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EFFECTS or ESTROGEN ON ANGIOTEHSjN II RECEPTORS 

by Paul Oal')J.el Carrtère 

- . 
The effect of estr~d101 treatrnent on angiotensin II 

r 

receptors was stu)died in the anter10r p1tu1tary. adrenal corte~ and 

Ptttsenteric artery of the femle rat. - Estrad101 treatrnent for 7 days . 
'7 

caused a rnarked redu,ct10n in ang10tenstn Il receptor dens1ty in the 

anter10r p1tu1tary. a moderatè reduct1on" in the adrenal cortex and no 
, 

apparent effect on receptor density in the mesenter1c artery. These 

effects d1d not appear to be med1ated by alterations in circulat1ng-
) 

1evels· of ang10tenstn II. Estrogen-t nduced down-regulat10n of 

ang10tensin,,11 receptors in the adrenal cortex was ·a1sô correlated in 
.. ,. , (l-J 

vivo w1th the failure of angiotens1n Il infus10n ta st1muhte -
a1dosterone release. - In the anterior p1tuitary. down-regulat1on of 

ang1otens1n Il receptors by estrad101 was not accornpan1ed by decreased, , ". 

prolacttn' cell responsheness to ang10tensin II when studied both .1!!. 

vivo and in vitro. - Down-regullt10n of ang10tens1n Il receptors .was. - - . 
a150 observed in cultured anterior p1tu1tary cells treated w1th 

l 

estrad101 fa,r 48 hours. Thi 5 thes1 5 sugge5ts that estroqens are 

'\ 1~ortant modulators of the angiotens1n Il receptor and. mi>: aet 

d1rectly ta al ter target cell responsiveness to ang1 otensi n II. 
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EFFETS DES OESTROGÈNES SUR LES RÉCEPTEURS' DE L'ANGIOTENSINE II 

par Paul naniel Carr1ère 

RÉSUMÉ: ,l'effet du traitement à l'oestradiol sur les récepteurs de • l'angiot~ns1ne II a été étudfé chez la rate au niveau de 1 ~l1ypophyse 

antérieure, du cortex surrénal fen et de l'artêre mésentérique. Le 
1 

traitement, i l'oestradiol durant 7 jours produisit une diminution 

marquée de la densité des récepteurs à 1 J angiotensine II au niveau de 

l'hypophyse antérieure, u'ne d1mi,~ution modérée au niveau du co'rtex 

surrénal1en et ne sembla avoir aucun effet sur la densité des 

récepteurs de l'artère I1'I6sentérique. Ces effets ne sembla1ent pas dus 
. " 
a des changements dans le taux plasmatique de l'angiotensine II. Dans 

, 
le cortex surréna11en,' la "down-regulation ll des recepteurs' a 
l'angiotensine Il par l'oestradiol corresponda1t.!!:!.!.!:!2. i "absence de , , 
stimulation de l'aldostérone par 'une infusion d',angiotensi,ne II. Dans 

l'hypophyse antérieure, la IIdown-regulation" des récepteurs à 

11~ng1otensfne II 'Pa~ l'oestrJdiol n'était pas, accompagnée d'une 

diminution de la sensibilité des cellules l.n:totropes a l"'ang1otensine 

II tel qu'observée in vivo et "1n vitro. Une d1m11.fution de la densité - .--. ~ -----
des rêcepteurs i l'angtotensine II a auss1 Até observée dans des 

cultures de eell ules adénohypophysafres traitées à l'oestradiol pendant 

11 

48 heures. Cette thèse suggire que les oestrogènes sont 1mpliqub dans"" -1 
,II' • 

la modulation des récepteurs à l'angiotensine II et que ces stérofdes 

pourrai,ent agir directement afin d'alUrer la réactivité cellu,latre i 

l'angiotensine 1,1. 
; 

, 



't"""'" 
.. . • 

f. .. 
r 

1 -
1 

f 
1 

f 

'C , 

• • = us • 
• 

l' 

Cette thèse est dé41 ~e 

A. 1110n épouse Micheline pour Sot'l cOjJrage et son aPlotir 

A mes filles Marfe-Eve, Stéphanfe et Emilie pour léur innocence . 
A mes parents .pour leur exemple 

A mes beaux-Ràrents 'poùr leur dévouement 

A 01eu pour la vie. la santé et 1 '1nspirat ion 

\ 
\ 

'") 

.. 

.. 

• 

p a 

1 



wu • • s a 

f 
f. t #' 

~ 
'. 

\: iv 

1 

• 
. , . 
l.. t> 

4 
, 
~ 
î 
~ 
-' it.. 
t 

~. 
~ 

" 
./ 

'\ J 

f} 

t . \ 
1 ;.~\ ~ 

l) 
., 

'. 

Mahatma Gandhi's seven deadly evl1s: 

1-

"~a1th w:fthout. work . 

-Pleasute without conscience 
- -, 

Commerce- without moral1ty 

Po lit 1 cs w1 thout 'pr1nc1 pl es 

• Worsh1p without sacr1,f1 ce 
. ' 
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Know1edge w1thout character 

Science w1thout hum1l1ty" 
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1. 

PREFACE 
1 

This thesis descrihes the effects of estrogen treatment on ANG Ir 

receptors in several targej; tissues w1th part1cular emphasis on the 

anterfor pituitary gland. have chosen the option prov1ded in section 

7 of the Guidelines Concerning Thesis Preparation of the Faculty of 
... 

b 

Graduatè Stud1es and Research of ~Gill IJniversity which reads as 
" 

follows: "The ca~didate has the option, ,ubject to the approval of the 
r 

Department of including as part of the thesis the text of an origfnal 

paper, or papers. suitable for submission to learned journals for 

publ ication. In thfs case the th~sis must still conform to a11 other 

requirements explafned in -Gu1delines Concerning Thesis Preparation.-
,-~! , 

Add1tional material (experimental and design data as well as 

descriptions of equipment) must, be provided in sufficient detall to 

allow a clear and precise judgement to be made of the importance and 

originality of the research reported. Abstract. full introduction and 

conclusion mu.st be included, and where more th~o one manuscript 

appears. connect1~g texts and commoh abstracts. introduction and 

conclusions are required. fA. rnere collection of manuscr1pts 1s not . 
acceptable; nor can re~rints of publfshed papers be accepted (end of 

citation)". This provision a110wed me to include, as chapters of this 

thes'1s, t"'he texts of two manuscripts which 1 wrote for publication 

concerning data obtafned durfng my Ph.D. research projèct. In the' 

fi rst manuscr1 pt (chapter 3) mi nor changes 1 n the text were p-erforme,q 
, 

for un1fonn1ty and new figures were 1ncluded for additional graphical 

representatfon of' the data taken from the tabl es. Mi nor editorial 

changes were al so performed for the second manuscr,1pt (chapter 4). 

\ 
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Co-authorshlp of these manuscrlpts lnclude: Dr. André De Léan who 

has taught me the prlnclples of radlo-receptor assays and has shown me 

how ta use h1s computer programs for the analysls of b1nd~ng data from 

radlo-receptor assays (SCATFIT, ALlFIT) and radl01mmunoassays (RIA) 

(RIAFltJ; Dr. Jolanta Gutkowslca who has helped me w1th todlnatlon 

procedures and cRIA techn1ques and Dr. Jacques Genest as prev10us 

dlrector of the P4ult1dfsc1pl1nary Researc'" Group on Hypertension. The 

use of the terms "weil and lIourli 1n chapt ers 3 and 4 refers to mysel f. 

my s'upervisor and the co-authors mentloned above. 

Each of the foll ow1ng chapters consfst of a separate unlt wjth "Üs ) 

own fl,gures, tables and references. References are g~ouped ln 

alphabet1cal 0rder at the end of each, chapter wlth the corre~pond1ng 

nu~ber appearlng 1n the te~t. The only 'abbrev1at~on appear1ng 

cons1stently throughout thfs thes1s 15 ANG II used for ,ang10tens1n II. 

The two fi rst chapters cons1 st of a rev1.e~ of the l1terature dea11ng 

with the'" genel"al propert1es of ANG II receptors 1n('~d1fferent target 
l 

t1ssues (chapterftl) and a rev1ew of the cur~ent \nowledge on estrogens '~ 

and the rentn-anglotens1n system (chapter 2). Chapter 5 cO,nsfsts of 

the general d1scussion and c.nclus10n 1nclud1ng a few work1ng 

hypotheses on the mechanfsm of act10n of estr0gen~ on ANG II receptors 

and 15 followed by the c1aims' to orig1nal1ty. Appendix 1 descrlbes the) 
-

original observations of .!!!. vivo uptake ~tudles wh1ch have led us tÇ> .' . the study of the effects of estrogen on ANG II receptors. Appendix II 

descrlbes ~ prellmlnary study, whlch ~.y very well ,cOq,iement resuit. 

descr1bed 1n chapter 3 on the effect of estrad101 on vaseul ar ANG I~ 
reeeptors. 

, ' 
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7. GENERAL INTRODUCTION' 

~he physipl~gy,' biochemistry and' methqds of measurements of the 

re~in-angiotensin system will be briefly rev1ewed ,Jn ,.;th1s general 

1ntroduct,1on to famtliar1ze the reader w1th th1s system. This will be 

followed by a description of the objectives. and rat10nale that have 

lad' ta the.'present thes1s. 

, Ang1otens1n II 1s generally considered ta be ci rculat1 n9 hormone, 
~ 

whose peripheral..: 'actions are cent.ered around the regul ation of arterial 
1 

pressure and circulat1ng blood volume. The octapeptide ANG II 

(Aspl-Arg-Val~Tyr-Ile-His-Pro-Phe8-0H) 1s a potent vasoconstr1ctor and 
>, 

causes renal sodium retention by st1mul~t1ng aldosterone \ecret10n from 

the adrenal cortex. The effects of central1y administered ANG II (in 

• the brain) are cOqJlementary to the per1pheral actfons of the' 
• 

octapept1de. Acting d1rectly on certain regions of the central nervous 

system, ANG IÏ\causes a rhe 1n arter'h11 blood pressure vfa 'activation 

'of the ~atho-adrenal, axis, a stimulation of cort1cotropin (ACTHl an4 

anttdiuretic hormone(AOH or vasopressfn) rele.ase and vorume replet1,on 

via induction of dr1nking behavi~r and salt appetite (106'. 

For a comprehensive rev1ew of the b10chemistry 
1 

of the 

ren1n-angiotens1n system, the reader 15 refetred to prey10us review 

,ar~1cles (106,137). The spec1al aspect of the "class1cal" 
~ 

ren1n-angiotens1n, system 15 that the hormone 1t5elf ANG II 1nstead Of 
; , 

be1ng synthes1 zed 1ntracell ularly 15 gener,ated in the blood follow1ng . 
'enzY"'at1c cleavage_ of ANG II precursors. The f1r'st-proteolytic enzylfte ' . . 
in thfs cascade 1s renfn .wh1ch i5 synth~s1_zed as a preéursor molecul e, 

"prorentn" and fs converted to the :enzymat1cally -active ren'1n 1ns1de 

• 
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the cell and stored 'w1th1n secretory granules. Although renin 15 

probably synthestzed in many organs. it was first d1scovered in 

modH1ed smooth IrlIscle ce1ls of the afferent arter101e .of the renal 
. . 

glOf11erulus whfch ~ part of the so-called j~xtaglomeru1ar -apparatus .. 

Ren1n then al~s in the bldod on the larger precursor pr.ote1n 
) ~ 
ang10~ensfnoge {also cal1ed ren1n substrate} to produce another 

inactive h~rmone precursor. ANG 1. The decapeptide ANG 1 1s conve[ted 

to the active octapeptide ANG II by a dipept1dy1-carboxyhydrolase 

converting enzyme wh1ch 1s bound to meP'lbranes on the surface of the 
\~ .) 

vascular endothel1al cells of the 1 ung and probably a150 in other 
1 

cap111ary beds. Ang1otens1n II has a short plasma half-l1fe ,of less 

than 1 minute and 15 metabo11 zed by actton' of the aminopepti'dase 

ang10t~s1nase At to generate the heptapept1de ANG III. which possesses . . 
'on,ly a welle pressor act1y1ty but retatns aldos~erone st1mulatory 

effeets. other ang10tensinases degrade ANG II into tnactive fragments. 

The tetradeeapepttde angtotensfnogen .1s the natural prote1n 
, 

substrate for ren1n. 1t 1s synthes1zed in the live;' and.' w1thout 

delllOnstrable storage i5 released into the ç1rcula:tion., Renin's only 

Icnown funct10n 15 to, catalyze the produet1-on of ANG f. ,'The I!nzyme 

actjvity has a ~ad pH optimum between 5.5 and 7.0 which 15 in 

contrast to acid r{r!>teases such as pepsin and cathepsin 0 wh1ch have 

lower pH optima. Converting enzyme 15 dependent on chlorfde or other 

hal1de ions and can be· inh1bited by EOTA. Converting enzyme removes 

t~e d1peptide His-leu ,from ANG 1. but has a150 other functions! it 

1nactivates. for ~xample. bradyk1n1n. and is identical 

kin1na~e' II,; 

. , 

w1th the .. 
? 

e,,!zyme 

, 
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Severat methods of ~asurements of the d1fferent components of the 

ren1n-ang1otens1n system have been developed. The measurement of the 
• 9 ., 

drculat1ng concentrations of ANG J and II presents special problems. 

Their concentration in pla~ma 15 very low (10-100 pM), and they differ 

lfttle from one another and the1r metabol1tes in amino a,cid s 
, 

wh1ch leads 1nva"riably to cross-react1vity of ANG II ant1sera 

these products. The ",ost widely apJilied and useful assay both in the 

cHnfcal and 1nvest1gatfve areas 15 the rneasurement of plasma renfn 

act,ivfty. Plasma renin act1v1ty 15 determ1ned by 1ncubat1ng dl1uted 
f . 

plasm~ ot ,4°C <and 37°C at an optimal" pH with conveTting enzyme 

1nh1b1tors and then measur1ng generated ANG 1 levels by RIA. The 

result reflects the concentration, of both acti.ve ren1n and its 

substrate àng1otenstnogen 'and does not 'perm1~ full d1ssec~1on of 

COfI1)onent concentration and actfvities. Therefore the valué that i 5 
. 

obtatned 15 termed II ren1n act1vfty~. t Us1ng a s1milâr approach, rent" 

concentration can a150 be est1mated indirectly by measur1ng generated 

ANG J in the presence ~ an excess çf e:,Oge1l005 substrate. 

tn the early 1980·s, specifie b1nd1ng sHes for ANG, II 'were 
. ' 

characteri zed phannacol o91.~al1y in hmnogenates of anter10r pftuitary 
~ , 

glands •. The f1rst objeçthes of\th1s ,Ph.D,. project' were ta ,study the 

.. cellular 10eal~zat1on ,of anterior p1ta1tary ANG IIbind1ng s'ftes (by 
" 

11ght and eleetron microscope autorad1ography) in order to gain· a 
, 

better understand1ng of the ~hys101og1cal relevanee of these receptors 
, 

in the p1tuitary gland. As a ftrs,t approach, .!!!. ~ uptake -studfes, 

were perfo""ed us1ng intact eycl1ng female rats to determ1ne tHe 

'presence of specifie: uptaJcè ~f ta~1olabeled ANG Il. A summary Of these . 
\ • - 1 

pre1im1nary stud1es, 1s' shown· in append1x 1. 

, . 

( '" '. \ 

o 

.. 

, 
•• 



, 
~ , 

\ ' 

.. 

., 

l ' 

- - c 

6. 

The most consistent finding' in these uptake stud1es was the 

dèmonstrat1on of specifie u~take on1y in the adrenal gland {75·aO% 
.\ 

uptake inhibition by cold hormoneJ. In the p1t!J1tary gland and other 

target tissues, specifie uptake was not observed exce~t for occasional 

exper~ents 'wh1ch were not reproduc1ble. The 1mposs1b11ity to 

demonstrate specifie uptake in ANG Il target tissues other than the 

adrenal gland reJlla1nèd urrexp.1atned. Feina1e rats sampl~d randomly w1th 

respect to the1r E!strous 'cycle were used in these, uptake ,stud1es. 'One 

possib111ty mfght, be that, ANG, Il, receptors are regulated by èycl~ 
-. 

variations in c1rculating sex. stero1ds 'p'ou1bly r ~.strogens. These 
~---- - , 

alteratiàns in circulat1ng levels of SElX sterofds 'm1g~t _ prevent the 

demonst-rat1on of .!!!. vivo specifie uptake" of [12Sq ANG II or 

C12S I]SARILE 1n'~ target t1ssues'conta1ning a low densfty of ANG 

Il receptors.'. AtttrnJ; this hypothesis was not ve"if1ed by 'us1ng male 
,- i 

rats, 1t d.!d serve as an 1ncenthe ta stùdy the effect of éstrogen, , 
treat~nt on ANG II recE!ptors in at' lea~ targ~t tissues, namely 

, ' 

the adrenal cortex,. mesenter1-c artery and anter!or p1tuitary gland. 
" , 

The two fol10wing ch.ap.ters fonsist of a 'review of the literatu.re. 

'In chapt y , 1 the character1st1cs and regulation of ANG Il recePto~s in 

th~ ~~th~ la~O-~YPÔphYs:al .ys tem;. _drén_l'· gland a~d mesente ri C_ ;';'er1 

will be reviewed,. Ch.apter 2 cons1sts of a rev1ew' of the effects of , ' 

1 
.1 ' ,. , 

estrogens 'on the renin-angiotensin system with llarticular emphasis on 
. / ' 

éstro~e~ modulation àf MG 11 ,receptors in ,th'e uteru~', brai,n aM 

- ·vasculature. ,'~ 

( 
, 1 

, ' 

a 
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"h A. HYPOTHALAMO-HYPOPHYSEAL SYSTE~ 

a) Introguct1on 

Although the renin-angfotensfn ,system is still usual1y eonsidered ... 
to be a ~irculating blood hormone system, an increasfng number of 

studies sdggest the existence of local angiotens1n generât1ng systems 

withfn d1fferent tissues ineluding the hrain (66,74,92,~7,113,117, 

131,142), kidney (28,36,109,117,124,186), adrenal (8,72.75), testis 

(136), arterial wall (2~,75.182.183) clnd antérior pftuftary grand 

{ref. Table .f}. With the possible exceptiQn of the brain wh~re 

1ncreasing evidenee strongly suggests ,de' n~Yo synthes1S of angiotensin 
1 --

Ü (ANG Il) ft is stl1l unclear in 9ther tissues whetl1er all or part of' 

the co",",onents of the 'renfn-ang1otensin system are synttlesited locally, 

or are picked up from the peripheral circulation via speciffe or 

-nonspecffie uptake mechanisms. 
, , 

In the central nervous system (eNS). 1 II'IIIunocytoe hemi cal studies 

have loealized peptides related to the renin-angiotens1n system in a 
.-

unique topographieal distrihution in the brain, brain stem and spinal 

eord of several animal species 1nc'lud1ng man (21,35,'67-69,92,98,99,103, . 

111-~13,156,168,195). Many - of' ·t~ese area's are situated withfn the ,-
blood~bra1n barrler SU9gest1ng local prod~et1on of ANG II rather than 

uptake from the peripheral ·ci'reul~tfon., Several biochemical studfes 
"'""""------ , 

have also. ident1fied the different components of the ren1n-angiotensfn 

system in brai" tissue (40,90,93,95,110,140,144,156,158,200). 

Receptors for ANG 11' ~av.e also heen eharacter1zed by techniques in 

p~y~folo9Y, pharmacology ~n~ autorad1Qgraphy in several different areas 

of the' brain, part1cularly in the hypothalamus and fn the 

c1rcumventr1cular ofgans (~,15,16,7a,100,119,130,159,174,190). 

Furthermore, eOlllponents of thé, ren1n-angiotens1n system 1ne1 ud1ng the 
, . 

\ 
. " 
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ANG 11 receptor have been identffied in the anterior 'pituitary gland 
'. 

(Table l, 88,1QO,174). 
, 

Taken together these studies showed'that in the CNS, comp~nents ~f 

tlfe renin-an9ioten~in systefl! are preferentially localized to the brain 

stem an~ hypothalam1c structures 'which have been implicated throughout 

evolution in the control of hqmeostatic functions related to body flûid 

balance. These stud1es strongly suggest a fundfonal role for the 

renin-angiotensin system in the hypothalamo-hypophyseal axis which will . , ~ 

now be reviewed in more detail • 

. 'b} HYpothalamus, media" eminence and neuro-1nte~ed1ate 

p1tuftary lobes 

1) Hypothalamus 

Many neuropeptides are synthesized ~y central nervous system 

neurons and are invôlved in the control of b.ody flu1d homeostasis. 

These neuropeptides are present in large' numbers and 1n fafrly high 

.concentrations in alj1 th~se areas' which are important 1n the control, of 

body fluid ho~asis ,such as~the circumventricular organs, the 

primary baroreceptor centre in "the fl!edull a oblongata and certai n 

hypothalam1c nu'clei (l'3A). 

In the liypo.thalamus, neurons of the supraoptic and par'aventr1cular 

nuclei would appeâr to be the most 1111portant in body fluid 

, homeostasi s. Both hypothal.am1c nucl ei possess large "magnocell ul ar" 

neOrons whfch contain oxytocin or vasopressin (a150 cal1ed antidiuret1~ 

hormone) and wh1ch project their axons through the internal zone of the 

median emtrience I~en route" to the neurohypophysis where these 

neuropeptides, are released into the circulation. In addition, smal1er 

"parvocellu1ar" oxytoc1nergic and, vasopres5inerg1c neurons are a1so 

/ 
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present in these hypotha 1 ami c nuc 1 e1 and project to a wi de var1 et y of 

extra-hypothalamic areas (for review sée 201). There 1s 1ncreasin9 

,J ev1dence that parvocelluhr neurons from the paraventricular nucleus 

\ 

• 1 

are also fnvolved in anterior pftu1tary cell function sincQ they 

contain vasopre!l in (161), corti cotropin-rel eas 1ng factor (r.RF) 

(161,184) and ANG II (71,92,111,113) and project thefr axons to the 

pftuftary porta~ system in t~ external lamina of the medi an eminence 

(201). 

Ang10tensin 1mmunoreactivity has thus been fdent1f1ed in cell 

bodfes and nerye tenm1nals in paraventricular parvocel1ular neurons as 
, 

well as in magnocel1ular neurons of both hypothalam1c nuclei by l1ght 

and el ectron mfcroscopy fnmunocytoc~ stry (21, 9f' 103,1\11,113,134, 
. . ,.., 

139,195,197). Immunocytochemical co-localization of ANG II w1th 
1 • 

vasopres$1n in the same per1ka~ has al50 been demonstrated in these 

two hypothàlamfc nuclei (103). Jt was even suggested that this 
/ . 

co-localizat1on could reflect stain1ng of an ANG II sequence homo1091 

within a pro-pressophys1n precursor '(103). This hypothes 15 seems 

unlike1y however sinee ANG II inmunostainfng was found in 'S-evera1 

different areas of the brain 9f the vasopressin-deficient Brattleboro 

.r'at fnc1 udf n9 the paraventr1 cular parvocell ular neurons whereas 

~ecreased but ne~ertheless persistent stainfng was found ·in the 

magno~el1ular fleurons (111). Ren1n-li.ke immunocytochem1cal reactivity 

has a1so been reported in the par~ventr1cular and supraoptfc nuclei of 

the rat and mouse (69;92) and appears to be assoc1ated w1th 

oxytoc1nerg1c neufons (24.l03) whereas ANG II appears to be restricted 

to the vasopress1nergic neurons. 

• 
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Several studies have 
, 

also reported the 
.. 

fi l!ITIunocytochemi ca 1 
'. 1ocal1zation of ANG II in the' internal and external lamina of_the 

'- . 
median eminence (Table 1). Experi~ental manipulations suggest that ANG 

Il stained fibers in the external, and internal lamina of the median 

eminence arise from essentially separate groups of neurons. The source 

of ANG II immunoreactivity in the internal zone 1s l1kely from the 

magnocellular neurons of the paraventricular and supraoptic nuclei 

whereas a recent study has provided, evidence that ANG II in the
l 

, 
external . zone is derived fr~ the parvocellular neurons of the 

paraventr1cular nucleus (111). 

Follow1ng bilateral lesions of the paravent'ricular nucleus, ANG If 

stai~ing of the external zone disappeared whereas decreased but 

persistent staining remained in the internal zone undoubtedly arising 

frollY ANG II sta1ned magnocellular neurons in the supraoptic nucieus . "t 
(lut. Adrenalectomy was also shown to' specifically enhance ANG. II 

, . 
staining in the ext~rnal zone of the median eminence as well as in the .. 

• parvocellular part of the paraventricular nucleus where extensive 

triple co-localization of immunoreactive CRF, vasopressin and' ANG II 

was also shown (Ul). Thi~ finding is ~i,"ilar to previous reports 

shQwing that adrenalectomy also enhanced CRF, oxytocin and vasopressin 

staining in th~ e,.ternal "zone of the median eminence (103,111,184). 
, . 

