functioim in the uterine
stimulation due to estrogeim (see also ref.

36) . Wimether the present observations mm-

phicate an aoirenergic compotment in estrogen
action is open to further investigation. Foi’
o-xample, time J)Ossibility has not been

expboreol thitit ephnephrimme i’c’lease from
subcellular binding sites may accompany

time demommstrat,ed (6) site-specific dis-
charge of histanmine elicited by estradiol
within secoumds (.8) of hou’nmone administra-
tion. Nor has it yet been determined
whether prior treatment with propranolol

interferes with later evitleumce of estradhoi
stimulation of utei’hime metabolisumo as, ium-

oleed, it wotulci I)C predicted to do if the cy-

cihc AMP o-lem’athon is not merely a fortui-

tons accoimmpauiiuneumt of geimei-alhzed estrogen

act.hm-atioum of tam-get orgaui metabolic
functioim, especially at nmembrane loci (81,
1mm time cast of eimtlogeuious adu’enocort.hcal
imVl)el’secretioum (41) or exogeumous cortisol
adminhstu’atioum (421 timere is evideumce of
strikiumg aumt agouiisumm to estrogen action,

while time iuiitial elevatioum of cyclic AMP is

esseumtiahly ehiunimuati-d.1 Deoxycorthcosterone

h)OsseSSeoh umeitiuo-u’ eapaehtvm I 42) - Since both

l)uol)uaumolol 43, 44) antI cou-tisol exhibit
sigmmiflcaimt pm’ol)euties as ineummbraume stabi-
hhzeu’s, it is coumsideu’ecl possible that both

agents may funetioum 1w a moro- generalized
rneehmaimism to am-c-u-caine time effect of estro-

geum in pu-aummothuig mitt ivatioum of nmenmhrane-

lotahizeol atlo-mivi c�’t-lmi�t- ito time umtem’uus. The

labiiiziumg iumflueumeo- of i-st rogemm on cytost ruic-

tiu mmml bat-u-hi-u’s has ho-c-mo empimasized from

these lah)ol-atories (2, 8) - Timeso- considera-

tioums smuggest- thmat time iumhmibitou-y effects of

propraumolol upotm estrogeum -indiuced cyclic
AMP elevation in time uterus may he exerted
by a tmmecimanisumm supplemeumtary to putt-c
befo-adu’o-mmt-rgic u-t-ceptou’ blockade (see also

r(-f. 24).
�vchie A:\I � eXhhi)its sigumifleamot i-stuogo�ui-

hike tiethomi I8. 45) - aumol. as suggested i-arIa-u-

I 2. 8 45 (mf. also uef. 46) - nmay serve to

�)u0)� uiigiitt co-it am itut-) ahohic ies��ouises of the
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uterus to its tropic hormone. Whether the

present observations caum be i-elated to the
views of Robison et at. (13) i’egartlhng the
virtual identity of both alpha- and beta-

receptors with the adenyl c’yclase systenu
remains to be determined. Experiments hum

progress in these laboratories, using particu-

late preparatiotms of rat uteri for the produc-

tion of cyclic AMP in vitro, have revealed
their reduced activity uimder circumstances

of estrogen withdrawaLs Timese data, hum
keeping with earlier fiumdhumgs on est.rogeum-
imiduced augnmeimtat.ion of uteriume cyclic
AMP levels in vivo (2), wimen taken him
context wit.im time present experimeimts,
strongly suggest participat.ioum of time adenyl

cyclase systeimm, or of a ummembratme com-

ponent close to it (22), in mmmetabohic acti-

vation of the rat uterus due to estrogen.
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