FU;tthermore water deprivation. decreased ANG II il1ll1unostaining in the 
. 

external lamina wh1le at tpe same:tfme staining in the internal lamina 

increased (111). This latter fhlding js consistent with evidence for 

1ncreased vasopressin synthesis~ and release in the same p~thway 
, 

(through the internal lamina) following water deprivation- (192). 
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F01Pr.9 nephrectomy. one study reports no change in the distribution 

of ~~ II lmmunostalnlng in the m.dlan emlnenc' (III) wher •• s in 

another study, stainlng of the internal layer and magnoce11ular neurons 

of thf' hypothalamic nucle1 was observed only after such treatment (92) 

whi ch 1s in agreement with th"e proposed different afferent ANG - II 

connect i ons of the med i an emi nence. Alternatively, in the median 

eminente where a blood-brain barrier is absent, ANG fi as well as the 

other components of the reni n-angi'otensin system could possibly be 

picked up from the peripheral circulation through specifie or 

nonspecific uptake mechanÏ5111s and selecthely eompartmental ized in the 

different zones following experimêntal manipulations. ~n support of , 
<;-

the h~pothesis of specifie uptake of ANG Il, rece~tors for ANG Il have 

been identified i". the median eminence by autoradiography (174,190). ~ 

Biochemical studies have also reported significant levels of 

angiotensinogen and eonver1:1ng enzYl11e 1n 1frrprao~t1c nucleus as well 

as ln the median eminence suggest1ng pos!oible local ANG II production 

at either site (110,158). 

i 11) Nellro-intemediate pitultary lobes 

In the neuro-intennediate pttultary lobes, 
~J; 

blochemical. and 

immunocytochemical investigations ha.~e ident1f1ed anglotens1nogen, 

renin. ANG l, converting enzyme and ANG ,Il even though divergent 

results have been reported (Table 1). Receptors for ANG II have never 

been found 1n the neuro-intermediate pitu1tary (88,100,1741 .except. for 

one 5 t udy (173). 

iv) Hypothalamlc angiotens1n II receptors 

Specifie bl~d1ng sites' for ANG II ~ave been identlfied in membrane 

fractions of the f'at hy/?othalamus (15,16) • .!!!.~ autoradiography of 

- r 
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. 
frozen sections of rat brain has revealed the presence of a very high 

densityof ANG II receptors in the paraventr1cular nuc:leus (7R 9 100,ll-q) . . 
in both the rnagnocellular and parvocellular regions (119). Angioten5in 

II has a150 been shown ta increase the discharge rate of supraopt1c and 

'paraventr1cular neurosecretory cel1s when appliéd iontophor.et1cally 

(9,130) or when present in the lMd1um of 1!!.!.!!!:2 preparation of the' 

supraaptic nucleus (159). 

These studi es suggest the ex 1 stence of ANG II receptors 1 n severa 1 

strateglc areas of the -hypothalamus and median eminence where native 

ANG Il has a1so been ident1f1ed'. "The presence of ANG II in these 

;'IP,:,thalamic nucle1 as well as in other brain areas situat~d wHhin tlie 

blood-brain barrier .suggests local production of ANG Il rather than 

uptake from the perfpheral circulation. 

v) Endogenous brain renin-angiotensin sntem? -' 

More defin1tive direct evidence for Il functional endogenous 

renin-angiotensin system within the same ceH, has been reported by 
\ 
'several 1n vitro studies using culture systems of fetal rat brain cell s -- , 

as well as neurobl astoma cen li nes. Immundreactive ANG II has bee" 

identified il'1rnunocytochetnical1y in tloth. culture systeflls supplemented 

e1ther with . serum (169,196) or defined serum-free medium (194). In 

neuroblastoma cells, ilTlllunocytochem1stry revealed the, presence of 

• 1mmunoreactive renin (169) whereas' ràd10imunoassays (IHP.) showed, the. 

presence of renin and ang1otens1ns (131,169) and ~nzymatic assays 

revealed that the} contained angiotens1nogen and cunverting enzyme as 

we 11 (143 9 169) • Large proportions of renin t ANG II and convert i n9 
'!!\ 

enz.yme were found to be present in pellet---- fractions and were not 

rel eased by repe~~ed washing' without d~tergent suggest 1 ng the1 r -

= 
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local1zation in part1culate' organelles or bound to plasma membranes 

(131). Furthermore in neuroblastoma cells, renin appears to be present 

in an enzymattcâlly inactive fonn that can be act1vated by trypsfn, and 

renin concentration and activ1ty have been shown' to 1ncrease with serum 

withdrawal (169). ~Ang1~tensin II synthesis was also shown by the 

ability of primary ~ltures from fetal rat brai" to incorporate 

[3 H]-Isol euc1ne and [3H]-Val fne into i11'111unoprec1pitabl e ANG II (145). 

Primary fetal rat brain cells cultured in serum-free medi um were al so 

shown te 1ncorporate [3H]-Pral1ne in newly synthes1 zed ANG II ", 
characteri zed by RIA and hfgh performance 11 quid chramatography (HPlC) 

and ,shown to be pio1ogically active {194}. Different secretory rates 

of endoge'nous, brain ~NG II hàve been' shown by different ANG II 

C '~~noreact1v1ty levels be.tween neuronal cultures from normotensive a:d 

hypertens1 ve rats (146). 

Receptars far ANG If have also heen character1zed in both , 
neurablastoina and fetal rat bra1n cell cultures (143,147,193) 

suggesting the existence of autoregulatory' pre-synapti c ANG B 

receptors. Ofréct in v1vd bfachemfcal evfdence comes from work --
demônstrat" n9 tlte synthes 1 $' of ANG II in the bra 1 n of 1 ntact and 

nephrectomi zed rats as well as the 1ncreased turnover rate 1 n 

hyperteris1ve oan1mals (74).' Fi~a;n:l the di scovery of rat ,brain 
. . 

angiotensinogen mRNA in a cell-free translation system has diss1pated 

any doubts about blood contamination or peripheral uptake of the 

precursor into the brain' (26). 

In summary several studfes sugg~st the exi $ten(e of an endogenous . 

ANG II-generating systêm in the manrnal1an brai". There 1 s goOd 

e'v1dence that in a part1cular cell or cel 1 type 'of thè mammal1an tNS a 
complete ANG II biosynthet1c pathway appears ta be functionaT. TMs 

sn 
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Fi gure 1 Hypothetfcal model of an endogenous ang10teftsfn H -generating' 

, syst e",. in t"-e CNS • Cornponent local f zatton a'ld possible 

.. ' angfotensfn II receptor fl/nct fan.. € 
.' , 

In this P1Odel, pro-renfn .(ProR), ang'iotensinogen (AG) and converting 

enzyme (CE) are synthflsi ze<! by the-- pre-synapt fc 'nfluron. Act 1vat1pn of 
j! , 

ProP. to renf" CR) coul d be the cascade 1nf~iato-r whf ch' mlght b~ 

rnediated by an atferent neuronal' s1gna'l. Actf"ve R would then cleave AG 
.. • • op 

to- produce angiotensfn 1 {AÙ. -.AI could be cleaved intraeellularly by 

CE tl' nduce an9iotensfn rI _ (A,II). AIl released directly (or ny 

extra~ell ular 'CE, act1vi'ty on AI) would the" act4'vate a post-synapt1c 

'~II, receptor (+). 1'n a.ddftfotl an ul tra-short négat he feeaback '100p 

tf~ 1n"9 'th;'OUg'h, a hypothet1èal pre-synctptfc l'II re~ptor (-) "!!y serve' 

to a.ttenuat~ th1 s .syste".. ' 
~ , 

" 

,/ 
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ANG U-generat1ng system could poss1.bly by regu1at~ùgh activation 

,of proren1n or vta the tntracellt/hr release of compartmental1zed 

components of the renin-angiotensin cascade (Fig. 1). Auto­

regulation of these ANG II prOduc1l)g neur~ns could perhaps a1so occur 

thrQugh a negat1'1ê feed-back medl~nism via pre-synapt1c ANG Il 

receptors fn a manner analogous to that destr1bed ,for catecho1al'111'1erg1c 

neurons. Cellular -co-localfzat1on of aH the components of the 

renin-an~iotensi~' system does n9t always oceur however in ihe CN~ nor 
-

in other tissues, suggest1ng that local ANG II could 'be generated 

extracellularly 1n the v1c1nity of interact1ng, cells eaeh possess1ng 

certain cOrllp()nents presumably synthesf,zed or p1cke~f up from the 

per1pheral ci rculatton (Fig. 1). 1-

Thus 1n sevèra1 areas of the brai~ suc~ as the paraventr1cular and 

supraoptfc nu.clei where ANG Il and fts receptor have been 1dent1f1ed. . , 

ANG II- could serve as a neur'otransm11;ter or neùroJ1lodul'ator:- acting on . - . 
eré- and past-synapt1c ANG II receptors. , . The pr'esenceof ANG --rI' 1';' 

these nucle1. could represent ÂNG II synthesiied 1ntracel,lular1y or 
. ..... .'\." 

'nternal1led.frOfll afferent Atm II-contafn1ng.nerve term1nals.' In 
l '- • l " ~, _ 

add1tion. ANG II in the: parvocellülar "euro"s of 'the parav~ntr1c:ular 

flucleus could be ltnked ta vasopress1n secretion or m1gtlt b~ re1eased 

as a neurohar~one fn t~e, p,1tuftary ,portal system in ,the external' zone' 
,. 

of the ~ed1an 'éminence •. Recent I!v1dence support1ng the éxistence of a 

functional ren:fn-angiotensio system- fn the anter10r pftuitary gland 15 
alsQ ,emerging and gives ~urther ~upport to an trftegrated SystèÎ!' in th, 

'hypothalamo-p1tu1tary axis •. 
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.. c) Anterior pituita!'"y gland 

i) Anterior-pituitary angiotensi~ II receptors 

Recent 'receptor b1nd1ng stud1es have demonstrai~d the existence of 
, , 

spec1fi'c ANS II ~1nd1ng s~tes in ,membran~Ch pa-r~fcles 'of anterior" 

'1ituttary 91 and~ of severa1 animal spee1 es '1s~',41,88, 121). These 

receptor sature,tion stud1es revealed t,he presence 'of Il single class Of 

saturable- h1gh-aff1nity b1nding sites for (1251]. ANG II in the anterior 
" 

p1tu1tary of mature· and immature an1Mals of bot~ sexes w1th an 

equ11~br;um dissQciat10n constant (KOY1n the nanomolar range (0.5 t'à 4 

x 10 nM). Compar1sons betweèn the dens1ty of ANG Il bi-nding s1tes from 
~ , 

differe-nt target tissues in the rat revea-l ed that ANG II reeeptor 
'1 , 

'" '" , 
~ '" ~ . 

dens1ty in the anhrio!'".- p1tui'hr~_. (300 fl'l01/"'9 prote1nL was Jess than 

1n, purif1ed ad('enal zona glomert/losa (2~O,O fm~l/mg) but much greater" 

than in uterine muscle, homogenates' (135 !mol/mg) (88). 

Quantitative autor~d1ography ,studfes. jerfOrmed l!!, vftro on 

,anterfor p1t'Uftary t1ss~e sl fees of rats andJdOQS' also revealed. 'the 
l -- '~ ~ 

,.presence of specifie ANG II''~ind1ng sites '(91,100,174).' \ " 

• 1 The .physiolôgical s1gnff.ieance of these ne,wl,)l ~1s'cov~rel ~nte-r10r 
pituft~ry ANG Ii reèeptor$ was demonstrated in several .!h vf,!o and .!!!. 

" Y1~ro ,studies., .' 'rhe ,association of ANG JI witf:! prolactfn and 

~drenncort1cotrop1n (ACTH) rel,eue 'h~s been -conf1nned by many' authors. 

In several anf",~l 'SP~Cie~, 'ANG Il 'has 'b~en,sho~n' to, aff~ct,'t~e releaSè 
, .' 't 

of pro'actfn.!!!.~. ',In the rat, h19h,dose (5 nmolrintra~enous bolus 

fnjections 'of AtIG q hlcreased plUnla prolact1n levels while 

,intr,aèer~brovéntricu1ar micr01nj~hion$ depressed ,prolacti,n, rele~se 
" 

" . 
the, Rtr,sus monkey" system1 c ,as, well· ,as central 

injections of il9 doses 9f ANG Ix" ,have a1s9 been' shown 'to tncréase 

»1 aSflla ' pro-l actin' 1 evels '(62) ~ 
, ; 

Hore di re.ct . evidepce su
v
ggest1J1g the 

\ . 
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existence of MG, Il receptors ,in lactotrophs has beê'O'"ï)rovld.ed ~om , 
several in vitro 'stud1es us1ng nanomolar çoncentrations of ANG II 

, --'-

{5.165.166.180}. 
, , 

FurtheMl'lore. partial purification of antetior 

pituitary cell types by elut-rtation ,revea,led a larger p.rolactin 

response to ANG II as well ilS the pré.{ere'ntfal locet ion of ANG II 

binding sites in lactotroph-conta1n1ng fractions (5). Tfie presence of 
~ 

specifie binding sites for [ 125 1] ANG Il in d1spersed rat lactotrophs 
p 

was al so confi rmed by autoradiography (133). 
1 

Corticotrophs are the only other anter10r p1tuftary cell tlype 

where Al'IG II receptor,s have he en demonstrated repeatedly. Ang10tens1n 

II has been shown to increase plasma ACTH and/o~-glùcocortico1d rel~ase ' 

ln rats ,(17,45.175.17'). dogs (l4S, 154) ani primates (l49.164). .!!!. 
.·vitro .studtès have also'con{irm,ed th~t ANG II.d1rettty.st1J11uJates AC'rH - . \ ~ ,~ -

\ ", . 

r~l eue (30,70,87,123.170-172.175,176). ' . .phys 1010g1 éa1 concentrat 1 bn~, 

of cort 1 costerone 1 n v1 t co (170,171) as' we 11 as dexamethasone' in' v1 vo 
.. \ - --- - -----. 

(l7) have alsp been shown to ,1nhib1t, ANG II .. medhted 'ACTH rel ease • 
.... 1 \ ~ \ 

,Direct ev1dence for cott1cotroph ANG' II receptor~ has 1150 'beèn shawn 

by autorad1ography (133) ~ 
l ' 

S1nce ACTH.. B';'endorphin~ancl S-l1potrpp1n' (S':lPHr are der1vi!d frOnl 
~ l '.... ~ 

, a 'c~2n, precursor mo)ecule and' are releasèd concomitantly in response 
, ~ ~ 

to sever.al stimuli it 15 nct surpr1s1ng that'ANG II has'also been ~hown ,--.,,-~ 

ta' st 1 mù 1 ate the re l ease of B-endorphi n and /3,-LPH when gJ1ven E!i ther 1 n 
, -

vivo (12.17) or in vitro (104,lh)~ -, , --- TheS;e stud1es a1S() report 
, , 

glucocortico1d inhibition of s;..endorph1f) and 8-~PH rele.ase by ANG II. 
~ , \ \ 1 .... < 

. Seve-ral fn' vitro stud1es h~Ye falle'd to show a st1mulatory effect, . -- ~ 
l , l '\. t 

of physiOl,og1cal doses of ANG II on the release of growth hOr'fno~e (GH'). 
) 

\ . 

.1 ' 
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lute1?1zin~ hormoné (ut), or. thyr01d .. stimulat1ng hormone (TSH) 

(5.70,88.105,172) • Modest 1ncreases 1n GH, lH aM TSH were reported 
, 

only in one study where hem1pituitarl es .were 1ncubated with 

supraphysiolog1cal m1cromofa'r concentrations of MG' II· (180). Further, , 
~. 

evidence against the existence 'of ANG II recept.w;s in thyrotrophs was 
J _ ~ - \ ...,' 

'shown in' two, in ~. studies where 1ntravènous or 

i nt racerebrovent ri cuht" 1 nject 1-on~ of ANG JI had no effect on TSH 

release in cbnsc10us ovariectomized rats '(179.180). In these same two 

stud1es, it was also shown that ANG II injection tended to decrease GH 
" , ' "'" 

and LH release in ova~1ettOlll1zed'-r,~ts' whereas an inverse effect· on LH 

rel elSe was not 1ced when rats were' treated wtth estrogeos and/or 

p,.ogest~rone (178,179). 'Tàken together" these stud1 es suggest that the 
"'" , Q-

'effect of ANG II on GH and lH" release may very.wen bè 1rldirectly 
-

medfated via the CNS -. , ,~ 
rather than acting ,through sornatotr.oNL or 

gonadot roph' ANG II receptors. . 
,11) Éndogenous p1tuitary ren1n-ang1nt.ensfn system? 

, In add1t10n to 
, < 

the 1 dent 1 fi cat ion . of ANG' II _ l'eceptors, 

• 

$ 

angfotens'fnogèA,. ren1n, ANG,I. convertfng enzyme and ANG II have a1so i" 

be~n 1d_ent1fied '-1n the anterfor, p1tuitary gland by biochem1dll and 

. ' . """, 
1mmunocytochèm1-ca~ tech!'1ques (Table 1). 1III1Iunocytochemistry h'as ; 

revealed that reniAi (125) as wel1 as ANG II-l1ke 1l\1fT1.unoreact~v1ty 

(,49,177) 1s found exçluS'1~~ly 1n gonadotrophs. Interést1 ngly, 

morpholog1cal stud1es have revealed that. 'lactotrophs and gonadotrophs 
, 

are found in close apposition (160). S1nce l actotrophs possess' ANG II 
, '. 

receptors 1t 15 tempt1ng to speculate that ANG Il poss1bly generated in 
" ' , ' 

- l • 

gonadotrophs coul d servé as Il paracr1i1e hormone to re1ease prolactin. 
",' 

, \ 
P4ed1um frOll! ,'gonadotroph-rfch cel1 a9grega~es has been ,hown' to 

, " 
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st1mulate prolact1n release (48). Th 1 s effect wa s not due to 

foll1cle-st1mulat1ng hormone (FSH) or lH (48) but could' perhaps be due 

to gonadot~oph-der1ved ANG II. Furthermore. g~nadotrophs bave be.en 

shown ta potent iate ~e prQlact1n response to ANG II when Co-c\.Iltyred 

wi th 1 actot rophs suggest 1 ng a yet undef1 ned pr1m1ng effect of 
, . ~ 

gonadotrophs on lactotroph sens1t1V1ty (47). The 1rlcreas1ng alnount· of 

newly diséovered paracr1ne interactions in the ante.r1.or pitu1tary m1ght 

al so reveal an important regul awry funct10n for the putative 

ren1n-ang1otens1n srs~~ of the anterior pftu1tary. 

Biochemical chara-cterization of ANG Il recept,ors in the anter1ol" 

p1tuitâry gland rpvealed the presence - of spec1 fic, high-aff1nity 
, ' 

binding sites. w1th propert1es general-ly simflar to thos~ in the 
, . 

adrenal zona glomerulosa. ~owever, in contrast tQ t~'e marked 

regul atory changes of 'ANG, 1 l '~eceptors abserved 1 n adrena 1. zona 
\ 'l. 

glomerulosa and vascular ,smooth muscle dur1ng changes in sodtum tntalee 

and ANG II infusion,' p1tu1tary MG Il rtaceptors' were unchanged by these 
, . 

manipulations (118~~ This' suggests that anter10r p1tu1tary 'ANG Il 

reçeptors are not sensitive ta IIlterlltfons in' c1rculattng 'ANG II. On 

. 'the Othe;' hand. wa,ter-deprivat10n has be,en, shawn to upregulate ANG II' 
, , 

receptors in' the, anter1or' pitu1tary gland (101) whereas -chronic 

estrad10l ,treatlnent has an opposite effect ·(41). C-lar1ficat1on of the 

sign1,fic~nce of these, alterat10ns awa1ts a better understanding of the 

physfolog1cal relevance of the r~nin-ang1'Otens1n system in the anter10r 

p1tu1tary. 
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8. AOREN~l CORTEX 
" ~ 

• 
a) Introduction 

The rol e of ANG Il as a major regul ator of aldosterone secretion 
-

has been demonstrated by severa} early stud1es 1n man and other spe.c1es 

(for rev1ew 7 ). Spec1 fic b1nding sites for ANG II ~ave been 

1dentif1ed mainly 1n the adrenal cortex and also 1n the medulla by 

several studtes usfng ,both trftiated and monoiodinated ANG II (for 

review 7,29). These studies showed predominant location. of ANG II 

b1nding sites in the plasma membrane w1th high specificity and a'fffnity 

for ANG II and related peptides. Contrary ta other species where ANG 

II 15 also known to st1mul ate corthol product ion, 11 kely through' 

specifie b1nding sites 1dent1f1ed in the zona fase1culatà, in,the rat 

adrena-1 ~ ANG If does not sttmu1 ate cort 1 costerone secretion and . 
receptors, are concentrated in the zona gl omerul osa of the adrenal 

cortex (29). 
, 

• " This brief revféw will focus 9n ANG II reéeptor regul ftion in the 
" -

adrena1 corte~ with part1cl:llar emphasis on the effect of sodium an'd 

wf.ll provfde .some evldence 1,n support of an endogenous renfn­

angiotensfn system in the adrenal gl and. 

bJ Adrenal angiotens1n II receptor regulation 

f) Ang16'tens1n II receptor b1ndingd properties and 
/ 

requ 1 rements ' 1. 
the severa 1 ta'rget t 1 ss . es for ANG 1 r, .receptors 1 n the Among 

adrenal cortex were the best character1zed in terms pf the1r propert1es 

and requjrements for b1nding of t'he octapept1de. When comparéf ta 

other target'. ttssues t the adrenal cortex"" possesses the hi ~ 

Goncenttl!.tfon of ANG II birding sites (57 .88,1l8)~. 
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Bfnding of radiolabeled ANG II to adrenal receptors io classical 

phamacolog1cal ti$sue preparations is dependent upon time,. temper-ature 

and tracer concentration and degradation. Steady-state bindi~g 15 

usually reached within 10 to 60 minutes of incubation at temperatures 

rang1ng from :W o to 379C (29). The addition o.f proteolyt1c enzyme 

inhib1tors such as EOTA 15 necessary to fnhihit degradation of t.he free 

tracer. ~B1nding of ANG II to the àdrenal receptor is also affected by 

cation concpntra1:ion of the tncubation mixture. Sodium and potassium 

si.gn1f1c.antly increase the bind1ng of [1251] ANG II. rèaching a maximum 

at abOut 250 mM (81). In the. presence of sodium, 1néreased upt~e of 
, 

ANG- II by adrenal receptors 15 assocfated with the appearance of 

high-affinity b1ndfng sites with an association constant (~D) in the 

nanomolar ral'!ge (81). The high affinity form of the' adrenal ANG Il 

receptor 1s agonist 'spec1fic and aJ,ppars to 'include a guanine-
• l 

nucleoti'de bf-nd1ng"'-prote1n 1nvolved in thE' reglllation of. receptor 
Q' 

1 aff1n1ty and poss1bly of its function (46,82). Al ttlough ~he 

lower-affinity sites are not always' apparent, the presence of two 

populations, of ANG II binding sites of high and 10w affinit,y have often 

, been reported o.sin9 adrenal glands of se-veral d1fJerent animal species 

(29). The' physiological signtftcance of different affin1ty states of 

t~e adrena l ANG II receptors àwaits further understand1 ng of the 

molecular 1ntera-ctions between ANG II i'nd 1ts ,plasma membrane receptor. 

11) Effect of sodi um 1 ntake 

In the adr:-enal gland. several ei(lrly stud1es have 'demonstrated a 

rèlationsh1p between pepttde bind1ng ac~1v1ty and b101ogical response 

as expres sed by steroi dogenes 1 s (29.). Regul at 1 on of CI l dosterOne 

se~J'et1on dur1ng altered so~tum 1ntake 1s a good example of this .direct 

.' 
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corre lat 1 on bet':!fe.n, modu 1 at 1 on of adrena l ANG II receptors and t.he, 

correspond 1 ng al dosterone response. 
, 

The sens it 1vity of the' adrenal 
1 

," -
response ta ANG l'I 1s 1ncreased db.f1ng sodium restriction in several 

an1J'1als spec1es (29). Measurement O~"J12~I) ANG II bind1ng to adrenal 

zona glomerulosa cells has shown an 1ncrease in ANG II receptors at 
/ 

early stages of sodium restriction. Increased b1nd1 ng was detected 

within 36 hours of the onset of sodiu~ -rystriction due predominantly to" 

an increase in receptor affin1ty (decrease in the dissociation 

constant: K'D) with a m1nor fncrease in receptor dens1,ty (4). Thf!se 
, ' 

acute 36-hour changes were accompan1ed by a correspQnd1 ng f ncrease in 

sensitfvity of the aldosterone response ta ANr, II measured both .!!!. vfvo 

.and in suspensions of collagenase- dispersed glomerulosa cells (4). 

The, increased 'sensftivity of isolated glomerulosa cells to ANG II 

durfng .,short te"" sodium restriction -was based on the marked reduct10n 

of the ANG II concentration requ1red to achieve a ha1 f-maxima( 

al d05terone response (EDs 0) and on the en~ancement of the maxima 1. 

aldosterone response ta ANG II. In contrast. h1gh sodtum fntake. for 36 

t9 91' hours had an opposite effect on each of these parameters . (4.61). 

ProlongatJ,on of sodium, restriction from 4 days to 6 weeks has been 

shown to cause a more promi nen~at1 on in adrenal jNG 11 receptor 

dens1ty with maximal aldostetone responses in vivo and in vftro w1thout 
.. -- --

)P alter1!'19 receptor afffnity or EDs,o (4,7.29). The'refore during, a.cute 

,sodium restriction. rap'hanges 1n receptor affin1ty and glomerulosa 

'sensitivity would appear to contr1bute to the rapid re9ulat1on of 

aldosterone secretion. On the other· hand, ,when sodium deficieflcy 15 

1 
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prolonged, increases in receptor dens1ty as welT as enhanced act1v1ty 

of the early an9 1 ate steps of the al dosterone biosynthet1c pathway 

(2,33) would appear to be more relevant in maintaining the elevated ,~ 

aldosterone secretion. 

Sodium restriction fnduces similar cHa~ in hypophysectomized 

rats a lth~ugh the al dosterone response to sodi um defi ci ency ; s usuall y 
-

reduced in the absence Of the pftuilary glafld (135). This attenuated 

-al dosterone response is probably due to the absence of ACTH whi ch i s 

necess-ary to mainta1 n the enzymes of the early al dosterone pathway. 

ii1) Effect of irifused angiotensin II 

Since clrcu~ating levels of- ANG II are elevated during sodium .. .. 
restr,iction, enhanced activity of the aldosterone biosynthetic pathway 

f 
as wel1 as increases in ANG II receptor affinity and/or density could 

. be caused by the trophic. effect of the octapeptide on the adrenal 

glomerulosa cells • .Evidence supporting this mechanism has been shown 

in rat's fed wfth a normal di et and f nfused with )\NG Il at 10-100 pmol 

per minute for periods ranging from 36 hours to 6 da ys (2.6,7,89). 

Prolonged infusion of ANG II (50 pmol/minute/rat) for 6 days in 

n orma 1 and hypophysectomized rat s ha's been shown to' reproduce the­

effects of, sodium restrictiôn on the enzymes of the aldosterone 

hiosynthet 1c p~way. Angiotensin II infusion exerts marked 
,~ 

stimul ating effects on the l ast steps Qf aldosterone b10synthesis 
"-

(conversion of cort i costerone to al do sterone by 18-hydroxyl ase 

activity) and can al 50 enhance the early biosynthetfc pathwt by 
~ 10 .-

fncrea"sing the enzymes lead1ng to cort1costerone production (7). 

b 
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Acute or chronic ANG 11 infusion incr,eased adrenal ANG II re~eptor - \. 

density without affecting receptor af.finity and increased the l'Iagnitude 

of glomerulosa cell responses to ANG rI adlllinistered both in vivo and 

1n 1so1ated cells {2,fi,7,89}. This rate of infusion increas:l-lood 

ANr. JI levels to those observed in rats on a low sodiul1l diet. In 

contrast, infusion of hlgher doseS of ANG II (~250 pmol/minute for 3fi 

hours) which increased circulating levels 3.0-fold, decreased the 

density of Mro II receptors in the adrenal glOfTlerulosa below control 

values (7). This "biphasic" action of ANG II May contpibute to the 

transient nature Orf the aldosterone responses observed during prolonged 

infusion of the peptide in sorne animal species (115).~ Since 

al dosterone infusion has been sho\loln to decrease the dens ity of ANG II 

receptors ·in the adrena~ cortex (60), the biphasic effect of ANG II on 
. \ 

adrena 1 cart i ca l ANG II receptors l"1i ght bé due to enhanced al dosterone 

secret ~ w1th high infusion rates of ANG 1 I. 

Suppression of endogenous ~NG II by converting enzyme inhibition 

ha; provided further support for ët ro1e of c1rcul(ating ANG II in the , 

regulation of adrenal cortical ANG II receptors. R10ckade of ANG II 
f 

formation by infuSion of the converting enzyme, inhibitors (5('1 14,225 
! 

and SO 20,881) has been < shown to prevent the i ncreaSQ ill adrenal 

receptors and a1dosterone secretion that normally accompany sodium 

restriction (7). In animals on normal sodium intake, i~hibition of 

convert1ng enzyme activity also caused a fall in bloOd ANG II, adrenal 

'ANG n receptors, and plasma aldosterone. The effect 6f canvert 1 ng 

enZYIlle inhibition was reversed by simultaneous infusion of ANG II, 
, 

supPoPti-t\g·tAe contention that the ~ecrease in ANG II receptor density 

'i s due most1y to suppress1,on of ANG Il and not to other act ions of the 

inhib1tor • 

.#!!:.' , 
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-. These st1Jdies clearly demonstrate the absol ute dependence of 

adrenal glomerulosa cell responses upon ANG II levels and 1ndicate that 

t~ renin-angiotensi n system 1s the prirna"y regulator of aldosterone 

secretion during physiological changes in sodium intake. The fact that 

tonie infusions of phys1010gical doses of ANG II only partially 

reproduce the elevation in plasma aldosterone that occurs during sodium . " 

restri eti on (2) suggests that other factors may be invol ved or that 

sustained tonie levels of the regulator may be Jess effective than 

intermittent elevations in stimulating target cel 1 responsiveness. The 

presence of diurnal variations and episod1c secretion of ren1n fn man 

(102) could reflect; the importance of pul satlle changes of ANG II on ~ 

adrenal glomerulosa function and aldosterone secretion. However. other 

factors are l1kely 1nvolved in the regulat10n of aldosterone secretion 

and possibly 1nteraçt wfth ANG II to modff'y tlle action of the 

octapeptide on the adrenal glomerulosa celle One of these factors 

could be extracell ul ar potassium 'sinee minor' fncreases in serum 

potassium are frequently seen in sodium def1ciency (19) but not durin~ 

ANS II infusion. 

iv) Effeet of. potassium 

Elevatfon of extracel1ular potassiom 1s known to cause a direct 

and nIëlrked trophic action on thE' zona glomerulosa by 1ncreas1ng ANG Il 

receptors and aldosterone secretion (58). After treatment of rats with 
\ 

! ~ 

a high potassi um diet for 3 days to 6 weeks, adrena 1 receptors for ANG 
. 

II are markedly increased while lc.w Potaisium 1ntake has the opposite 

effect (58,59). Potassium would appear to have a direct action upon 

the zona glornerulosa s1nçe potassium loading is characterized by a 

reduction in plaslTla renin and ANG II levers (l6~). The combined effect 

-
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of severa l factors such as the 1 ncreased ci rcul at i ng ANG JI and 

siightly e~evated 'potassium and ACTH could possibly explain the 

enhanced sensitivity of the adrenal cortex during sodium def;c;ency. 

v) Effect of anesthesia 

A number of ear11er reports 1ndicated that the rat d1d not ~spond 

to infusion of ren~n or ANG II with an appropriate rise in aldost~one 
production (for review 57). It was even suggested that the 

ren1n-angiotensin axis did not control the re1ease of a1dosterone from 

the rat adrenal cortex. This was not supported by others who have 
\ 

r-v 
shown prominent aldosterone responses to infusion of 10w concentrations 

of ANG II in consc1ous, IJnstressed rats (27,44). The erroneQus 

. conclusiq~s of P~iOUS s'tudiés could h~ve been due to the use of 

suprapt\.)'siologfcal doses of ANf, II. the use of anesthe~1zed rats, and 
. \. .... . ~ 

surglcal or handl ing stress. Pentobarbital anesthesla in the rat has 
« 

been ShiW" to produce "'!Irked lncreases fil plasma reMn activlty 

(58.1~8) and plasma renin conce~trat1on (31) desp.1te lowered blood , 

press~re (31,138) an~ slmilar' or, sHghtly elevated aldosterone levels' 

(44,58)~ During pentobarbital anesthesh the pressor response ,to 

intr.a~enou~1 ANG II has been shown to rel'la1n the same when cornpared to 
• '1 

consc1pus ~~ts whereas the aldosterone response to ANG II appears to be . '. 
blunted dur'ing pentobarbital anestttesia (44). NevertheJess, acute ANG" . 
II, infus1o~s .(200 pmol/kg/m1nute" 1.v. for 20 minutes) during 

pentobarbitaJ anesthesia was shown to reduce the denstty of ANG II 

receptors in.the adrenal cortex (58). The haf'f'-l1fe of c1rculatl"ng Atm 
, . 

II has been shown to, lncrease (39) whereas ang1otensinogen levels 
, 

remained the same (32) dur1ng barbtturate anesthesla. 

, 1 
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vj) Effect'of ACTH 

Several stud1es have also shown \that AC TH causes a "trans1ent 
1 

1ncrease in aldosterone secretion {57.107.122,129) followed by a 

decrease when treatment 1s prolonged. In cultured glomerulosa cel1s. J 

ANG II receptor dens1ty has a1so been shown to decrease w1th1n hours of 

exposure to ACTH (11). Therefore the re1at1vely smal] responses of the 

. rat adrenal to ANG II ~ ~ could be obscured hy the overr1ding 

effects of AC TH release jnduced bï stress or by pentobarb1tal 

anesthes1a (132). 

c) Endogenous adrena1 ren1n-ang10tens1n system? 

Analogous to the endogenous ren1n~ang1ote~s1n syste~ of the brain, 
., 

the poss1b11ity of in situ fonnat1on of ANG II in the adrenal gl"and has 
, --

been suggested by several studies. Ren1~ act1v1ty has been' reported in 

the adrenal gla,nd and among the variolJs extrarenal t1ss,ues. the a,drenal 

gland passesses the highest true ren1n activfty per, unit weight of 

protein (72~128).· Inc..,-'eased adrenal ,c,apsular renin -act1v1ty has been 

demonstrate,d in nephrectomi'zed rats (8). Renin has also been shown to 

exist in human adrenal tissue (127). The 1ack of cerrelation between \ 

.plas~a renin act1vity (PRA) and the adrenal renin. and the subcellular 

d1stributi~ of adrenal renin suggested 1ts Ioéal or1g1n rather than 

contamination or . uptake from plasma - renin .Renin-'11I<e acth1ty was 

present in adrenal cells frQrll zona glomerulosa and zona fasc1c'u1ata 

ma1nta1ned in monolayer tissue cultures fo,r several 'generat10ns' '(77); 

An91ote~1~Oge~. was a150 pres~nt in adrenal gland homoge-nates _ (77). 

Renin mRNA has· recently heen 1dent1f1ed ,in, fI'IOuse adrenal glands (65). 

Marked elevated specifie renin levels were found mostly ~n the adre...al 
, ~ , , 

cortex but also in the medult'a in genet1cal1y -hypertensive' rats (126). 

\ 
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, ~ often the case in biologieal systems. the fnterac~1on of 

~ral fact-ors appears to modul ate ANG Il recepto'rs in the adrenal 

cortex. Among the~e regulating fact~rs. sodium intake appears to ex~rt 

~ts eff~s ,TJost1y via .altera:ions in cfrculat1ng 1evels of ANG II, 

whereas AC potas!i fUIR and aldosterOne ap ar to have a more di reet . . . 
effect at 'the level of the adrenal cortical 1 l receptor. The 

potentfal role of an endogenous renfn-angfoten in system and fts 

regulatfon in the adrenal cortex must also be considered in future 

i nvest i 9at f ons. 

C. MESENTERIC ARTERY 

a) . In-troduct 1 on 
; .. ' 

Angfotensin\ II Js the - most potent natural. press'or sUbstane,e 
/ ' 

knÔWfl. Normal e1rcùlat1ng levels. of' ANG ·11 fn the' rat vary between 10 
- \.l • 

and' 100 pmOl/Hte~ (141,) wh1ch '15 several 'arders of 'mag~ftude less than 
"- " . - '.' 

most ctr~u1ating hormones (n~ter,>.·, Inj~ction 'of the 'oct~pept1de 

~aus~s ar.- 1med1atè sharp f,nc,raRe in blood pressure which - 1s most 

l1kely a result of 1ts d1rer.~' action on vascular smooth muscle , lj 

contraction and 1t5' <-entral neurogen1c effect (29,56~. In vitro, ANG --
Il provokes contraétfon of smooth' muscle preparations fram both 

" ' 
, , 

vascular (arteries) and v isceraJ (uterus. ileum. u'rinary blad~er) 
, " 

tissues in a peptide specifie 'man,!er. Saturable specifie b1ndfng of 

rad10labeled ANG II was' first 1dent1f1ed in the, aorta (13.108). 
, 

• However the aff1n1t,y of the receptor was found to be low (15-50 nM) a'nd 

s ~ nce , on ly a 5ma II amount -of 5mooth musc 1 ÎJ ~ s presen~' 1 n t'he 

. 'f1broelastic, Borta., ANS II receptors -have been preferent1a11y 

: \ 
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, 

character1 zed in muscular l'es '.stance-type vessels 
... 

mésenter1c artery. 
, 

'\\ascular,-:Ang1otens1n II receptor regulat1'on 
, cz::::::::;> 

• 1 

5uth 

1) Ang1otens1n II receptor 151nd1ng propert'1es and 

requ.i remenJ;s· 

~ 

as the 

Specifie sUes 'of htgh afffn1ty and low capac1ty for [ 12S t.J ÂNG II 

have been chatacter1ze~ in.membrane part1culate fractions der1ved from 

artedal arcades of - the. rat lTtésenter1c artery (3,83-85,86,116). 

D1val,ent cations (manga,nes~, 'magnes1um, calcium) and sodium 1ncrease 

b1nd1ng of [12S.r] ANG II to mesenter1c artery part1culate 'fractions , , 

whe~eas potass1um" 
. , 

su~~hydr"yl-r.educ1ng agent,s .<dfth1otre1tol}, 

chelat1rig agents' (EOTA, EGTA)_and gUl1l)ine ,nucleotides inh.ib1t receptor . , 
bi'nd1ng (8~,~5.116). _ These' "alterat1ons ,in receptor b1nd1ng 're'flect , ' -
modulation of the aff1nitIY of thè receptor rather thlln a,n effect on 
- 1 Y ( 

recept.or . dens1ty. It was suggesteq thatcat10ns 'and guanine 

n,ucleo_d~s 1nteract 11'1 ofle or more receptor-associated melJ'lbrane sites. 

probably 1nclud1ng a guan1n~ nuèleot1de-r~gu1atory p~ote1o, 'to 1IIOdula'te 
~ '" _ , l , 

the affin1ty of th~ vaseular receptor fO,r ÀNG II (l98)~ This complex 1 _ 

\ 
1nterplay may be involved in the modulation' of phys1plogical smooth 

muscle rèsponses t.o ANG II. Sodium 'st1mulates ,bind1ng to. ANG ''II 

recèptors in both th.e adrenal cortex (81,:S2) llnd mesèn,ter1c artery 
. , 

(116,198) $uggésting ,the e~1$tence of a mem~r4na monqvalent cat!on site • 

closely related to the receptor. Cation requ1 rements for the bind1ng 

of [l2Sd ANG II vary bet'ween vaseular tissues, s1nce Hg2+' and Ca2+ I,t 

conc~ntrations 10wer th an 10-20 nt1 enhaflce b1nct1ng in the mesenter1c 

artery and' inhibit bind1ng to the .r~bb1t ao~ta (~2). 
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,Initial stùdi~$' 1nd1cated the presence' of a s1ngl'e class' of 

bfnding sites in the rnesenteric artery (KO;O.èI nK, reèeCltor' dens1ty'; 

50 fmol per mg o~ pro~e.1n) wi~hout 'any detectable degra~at10n of [~21~ 

ANG Il (85). In contrast 'heterogeneity of bind1ng s1t,s (high and ,~ 

affinity sites) (116) and e)(tre~e \degr~dlJtfon {S3,US) in tracer ANG,II 
, ' 

has' a15o .. been reported fn ",esenteric artery parti,culate fractions. 

{le~radat1on of [~25I] ANG .JI has b~en' pr'evented by w~thing the 

IIIf!rnbranes with ..fOTA and includi,ng EGTA in the assay buffer (83). The 

sub'cellular distrihution of the specifie b1nd1ng of [1251] ANG II wu 
, 

shown to 'occur in plasma rnembrane, enr1ched fracÙons' of rat mesen'ter1c 
.' , 

• 

arter1es where enh~nced receptor den~1ty ~as observed (4?0 fll101' per mg - ~ 
, -

prote1n) w1th li similar affin1ty' (KO;2.2 nH) (83)! ' 
, , ". 

11) Ans1otens1n II ,receptors and 'thetr phY!'01og1cal 
i , 

relèvanèe to,blood pressure respo"se. / 

Even, ,thOugh ANG II receptor's ha(le ~en wall ch~racter1zed in the 

mèsenter1c nter,y, 'the phys1-o1og1cal relevance of these receptors in 
" 

re1at~,on to pressor respon,se" to ANG II 1s much 'less clear. In the, slme 
, ' , 

stuc(y, pressor responses of vascular tfssues tCl exogenous ANG ,Il have 
" ~ " \ 

been shown to vary depend,1ng upon the tissue of or1g1n (18)'. In most 

vuculer preparat ions '''such as the 'isolated dog mesenter1c ariery. ANG . .-
Il produced ~ trans1ent ~ont~act1on and showed prOminent 

desens1tizat1on whereas th~ 'aorta showed ,persistent contraCtion and 

l1ttle desensit1za.tion. 1 n . the rat. a' sma 11 1 ncrease 1 n s'upéri or 

",es~nteric artery perfusion pressure was ,observed' after bOl us­

-,>,:._inject10nS'(0'.1 - l nmol) of ANG'II, wh1ch wu ~uch'leSs than,th(lt' 
, 

observed 'after 1 nJ~ct 1 on of arg1 ni ne-va~opress 1 n or n~radrel'\a 11 ne 

", " 
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" ' 
(96). Isolated t'at mesenteric arteries have general1y beel'l .. s~own 'to be' 

• 
insenstt1ve to,ANG II-pressor responsè (51,63). 

, A ~SSlb'e expi ... tl~1I fO" the iàc~ of conshtent ... rked ANG 

U-pressor responses of hohted rat mesenteric artery preparations 

might be due to concomitant ,re1~ase of, prost-agland1ns. Angt.oten~)n Il 

infusion in the 'mesenter1c' artery has been shown to cause the .ri~ase 
ot the potent ,vasodiiator prostacyc1tn (PGI 2 ) or Us mehbo'l1te (6 

. 
keto-PGF1c) wh1ch 15 a potent vasodilator and, a1so to il 'lesser extent 

, ' 

the release of the· 'vasoconstr1ctor ~r()sta91and1n PGE 2 (51,63,64.96). 

Angfotens1n 11 stimulation of PGE-production fl"OfII cultured human 

umbl11cal ve~n endothel1a1 cells h~s a150 been reported (80). There 15 
, 

evidence that in .ttle Ya~cular tieds of the rnesentèr1c artery and ()th~r 
~ . , 

b~ood ve5sels, va~oact ive ANG II and prostagland1 ns may havé local 

regu1atory' To1es. ConversiOn of ANG ·1 to ANG_ II occurs in vlSeu1ar 
. , 

endothelial cells where convert1ng ehzyme has been' loeal1zed (23.186). 
, . 

The' b19synthet1c capacfty for PSI, 1n ,yaseular walls 1s a150 
1 '. , 

concentrated in the ~d~t~el1 um (126). There-fore exogenous or loçal1y 
, . 

pro~uced ANG II could ,st1mu1at~ erdothel hl PGI2 rel eue wh1ch woul d 

serve to counteract ~he 'preS'Sor eff~ct of ANG II Or) vascul art smoath 
• j ' ... 

_ .. ~ J 

musçle .receptors. ln ad~1t1on ta a di rect effect on mesenter1c artery 
o ,1 

ANG IL r~èptors, ANG II may a150 .let' fnd1rectly 'sinee facil-1tation of 

adrénerg1c vuaconstrictor. respons~, by 10ca11y 9,enerated ANG II has 

heen demorrstrated fn the rat mesenter1 e artery (114). 
, .' 
1f1) Effect of sodium 1ntake 

/ . 
T~e :pressor· aet1v1.ty' of ANG II 15 ott_n ~ttenuat~d by the 

development of hyporespons1venèsS. to the vasoeonstr1ctor .ffect of ANG 
l , . 

II 1n clinie!l d1sorder$ associated w1th actfva~1on of ~he 

ren1n-ang1otens1n system. TMs has be.en shown to oecur dur1ng 
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·1 
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r ,J 

pregnancy, hepat1c c1rthosis, .Rartter's $y~drome. adrenal insuff1c1en-cy 

and sC)dium depletion; cond1tions 'in-wh1ch h1gh plasma-ANG II levels aré-
"-- \ 

,not accompanfed by correspon~fng elevatfons of blood pressu.re (34). 

Alterations tn vascular responsiveness to ANG II during changes 1n 

sod,fum and potassium ~alance (1,155~157) s~ggest that factors fncludfng 

c1rculàting AN~ II levels must act at or beyond the A~G II receptors of 

the ~~ooth muscle 1n the control of vascular sens1t1v1ty. 

Vas,ular hyporesponsfveness to ANG II dur1ng sodium restriction' 

has been attr1buted ta changes 1n aff1ni-ty (22) or number (3) of ANG II 

receptors, a~d aJso ta prior occupancy of' receptors by fncreased 

-c1rculat1ng ANG II resulting in, fewer "free" receptors ava1lable, ta 

respond ta A~G- Ii (188). foiIore recent stud1es have shown that sodium 

restriction decrtases and sodfum load1ng 1ncreases smooth muscle ANG II 

receptor dens1ty _~f the uterus (4,53,54), urfnary bladder. (3) and , 

'mesenterfc ùter.y (3,86). Al though the propert 1 es of ANG JI receptQrs. 
l ". -

in the. non-vascular _,smooth muscle tissues have been shown to be 

g~rieraTly similar (3,60r, direct extrapolations wfth vascul ar Sl'Io'o,th 

. muscle receptors should be applied with caut10n as show~ by 

d1screpanc1es fOllow1ng ANG II infusion. 
- --.. , 

~ 1v) Effect of ang1otens1n Il and m1neralocort1co~d infusion 

, Alterat10ns in' ANG II receptôr dens1ty dur1ng ANG 'II 1nfus1an- aIre 

bfphastc and do'se-dependent in the mesenter1c artery (163). H'1gh dose~ 

appear to up-regul~te whêreas low dose· infusions of ANG ,li 

down-regulate ANG II receptors 1n the mesènter,ic artery (163). 
, . This ' 

biphasfc effect on smopth muscl e ANG Il recept.ors was not obsérved' in , , - \ . 

non-vascular tissue where persistent down-regulat10n of urfnary bladder' . ' 

ANG II receptors has -he en reported fo11 owing 1n.creased ANG II' infusion 
dose '(3). A 'recfprocal 1nvf:!rse )51phas1c effect h~s 'a150 been observed 

-
in the adrena,1 cortex 101,low1n9 h1gh 1nfus.10n rates of ANG -II (7h . 

\ 
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The efh·ct nf lo~" sodiuM d'let in sMooth muscle ANG II receptor c-an 

be- reproduced by infusion of ANG Il wh1ch reduces ANG II recept,or 

dens1tfes in the urinary bladrler (3'), utf"r~s (55) lInd lII~sentpr;t artery 

(163). Ho~ever. tnp sensitiv1ty of the arlrenal gland and hlood ve~sPls 

ta ANG JI has neen shawn to vary w1th minor cont1nuOLJs elevations of 

'ANr. Il in a .d1rection "opposite" ta that produced by sodium depletion 
• 

.In these latter studi es. the adrena] gl and al dosterone 

response appears to be l.f'sS sens ft ive to ANG II after e~posure to . 
chronie low dose infusions of th-is ,agent whereas enhanced pressor 

responsp.s to ANG II' and hyoertension develop under identic~l 

:cond1t1ons. These effects o~ target tissues contrast witp the enhanced 

al dosteron~ secretory response aM bl unted presso.r response to ANG' 

II producerl hy sod1u~ dppleti~n in spite of ~iM11ar dtrectional changes -
, 

,in P1aSN ANG Il. These f1nd1ngs further ~mphas1ze that ANG JI 

re,ceptor rpgulation ·'by chanç.es in sorliul'1 halance II1ay not be solely 
, 

related to ANG- JI concent,rat10n or that c.ontinuous infusion of ANG II 

l'lay not reflect adequate1y the situation .. encountered dur1ng sodium 

restriction where fluctua~10ns in the enhanced 1 evels of ANG II are 

likely ta occur. 

Rec1proca.l effects on number, but not aff1n1'ty. of s",ooth II1uscle . 
and adrenal ANG ,fI receptor numher w1thout any effect on receptor 

. , , 

. aff1n'fty .have generally been reported wfth -ch.anges in sodiuI'1 hala"ce 
. " .. 

and ANG Il infusion. Howe'ver, uS1ng lower dose infusions of ANG II fOI 
1 

7 days in intact fema1e rats. '1t was shown that in additfon to the . ' 

'1ncrease' in ANG II receptor dens1ty. receptor afftnity 'was sl.1ghtly 
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, 1 

decreased (1<0 trom 1 to 2 hM) in th~ adrenal cortex ~here~s only the 

affinfty in'creased in' ut~rine smooth musc)e preparations (60). It:.was 

suggested that these reciprocal t1ss~e chang&s, in recêptor 

atfinity could posstbly expla1n the. prev10usly reported blunted 

aldosterone response of the adrena1 91 and and the enhanced pressor 

response to ANG Il fo110w1ng c~ron1c infusion of AN~ Il (14,20). 

, Ins1ght into the complex interactions following ~NG II infusion 

was, provided by the observation that alterations in vascular~ ANG II 

receptors are dose _dependant. nesenteric artery ANG II receptor 

dens1ty decreases dur1ng low doses (6Q pmol/kg/minute t.v.,) of ANG II, 
.. ' - -

- 1 

but at-h1gher'in-fus1on rates (200 pIII01/1cg/m1nute 1.v.) wh en a1dosU!,9ne 

'1evels are e-levated, th1s effect was l~st, suggést1ng thot 1!ndog~nou's 
- -

mineralOcorticoid activ1ty mfght antagon1ze the down-regulatory action 
If 

of ANG II on vascular receptors (163). This hypothes1s wu supported 
" '-

by the ~bservat1on that mineralocortfc01d (DOCA or aldosterone) 

administration.!!!. .!!!.2. or in vitro 1ncrease the d.ens1ty of ANG II 

receptors in the mesenter1c artery and m1neralocort1c01ds (aldostero~e) 
, ,~ .. 

J given..!!!. vivo decrease the dens1ty of ANG Il recepto'rs 1n the adrenal 

cortex (60). It 1s 1nterest1ng ta note that mineralocort1co1ds appear 
'II 

to . regulate 'ANG II 0 receptors in the mesenter1c artery and adrenal' 
\ 

cortex 11l· an opposite. direction. These rec1proca1 alterat·ions of ANG 

II rec~tors appear to be a genera1 regulatory phenomenon for these two 

tar:get tissues. 
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Funct10nal ANG Il receptors have also been ch~racter1zed in 

cultured vascullr smooth muscle cells of the mesenteric artery (84). 
il , 

Receptor affinity and de'!slty was s1m1]ar ta that reported in 

part1culatè fractions ànd variable proportions of cells ( 30%) el1cited 

rap1d, revers1ble and spe~ific contractile respons~ ta nanomolar 

concentrations of ANG II. Exposure ,of these cells to elevated levels 

of ANG 'II l'las al50 been shown to tnduee time-dependent reversible 

decreases in receptor, number (10). D1reçt up-regulat1on of vascular 
, 

ANG II receptors by mineralocortico1ds has a150 beén demonstrated in 

cultured mesenter1c artery cells (162). 

c) Endogenous vascular ren1n-angiotensin system? 

1 Evidence supporUng the e~fstence of an endoge~ous ren1n­

ang10tens1n system in the arter1al wall has a1st), been reported. The , , 

'presence of renin-l1kè act1v1ty in' the arter1al wall t1s-sue of several 
~ " ~~I 

dffferent animal spec1es' l'las - been conf1rmed b10chemtcally and by 
\ 

1mmunohistochem1cal tech~fques (73.79,185), Concentrations of ren1n in 

the arter1al wall tend to vary, in the same dtrèction as altered plasma 

r.en1n 1-evels sug-gest1ng t~at ren1n in the arter1al wall m1ght be p1èked 

up from the c1rculat10n (1Rl,182,189). However renin in mesenteric 

arteries could be stimulated in nephrectom1zed dogs (73) and endogenous . 
'synthesis of renin has ~er) demons,trated in cultured aortie Sillooth 

, 
muscl~ tells by specifie tmmunoprecip1tation Qf newly synthesized 

protefn and by histochemical techniques (150,151). Renin substrate has 

been 1dentjf1ed in the mesenterfc arter1al wall of the rat and 

variaUons tn vascular substrate concentrations after ~phrecto",y and , - , 

after adrenalectomy have a1so been'reported (50). Angfotens1n IJ-l1ke 
{ 
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actfvity in k1dney arter1es and in res1stan~e vessels of several organs 

has also been detected in the medial smooth muscle layer by .. 
i~munocytochem1stry (185). r.onvert1ng-enzyme act1v1ty has be~ 

loca11zed in endothelial cells of several vascular beds (23,186) a~d in 

the media of the aorta in rats (191). Th~ hypotens1 ve effect of 

eonverting-~nzyme inh1bitors in low ren1rl hypertensfon 15 also 

suggest1vé of a funet fonal local renin ... angfote,ns1n 'system in the 

vascular wall. 

The presence of components of the ren1.n .. angfote'nsfn system in the • 

arter1al wall of several typés of resistance vessels 1s not' all tha'1;. 

surprisfng if one- considers the vascular nature of the epithel iofd 
4 ' 

cells of the media of the afferent glomerular artertole where renin fs 

prfncipally synthesized and coexists w1th ANG JI (84,186.187)~ 

Irrespective of the site of fts generation" the intracellular . 
10ca11zat10n of ANG II ratses the question whether AMG II has 

fntracellular actfons as well. It has been shown in the l1ver that ANG 

II t'ncreases ONA. RNA and ,protefn synthesis (152) and spec·,f1cally 

b1nds to rat Hver and spleen nuc1ef (153). It has also been reported 

that 'ANG II 1s mitogenfc for arter1~1 sl'looth muscle tells in culture 

(76). From such observations the possib1l1ty of ANG II-fnduced effects 
" . 

M vascul ar smooth muscl e funct ions other than vasoconstriction must 

also be cons1dered. 

) 
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A) . INTRODUCTION, 

An 1nèreas1ng amount of ,phyS10hg1ca.l and pharmacological 
1 

1nvest~gations' suggest, that e~trogens are important modulators of, the 

ren1n .. angiotens1n-aldosterone system. Estrogens appea!"' ,to have 
~ 

p.rofound effects 'on the comple-x ANG II-med1ated rneehan1sms regulat1ng 

uterine contractl1ity, thirst. sodium ap,PeUte. blood pressure control. 

vàscular r~act 1 v1ty ,.and anterior pitu1tary funct 1pn. Several 

çomponents of the ren1n~ang10tens1n syste~ fluctuate dur1ng the estrous 

and menstrual cycle and a150 dur1ng pregnancy. At estrl,ls'. plasma renin 

substrate has been shawn to incr'easè· in rats whereas. in several arElas 

of the brain renin substrate decreases (8.54).'r In wo~n. dur1ng the 

, pre",ovulatory .and luteal phase of the men,strual cycle the act1vity of 

the renin-'angiotens1n-aldosterone system 1$ 1-ncreased (32.73). 
~ ,'- . 

Evidence for a phys101ogic;al role of estr:ogens. has been suggested 

in the' retenti'On of sodium and watpr w1th occasfonal edel'là that occurs 

~ur1ng the luteal phase of the IRenstrual cycle (wh1ch 1s a pe·riod of' . , ' 

1ncr,eased estrog~" secretion and ~xcret10n) (3~65.Z9). 
'. -

Modulation of' ANG II receptors in several 'target tissues a1so 

occ.urs during the e~trous cycle. When comp~to diestrus. ANG II 

re~eptor dens1ty 1ncreas~s in the uterus at estrus (8) and proe~trus, 

(62) and decreases, at estrus in the p1tuftary .gland (8). 'Several 

studies have l.ndicated that female sex ster01dS:. parti~u1arly 

estrogens alter the circulat1ng components o,f the renin-ang1otensin 

systelll. 

1nvolvéd 
t 

'. 

Increas1ng evidence a1so suggests that estrogens l'lay be . ... 
of ANG II receptors. Target cell' 
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respon'sivèness to ANG Il appears to be particularly affeeted by 

,estrogen~ suggesting d1r.èct or indirect actions \111th the receptor for 

ANG II. ' 

B) EFFECTS ~F ESTROGENS AND PROGESTOGENS ON THE CIRCULATING'COMPO-
0/ 

J 

NENTS'OF THE RENIN-ANGIOTEN~IN SYSTEM 

a) \ Effects of estrogens 

It has been ,Imown for more than 30 years that admini~tration of 

estrogens in rats and in several other spec1es causes a marked 

su~stained el evat 10n of pl asma reni n-substrate (prev1ously ca 11 ed 

"hypef"tensfnogen" and also referred ta now as angi otens1nogen) (25) • , 

Several stud1e's US1n9, isolated perfused rat l1vers have established 

that estrogens 'ncreasè hepat1c plasma -reni" substrate synthesis and 
• • 

re1ease ,(48,49Y. Follow1ng estrogen treatment, ~~ most consistent 

1 al terat ion- 1 n the c~ rculat:1~9 cOfTIponents of the ren1 n-ang1 otens in . - . , 

syst~ in ev~ry animal spec1es studied 50 far, 1nclud1ng man, 15 a 
\ 

ra~1d, usually ~1th1n 24 to 48 hours, and persistent 1ncrease in plasma 

ren1n substr~te, (25,33,34,45,46). It hâ5 ,al so been shown that 

estrogens induce the syhthesis a~d release of several forms of renin 

.substrate \which are..e1ectropho.ret1çally and '1fm1unologieally distinct 

from the ~red~1nant form of p1~sma renin substrate ,(l4}. In gel 
- , 

fl1frat1cm studies, a high. rnoleçular weipht forlll of plasma ren1~ 
\ , 

substrate h~s been shown to 1ncrease in abso1ute quant1ty and relative 

percent in h1gh estrogen states 5uch as pregnancy and in women treated 

w1th estr.()gen~ (63,7.7). ,Stat1st,1 ca11y 51gn1f1 cant elevat1 nos of th1S 

h1gh molecular we1ght for~, have been a5soeiated w1th èstrogen1e 
, . 

hypertension, normotensive pregnancy and pregnancy ... 1nduced' hypertension 
, ' 

(63,77): 

Il 
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Severa 1 1 nvest 1'g.tors have suggest'ed that est rogen-i nduced 

1ncreases in plasma renin substrate results in' an 1ncrease ~ the rate 

of generat1on' of ANG IJ w1th1n .the body (5,39) wh1ch may be a causal 

factor in certain forms of estrogen-Ànduced hypertension. Even though ' 

confl1ct1ng resu1ts have been publ1shed (for review\ 5~). it cano be. 

generally concluded that ih humans, estrogens 1ncrease plasma renin 

act1vtty {33,34} and ,c1rculating levels of ANG II {6} wh1ch both retum 

towards normal wtth' chro~1c uSàgè as plasma reni" co~centrattons are 

be1 ng sUPj)essed (34). ,",ost of, these studi es were performed on women 

-hkiflg oral contracept1v~s and, therefore s.everal factors ,could explafn 
~ 

conf11ct1ng result~ on, c1rcul.a'ting paràme~ers of the- renin-ang10tens1n 

system. Among these factors a~e the dose of estrogen~ the relative 
~ . .. ' . \ 

• Il 

'proportion.of estrogen vs progestogèn 'o~tent in the P1l1~,the,durat1'on , , . 
of contraceptive treatment and the rreced1ng se~ hormone status of the 

women used in di Herent stucfi es. ' 

In rats, where larger doses of estro~ns have generally been used, 
'" " 

'there âppears to he a more rapid resetttng of the ren1n-ang1otens1n 

system. Es t'rad 1 01 treatll1ent in this spec1es produces a rapid increase 

w1th,1n 6 hours of plasma ren1n substrate which leclds to a trans1ent 

48-hour increase in plasma .re1l~n aet1v1tYi which gradually returns 

, bel ow normal 1 eve 15 by d~y .6 when the, pl a5ma ten 1 n concent rat 1 ~n 15 

reduced by half (45). These results further substant1ate the 

eff1ciency of the compensatory regulation of c1rculat1ng ANG II in rats 

chronically treated w1th estradiol. It must be emphasized however that 

~harmacOlo~es of estrogens have béen used in rats compared to 
, 

m~h ~mal1er therapeut1c doses used in women. Furthermore, in rats 

,~ 
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chron1 caH y treated with mg doses of estrogens to 

" 
(36,60) plasma renin act-ivity was' increased 

67. 

i nduce hyper~ns ; on 

while Plas~ renin 

conCentration was unchanged or 5lightly decreased again indicatin9 the 

iMportance of dose effect o~ these ~aMeters. 
In addition te effects on renin "su'Dstrate and possible inhihitors 

. 
and attivators wMch tend to increase plasma renin activity, oral 

contraceptives also have direct renil effects which modify renin 

telease. Stud1es' in humans and an~mals ind1cate that natural and .. 
synth'et 1 c estrogens havp l'ri neral('lcQrti-cold act ivity leadi ng to sodiUIII 

retention, expans10p of plasma volume and subsequent suppression o't. 

renal ren1n release (29,78). Variable, elevat10ns of plasma and urinary 

aldosterone have also béen reported in'women takihg oral contr~ceptives. 

'or only estr~..gens (12,34,R2). Althou~ ,variabTe dose-' and time-

dependent stimulation of the adrenal to,rtex hy estrogens has been , . 

reported (3.5 ,41,81 , R4 ), the endogenOlJs fil; ne ra 1 oco rt i co 1 d act 1 vi ty of 

estradiol has been suggesfed tly its sodium retain1ng propert1es in ,.. 
adrenalectom1zed dogs (29). 

Var10us estrC'lgpns dfffer in the1r Qualitative and quantitative 

ab111ty to act 1vate the di fferent parameters of the reni n-atdosterone 

axis. Plasma ren1n substrate is the most stimulated parameter 

follow1ng administration of commonly used non-esterified polar steroids . , 

such a~ ethinyl estradiol. Estùified- conjugated estrogens THe 

estradiol benzoate have a more prolonged effect and delayed absorption 

caus'ing a greater increase in plas",a ren1n activity with elevat10ns of 

plas",a renin concentrations preced1ng 1ncreases in plas",a ren1n 
') 

s,ubstrate (33,34). 

s a 
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b) Ettacts of progesto~e~s 

The effècts of the progestogenic component is /IIOre complexe 

Natural progesterone counteracts the effect of'estrogens on aldosterone 

and sodium metabo11sm. Progesterone is an aldosterone antagonist 

,causing natriuresis and tttuS reas1ng renin release (38). 

Progesterone causes an 1 ncrea,se in 

aldosterone 'e~cretion, rate but has no 

lasma renin activity and 

renin substrate (11). 

On ttle other. hand. several of the- thetic" progest1ns used in oral 

contraceptives have a direct mfneralocorticoid effect and act with the 

estrogen1c component ta suppress renin 'f"elease (52). Furthermore, 

because of suppression of the pitu1tary gonadotrop1ns, endogenous 

progesterone 1 s not ava il ab 1 e ta exert Hs ant i -a 1 dosterone effect 
~ 

during the administration of the synthetic progestins of oral 

contraceptives. The net effect of estrogens and o~al contraceptives 
..... ' ) 

u~on the components of the renin-angfotensin sys~em 1s pjPbabl y due to 

the balance of st1mulatary effects, of estrogens upon plasma renin 

substrate and an 1nh1bitory,'effect or estrogen and synthetic progestfns 

due to their mineralocorttcoid activity. 

The classieal mechanism of action of estrogens as well as for 

steroid hormones in generat, cons1sts of hormone b1ndfng ta a specifie 
, i 

l "tytosol1 c '''eceptor foll owed by transl ocat i on of the reeeptor:'est rogen 
. 
compiex tp the nucleus where ft binds ta specifie site~ on the genome .. 
(ON~) ,and activates transcrlption of new RNA lead1'ng to new protein 

synthes1s. lrr the l1ver this sequence of events appears to reflect a 

more genèral alteration in the rate of synthesi s'of several ~peeific 
- , .... 

prdte1ns. Dur1ng estrogen tréatment or pregnancy the fncrease in renin 

substrate 1s accOIllPanied by, the 1nerease of several stero1d bindi" 

.. 
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protefns such as cort1costero1d-bindi ng globulin (transcQrt in),. , 

testosterone- 'and estrad101-binding . globu11n, and a1 so 

,thyrox1ne-b1nd1ng globu11n! cèruloplasmin and transferrin (copper and 
" 

1ron bfnd1ng globul1ns) (47). Apart from, th1s classical anabol1c 

,ter01 d effect, more recent evidence' sugges.ts ttlat estrogens may al 50 

t,s.Ul ate pept i de hormone receptors. t-

'Cl EFFECTS OF E;STRC)GENS ON ANGIOTENSIN 'II RECEPTORS \ 
4 i 

~) 
.} , , ' , 

Effect'S On tlter1ne ang10tensin Il receptors 

}t has been known for quite some ~1me that uteri ne contraet 111ty 

1s 'ncr'êaS~d by estrogen't\"eatme'nt, (42) and depres'sed by progest~rone 
. " 

(37). Severa,l .!!!. yivo s~ud1e:; hav~ shown that estrogen treatment 

fnçreases a .. adrenergic ,and oxytocfn rel.;eptors in rat and raQb1t uterus 

(61,67,83~ effects whii:h l1kely, con~te to the fncreased 

sensitivity of the estrogen-primed uterus to 'the contractile actions of 
- .. ' , J. 

these compounds. Re-ceptors 'for ANG.II have been identHied in uterine 
l ' 

~''''''' smooth muscle- (40:59)., Although the furlctionâl s1gniffcanee of these 
-.... 

t"...... '" ~ i:\. 

receptors in t~e uterus 15 5tHl unel ear 1 sax' sterofds have been shown 

t3 regulate ANG II 'peceptors in th~ rat"and rabbit ~terus a~d ANG,'lI 

receptor dens1ty varies during the estrous cycle (62).- Oor1';9 the 
" 

ovarian cycl~, the density of rat uterine ANG II receptors was abo~t 4 
~ . , ' 

1;fl11es hJ ghèr ,at ,'proestrus than at di estrus II. Ovar.1ectomy c~use~-a , 
, 

pTogressive decrease in utedne ANG II receptot density.: .. This 

regul at1 on of uterine ANG II receptors appears to ,depend upon the 

relative proportions o'f estrad101 and progesterone (62)~ I,n rats. a ~ 

single 1nject-1on of ,ljn,conjugated 17s-esfradtol {O.l-lO u9r has been 
u 

• shown 'to cause a dose-depend~"t increase in 'uterine ANG II 'receptors , 

ru 
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l'leasured 24 hours after steroid tr.eatll1ent. This effect 15 transient ':l 
ho •• ver s j nce 48 hours of ter , s j n~ ; nj oct j on (or 1 eonseeut; v: d, il Y 

iliJections) of 17s.-estradiol, ut'er1ne, ,ANG II receptors return to ôr 
, ' 

be-low "Control l evel s'. Infusi.on ,of susUined high doses of 178-
f 

estrad1o] exerted cl, bil'hasic effect on uterine ANG II receptors. Short . 
\ ~ . ,. 

term ; nflo/s1 on çaused an i nc'rease in' ute~1 ne ~NG Il reçeptors,. whi ch was 

de~èctable after 12/hours àrtd reached a maximuM of 4-' to 6 ... fold above 

èontrol val ues at 36 hours. Loo9 tenn 1 nfusion for 5-A days produced 
1" _, , 

,\ 

" , ..an. appos; te effect as the dens 1 ty of ANti Il receptors retûrried to or 

, , 

, -
1 

below ,control values. ' The same short' tenn and long tenn e,ffects of 

. l1a"estradiol infusion were oblrved in, .i l11llat U re t adult or 
4 J-

ova rf ector,ni zed rats, anel in no case dM estroger. rreat~cnt alter the' 
) . 

aff1~;ty.of the receptors.· These obs~rvat10ns are consistent with 

prev1àu5 'stud1es show1n9 enhanced sensit.;v1ty ta ANC1 II of uteri froM 

rats from (fiestrus 1 to proestrus or rrE7trE>atpd with estrogens (4,7). 

'In the rat isolated uterus. contraction-sensitivity ta ANG II 
< 

appears to be mediated by prostagl andins. Indomethaci n ,(a 

PI'~sta9landi n synthes i5, i nhl~1tor) was shown to suppress the i ncreased 

tit~fli.ne sens1tivity to ANG II in diestrus and proestrus rats (4) 

sU9gest1,ng that incr:eased prostaglanclin synthesis could be the 

mechanis/11 of a<;,tion of estrogéns on enhanced uterine s-ensitivity tri ANG 
" .. ' 

II. However, uter1 fram estrogen-treatèd animals haye been shown to 
1 

, , 

produce less PGE (72) and ind~methacin did not displace the leftwar~ 
1:. 

shift of ANG Il dose-res~onse curves observed 1n 'ovariectom1 zed rats 

treated wjth 17e-estradiol (7).,' The 1mplic~ons of tissue 

'I 

-



i 
\ ~ 

. , 

\ 

.... 71. 

prostagland1ns 1n est-rogen-1nduced enhancement. of uterine sensit:iv1ty . . 
to ANG 1 l ,,rema 1-ns equ1.vocal. 

-;'\1.$ , .. 

Progesterone 1,IT,fusion for up to 2"·d~ys has been shown to h-ave no 

'effeèt on rat 'uterine ',ANG- II receptors whereas a chron1c 7-day infusion 

decreased receptor dens'ity in a dose-dependent manner:(62}. These 
" 1 

results are' cbnsfstént w1th the 1nh1bitory effect of progesterone on 
- 1 

lllyolI\e'tr1 al contract 11 ity (53) • , f'urthermore. p rogestelone ,has b.een 

shQwn ta 'b~ock ttre estrad101-11nd~ced 1ncrease in uterine ANG II 
, ' • il" ' 

f'eGeptor dells'fty ·as demonstrated by 'pers1 stent receptor down-regul atfon 
.' , ~ 

in ùter1- 'of proge-sterone-treated. estrogen-pr1med r.abbits (62). 
~ 

Alterations in rat uterine. ANG II - re~eptor density dor1ng pregnancy_ 

have also been reported (61). In the 1mplantaM~n a'rea, 10w b1nding 

capac1fY was observed durfng, the secOrfd hal f of pregnancy .untfl one dar 

after del1very. These changes could I?e due'to h~gh cfrculat1,ng levels 
, , 

of ,progesterone whfch may counteract the effect of elevat,ed' estroge'n 

levels or mtght be related to the deciduat1ôn process itself. Infus10n . \ ' 
~ . 

of the convert1ng enzYf'lE!: inhfb1tor (SQ 14 -2~5') betw~én days 4 and 9 of 

pr~gnancy h~d' no effect on uterfn~ ANG II- r~cePtor d;ns1~esti[19 
J \ .. ' 

that the changes observed 'were not related to altered pl asftla ANG II 
1 

leveh. The si gn1ficance of uterfne ANG Il receptor mOdul at10n dur1ng 

pregnancy.remains unc,lear. the extremely low level s. of ANG·. II recytgr 

dens1ty in the uterus at the end of pregnancy appear to exclude ~ m~or, . , 

role for ANG II "in the process _of parturition in the rat (61). 

. ' 
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b) gffects on the brain'IIIechanism of tt11rst 

Ingestive behaviors such as food, salt and water fntake are 

affected by thé" estrous cycle (13,15.7fi), M libitul'l. A~Cl 11~1nduced 
-

and isoproterenol (s-adrenergic agon1st) induced w~ter- int~ke are all 

1 deereased at e~tn)s. (~5,76J,' Ovar1ectQmy abol1S,f'èS fluctuations in 
1 / .. -

,d~'nk'1ng (l~). Rec~nt'ly,' :hér~ has been 1n'cre~s{9 èV,idence tQ. suggest 

that elevated . estrogen " le~e1s are respons 1bl fo~ decreased f1 u1d 
- ,"" 

Jr~ 1ntake.' A s1~'gl~ '1ntramusculàr tfose \ 'Of estro.~n d~creases, ~ 1,1b1tul'1 
\ ' . 

dri nk1"9 after ,24 houps (15). Chionic ,subcutllneous treatlllent (8 .. 23 

,weeks) w1th either conjugated or unconjugated estrad101 àttenuated the 
, -. , , 

. dr1n~1ng responses' of ,intact female ra~s ta acute per1ph~ral adrn1nfs-
. , 

trat10n of 'e1ther isopr.oterenol or graded doses of ANG l or ANG II 
,(,/ , 

(17-19). The drinldng resp~nseJ.o~tntact female ,rats to, intracerebro..;., 

vent ri cula. .dml n '.st rot' on of 'AHG } 1 wos olso ot tenUited by c~ ronte ) 

peri phera 1 pst rogpn t rf!atment (l à) ~ III though ,one study· reports no l 
change (64). Acute intr~cèrebroventr1cu1ar adminiStration of estradio1 ' 

-, 
. ' 

benzoate to ovariectom1-ze~ rats.. ~as' a1so shown to decrerse ~ libitum 
, ' 

. and central ANG Il~induced dr1nk1ng and pressor respanse after 26 Hours 

follo~ed hy a 'full recovery by 50, hours lifter estrog~n adrninistration . ~ , , 

(30), This attènuated effect was shown ta be specHie s1nee water 

intake and pressor r:esponse induced by ~ypertontc Nar.l or càrbacho} was 

unaffected by -stero1d t.reatl'lent.'.' The~efore èhr"oni c or more acute 

'adrn1nistrat1bn 'of estrogf!ns in ttle per1phery or direètly' in" I:lra1n 

ventr1cte-s attenuated !! l1bitum as well as ANG 1I- and s-adrenerg1c~ 
, -

inducetl thirst ,in intact and ovadectomized rats. These stud1es 
- , • l ' 

estrogens 'Could affect' t,he central receptors l'Ied1ating .. (~'7) 

0'1; 0' 
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At est rus • brai n ANG Il receptor dens tty \itends" to decrease in 

several discrete areas of the brain (8.54). r.hronic (lO week$). and 

more acute (4R hours) syst()fI1ie adl'11nistrllt1on of estradiol henzoate wu' 

\ shown ta 'decrease" ANG II receptor density in discrete areas of the­

brain na~el'y the preopt1c area and the th~1amus/septum (1A.~l). 

, Jnterest1r.g1y. estrogens in the brain ,us1ng 

: , 

~ry~t~111ne . implants of estradiol benzoate insert~d in the medial, 

preopt1c area also dec~ea ed central ANG' n-1nducet1 dr.inking wherells 

'est,rogen 1~plants in thE' v,entromed1al· hypothalamus, (wh1ch 1s the 

presumed sfte for the e~tro.9en effect on' decreased' food 1ntake) had no 

effect or ANG IJ-induced <1~;"k1n9 (31). Therefore receptors for both 

estroge •• nd"A~G Il are foun~ t~'1.r in s~v.;al M;crpte area, of t~. 
brain, B1nd1ng stud1es suggest that th1s stero1d could alter. brain ANG 

~ 

II r~ceptQr d~nsit.x by a·l"I.pcha~1sl'1 that rem~1n,s., to tle rliscovered. . / 

The enflet' of estrogens On attenllation of dr.ink1ng response 

',appears to he sex ,specifie and depend$ ,upon sexual different1.ation of 

\ the' brain. In' intact and castrated, male rats_ estrogen treatmènt 

failed to decrease ad libitum and AN(i JJ,.-induced' drlnk10Q and also 
" .(. - • St'" , ",," • 

fllfled to ,e'l1c1t; attenuat10n of ANn, I_I-1n~uced pre'ssor response (30) • 

<Th~ brain of a ne~natal rat can be aJtered h'y androgens or ~astrati.on 1 . ' 

durfng the so-callp.d crit1cal per10d wh1'eh oecurs d,l/ring the first 4-5 

-dB,YS of lite (2~), In li gen~t1c ",ale endQgenous téstosteorone becomes 

arOlllat1~ed ta estroge~~_ in t~~' hrai" an~ causes d1fferentiation. to a 

,"male" brain. A female 1s -"ot honrtany exposed to testosterone (or 

-estrPgen at th1s early stage) and so her brain rema1ns undifferent1at,ed 
1 • , • \ 

an~ "female~'. Neonatal castration of a !"ale rat elim1 nates the source' 

of androgen apd th~r'efore the 
~ 

", 

" " 

" ~ 
bra1n rema1ns undifferent1ated 
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'. '("fem1ntzat10n ll
) Just l1ke an intact female. 

l' of 
S1m11Jr to femal es. 

, "'femi nhed" males tended to dec.rease drinkfng 
, 

following estrogen " 
, ' 

'adminfstration (30. Reei proèal1y~ , neon,etal, "andr()genhat 10n" of' 
\ 

'f'emaJes resulted '1n animals 'wh1éh às adults no longer respond to ' 
, ... ' 

e~i'r~9êns w1th a decrea$èd' d.r1nk1ng response to ANG Il (31l.' Thes'e r 

ffndfngs cOI,Jld po~s1hly refIect'rnadulatfon of b'rain ~strogel'l recePtors 
, ~ '! , .. : 

oçèllrring 'n' the neoneta' peri od, wh1 ch mi"ght ,pers 15 t' throughout ad~lt 

l1f~. ' 
- ft 

.If'! surrmary, high c1rculat1ng ,e'Strogen 1~~el's appea;r to aet at the 
, , 

leveI of the brai" to' attenuatè th,e' drink1ng-r'espons!!, of. several 
() 

, èI~psogeni~ stimuli' part1ê:uI~r\~ ANG Il. This ,~ffect appears t~ 1nvolve 

d'Own .. regulation of' brain ANG II recep~ors. Furthermore. glucocorticoid 
1 

or estr~gen treatment (24-72 hours') has bëen sl'iown to decrease" ~r.-ain 
, ' 

.ren'~ s.ubstrate.,levels in t,he media1 bll~al' hypothalamus as well as·tn 

several other discrete Ireas of ~he hrai n r54 ). f!. ,sim11ar trend was 

al so obs~rved in 'rats at est rus (Q)~ Therefore the poss1bf1ity that 

estrogen d~pletton of brafn renfn substrat~ reflects increased 'local 

production of ANG Il m~t be"conS'1dered as a·possible mechanism for . , 

dOWn-regulat10n of braf n ANG II receptors. Whether or' 'lot these 

effects of estrogen5 fn ~e bra1n or elsewhere represent direct 
'., 

alteratfons at the ANG II receptor level or 15 medfated by other' events 

remafns to be establfshed. 

c) Effects on vascular responsfveness to ang1otens1n II 

Normal pregnancy in wo",e" as we,l1 as in several ani'mal spec,1es 15 

assoçiated .. wfth 51gn1 f1cant vasculjlr refractoriness' to the press'or, 
, t( , .. ' 

, , 
effeét~ of infused: A~ II J21,22,56,75). This refractor1ness to " 

, " 

1nftlsed ANG II 15 lost in pregnanc1es complfcated by pregnancy-induced 
" 

.. 

, 1 

" 

'1 
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· hypertension (26.74). ln pregnant women. th1s refractoriness to 

1nftlsed ANG 11 ,'1s not altere~ by' vol Ome expansion w1th ph,Ysi01ogie 
, . , 

sa111'1ê or dextran ,solut1ons whith suppress ,pl asma ren1n aet ivity (21). 

'Sim11a.rlY. ANG Il -refractQrin~~s' was not affected by volume expansion 

1 n the pre~nant ewe' whereas, thi 5 treatment 1ncreasèd vaseular 

reactiv.1ty in, the nonpregnant animal (43). ln 1 this latter study. 
" " . 
pa-tterns of changes in plasma renin activ1ty and heart rate due' ta .. 

" 

YOr~me l'oad were s1mi1 ar between nonpregnant and pregnant animal s 
, ' .' 

, . suggest1 ~g that pregnaney-fnduoed 'refrac~ori ness ta ANG II Ùnot due 
" ' 

'to changès in d rc IIlat 1"9 AN€! II nor to a ba rorecept or re$ponsé büt li re 
, . ' · ., - ' 

more l1kely the res41t o,f alterations at the level of t,he V'~SSèl wall. 

Thi s refrac"tor1 nesS ta ~NG: Il pressor response can be seen as 

ea rly as ~1d pregnancy. (22)'. Si ne~ , pl asma concentrat 1 ons of sex 
. . 

~ter~id hormones gradUall~ 1nc~ease dur1ng 'pregnancy (80) h was 
. , 

suggested that estrogens and/or progesterone could be in~ol ved in th1s 

attenuated pressor response. Estrogens whi ch 1ncrea-se '20- to 40 .. fol,d 

dur1 ng pregnancy appea r to be important in the 1 ncrea se lt~d ma 1 ntenance , 
, 

of uterophcental blood flo", as well a~ in vasodi1at1on of 
, 

'nonreproduct.fve tissues 5uch ~s the· skin (58). Acute estrogen 

yeatment il 1 $0 appears to 1 nduce refractori nèSS to ~e 5ystem1 c pres$or 
. , . 

, e~f~cts of 1nfused ANG Il. 

· A~tenuatfon or] the ~ressor re~ponse to, gra'ded 1 ntravenous 

(i.v.')doses of AN(\', JI has been r:eported fol10wing 1.v. infusion of 

.e1ther h1gh-do~e or ,low-dose of unconjugated 17s-estradiol for 90 to' 

100, mi nute,s 1 nto una nesthet 1 zed. ova ri ectom1zed nonpregnant sheep -_.-----
(57).' In thllt 'study. estrogen infusion ;was a1so shawn to decrease, 

syst~m1c ~ascular 'res1s~ance' and to 1ncrease cardiac output and plasma 

zC 

, . 
" ' 
, ' 
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'ren1n aet1v1ty. The dec'reased vascul ar ,res1tance was likely 

compensated by the i ncreased cardiac output 51 nce mean a rter1 al 

presS'ure d1d not change during èstrogen infusion. Thlts. acutely 

,lfestro~en~zed"nonp,..e9nant sheep ,de~el~p s1gn1f1 cant, alterations in both 
.;, , • of < 
:..t î .. , 1 

the cardiovasct.llar' and th,e reni n-ang.1otens in systems in addition to 

decreased pressor respof)S 1 veness to 1 nfused ANG II. 

In a similar .study. again us1ng nonp'regnant sheep. pressor , , 

response to 1.v. infusion of ANG II wu also ,suppr~ssed by a 60 mfnut,e 
, 

-, 
infusion of 17a-estrad10l. whereas infusion o,f progesterone or, 5 

Cl-di hydroprogesterone dtd not affect pressor responses (75).' In th1 s 
';J 'l , 

latter study howevèr. pl asma r,enin act1vity ètid not change' nor d1d 

aè1 d-base status or serUl"" electr'olytes follow1 ~9 acute adrn1 nistrati on 

of' estrogens suggest1ng that estrogens might have a di rect effect on 

the vascu'ar wall'. ! -In this respect, èst.rogen tredtment Aas been shown 

to "ffect arterial 'connective tissue componé nt 5 (10.16) and alte~ 
! 

vascu1ar tone (2)~ Estrad101 w111 redute the 'accumulation 1>f aor~1c 
. -

collagen and elast1n 50 that the' vessel 15, l'lore distens1b1e (16). 

In ovar1ectom1zed rats, acute 'ntracerebroventri cular .administrl· 

tion of estra~ol benzoate was shown .to reduce central ANG U .. induced 

pr:-essor response' ,a'ter 26 hours followed by full recovery by 50 hour,$ 

after est'rogen adm1n1!;trat1on (30). , Simllar to the drink1ng response, 
, A 

th1s attenuated pressO,r response by estrogens was restr1 cted' to female 

rats. On the other hand. in intact female rats anesthet1zed with . 
'sodium pentobarbitone. acute .subcutaneous administration of estrad10l 

sul fate for 24 hours had no effect on 1. v. ANG Il pr ssor response 
.' . 

whereas progesterone treatl'lent. d1",1nisned the response to A II (26). 
, " 

. " 

~1milarly, in unanestl1etized ovar1ectom1zed ,rats. 0.1 mg' 

1 • 

, , 
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'of dfethylst·l1bestrol dur1ng 5 .days, there was no di fference fn the 
li 

pressor 'respo'nsé to 5 pmoJ bolus injections of ANG II between control 

and trellted rats (50). 
~ 

, '-

Chrontc s'ubcutaneol,.ls injections of e$tra,Jttol for 5 ta 11 days ,to 

iem~le ovar1ectomfzed rats wu shown to: reduce the' duratfon but not t~ 

peak' pr,essor. response, to centràl adm1nfstrat 10n of ANG II when 

mon1tored (3.0 mfnutes)' fn'the absente of ~r1nk.1ng water (64). Chron1c , ' ,~ 

, , ' 
~ubcutaneous adm1n1strlltion of éstrogens for severa1 weeks was' al so 

shown" ta a~tenuate the development of hypertension in spon,taneously 

hypertensive rats (27,28). ' 

- Discrepancies in pressor response between al1 Of thése stud1es are '. 
dfff1cult, to fnterpret due ta di fferences ln exper1rnental design and 

the è,,~1ex1ty of interactions occurring in 'v1vo. ' . --
d) [ftects on ang10tens1n Il .. 1nduced p1~u1tàry hormone release 

ES,trogens have been shown to rnodul ate' the responsé of anterior 

p1tu1 tary hormone release to exogenous ANG II. ' Intraventr1eular 

(f.v.t.) injection '8nd to, a lesser extent t.v. in je ct ton of a high dose 
, ... 

of ANG Il (S,nmal) has been shown ta 1ncrease plasma levels of 
• \ • 1 

1ute1"hfng hormone (LH) in ovarfectomized rats pretreated for 48 ho~rs , , , 

w1th a $ubtuhneous (s.e.) in je ct ton of 1 estràdio1 ,benzoate ~~~ 

Furtherev1dence support1ng il permissive ro1e for estrogens in ANÇ 

lI-induced LH release was shown in 'another l!!..Y..!!2. study where, a lower ' 
, " 

dose ,of A~G II (50 pmo1) fnjec~ed i.v.t. (but not when 1nJec,ed l.v.) 

,incrèased plasma LH levels 4n intact rats on the morning of proestrus 
r, _ "', r l J . 

when . en'dogenOlt~. estrogen 1evels are h1gh (69)., In th1 s latter study • . 
" f.v.t. ,but not Lv. admin1stratJon of efther the ANG II antagon1st 

," 

's~ra1as1n or. the convert1ng enzyme inhibftor enal apr11 diacfd. 
" 

" .. 

, , 
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inhfbited the proestrus lH surge and blocked ovulation. These studies 

$U9gést th·atAtlG II l1kely generated within the brain may play an 

important role in t1\e regul atfon of lH secretiàn a~d ovulation on .the 

day of proestrus • contrast to estrogen-primed r8ts. LH lev'els in 

. untreated ovariect 1 zed rats were not s ~gnff'1candy affected hy ,acut~~ 

i.v~t. or 1.v. admi istration of ANG' JI ·(70,71). However, ,since LH . ,. 
~ 

. release in ovariectornized aniMals' 1s pu.lsat1.1e wfth wlde fluctuations 

tn blood lH levels occurrinQ ove" short time 1ntervals it was concluded 

~y ~"e saille authors that previous stil~iet (70,71) d1d ndt detect 

1nd1v,1dual hormone pulSes and ther.efore mean c1rculating LH 

,measurem~nts coulci be ",1s1ea.dlng (fie). 

The authors therefore used a contfnuous blood sal'lpl1 n9 prot,o;col to 
. , 

ful\~y character.1 ze the plll sat i le ""tu.re, of ,~ secret 10n 1 n ... 
. 

ovariectomized anlmals before'and dur~"g i,.v.t. jnfus10n of ANG II. 
'. 

Their results shô)'fed that l.V.t. infuslon of 9r(Jd~d low doses'of ANG II 

into ur'ltrpatecl' ovarfectotni zed rats reduced the mean whole blood 

concentration of LH, pulse freq and nadi r in a dose 

depenclent manner (68). Estrad l treatlllent of these <?var1ectomized 

an1mals for ,48 ho~rs prevented the l.v.t. ANG I1-induced -.suppression of 

LH re'Îf:ase. oh~'er\fed in .untreated an1l11als •. On th·e oth~f hand, 1n ,- , 
- . -

ovari ectom1 zed rats. prètre~t'èd. th both estra~1 01 an*",pro9~st~rone. 

infusions ·of doses of ANG Il that depres'sed tH ·release. in untreated 
"""- . 

an1l'1als; ~re shown ta increase b100d LH levels 1n li dose depen~ent: 

""Inne r • The ref 0 re. ' 1. v • t • 1 n fU,s 1 on ,Of ANG Il ,ca n supp r~'s~ , or 
hcil itate' the f"elease of LH fram the anter10r pltuitary gla,nd of the 

rat, with the d1r,!,!ction of the LH respanse determined ~Y the gO!ladal 
.' 

.,- steroid ~ackground of tj ,anil'lal. 

• 1 
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The mechanf$m by, wh1ch ANG II affects LH secretion in vivo 1s --
presently unknown. It 1s unlikely that ANG II affects LH release by a 

~ 

direct action on the pHuitary gland s1nce several studies have fafled 

to show that ANG II' modifies LH secretion when added to anterior' 

'p1tuitary cell S in cu,1ture (1.24,66). Angiotensin II tould, act 

d1rectly upon LHRH n,etJrons in the brain ta release LHRH from t'he 
, ., .,. 6' 

end1ngs ,of these Fleurons' in the median eminence. 'The presence of 

receptors for bath ANG II {S,,54} and estrogens (31jl44) in the preapt1c 

area where LHRH 'Fleurons are sHuated suggests that estrogens m1ght 

• interact with 'the postulated' brain, ren1n~n9j,otènsin system ta alter 

lHRH re1 ease and subsequently lead to a1te~ed LH rel ease from' the 

anter10r pHu1tary. Angiotens1n II could a1so be acting via bratn 

catec~olamines to- modify lHRH secretion sinee the affects M '1~v.t. 

infusion of, ANG II on lH secretion ,in ovariectomized rats in the 

presence or' abSén~e of estrogens are the same as those shown after' 
, , , 

1~v.t. admin1stratio,n o~~Phr1ne ',20). 

, " .Injectl,0ri of h1'gh dos~s of IIHG II (5 "m~l) i.v. t. depresseti both . ' , 

prolactin and growth hormone levels in ovar1ectom1zed rats w1th, and, . . . 

w1thout estradfol treatme.nt (70,71). The central effect of ANG II ./ 
/" 

supp,ress1on Of pf''Olactin release could- involve dopamine release s1nc~ 
, ' , 

the do~ne antagonist domperïdon'e abo11shed this effect (70). In 

the presence or absence of estrogens, the suppression of GH release by 

1.v • AN? I1Jdoes not appear to inyolve dopamine release and 1s l1kely 

~ 1ated by another central n~rvous system transmitter system s1nce ANG 

does not d1rectly affect GH release as shown in vitro '(1). 
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ANG Il receptor dens1ty of the rat anter~or' p1tuitary glaod was 

also sllown to fluctuat.e durtng the estrous cycle with the highest level 

found in d1estrus and - the lowest found at estrus (8). This effect 

could he me~1ated by estrogens sfnte chronic estradfol treatment has 

been ,shown to down-regulate ANG II receptor density in the anter10r 
.1 

pituftary (9)' __ 
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A. PREFAC€ 

1 From the preceding literature rév1ew. 1t appears·quite clear that 

ANG II receptors are widely d1str1buted in several target tissues' 

throughout the rnanma11an organ1 sm. In addition to the classical 
, 

adrenal and vascular receptors for ANG II there ;s increas1ng evidence 

'in support of a fu~ctional role for the newly discovered .ANG JI 
\ 

reéeptors 1n discrete' areas of the. brain, hypothalamo-hypophyseal 

system, myocardium. ,-Id dney" liver. .urinary blad~er- a~d ",terus (~or 

l''eview see 33). Binding sites for ANG II have also been found in 

platelets and "leukocytes al~tho"uQh. their physiological role in these 

cells remains to be cl ar1fied. 

In earlier studies, it was believed that regulatfon of cfrclllating 
i . 

levels of ANG II was the most impor\ant if not th~ only means by wh1ch 

the renin-an.giotensin system operated to presèrve body fluid < 

hOJtostas 15. - More recent stud1 es suggest tnat ANG II ~eeeptor 

"regulation ts 41lso an important means of controlfng target ce 11 , , , 

respons1veness. The4 study of lhe' effect of estrogens on the . 
ren1n-angfotensfn system ts a good .example of the evolut1on of ~hfs 

;..-A _ • ~ , 
, , 

concept. Ear\ly studi es have- shown that estrogens al ter the c1rculat1ng 
( 

compo~ents of the ren1n-ang1otensin systeltl particularly by fn~r'easfng 

renfn substrate levels. l40re recent studies have shown that durin"g the 
, -

h1gh estr:ogenic phase of the estrous cycle or follow1ng estrogen 

admfnis.tratJ0n..,to ovar1ectom1zed an1mals. the phys101og1cal response to 

ANG il in the uterine smooth muscle and. the central I1)echanfsms· 

reguJating t,hirs1;. blood pressure and ANG II-1nduced p1tuitary hormone 

release appear ta b~ ~rkedly affeéted by thts steroid .. 
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Alt~hoU9h"thiS co",pel1~9 evidence strongly suggests that estrogens 

are fmportant mocfulators of the response of several target tissues to , . 
• ANG JI. the rnechanisms by which estrogeqs exert these effects are 

. 
vi rtually unknown. Separate stud1es, have shown that estrogens ..i!!. 

,. 

vi vo can up-regul ate receptors for ANG II in the ut'erus and 

down-regulate thern in the anterfor pituftary glana and in certain 

discrete areas of the brain. It has not been establ1shed however. i!f 
'\ . 

" . 
\ these effect~ of,estrogens are ind1rectl.y mediated by.alterat1ons in 

'the components of the re~in-an910tens1n system (or any other 

SubS\ances)whi~h wt'd then ac~ at the cellular levèl ~o ~Odul~t.e 

receptors for ~ Il. . Another poss i bi 1 ity whi ch has not Jet been 
, . 

explored 15 whether estrogens themselves aet di rectly on target ce 11 s 

/ to mbdul ate ANG II receptors • ..... 

Furthermore. there has' been no comprehensive study loolcing at the' 

effect oTe'St r(lgens 6n the well chara-cterhed ANf, 'lI receptors of the 

adrenal.cortex and- mesenteric. artery. The understandi n9 of thè effect , . 
,.s!" 

of . ~~trogens on ANG II, receptors in these two target tissues 1s of 
, . 

particular fnterest sinee ANG II, reeeptors in the adrenal and arteria' 
. 

t1s_sue appe.a~ to he regulated in an opposite direction after such 

treatments as sodium restriction, radium loading or ANG II infus1on. . . 
Il .~ ~ " 

In, seY~ra1 target ti ssu'f" there ap~ea:s to 'be a. cl ose corr~lati on 

between l'egulatfon of ANG II receptor density ,and/ur affin1ty with 

altered physlolo.gical response. Pàrallel changes in reéeptor densfty , 
, 

ana physfologi.cal response to ANG Il have been docurnented in stud1es 

('- looki'ng at the effect of estrogel'1s on uterine contraetil1ty and thfrst 

mechan1sms of. the brain. It 1s not known however whether thfs 

correlatJon applies only to sorne or a11 ANG II target tissues under the 
, -
i nfl uence of estrogens. 
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To answer some of these questions the effect of chronic estradiol 

• v 

treatment "On ANG II receptor \ density and af.finity was stud1ed in the 

anterior pituitary gland, adrenal cortex and .. mesènte~ic artery. The 
o 

effect of estrogen treatment was studfed simultaneously from all three 

target ttssues and plasma renin activity (PRA) and cfrculat1ng ANG II 

levels were me'aS'ured in order to deteMJ1ine the possi~le involv~ent of~ 

t~is peptide in the observed estrogen-fnduced down-regulatjon of ANG II 

recep~ors. In addition th~' effect of estrogen treatment on the 

aldosterone response ta ANS II was also ex.âmined. T~ese findingf are 
, 1-

described in the follow1ng paper, which has been acceR,tèd for 

publication "in: uNeuroendocrfnology". 
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, 
CHRONIC ESTRADIOl TREAlMENT IlECREASES ANGtOTENSIN II REtEPTOR OEHSITY 

IN THE ANTERIOR PITUIT4RY GLA~O AND ADRENAL CORTEX BUT,,.,r Il THE 

MESENTERIC ARTERY. 

<1\1
ThiS paper has been ~ccepted fçr pubH.cation and will appear in: 

, -
Neuro~ndocri",o 1 ogy ~ 1986, 

d 
Received: February 6, 1985. 

Accepted after revfsion: June 28,4 1985. 
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, 
B. ABSTRACT 

Chl'onic estrogen treatment has been shown to pro~uce â 'marked 

reduct10n in anter1,or p1tuitary angiotensin II (ANy,}I) receptor 

dens;ty. In order to ~eteM!line whether this ~ffect 15 generalized. we 

studied the effect of chronic estradiol treatme~t on ANG II receptor 

density in the anterior pituitary gland. adrenal cortex and mesenter1c 

artery of ovar1ectomized (QVX) rats. Treated rats were 1njected da11y 

w1th 25 lJg of estradio1 valerate while controls received only f the 

vehicle. 

measured 

SARIlE) 

Rinding affinity and density of ANG IL receptor~ were ... 
uSing the ANG II antagpn1st: [125I]sa~I1e8 ANG' II ([1251] 

Following 7-. 14-"-,01" 28-. day treatments. ANG II receptor 

dens1ty decreased by approximately 80% in the anter"i or p1tuitary; 30% 

in the adrenal cortex and remained the same in mes,enter~c artery 

parUculate fractions. In all '3 target tissues, dissociation constants 
. \ 

r o(KO) for ~fndfng of [l"2!'\I]SARILE were 1n the'nanomolar range and were 
~ 

the same between control and treated rats. USing conscious rats. 

estrad101 treatment for 7 days was also shown to block the release of 

aldosterone by a Jow dose infusion of ANG Il (10 prnol/minute. 30 " 

minutes). Plasma ANG II and plasma renin activity were a1so the sa'me 

or slightly clecreased following estradiol treatments. This study 

suggests that estrogens m~y be important modul ators of the ANG II 

receptor and rnay be -' di rect 1 y ; nvo 1 ved in fIIOdul at i n9 ta rget ce 11 

respons1veness to ANG II' as expressed through differential down­

regu lat f on of ANG Il receptors. 
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c. INTROOliCTI ON 1 

There lS increasing evidence that several components of the 

renin-angiotens1n system fluctuate during the estrous cycle. Ouring 

ear1y estrus, ANG II receptOl' density increases in the uterus (9,42) 

and decreases in the p1tu1tary 91 and (9). At estrus,p1asma renin 

substrate 1ncreases whereas in severa1 areas of the brain ren1n .. 
b 

substrate ..... de!=reases (9,36). Estrogens appear to be iMportant effectors 

involved in some of these changes since the most consistent a1teration 
( 

in the circulating components of thE' renin-angiotensin system 1s a 

rapid (usual1y'within ?4 to 48 hours) and persistent 1ncrease in plasma 

renin substrate (22,25,26,31). 
0;;:.....-

Chroni~.estrad101 treatment has also been shown to de~rease ANG II 

receptor density in the anter10r pituitary gland (8), whereas acute but 

not chron,fc estradiol treatment i.ncreases the density of uterine ANG II 

receptors (42). The objective of this stud~ was to further 

characteri ze the effect of prol o~,ged 7-. 14- and 28- day estrogen 

treatments on ANG II receptors in thE' anterior pituitary gland as well 

as in two phys1010gically important target tissues: the adrena1 cortex 

and the mesenter1c artery. We chose to study the b1nding aff1n1ty and 

"-
density of ANG II receptor sites wfth the p e"!,t aqtagon1st [125IJ 

(Sarcosine l-Isoleucfne8 ) ANG II ([12'I]SARllE) • The antagoni st 

[125 rJ SARILE was pref~rred over the agonfst [125I)ANG II because it 
. 

identifies a single uniform class of ANG II receptors w1th high 

affi nit y , stabi lit Y and a sl o~ di ssoci at ion rate (11). In the present 

study~ down-regulation of the ANG II receptor by estrogen, was shown in 

the anteri or p1tu1tàry gl and, and was al so shown to occur in the 
, ' . 

adrenal cortex bl,lt not in the mesenteric artery. Oo~n-re9u1atfon of 't 

a 

• 



f ( 99 . 
• 

, 
ANG II receptors in the adrenal cortex was also suggested by the effect 

of estrad101 1ft block1ng the release of aldosterone by infused ANG II. 

These effects of estradiol did not appear to be due to alte'rations in 

e circulat1ng -levels of ANG II. 

r 
D. MATERIALS AND HETHODS 

a) Animals 

Female 200-250 9 Sprague-Dawley rats (Charles River Labs~ 
-

'st-Constant, Que.) were used for thi s study. Rats were kept at 22°C 

and exposed to a 12 hour light 12 hour dark cycle w1th free acces~ t6 

normal Purina rat chow (152 ~ol Na per kg) and water. 

b) Experimental protocol 

Rats were ovar1ectom1 zed {O,VX ~ under ether 'anesthesià, 3-·i days 

after acclimat1zat10n •. Two days follow1ng ovar1ectomy they rece1ved 25 , . 

119 of estradiol valerate (Delestrogen, Squ1bb ~nada, Montréal. Que'.) . , 

dl1uted in' 0.2 ml of sesacne 011 veh1cle (0-1,~4, Fisher Sc1ent1f1c, 
. ' ... 

Fa1rlawn, N.J.) 1njected subcutaneously once a day between 08.00 an~ 
1 

10.00 hour for' 7, 14 or 28 days. Equal numbers of OVX-control rats 

were treated tdent1cally w1th the v~1cle only. 

For b1nd1ng stud1es, control and treated animals were sacr1f1ced . . 
r-

in the morning by decap1tat10n and 2-3 ml of trunk blood was collected 

w1th1n '10 s&onds in EDTA-coated glass tubes -(Vacuta1ner No. 6452, 
~ 

Becton D1ckf~son. Rutherford.' N .. J.) kept ,on 'ce. Plasma was then 

rap1dly col1e~ted after centrifugation and kept at -20,Oè unti1---a.~sayed 

fot plasma ren1n act1v1ty and ANG II by rad10111111unoassay (RIA). 

_ Thé biolog1cal response study was s1ml1ar ·to that pr~v10~sly 

repor:ted , us1 ng fntact ma~ rats (7). Control' and -estrad101-treated 

• 
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OVX-rats Were anestheti zed with ether and cannu1 ated with a 

polyethylene catheter (PE-50, Intramedic, Clay Adams, N.J.) filled with 

(" 0.9% NaC1 ·1n water conta1ning 100 U/ml of heparin (Hepalean 100 tllml, 

Harris Lab., Toronto, Ont.) and inserted 2.5 cm into the right jugu1ar 

ve1n near 1ts junction with the right ~trfum. The -<:atheter was then 
.. 

passed under the ski n and brought out at the scruff of the neck. After 

24 hours, the consc1ous rats were studied between 09.00 and 13.00 

hours. OVX and OVX-estrad1ol-treated rats were studied separate1y 

during two consecutive days. ANG II (Pen'~nsula. ~al0 Alto, Calif.) was 

d1sso'lved in 5% dextrose in water and infused in a total volume of 0.3 
~ . 

ml over 30 minut~s et a rate of 10 pmol ANG II/minute with a Sage pumP 

(mode1 220-1, Sage Instruments, White Plains, N.Y.). rontrol rats were 

infused with 5% dextrose in. water. At the end of the infus 1.on peri od, , .. 
rats were decap1tated and trunk blood waS collected in cold 

EDTA-coated gl ass tubes. 8100d from the fi rst 5 seconds was used for 

plasma renin a'Ct1vity and the rest was collected for a1dosterone , 

determi natiQns.. B100d was 1f11111ediate1y centrHuged at 4°C and plasma 

was separated ~ stored at -20 0 r untl1 assayed. 

c) Iod1nation of SARIlE 
li _ 

The iod1nation of SARIlE was slightly modffied from the previously 

described technique (11) using 5 ~g of SARllE 
\ 

carrier-free 125 1 OMS-3D, Amersham~ Toronto, 

(penfnsula) and 1 l'1Cf of .. . 

Ont.) di1uted in 200 .,1" 
, . 

of 0.05 M sodi um phosphate. buffer. pH 7. 4, k~pt on 1 ce at 4°C and 

hcubated for 15 minut,es with one Iodo-Bead {No. 28666, Pierce Chem •• 

'Rockford, 111.r. Separation Of~125IJSARILE w~s performed on a'"··:~:J 
DEAE-A-25 Sephadex ;cOlu~ (l.5 x 50 cm, Ph~rmacia, Montreal. Que) 

o 

(11). The specifie activity of [125IJSAR~~E ~as deterMined by 

comparihg SAP.ILE with [1~5IJSARILE _:h;J' recep~or b1ndÛ"9 competition 

turves and providèd an èstimated specifie aétivity of 300-500 ~1/mm91. 
-? 
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d) Tissue preparation 

• 1) Anter10r pituitary gland 

A mod)f1càt1on of the techniqu~ used by Haugpr et al - (20) was 

employed'; T~e anterior pituitarl lobes (10 per group) were homoge~ized~ 

at 40c~n 5 ml of sodium b~bonate washing buffer and centr1fuged at 

,10 9 for lQ minutes. The resulting supernatant was centr1fuged at 

40,000 9 at 4°C for 10 minutes. The pellet was then washed and . .. 
recentrHuged for 15 m1n\Jtes and f1n811y resuspended in 4 ml of usay 

buffer w1thout BSA. 

Tris-HC1: 'pH 7.4,at 

heat~1nactiYated BSA. 

The final assay buffer concentration was 50 "'" 
1 

25°C, 10 mM MgC1 2 , \, ,~_ tl!iM Na-EOTA in 0.2% 

11), Adrena 1 cortex .-
• 

The adrenal medul1à was gp.ntly squeezed from the àdrénal cortex 

through a small l~teral incision.' S1x to 20 adrenal cortical capsules 

per group were colleeted and stored on 1ce, ~~en processe~ as descr1bed 

for the anter10r p1tu1tary gland. 'The final assay buffer conèentration 
, , 

cOfl.s1sted of 50 nf1 Tris-Hel, pH 7.4, at 25°C, 1 11ft MgC1 2 • 0.1 nf1 
1 _ 

Na-EDTA, 150'mM NaCl 1~ 0.2% heat-inact1vated ASA. 

111) .;....=~ ___ ;...;;...,;;;.;...;;o~ 

A modification of the technique useQ by Wei et"al (45) and s1mflâr 

to that descr1bed by Gunther et al (14) and Schiffrip et al (41) was 

empToyed. TtTree rats were used per group. The cleaned mesenteric 

arteri'es were f1nely m1nceq with sc15sors in 3D ml of 0.25 M sucrose, 
. 

and homogen1zed in a Polytron (setting A; 2i10 seconds; K1nemat1ca, 

Lucerne, . Switzerland). J ~~e cru de homogenate' ~as thf!n (1ltered through 
. . \, ! 

~ layers ~f ch,eesecl~t.h and centri fuged àt 1,500 9 for 10 mi nutes at 

4 oC, and the, supe'rnatant was decanted, an,d recent rHuged. Th~ 

• 
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-
supernatant was the" cent rHuged at 100,000 9 for 30 mi nutes. and the 

pellet was homogenized in 5 ml of 0.25 M sucrose, and centr11'uged aga1" 

at 1500 9 for 10 minutes at 4°C. The supernatan~ was made up to 7 ml 

w1'th 0.25 M sucrose and wU then used for blnd1ng' in a final 

concentration of 25 mM Tris-Hel. pH 7.4. et 25°C, 
~ 

Na-EDTA, 75 .. HaCl~ 125 mM suc rose in O.l~ heat~1nact1vaf d,tI,sSA. For 

each t1meper1od the fol1ow1ng number of experiments'were 

deys n-3. '14 deys "-3. 28 days n-?'. 

e) 8ind1ng Assa~ 

ormed: 7 

.sa~utat10n b1nd1ng was always perforrned on fresh mesent,r1c arter'y' 

partfeulate fractions. When nece$$ary anter10r p1tu1tary and adrenal 

cortical membranes were frozen in, l1qû1d nitrogen and kept at' -70 oe 1n 

their respectfve assay bufter to wh1ch 0~25 M sucr!)se was ~dd.ed. The 

b1nd~ng a~say was performed 1n dupl1cate as ,follows: 100 ùl of 

homogen1zed tissue membranes were 1ncùbated w1th varying concentrations 

of [125I]SARILE in boros111cate glass tubes in a final volume of 200 ,,1 
-

of as say -buUer. t Honspec1f1.c bfnd1ng wu' ·determined at 4, 

concentrations by f1nally add1ng 1 ~M of unlabeled SARILE. . ' Incubation 

was carri'ed out in a sha'ker bath for 60' m.fnutes at 25°C, térmil'Jated by 
" 

" "1 

t'he addition of 4 ,'ml" ôfcold ass~y bufter w1thot./t BSA, a~d 'f11'tered 

through gl ass-f1ber f11 ters (Whatman GF /B, Maidstone, UK') prewetted .. 
with Issay butfer. The incubation tubes were.'rfnsed wftlJ an add1tfonal 

4-ml ot assày bufter fol1owed by two rap,1d 4 inl r~nses of tilter 

wel-1s. Filters were counted, in a ganwna cdunter (LKB-Wa11 ak i27~J 
, , 

Quatro. L~R, F1nland). 'Data were, analysed by co~uter .. ass"'sted least , , , 

1 

squares· nonl1near -regress.1on analysis (11). Protefns were, measured;" 
\' , 

1 ,accordfng' to the ,tecnn.1que .4escrtbecJ"&y Lowry"et al •. (29). 
1 1 • 1 • 
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Plasma ang10tensfn II, plasmà renin activfty, and 

Aldosterone measurements 
, , 

, 103. 

Plasma ANG II levels and plasma renin' acUv1ty Were measured 

directly as descrfbed (16.17). Bri''er1y ANG II wu dete.rm1ned by RIA 

l&,s1ng, [125 q ANG II prepared by' the chloram1ne-T rnethod (23) and 

pur1f1ed by partftion ~hrQfl1atography on Sephadex G-25. Plasma ranin 

activity was detenn1ned bY incu»at1ng 1 ml -of d11uted plasl!1a at 4,ôC;and 

37°C for 2 hours ai p~ 6.5 and then meas~ring generated ANG 1 levels by 

RIA. Pl asma' al dOStêrone concentrat,10n was, me~sured by RIA aftèr 
, 

extraction 'and chr~atograp~ (~4). ~. 

, Il 
g) Stat1st1cal analysfs . 

. . 
Two-way analy'~1s Of variance (ANOVA) w~s-per'formed'for each of the 

, 
4 var1àbles shown in ~es' 1 and II usfn9 as factors: (aJ the-type of 

treatrnetit and (b). ~~;at10n of treatment. Differences' of. the rnea~ 
from data of -.tables III and IV were analysed Dy two-talled unpàired' 

• 
Student 's. t test. 

È. RESUlTS , '. 
/ , ! Representat he' receptor' saturat10n eXJ)f:r1ments / us 1ng membranes 

~" "al!' 3":t~rg,~t 'tl;'U", .re.hO";, ln "19Ù .... 1. wh,r, .aèh point ", 

represents bound [,125I]SARILE as a function of added fncreasfng 
j , , , 

concentrations of f,adfolfgand and the l1nes àre tne best 'fit o,f,the, 
1 

1 • 

data as, a_nalysed s'fmultane!>usly, by computer7ass,isied lea~t ,squares 
, ' 

Mn-l1near re9.re,ssiona~alys1s '(11). 'The 2 top curves of eac,h:9r~ph., 
- . , 

.represent . total bi n4fng of rad101igaÎ'ld fr-om control '~nd treated 

anima 1$. and the -2 lower 1 f nes ~ep'resént th,e correspond1 n9 nonspect;1 c 
, 1 

, 

1 • 
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A. ANTER/OR P/TU,TARY (.2S o zl SARllE -AlI SIND/NG 

(1. OAVS OVARfECTO"'lfO RATS) 

030r---~----~----r----'-----r--~ 
..:... 
~ 
~ 0.2~ 
~ 
~ 

lU 0.20 
::t. 
a: 
~ 
CI') O.IS -tot '. ~ 0.10 - --'~ 
"!) 0.05 

• RCONTROL·.ftt'5I •• "., 
• RrRrArEo·'O,t5f.ol/., 

""0.0.12 tO.oal" 

A 

g . ~==::::L::::::::::::::~:=J 
o 0 .. 5 '.0 t.~ 2.0 2.5 3.0 

AOOEU'[.'25-I] SARILE' AlI (nM) , 
. '~~-

8. ADRENAL CORTEX ['25-I1 SARILE AlI' BIND'NG 
(r. OAVS OVAR.ECTOllfllED RATS' 
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"+. C. MESENTER'C AR'TERY {12~-II SARllf Al[ E1'~D'NG 
,,(111 DAYS OVAR'ECrO""ZED RATS) 

. ~------~r---~~-'----'-ï 0.20 

i 
c: .... 
~ 0.15 

.,1&.1 
: 
Q: 

~ 0.10 ' 
k 
~' --o 0.05 
§ 
o 
a:I 

o 

• RcONrROl'U6UO'.ol/., 
,6 RTRrAT!O 1 228t Il ' •• '1., 
"O' O.8~ to.l5.N 

2 4 6 8 
ADDED /'25-1J SAR/lE AlI (n"', 

Figure r 

GJ 

c 

10 ' , 

j 

Repr~sentat hè f12~ 1 ]SAR ILE receptor satu'rat,10n experitnents usi ng 
, ' 

membranes trom (A), anter10r pitu1tary gland, (8) aqrenal cortex, and 

(C) l'!ese!'lter.1c artery (A'" and,. B are from 14-day OVX contrOl, and 

.,t radio lot, rea1ed rats. an<l C l, f rOlfi a 2~-d • .f ""pe r, f ~ent) • The' b Jack, 

symbols repres~nt total b1ndfng: ... controls j. treatèd, .whereas 

open symbols (0, i\) represent corresponding nonspec1ffc b1nd1ng. 

(All-ANG rr)., 
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J Table l ' 

?ARAMEÎERS MEASUREO fROH A ~tOR PITUITAPY MEMBRANES OF OVARIECT~IZEn RATS 

(MEANS :t SEM) 

7 days Control 
'Treated 

14 days Control 
treated 

28 deys Control 
Treated 

R 

(f~ol/mg)* (fmol/gland}* 

348 t 36 
113 :t 33 

111 ± 40 
.60 :t 26 

375 t 64 143't'30 
71 :t 16 1 53 t Il 

278 j; 91 
49.t 16 

102 :t 16 
38:t ~ ( 

(nM) 

0.48 t 0.08 
0.60 t ,0.34 

P 

(IlQ/gland)· 

270 t 108 n. 4 
487 t 142 n. 4 

0.55 ;1"0.10 '-367 t 33 n· 6 
0.65 t 0.12 754 t 63 n - 6 

0.72 t 0.15 
0.73 t- 0.14. 

410 t ,68 
~76 t 163 

n • 3. 
n ~ 3 

R • 'receptor density. KO • dissociation constant, P • anter10r pituftary 
, membrane protein 

• • ANOVA (type of treatment): p < 0.01 
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Data are fram Table r: 
\ 

s 

) 

. ' 

• r 

1 
\ 

1 



: . 

.\ 

) 

- • 

106 . 
. ' ' 

b1nd1ng'est~b11shed in the pres~nc~ of an excess of unlabeled SARIlE (1 

uH). Receptor concentration (nM) was estimated at satu rat 1 on of 
-- -?' . 

" 

". 

specifie bind1ng (total minus non5pecff1c) and corrected for tissue 

prote1n concentrat1on (fmo1/mg). The equllibr.1um d1sso.ciation constant 
, 

(KO) 15 calculated as the concentration of radfoligand ~t which 

reeeptor bindi~g ts half~max1mal., 

a) 0 Àntettor p1tuftar1> $1and 
~ ! • . '.\ 

ln the anterior p1tu1tary gland, estrad101 decreased (p ~ 0 .. 01) 

ANG [;' > re;e>p~ or»> :~ns 1t~ t~ rou~>hou t t re~tment (t ab 1..1. f f gs • lA and 

,,'2). There was ~o 51 gn1 fi cant dt fferenee between groups with Ume and no \ 
,.l .1' - ... 

, {ni'~ract '9n betweert the duratt on and type of treatment. The 

-'.' estrad101~1nduced dècreàse in ANG II receptor dens1ty in the anter10r 
JI! 

','. p1tu1tary gland was completed after 7 days of treatm~nt (control: 348" 

:t 36 vs treated 113 :t 33 fmol/mg prote1 n). De~ease' in ANG I;I receptor 
, ' . 

dens1ty in the anterior p1tu1tary gland was not an art1fact due to 

ést r~gen- f nduce<! f n cr •• sk f n, ~ f s sue p ~~~ef n. Th f s f s domons t r.t>.d f n 

tablf' 1 where ANG Ir/ecep~or den~1ty 15 expreSSed tn fmol/g1 and and 

. 1 ndi cates an ahsol ute decrease after 7 days (fro", 111 :t 40 to 60 t 26 

frnol/g.1and). Table J. also 1nd1cates that the KO for [12SI]SARIlE was 

not signif1ca~tly dffferent between control "and treated rats at any 

time periode 1he measure of pro~e1n'from homogen1zeq tissue expressed . . " 

in ug/gland a1so ~onf1nmed t~at estrad101 treatment approx1mately 

doubled the amount ~f anterior p,ftuitary membrane prote1n (table 1)" and 

that these values s1gn1f1cantly fncreased ,wfth tille (p < 0.02). 
-/ 

/ 
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Table II . 
'-PARAMETERS MEASUREO FROM ADRENAl CORTICAL MEMBRANES OF OVARIECTOMIZEO RATS 

.... 
(HEANS :t SE") 

R KO p 

(fmol/mg)· (fmo l/gland)· (nMi (lJg/gland) 
, 

7 days Control 2428 1: 218 596 1: 85 2.40 i 0.47 
Treated 1848 °t 297 404 :t 17 2.13 :t 0.56 

248 :t 21 
218 :t 25 

14 days Control 1726 ± 283 396 ± 83 1.21 i 0.42 , 225 :t 33-
Tre~ted 1111 :t 248 281 11- 75 1.23 :t 0.43 

28 days Cont ro 1 \ 2056 :1: 171 287 :t 2 0.83 :t 0.005 

237 :t 20 

141 :t 13 
Treated 1247 ± ' 80 186 t 21 0.83 :t 0.005 151 :t 26 

'fi 
R • receptor denstty. KO- • dissociation constant. 
membrane prote1" i ' 

P • adrenal 

* • ANOVA (type o.f treatment): p < 0.05 
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• n • 7 
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n • 6 

n • 2 
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b) Adrenal cortex 
" 

Estradio1 treatment sfgnff1.cant1y decre!sed (p < 0.05) ANG II 

receptor dens f ty i n ~ the adrena l cortex and the extent of 
, ~ \ 

down-regulat1an was not statist1cally slgn1f1cant (p >0.05) betwpen 7-. 

14- or 28- day treatmen'ts (table II. f1gs. lB and 3). Table II also 

fnd1cates that the Ko for [12S I ]SARILE as well as tissue protein 

measurements were 'hot s1gn1ficantly d1fferent between control and 
, 

,treated rats 'rom any tfrne periode Oecreases in ANG II receptol" 
? 

densfty in 'the adrenal cartex was less pronounced hawever than- in the 

ante~~or pituitary gland whe" expres~ed e1ther fn 'moT/mg protein 

('V30~ vs ",8~ decrease) or .1,n fmal/gland ("'30~ vs ",60~ decrease) 
#1 

(tables 1, II). As Sho~n fn table III, low dose' infusion of ANG II 

fnto freely-~v1ng cansc10us ovar1ectom1zed rats. sig~ff1cantly . 
fncreased (p <0.05) èi~cu1ating aldosterane levels from 15.6"% 1.1 to 

22.9 t "2.2 ng/dl and suppressed plasma r,en1n activ1ty from 2.23 t 0.13 

to 0.67 :t 0.14 ng Am; I/ml/hour. In 7-d,~y estradiol-treate.~ rats 

however, aldosterane lp.vel~s d1d not s1gn1ficantly 1nc~ase (p >.0.05) 

'from 17.6 t 1.8 to 19.1:t 1.6,ng/d1'despite a significant decrease 
. 

(p <0.01) in plasma reni,n actfvity tram 1.65 t 0.15 ta 0.19 t 0.03 ng 

ANG I/m-l /hour. .. 
c} Mesenteric,Îrtery .1 

1n t~~ mesentéri (: artery. . ' 
estradioT treatment produced no , . 

s1gn1f1cant effect on ANG If recept'ar dens1ty nor on the affinity of 

(1,2SI]SAR'ILE for fts r,eceptor sites" (f1g • .1 le)' nor did ft alter tissue 

protef n. 
.. 

Twci::way ANOVA conf1rmed that there waS\ no signfficant .. 
d1fference between t'ontrol and treated rats at any t1me period and no· 

dffference' with tfme. The mean values far mesenterfc artery ANG II 
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Table 1 Il 

EFFECT OF 7 DAY-ESTRADI L ,TRÈATMENT ON THE RELEASE OF ALDOSTERONF RY EXOGENOUS 

ANG II -IN CONSCIOUS OVAR ÇTOMIZED RATS (MEANS ± SEM) 

Aldosterone 
(ng/df)l 

PlaS/lla ren1n act1~ity 
(n9 ANG I/ml/h) 

a) Control: 5% dextrose 15.6 % 1.1 2.23 % 0.13 n '·10 

b-<) Cont ro 1 : ANG II 10 ng~1 n/30 ,"1 n 22. 9 :t d 2• 2* b.67 :t 0 .. 14*'* n .. 10 
1 

c) Estrad101:5% dextrose 1 17.6 :t LA 1.65 :t 0.15 n .. 11 

d) Estrad101:ANG II 10 ng/,"1n/30 ,"in 19.1 % 1.6 0.19 :t 0.03*'* n .. 9 

'* p <: 0.05 Two-tailed unpa1red Student's t-test compar1ng a & b. 

** P (0.01 Two-tailed unpaf red Student 's t-test compar1ng a & b, c & d 

Tabl; IV 

EFFECT OF CHRONIC ESTRADIOl TREATMENT ON CIRCUlATING ANS Il, m" TOTAL RODY 
, 

WrIGHT AND ANTERIOR PITUITARY GLAND WEIGHT IN OVARIECTOMIZED RATS (MEANS :t SEM) 

ANS II (pg/m1) 3 PRA (ng ANG I/ml /h)2 BW·~~tr AP (mg) 

7 days Cont ro l 56.8 :t 6.2 n .. 46 2. 99 :t O. 27 n .. 30 245'-t 3 12.8 :t 0.6 
, Treated 48.6 :t 6.3 n .. 43 2.46 :t ~0.31 n • 29 223 :t 3** 21.4 :t 1.1*'* 

14 days Control 59.7 :t 3.3 n .. 21 2.34 :t 0.28 n .. 21 261 ± 4 16.9 :t 0.3 
Treated 43.8 :t 6.6* n .. 20 1.78 % 0.23 n .. 22 215 :t 4'*'* 33.1 ± 1.4** 

28 days ,Cont ro l 1.13 :t 0.20 n .. 8 ' 293 :t 9 14.8 ± 0.4 
Treated 0.73 % 0.21 n • 7 235 :t 4*'* 25.6 ± 1.2** 

ANG II • plasma ang,.1otens1n II. PRA" plasma renin activ1ty, BW • total 
body wefght, AP • anterfor pitu1tary gland we1ght. 

*,** S1gnif1cantly dffferent fro," OVX-control at p <0.05 ('*) or p < 0.01 (**) 
~wo-tal1ed unpafred Student 's t tes~). 

SI unit conversion factQr (1) T 0.36045 • pmor/dl 

-

(2) .. 1,.3247 • pmol ANG I/ml/h 
( 3) Tl· pmo 1/1 1 

-

/ 
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receptor densfty of pool ed control vs treated rats were:, 206 t 19' vs 

18' ± 15 fmol/mg and KO values of 0.62- ± 0.06 vs 0.59 ± 0.07 nM 

respectively (means ± SEM). 

d) Other parameters 

In rats used for bfnding studies, estradiol treatment produced, a 

sign1ficant decrease in circul at1ng ANG II level s measured from 

indi vi dual rats only after 2 weeks of treatment (p < 0.05, table IV). 

PlaSma ren1n act1vity also appeared to decrease following estrad101 

treatment (tables III, IV). Estradl01 treatment a1so significantly 

reduced (p < 0.01) total body wei"ghts whereas' the anter10r pituit,ary 

gland approximately doul'lled in s1ze (table IV). These latter results 

are s1milar to those prev10usly reported (8). 

F. DISCUSSION 

A novel. approach in thfs study was the use of the potent 

antagonfst [ 125 r)SARILE to quant1fy ANG II receptor den.sft1es 1n the 

anterior pituftary gland, ~drenal cortex and mesenteric artery. The 

use of radiolabeled antagonfsts for hormone receptor quantifications 
1 

has been widely validated in'sev.era~ other receptor systems (lO, 27). 

\ Validation of the u'se of [12SI]SARILE ta character1ze ANG II receptors 

has been recently demonstrated using adrenal zona glomerulosa rnel'1branes 

(11). In that study, bindj ng of [125 (JANG II was shown to be sensitive 

to the' addition of guanine ",~cleotides and competition curves revealed 

the presence of two apparent classes of binding sites of high and low "'-.., 

afft nity. Sfmil ar f1 nd 1 DgS have al 50 been reported for the 

B-adrenerg1 c receptor when using radiol abeled 8-adrenergi~ agonists 
/' 

- J\ 

.' 
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(27). In contrast to the bindfng of agonfsts. the bind~~~, of 

[125J)SARIlE (11) was shown to be insensitive to the addition of 
. 

guanine. nucleotides and did not discriminate bet'ween these different 

affinfty states of, the receptor. The refore. the antagon 1st 

[125I]SARILE measured a more uniform class of ANG II receptors with 

high affinfty, speCifi!Y. stability. and a slow dissociation rate 

(11). Another advanta in using [ÙSI]SARILf over [125IJÂNG Il 1s 

that the sarcos1ne substitution in position 1 - stabilizes the 

'octapeptide by decreas1ng enzymatic degradatiOn (19). In a recent 

published abstracto another group has a150 used [125 I JSARILE to 

localfze ANG II receptors 1n rat brain homogenates and in brain sl fc~ 

by autoradiography (21). 

,~urther:more the potency order of agonists competfng for 

C [125nSARlLE was a1so shown to be the same as the potency arder of 

agonists on aldosterone re1ease (11). Although the use of efther 

[125 I ]SARIlE or [125I)ANG- Il measures the same total number of adrenal , 
ANG II receptors (11), ,tbe use of the radi olabeled antagonist shoul'd 

allow for better quantitative estimations of receptor dens1ty and 

aff1nity. In the present study'. ANG II receptor density values were 

s1mi1ar to those Pl'ev1ously reported for the rat anterior pftu1t:ary 

glarrd and purffied adrenal zon'a glomeru1osa (20, 34). However,"for the 

mes~ntéric artery. we report{ ,a much h~gher dens1ty than prevfously 

reported (14, 41) which may be due to differences in - membrane 

preparati on or 10nfe strength of the buffèrs or poss1bly to the use of 

r12S rlsARIlE. 

, ' 

-/ 
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In this study. chronfc estradiol treatment has heen shawn for the 

first time to produce dffferent effects on ANG Il receptor density 

d~pendfng upon the target tissue examined. This differential effect 

does not appear to be mediated vh al tered ci rculat i ng 1 ~vel s of ANG II 

~ince ,plasma ANG II levels were not fncreased following sustained 

administration of a hrge dose of estradiol ftable IV}. This, findtng 
~ 

105 in agreeP'lent with Ménard and r.att (31) who have shown that ,estraCfiol 

treatrnent in rats produced a rap1d fncrease w1th1n 6 hours of plasma 

renin substrate-"1Ind that following a transient 4R-hour increase. plasma 
~ 

,'renin ,activ1ty fell slightly below normal l~vels by day 6 when plasma 

renin concentrations wpre reduced, by half~ Although confl1ct1ng 

,.esults have heen puhlf!:;hE>c1 (for review spe 38 " chanter 2), 1t can he 
, 

ge-nerally concluded that in woMe~ estrogens increase circulating ANG II 

(6) and p1 asma renin activity (25,26). These val ues approach nomal 

levels with chronfc treittment "as plas,.,a renin concentrations are be1ng 
. . 

suppressed (26,31,32,35). Severa) reports (26,35) have suggested that 

in' rats chron1cally treated w1th estr~diol, hOMeostatic mechanisms are 
~ 

more efficient· in compensating for, .1ncr~ased plasma renln substrate 

,thàn in women taking oral C\mtraceptive's or estr.ogens. It must be 

eJfIphas1zéd however. that discrepant results may be due ta the use of 

ph~rrnacol ogiçal doses Of estrogens in rats co"'parpd ta muclT sMaller 

therapeutic doses used in women. Fl!rthermore,· in rats chron1cally 

treated with mg dQses of ~strogen~ to 1nduce hypertension (28,40) 

pl asma renl,n act 1v1ty was 1 ncreased whl1e, pl asma 'renin con~entrat 10fl 

was unchanged or s11ghtly ,dec,.ea~ed ~ga1n 1nd1cating th~.importance of, 

the dose' effect on these, pa rameters. 

• 
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Oecreased ci rculating leve1s of ANG II ~ been shown to 

down-regul ate ,ANG II receptors in thé adrenal gl and and to up-regulate 
\ 

them in vascular smooth muscle (5,15). Elev-ated ANG II levels produce 

an opposite effect. Si'lee estrogens exert a m1neraloeorticoid effect 

in addition to the1r effec~ on the ren'n-aldosterone system (24) it 

might he argued that in this study a positive sodium halance rnay be 

,tespons1ble for the' observed 'down-reglllat1on of the adrenal ANG II 

receptor via lowered c1reulat1ng MIG Il (table IV, ANG II ~t 14 days). 

This does no't ~ppear to be th~ predominant mechan1sm of action s1nee 

up-regulat10n of the mes~nter1c artery ANG II receptor was not observed 

at any t1me per10d dur1ng the present study. 
. . , 

In the anterior pituitary gland however. iOWll-regulat1on of the 
-

ANG Il teceptor may be due. to rélease of ANG II 1nto the portal 
1 

, 
, • ctrculat1on. Neurons wh1ch display uptake of estradiol have been , 

10ca11zed ' in, neurophys1n-conta1n1ng /IIiIgnocellular neurons of ., , 
the, 

parayentricula'r and supraopt1c nucle1 (37). These neuro,As have 'als'9 

heen shown to contain native ,A~G JI (13). The.se hypot~ala!,,1c nucle1 

project to_ a'wide va ri et y of extrahypotha1amic.. CNS regfons·-whfch ,also 
J 

co'ntain ANG JI {l3).' Since ~ne o{ these' AN~ Ji containfng re-g10ns 15 

the external zone of the medijln em1nence. 1t 1s - pOSSible that 

ti rculat1ng estrogens may act d1rectl.y on the paraventricular, and 

supraopti,c nucJ ei to éause, the re 1 ease of ANG Il f nto ,the' 

}1ypotha1amo-~ypophyse~al .. portal system. leading' to ANG, II-1nduced' 

down-regulation' of ANG II reCê'ptors. This hypotnesis dbes not agree 
< 

\ 

however w1th the results O-f Mendel sohn et al. (34) who hav~ shown ~ltat 
, 

in. contrast to adrenal- and vas,c ul ar, ANG II receptors. thost. '1 n the 

anter10r p1tuitary gland were not a'f~ted by chan-ges in salt· balance 

./'-
'\ 
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\ 

or ANG II infusion. In a limited number of observations, we did not 

see any di fferènce betw~en the dens t ty of ANG Il receptors in the 

anterior pitu1tary of ovar1ectomized and intact fe~ale rats samp1éd_ 
- 1 

_ random1y wfth re~pect to the1 r estrous cycle~h1s - f1nd1ng has al so 

~en reported in 'another study where on1y a sm;rt apparent decrease 

(not s1gn1f1cant) in anter10r p1tuftary ANG II recsP/or d~ns1ty was 

observèd from intact cyc11n9 females when cOlJ1)ared to ovarfectomfzed 

contro1s (8). Thèse 'ftnd1ngs suggest that stgn1ftcant down-regu1a~1on 
,-

of antèrior pitu1tary ANG II r'eceptors Play Dccur on1y during thè h1gh 

estrogen1c phase of the cycle, and may not, bed~tected in pooled 

..., pitu1tary glands o~tat'ned randoml~ from ,cyc11ng female rats, s1nce 
- ' 

about half of these rats'~ are in thé di estrous stage (~har..act-er.1 zed ,by 

10'11 ct rcul at i n9 \ est rogen l eve l s)., ES,t rog~n t reatment a-~,C p roduces - , 

several well -known alteratfons in pepttde hormone. secretion such as a 

decrease in gonadot,ropfns and an incrèase in prolact1n. To our 
. 

k!'1owledge the ltos~1b1e indirect implications of 'these',peptide hormones'· , 

, 'or othe'r' estrogen-'1nduced alt'erat10ns on ANG 11 receptors have not been 
, -' ' \ 

, documented. ' ) r 

'It, appears unlikely that th.e estrad1ol-1nduced down-regula,1;ton of 
l ' 

ANG YI' receptors ,15, due ,to ~ di rect e.ffect on ttle ,p l asma membrane, 

lead1ng to allos,ter,i'c jiltérat10ns' of the ANG' II receptor- or to 
, , 

a,lterations 1 n membrane fl u1d1ty analogous to the effect of c,hQl esteryl 

-hem1succ1n~te on adrerial ANG Il receptors 'reported by Çarr'ol1 ,et al. 
, , , 

(4). In, ~èp~rate stud1es'-;when estrad10l was added into test tubéS 
. ,. 

conta1ning homo~,en1Zed an,terior pttu1tary membran~s (8) or adrenal 

eort1eal membràne~ (J.),tnere was no. ef,fe'ct upon' r125 I]ANG, II bindlng. 

.'Nevert~efess, sinee 'specifie, estrad101 b1nding sites' hAve been 
, ) 

l' 

, , 

" 
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1dentff1ed 1n the-anter1or p.itu1tary gland (I2). ,adrenal ~àrtex .'(30) 

, 
In the adrenal c~rtex and vaseul ar smôoth muscl e. recfp rocal . 

alterations 1n AMG II receptor dens1ty are fol,.,lowed by parallel changes 

~n sensit1v1ty to ,ANS II (1, 2). Our, biologfcal response stu(fy 
-, - , [ 

confi,rms tflat estrad101-1nduced' down--reguht1on of adrenal cort1oal ANG 

Il receptor dens1ty blocks the relea~e of aldosterone· 6y low dose 
, j . 

infusion of ANG II. It t5 note,worthy that 1n a' s1"!11ar _ expertment 
--

us1ng 1ntact mal e rats (7). the aldosterone response ta the same dose 

of 1nfused A'NG n wu' much ,more pronounced than the resp·cmse observee!-
...., '" , . 

in. the, present study, using OVX-fema1e. rats. Tbese f1nd1ngs may 
. -. . 

ind1cate ,important sex" d1f.fer~nces 1n the' aldo~terone response to ANG, 
'J \ 

u. , -, 

In contrast w1th the, adrenàl cortex .. _ estrogen':treated rats appear 

115 .. 

-' ,'-"-

,to' be' m~re sensitive to 'ANG II, stimulation 'Of prolact.1rr' release despite ..... "'_....... .. 
deereased pitu1tary ANG II reeeptor '~ensity (see c.hapter 4). This 
, '" ~: ~ 1 1 

1 atter fi ndi ng suggests, th,at the .affect of e,strogen as a factor . ~' \." ~'- ~ , 

• ... 1 \ \ \ ~,~ .. 

, reguh1:1ng prolactin respons1Vèness 'may, overeome down.regulatfon of 

. anter10r pftu1tary ANG II receptbr densfty. 
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, 
FurtheMllOre. contrary to the anterfor pHu1tary gland, and s1rtl1ar 

flo th,e adrena 1 cortex test rogen t reatment "has been shown to i ndüce 

refractor1ness to the pressor effects of inflised ANG II (39. 43). Our 
, ' 

reSlIl ts on the mesenter1c artery sU9gest that th~ previously reported 
) - . , 

estrogen-1,"duced ref-ractor1 ness (39. 43) :'may' not be due to . ~, .". 

down~regulat1on of vascular ANG' Ii' receptor density. 

The present observations brin!} to lI1ind at least three fundamental -. .. 
qu'estions: (1) What 1s the meehan1sm. of /Iction of estradiol o'n ANG II 

receptors? (2) What 1s the signifieanee of d1fferent1al' l'IOdulat10n of 

ANG II recept'ors in' d1fferèn~ target i1ssues? (3} How rel~ant 15· 

down .. reguhti-on of "ANG II 'receptors .to altered physiolog'eal response? . .. ...:........... 

"Definite answers ,on the mechant'sm of action of' estrad101·indueed 
, 

, down~regulation of AtfG, II receptors in- 5uch thsues as the' anterior .' 

p1tuit~ry gland (1)uld pest be "s~l~ed, by us1~g a cell eu1tur~s<tem. 

Further'1nvestig8t1ons 1~ok1ng ,at estrogen regulat10n, of: ta-rget· cell 
l , 

;'esponsiveneS5 to exogenous ANG II in add1t10n ta quantity1ng ANG II 
, ~ ~ < ~ 

receptor' density may -shed sornE' light on' -the phys101og1cal s1gnif1eanee 
, , , .. 

of' d1ffèrenthl rnodùlation 'of MG II réc~ptors in' d1ffl!rent target 

ti ssues. 

.. , 
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A. PREFACE 

In chapter 3. chronic estradiol treatfTIent was shown to cause a 

marked reduction in ANG II receptor density in the anterior pituitary 

gland (",80%), a moderate reduetion in the adrenal corte~ ('" 30") and 

no appa rent effeet on receptor dens 1 ty in the fTlesenteri c "êIrtery. The 

down-regul at i on of ANI; II receptors in the adrenal cortex wa\ al so 

shown in a p~ysiological experiment when a low-dose infusion of A~ II 

fal1ed tO'~timulate aldosterone release in ovariectomized rats treated 

with estradiol for 7 days. These estrogen effects did not appear to be 

medi ate~ hy al terat ions 1n 1 ci reul at ; n9 1 eve 1 s of ANG JI. 

Despite these ~ vivo findings. d.irect evidence in support of q 

rol·e for\ est~ogens( i~ the. down-regulat10n of ANG II receptor density 
.,/ . . 

was.s~il"l lacking. , To ga1'n a bettef understanding of the mechanism of 

act1on'lQ! estradiol, it was decided to USe cultured anterior p1tuitary 
• 

,cells, since the most pronounced effect o~ estrogens on ANG II reçeptor . , 
density~as observed 1n. this tissue •. In the prec~ding chapter. it was 

also;'p,Cstulated that the effect of estTogens in the .. anterior p;tuitary 

glantLm1ght be 1ndirectly rnediat'ed hy the release of ANG JI into thé 

portal cirfulat1on. Hence, the use of cultured pttu1tary cells removed 

frOf'1 anY".;hypothalafTIic influence would E'ither support or rule Out a 
"1 , 

possible.- contribution of the hypothalamus in the effect of estradiol on, 

s anterior p·1tuitary. ANG Il rpceptor~·. 
'\ 

In at!d.\tion to clarifying the mechanism of action of est'rogens, 

the study described i~ the follQwing chapter quest10ns the relatiqnsh1p 
) ~ ~ , ~ 

1 \ ' 

betwe~n estr9gen-1nduced down-regulat1on of anterior pitu1tary ANG II 

receptors ,and altered' target cell responsiveness to, ANG II.' Th1s 
, 

question was addresse,d by look1f'!Q at the effec.t of estradiol 'on ANG 
1 

• 1 
• t • 

II-1nduced prolactin release ,both in vitro and in vivo. 
, . - -,-- - -----
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ESTROGE"S DIRECTU DOwrt-REGUlATE, RECEPTORS FOR AIIGIOrENSlft II 1ft THE 

~RIOR PITUITARY GlAND WITHOUT OECREASlrtG TARGET CEll RESPONSIYEftESS 
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B. ABSTRACT 

Chron1c estrad101 treatment..!!l.!.1.:!E.. has been shown to reduce the 

~Y of receptors for ANG' (1 ln the anterlor pltultary gland. Ne 

studied whether estrad101 15 d1rectly 1nvolved in the down-regulaUon 

~f ANG II rec~,Ptors us1ng anter1~r pf'tu1tary cells in culture. R1nd1ng 

aff1n1ty ~d' dens1ty o~' ANG U re~ePtors ere measured in d1srupted 

anter10r p~~tary cells us1ng the radiol abe AN,G II antagonist 

.. 

(125I]sar1 .tle8 _ANG II ([125 I ]SARIlE). Estradiol atment (lO'nH) for 

e1ther 48 or 96 hours caused a marked reduct10n ( '" 70%) in the 

denstty of reeeptors for ANG Il in culturèd anteri~~ pituitary cells 
1 

w1th no change in the dissociation, constant of [12$I]SARILE (KO. 0.5 t 

0.1 nM). In the anter10r p1tuitary specff1e b1nding sites for ANG II 
- . 

are p~resent in lactotrophs and ANG II has been shown to rel.éase pro lac- , 
", .... 

Hn both in v1vQ, and. in vitro. We ,therefore studied the effect of --- --
estrad'101 on ANG II-1nduce.d prol,ict1n release. In ànterior p1tu1tary 

.. cells treated 'with estradiol for -48 h.Ours. dos'e-response curves 

revealed that ANG 11 '.st111-'1nE-,ni'ased prolact1n release (p< !l.Ol]. lhe-

net p'rolact1n releasj.t (ANG II": st1mulated minus basal) average was 
, ,1." 

greater 1~ estradiol-treated ~ cells than tn control s w~ereas the half 

max1m4l stlmulat 1 on dose (EDso) of. ANG I.I was the saine (O.07 ± 0.04 

nM)., A greater prolact1n response to a 5 nmol bol,us injection of ANG 

rI was also obse:rved in 'al'lesthetized-ovar1ectomized rats treated w1th 
, t' l' 

estradiol for 7 days. These results' suggest that. estrogens are 

d1rectly 1nvolved in 'the modula~10n of ANG ,II receptors in the anterior 
~ 

p1tu1~ary caus1ng marked reéepto~ down-regulation w1thout decreasing' 
!:J-

target cell respons1v~ness. 
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c. INTRODUCTION -' 

Ih'~ntmal~Spec1es. ANG Il has been shown to st1mulate the 

re'lease of prolact1n '1n vivo (13,32,33) and in vitro (30,33) as well as -- -~ 

the release of ACTH (3,16,28',31). Specifie ANG II b1nd1ng si~es have 
, \ ' 

beefl 1dentif1ed' in the' anterior pitu1tary gland (18,25) and are 

predominllntly ,assoc1ated. w1th lactotrophs and corti~otrophs (1,27). 

Prolactin appears to have an important role in vertebrate 

osmoregulat1on (22). ln ,sub:""ma.nmafian vertebrates, prolactin seems to 

be ~ key- hormone' in, thè regulation of body flu1d an.d eJectl"Olytes 

(14,24) where~s in' matmlals 'Hs, phys1olog1cal illlportance ,in body fluid 

homeo,stas1s rema1ns unc1ear. Dur1ng ear1y estrus, the ~ens1ty of ANG 
, ~ \ , \ 

Il receptors tends. ta de-'crp.8se 'j'n ~erta1n arèas of the brai" and in the 

anteriQr pituitary gland IJ5} but 1n~.reases {in thé uterus (5,29). 
.. " , 

Estrogens appear to be important effecto.rs involved in these changes 

. since estrldiol treatment in vivo "decreases ANG II densfty in the 
" ~--:- { , 

anterior p1t,,\1tary'{c~ap 3,6) _adrenal cortex '(chep 3), and 1n discrete, 

areu of the brain U5.19). Aeute but not chronic estrad101 treatment 

has a1so been s~own t~ increase the dens1ty of uterine ANr, II receptors 

(29). " 

, In th1s study. we addressed the following questions: 'Arè estrogêns 

di rectly 1nvohed in the - down-regulat1on of anter10r p1tuhary 

receptors for ANG 117 Secondly the signifieance ,of this 

down-reguht1on wu asse$sed by 10ok1ng at t~e ef'fect of 17f3-estrad101 

on ANG '1I-1nduced prolact1n rel ease both -in vitro and in vivo. 
- -.......-......_----, i 
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D. MATER'IAi AND METHOOS _ 
( 

a \ A.:dma1s 

Adult female Sprague-Dawley rat,s (200-225 g) (Charles River Labs, 
, , 

St-Constant, Que.) werë used for th1s study and were sa,nl)led randQrnly 

'wfth respe~t to thei r estrous ,cy~le.· Rats were .k:ept at 22°C and 

exposed to", a 12 hour-light, 12 hour-dark cycle w1th f~ee access ~o 

n01'f!lal Purina rat chow_ {1S2 mmol Na per kg) and wa,ter. 
, ' ' 

b) Anteri~r p1tu1tary cell culture technique 

Fernale, raÙ were used for the .p,reparat1'on of primary CU'j tures as 

described- (12).' For prolact1n r:e1ease stucf1es •. 5 x 105 cells w~re 
. " 

plated per well in .quadruplfcate (Pr1maria',.384~, O~nard,{ Calif.) in 1 
, ' 

1111 ot medium 'and for b1nd1ng stl,ldies'4 to'S x 106 cells in S ml were 
, . 

plated, in tr1pl1<!ate' Petri, dishes (Pr1mar1a :3802). 

consisted of DMEM w1th 2.5% 'dextran-coate~ charcoal àdsor'bed 

'(DCC.:.adsorbed) (12) fetal ca 1 f serUIII a,nd 10~ DCC-adsorbed horse serum 
, ' 

w1th ant1biot1cs (~1bcot Grand Island, N.Y.). After 3 days of 
. , 

1ncubilt1on at 37°C in 5% r.n2 water saturate~ atmospherè, media were 

rep 1 aced, w1 th fresh 'rned1 um 1 n thé p'resence ,or absence of 10 nH 
~, r ' 

l7e-estradi01 (stera10,1ds. W11ton, N.H.: stock' solution 'iO .... H '1Ft 100% 

ethanol) for 48 o~ 96,~ (changing media once after 2 days). , ' , 

The~ANG II dose-respon$e ,study was performed as follows; after 48 
, , 

hours. cells were wash~~N:e befare 1ncub,at1ng far 31 hour~ at 37°C 
- .' , , 

w1tn increas1ng conc~ntrat1ons of ANG II dl1uted in DMEM co~ta1n1ng 
, , 

. 0 .. 02% 1ysasy1ne chloride (Sigma, St-Louis, MO .• ) in the presence, or 

absence of .10 nH, estradl 0 1,. Culture medium, was then coll.ected, 

c:en.tr1fuged (106' g, 41'C. 10 m1'nutes) and the 5,up~rnatant stored' at . 

-20°C u"tJ1 ass'ayed' for prolactin. 
, ' ' 

/ \ 
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,c) [12S 1]SARILE b1nding technique 
. 

Iodinat1on of (Sarl ,Ile8) ANG II (SARIlE.) was 
\ ' 

perfotmed us1ng 

Iodo-Beads (Pierce ChE!fl!., Rock~Qrd. nL) ah~ radfol1gand was purif1ed 

Of! HPle us1ng an 005 colurnn with a gradient of acetonitrile. Specifie 

acth1ty of [125I]SARIlE was determ1 ~ed by compari n9 SARILE w1th 

[125 nSARILE in receptor bind,ing, compet hi on curv!S and prOy1de\ an 
~ -

estimated specifie act1vity of 2000 'Cf/mole. After 48 or 96 hOur"?f 

incubation, tripticate Petri d1shes were rinsed w1th assay buffer 

cons1stfng of 50,ntt Tris-Hel, pH 7.4 at 25°C, 1 '"~ ~gC12' 150 mM NaCl 

and 0.1 fItot Na-EOTA.' The cell s were then scraped with rubber 

'pol1ceman d1srupted With Il glass homogen1zer at 4°C, washed at ,000 9 

for 15 m1nut~s'and the pellet resuspended in assay,buffer. Ang1 ensin 
• , f • 1;)-

J II re,ceptor dens1ty. w~s' .ca1cu1~ted from çompet1t1on b1nd1ng-
~ D ~ , / 

performed as follows: 1'00 pl of freshly homogenized tiSsue mernfj anes . ' 

we~e· 1 ncubatèd for 60 minute!;' in Il shaker bath at ~5°C wfth 50 Il 

1ncre~sing doses of unlabeled SARILt a~d 50 u1 of [125 I]SARILE (2 0' . 
.. both prepared in assay ~uqer with 0.5% heat-1na~tfvated BSA 

react ion was stopped by, f:lltrat1en through 91 ass-f1 ber' . Ci> 

,(Whatman, GF/B, Maidstone, U.K .. ) fol1owed by f9ur wash1ngs w1th 5 mll of 
l' i, 

'1ce .. cold assay buffer-. ,Prote1ns were IIIeasured as described by lo~ry et 
• ' ..... ,'\~ 4 ~ 

'al. (23). \ 

~), In v1vo anp1otens1n,II-induced prolact1n 'release study 
, 

Two days follow1ng ovar1ectomy, 10' rats ~ece1ved-,'25 ug of . , 

estrad101 va1erate (Delestrogen, Squfbb Canada, Montréal, Oue.) dtluted , , 
, " 

"fn' 0.2- ml' Qf sesame ail (90-1S'4. Fisher "Sci •• Fairlawn, N.J.) and 

'1njected subcutan.eously 'ev~ry day for 7 dlys. 
/ . 

Control OVX-rat~ , . .,-

recehed on1y the veh1c'le. On: ,day 7, rats ~re anesthet1zed witt! 

, - , 
, . 
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sodium pentobarbital (Somnqtol. MTC Pharm. 50 mg/kg i.p. t and a 

polyethylene tûbfng (PE-50 .. Intr-amedic. Clay Adams, N.J.) wu 1n'serted 

through the r1ght jugular vetn and posttioned near the junction with 

the right atrium. F1ve nmol of AN~ II (Peninsu1a~ P~lo Alto, Calif.) 

were 1.njected as Il .bolu~ in 100' J,ll ot' 0.9% NaCl and, serial blood , 

samples (1 ml) were collected 5 minutes prior ~o. 'a~ well as 2, 5, 15 

,and '30 minutes after ANG II injection. _,Each blood sample was 

1med1ately replaced w1th equal vol ume~ of 0.9% NaCl -contain-1ng 200 

Ulml of heparin. Blood samples were coll~cted in tubes containing 100 

U of heparin 'wi~h 10 nf1 EOTA and after centrifugation plul1la was st,ored 

at -20°C ~nt11 àssayed for -prolactfn by RIA. 'Prolactfn ~as measured 
, . 

uS1ng RIA- kits ~from 'NIADDK,' Pf~uftary Ho'nnone Distribution Program 

u$1ng C125 f]-prolactin tram N,w England Nuclear (NEX 108, spec1fic 

At the end of each experime~tJ anterior 
"-

p1tu1tary glands were removed and wefghed. 

fi) . Morpholcig'1Cal technique 

Additfonal. control and estradfol-treated rats were a1so pe~fused 

with 50 ml of 0. .. 9% NaCl injected fnto the left "entricle fallowed by-1,O 

~1nu.tes,..9t !!!. toto fixation wfth 1% g;utaraldehYde buffered with 0.1 M 

cacodylate pH ~.4. - ~nterfar p1tuitàry glandS were' th~n removèd, 

sectiOned, fix.ed for one additional hoùr in 1% 91 ut'araldehyde buffere~ 
, ) 

.w1th cacodyl ate Hel r1,!1sed in the same butfer before ~ehyd~atfon and 

e~edd1ng .1n Araldite. Fine sections were cu~ with a Reicher,t OMU2 
. . 

, . 
. ultram1c-rotome, sta1ned w1th 'uranyl- acetate ,ànd lead citrate -and' . ~ / ' , .. \ ~ . 

exam1ned' in a JEOl 1200EX electron microscope. ' 
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-II '·'0.' .g, ·8 -1 -6 

lOG AOOEO SAR'lE ANG lC (Ml 

F1gur.e ·1 

Compet1tio" b1ndtn9, curye· of ,rl'25 I]SARILE yersus' added 1ncrèu1ng 

concentrations of~unl_abeled 'SARILE. Each curye represents ana1ys.15 of 
, . , 

b1nd1ng,data jrrom cells' pooled trom 3 Petri dishes treated wl,th or 
~, ' 

, -
w1thout- 10 nH estrad101 for, 48 hours. Estrad101 treatmen~ decreased 

ANG II reèeptor. déns1ty. from 81 :t 6 to 24 :!: 3 fmol/l'l9 protetn (p < 0.01) -

w1th,no effect on th. K.D (0.5 :t 0.1 nM). I~S~ repres"n .. ts, 0 to ~~O% 
'\ ' 

'normal1zed 'data. - _Pro~e1n concentrat1o"s are the sallie b'etween control 
, . 
~nd treated'cells. 
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f) StatiStfcat analys-1s 

, Oose-response curves on prolact1n release "nd 'trfnding, data were . 
ana1ysed by computer .. asSist'ed non' linear least squares regress10n 

\ 

analys1s and the F-tèst (9)' (F1gs., 1-. 2). Two and 3-way ANOVA with 

Ounnett's test were used respect1vely for the analysts of other 

parameters and for comparfng net prolactin release {see results). For 

fu !!!2. experiments (Fig. 4), difference~ across time within each of 

. the ~wo ~roups wer~ tested using.analys1s of va~1ance (AN~VA) with the 
o 

. repëated measures des1gn followed by Ounnettts test. Treatment effect 

on'total body weight. anter10r pitu1ta:Y we1ght and anterior pituitary 

cell protein was analysed by two-tafled unpafred Studènt's t test • 
. ' l , ' 

E. RESUl T5 

a) In v1'tro [125 I JSARlLE bind1ng study 

The effect of estradio1 treatPlent on the dens1ty and aff1nity ot' 
) 

anterior pitu1ta,ry AtIG II, receptors' was calculated from competition 

b1ndfng curves {S,20} (Fig. 1). Each pofnt represents bound 

[125 1]SARILE as a function of added fncreas1ng concentrations of 
\ .. 

unlabeled SARILf and the l1nes are the best fit Df the data as 

determ1ned by cpmputer analys1s (R,20). Estradiol ,treatment for e1ther ,. , . 

,48 or 96 hours markedly reduced the density of anterior pHu1tary ANr, 

II recaptors by approx1~ately 70%. Values decreased from 81 ± 6 to 24 

t 3, fmol/mg prote1n CP < 0.01. n-4) after 48 hours of estradtol 

,treatment and 'from 63 ± 9 to 23 ± 4 fmol/rilg prote1n (p< 0.01, n-S) 

'aner '96 hours. NDrmal1zed data trom compet1tf~n curves showed no 

statfst1cal difference (p >0.05) between t~e binding character1st1cs of 

control ,and estrad101-treated cells (Fig. 1, 1nset). The equ111~r1um~ 

( , 
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F1gur~ 2 

, Oose - ,.e$ponse (urves of fncreasfng concentrations of -ANG Il, ve~sus . 
, . 

prolaciin release measured in the Medium of control and 4A-hour 
, . 

estrad101-treated anter1or' pttu1tary, cells. Ang1otens1n II 1ncreased 
, 

(p< 0.01) the release of prolact1n in medium of botH control and 10 nM~ .' , \ 
estr~101-treated cells. EOso, values were the'same at 0.é07:t O.~.nl1 • . 

l ' 

Values are the ~ans :t SEM of triplicate ~xper1ments~ - - ~ , ~ 

\, , 

, 

SI unit conversion factor ng/Ml x 43.5 ~ .pIIIo-1/l. 
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d1ssociation constant (KO) :was calculated by computer analysfs of 

competition curves according ta the mass action law (8,20) and showed 
, ~ ......... _ ~f/ ~, 

no difference (p > 0.05) between control and treated cells w1th the salme 

KO value of O~5 ± 0.1 nM. Membrane protefn concentrations betweèn 

control cells (652 ± 72 ~g/dish) and cells ~reated w1th estradiol for 
, 

48 hour,s, (680 ± 59 Ilg/dfsh) or 96 hours (626 ± 89 ~g/d1sh) were 'not 

signif1cantly different (p > 0.05). No differènce was observed when 

competition èurves were performed usirrg untreated anter1or, pituftary 

'cell membranes in the presence or absenêe of 10 'nM e'stradiol aQded 

d1rectty in the binding assay tubes (data not shown)." hl a l1mited 
. " 

number of ,observations, the specHicity \~f 'SARILE for ANG lI, bind1ng 

sites was conf1rmed by the use of ANG ,II as the compet1ng l1gan~ for, 

-f125 IlsARILE and resuTted in the measurel'lent of the same total number 

of ANG II ,bindin9 sites in anterior pituitary cell' cultures (data not 

sho~n). 

b) In v1t~0 ang1otens1n II-induced prolactin 'reiease study 

Oose-respo-nse curves. revealed that ANG II increased (p < '0.01) the 

releas~ of prolactin into the medium of both control and 48-hour 

·estra.diol treatecf cells (Fig. 2). The average net prolactin release 

,,(19 nM, ANG lI-st1mulated minus basal levels) was g-reater in 

estradiol-'treated ce)ls (450 i: 34 minus 260 ± 1~ • Il 190 ng/ml) than 1n 

control cell s' (197 ± '14 minus 105 ± 3 .. Il 92 ng/ml) (p < 0.0t). 

However the half-max1mal stimulation do~e (EOso) of ANG lIon prolactin . , 

release was 0.07 ± 0.04 nM and was not stat1stically different between 
, ~, 

control and treated· cells (p> 0.05). Conf1rm1ng a we1l documented 

effe~t of estrogens, basal prolact1n levels were also sign1f1cantly 

'1nc.reased (p <0.01) following estral!101 treatment (F1g. 2). Under low 
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Fi gure 3 

. 
Môrphology of anterfor pftuftary ce'ls cultured for 5 days in the 

absence· of estrad~ol. Secretory epfthelial cells are spherica1. Note 

the presence of secretory granules in thefr cytoplasm. (X 400) • 
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fl1agnif1cation, no obvii'US differenc9 was observed in the morpholog1cal 
. 

appearance of cultured anterior pltuitary cells in the presence or 

absence of estradiol (F'g. 3). 

c) J,n vivo an9i~tensin II-induced prolactin, release study 

Pooled pla~ma prolactin values fram 8 OVX-controls and 8 

OVX-estradio'l treated rats are ,shown in Figure 4. 'In nVX-controls, 
" il' • 

maximum plasfl1~ prolactin release appeared 5 minutes after 

administration of ANG II. (l.6-fold increase from' the basal level of , 

3.8:tl.O ta 6.U:l.2 ng/",l); however this increase was not ~ignificant 
Il 

~P. > 0.05)., In estradfol:'treated rats prolactin levels increased 

2.7-fold (p < 0.05) froM the basal level of 5l±20 to 140±36 ng/m1, 2 

minutés after ANG II inject,ion. Overal1 prolactin values from 

estradiol:"treated rats were higher (p < 0.01) than in OVX-control,s, 

reflecting much lower pituitary levels in the latter group. Simnar to 
< 

ptevious reports (chapter' 3:6), total body wei ghts d'ecreased (p < 0.01) 
. ' 

from 218±2 9 in OVX-controls to 202±4 gin, estradiol-treated rats 

whil~, a~ertor ritu1t~ry glands approxi~ately doubled in size weighing 

18.4±1.0 mg compared ta Il.1±O.~ mg in controls (p< 0.01). Figure 5 i5 

an electron micrograph ·of a hypertrophie lactotroph taken from a 

mid-section of the anterior pituitary gland of a fernale rat treated 

with estradio1 for 7 days. ' 
, 

Fa" DISCUSSION 
, . 

The present study demonstrates for the .fi rst time that estrogehs 

act directl~ on anterior p~tu1tary cells to decrease ANG II receptor 

density. Furthermore. this estrogen-induced down-regtùation 1s not 

accompan1ed by decreased prolact1n cell respons1veness to ANG II. 
~ ~ i 
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, 

Stimulation of prolact1n release ..!.!!. ~ by S n~l of ANG JI 1njected 

i.v. to nVX-control and OVX-estradiol treated rats. ln OVX-col'ltl'ols 

(~.8) t'he l.n-fold increase ~s not statisticaH-y significant (p> O.05) • 
.. 

In OVX-estradiol tre~ted rats (n-R), a sign1f1cant 2.7loofold 1ncrease was 
Il> . 

not i ced after 2 mi nu.tes. * p < 0.05. Values are the means ± SE"'-
. 

(AII-ANG II). SI unit conversion factor ng/~l x 43.5 • ~ol/l. 

, 
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Fi gul"e 5 

Represellts an electro.n n1crograph·ot a tâctotroph. froJll a '7-day) 

estradiol treated rat. The all1ol,lnt of rough endo~l,aS\llic reti~ul UfIl and 

the size" of the Golgi cOPIple')(' 

pl .... 0,.phlc secret~ 9riqu~es .re 

,(X 16.000)~ 

Typ1cal 

scattered throughou.t the tytop las",. 

, . . . 
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1 

In a s1milar tn vivo study, Steele et al. {32) 'report that in 

2-day estrogen priMed consc10u"S OVX-rats, ANG II fnduced a 1.8-fold 

1ncrease 1J' plasma pr'01act1n af~er 15 minutes wh-èn compared to 
~ 

sal1ne-1njected controls whereas in OVX-only rats they repo_rt 1 n 

another stuqy (33) a 2~7-fold ,increase- after 5 minutes. Taken 

to~~. both studies from Steele et al. (32,33) did not establ1sh 

whether estrogen treatmen't- lE. ~ had any effect on the sensitivity of 

response to AHG II, but fI'Ierely 1nd1cated that ANG II could still elfcf t 
,~ , - ' 

prolact1n ~elease in estrogen-treated rats. ' In the present study. we 

foqnd that in aneithetf zed OVX-rats previousJy treated with estradio 1 

for 7 days. plasma prolact in 1ncreased 2. 7-fo1 d after 2 minutes of ANG 

II injection whereas in OYX-only rats, the apPllrent 1.4 aM 1.6-fold 

increases at 2 and 5 -minutes respectfvely were "ot statist1cally t} 

s1gn1f1cant (Fig. 4).We have no explanation for th~e dhcr.epanc1es 

between both stud-1es concerning OYX-only rats other than specu1 at1on' on 

d1fferences in e~perfmental approach such ,as the' state of an~sthesia. 

We have ,thus observed a greater in vivo prolact1n responsè to ANG ~I -fn --
-anesthetized, OVX-rats chron1cal1y 1 treated w1 th estrogens than 1 n ) 

. ' ~ 
OVX-contr.ol s. However. interpretatfons of our in- vfvo experflTlent ar- 1 - ---:- ç? 

" ' / 
di ff1cult - s1nce we have used al'l.esthetized rats injected w1 th , 

supraphys1 01 ogicaT doses of estrad101 and ANG II. 
- ~ 

This treatment may 

have caused a nonspecffic prol,actin, response due to the stress of our ~ 

fn vivo study. To overcome these dfff1cu1t1es we elected ta do- a -- ' 

'dose-response study and ta quant1fy ANG II recept.ors in cultured 
" 

antEtr10r pitu1tary cells. 

, The . use of rad10labeled antagonfsts f.or- honnone receptor 
) 

quantifications has been wfdely ,recogn1 zed-. Val1dat10n pf the use of 
[125{JSARtLE to characteri ze ANG II· recepto.rs has been prev10usly 
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derrtotlstrated (, chapter 3.10). A paral1el study us1ng OVX-rat$ treated 

" 1den,tically as in the present study showed, that estr,ad1 01 treatmen~ f~r 

} days Cllused an 80% reductfon in ANG' Il receptor densfty in the 

'anter10r p1tuftary gland ,{ chapter 3}. This has also been t"Onf1r1'1ed , 
, ' 

in the present study us1ng cultured anterior,p1tuitary cel1s and tends 

to rulf' out the hypothesis tbat estrogen-1nduced down-regulat1on of 

anterior p1tu,itary ANG Il receptors might be Mediated by the release of 

ANG II into the portal c1rcolati,on. /' 
\,,-./- -') 

The obs~rved effe~t of estrogen may well reflect down-regulat1on' 

of la'ctot:-.oph A,~G II receptor dens 1 ty. Lactot rophs represent a 1 arge 

proport 10~·t_ of the tot.al 'anterior, p1t~1tary cell popul cltion' in 

the normal female rat (7). Estrogens have been shown to 1nduce 

hY.rrt~oPhy and hyperplash 'of' prOÙc,tin cells J! ~ (17) 

ts'trcwens 1ncréase the synthes1s of. pr~1actin in cultured cells 

whereas 

w1thout 

cau,s 1 ng any' apparent hyperphs 1a of lactotrophs (2.?1) ~ The 

~' assoc i at f on of ANG Il réceptors w1 th lectot-rophs has been suggested 1 n 

several studies (1;13,21,30,33) pa-rt1cularly by A9U(1~ra et al. (1) who' 

have- demonstrated larg@r prolact1n r@sponses to ANG II -as .well liS the 

preferenthl location o! ANG fi bind1n.g ·s1tps. :'1n lactotroph-enr1ched 

fractforrs. Several II ~ stud1es except, for one (33). have 'failed 

tp show a di rect effect of ÂNG II on the release of c,I-f, fSH, LH or TSH 
, \ 

l " 

(1 .. 16). Corticotrophs àre the only other anterfor p1tuitary ~ell-type 

ANG Ï.r re.ce~tors have hee" 'demonstr~ted repeat,edly 
" 

(3,16.28,31)., However, in normal rats, cortfcotrophs represent ~ess 

than,5% of the anterior p1t~itary cell population (7). Contrary to 

1actot,..oph~èonta1nfng fracti ons, cort1cotroph .frflcti ons d1d not d1splây 
, 

maxi~al bfnding of AN~ II ,Cl). Several_stud1E!$. therefore Suggest' that 

'" ' 

, .. 

.. 

• 
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the majority of anterior p1tù1tary ANG II receptors are situated in 

lactotroplls and that th1s cell type 15 l1kely to he the target for the 

est rogen effect observed in the ppesent study • 

• The s1gn1f1cance of h1gher net prolactin release by ANG II in 

estrogen-treBted anterior pitu1tary ceTls rema1ns to be clar1f1ed w1th 

,respect, to down-regulation of ANG II receptors. Stnce 48 hour 

estrad101 treatment' ~- ~ dtd, Qot alter thé EDso of ANG 11 for 
," 

prolact1n-release. the observeô fncrease in prolactfn-relea5e by ANG II 
, 

m1ght Ile due ta st 1111ulat ion, of a greater releasable pool of pro1att1n 

underestrogen1c activ1t10n regardless of alterations in plasma 

Plembrane receptors for AHG Il. 'Alternatively, estr~gells,could poss1bly 

inc-rease ANG II-1nduC'èd.prolact1n ~èlease by enhanc1ng the couplfng of 

the ANG JI .receptors to its yet unre$olved eftecto( and hr1ng about a 

negative feed-back' on ANG II receptor densi'ty. Estrogen's mi ght 

do",n-reguhte ANG II, recept,l'>rs by promot1ng the 1nternal1!at10n with 

sequest rat 1 on or 1 ncreased degr.adat10"; of the reeeptor or by . 
1nterfering wfth rec~ptor ~ynt.tles 1 s. The IIccumulat'10n of Il putative 

. .. 
estrogen-fnduced pro'duct that mày tnhibtt ANG II receptors shpuld also 

be cons1dered. It appears- unltkely that estrogen-1nduced 

down-re.gulation 'could be dut' tO.a direct alloster1c effect on the 

plasma mef'lbrane s1nee estrad101 added to disrupted anter1or· p1tu1tary 

'cell ,!,embranes in the present study d1d not fnterfer'e with the bind1ng 

of [125I']SARILE. In l1.ght of the 1nereas1ng ev1dence support1ng the 

existence of ~ parae~1ne endogenous' ren1n-angtotens1n system fn the ~. 
, ' 

·anter1~,. p1tuftary gland (U ,26), èstro~ens m1ght st1m~1ate the release 
. , . .. 

of AHG II produced "in gonadotrophs, result1ng in 'down-regulat1on of .the 

• 

, " 

.' 



\. 

( 

, , ' 

142. 

nea.rby lacto~roph ANe; II receptor. ~ ProlacHn itself I}Iay als.o be 
, . 

iTlyoTved in th~ down-regulat1o.n of ANG 11 rec~PtC?rs .• 
" 

Further stud1es afme~ at detenn1nfng the, mechanfsm of act,fon of 

ANG II, O!!_ ~ctotrop~s and how estrogens. mfght '1nterfer~ w1th th1s 

mechon!sl'1 are needed to verify the hypothesis put. forward in the 

pre~ent studY. 'This stucfy also cl'utions agàfnst the· assumption that 
, , . 

, 1 

down-regulation ,of' hormone, receptor dens1ty a1ways leads \~.D decreased 

hrget çel1 respons1veness. r 
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From th1s thes1s,.1t appears quite clear that estrogens exert 

pr:ofoun_d . affects on the r~'n-ang1 otens1n system, particul arly at the 

l evel of the MG II receptor. From our fi rst study (~ 3) the' 
. . 

effects of estrogens on ANG II reoeptors were shown to be qu1te 

different depend1ng upon the target tissue examined. Chron1c estrogen 

treatment (7, 14 and 28 days) .!!l ..!.!:!2. W(lS shown to~ cause a marked 

reduct ion in the. dens ity of ANG' II receptqrs in the anter; or pituitary 

glahd, a mode rate , reduction in the adrenal cortex and no apparent 
, 1 , 

effpct in receptor dens'1ty in the mesenteric artery. This 

down-regulat10ri of ANG II receptors was observed after 7 days of 

estrogen treatment and persisted throughout prolonged treatment. 
\ 

S1Il111arly, estrogen treatment in viVo for 48 hours 1'(33) or; for several --
weeks (25) has beeri sh0t"n to decrease ANG II receptor dens 1ty lin 

certain d1screte areas of the brain namely in the thalamus/septum and 

preoptic:areas. These brain areaS'arp implicated in the ANG II-induced 

drink; n9 rt'sponse. Therefore it appears that chrC'mic estrogen 

treatment .1!!. ~ for per10ds exc~eding 48 hours could down-regulate 

ANG r-I receptor in several tarQet tissues. It is not clear to what 

@xtent this estrogen effect 1s dependent upon the duration of estrogen 

treatment. Estrogen treatlTlent ~ .:!.!!2. for 1ess than 48 hours has been 

s-hown to up-regulate ANG II receptor density in ·uterine smooth muscle 

whereas more prolonged treatment decreased receptor density (54). 

There has been no studies ta date reporting .. early e!fects of estrogen 

treatment (less than 4R hours) on ANG Il re.ceptors 'in ·other targ~t 

tissues. 
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A. EP~ECTS OF ESTROGEN ON ANGIOTENSIN II RfCEPTORS IN THE AnRENAl 

CORTEX 

The phys101<rg1cal si gnif1cance of this est rogen - i nduèed 

down-regul ation of ANG II receptors in dfffer'ent target tissues must be 

fnterpreted with caution. ,In this thesis. ahr,onic -estrogen treatment 

\tas shown 'to reduce ANG II receptor density in the" adrenal cortex and 

to attenuate the al dos.terone response to il l-ow dose 1 nfus i on of ANG 

II. This f1nding ffts well wfth the cJassfcal scheme correlating 

al terations in receptor number with al tered, phys1 01 ogi cal" response. A 

fundamental qU,est1on is whether or not èstrogens act directly on the 

adrenal cortex to cause -down-regulatfotl of ANG II receptors. Seve..ral , , 

stud1es have fndicated that chron.1c ~stro9.en treatment' has a trophi c 

. effect on 'the adrenal by 1ncreasfn9 àdrenal gland we1ght (4,31,65). 

Female' rats nonnally 'have larger adrenal glands than males and 

c~ncoinit~ntly praduce more corticosterone under both quiescent and 
~ ~, 

stressful condit1'ons (31). Ovariectomy 15 ass~c1ated with a reduction 

tn pituitary and adrenal gland weight and a concomitant decrease in 

ACTH. corticosterone and ll-deoxy(ort1costerone (DOC) levels (9,31). 

Sex differences in adrenkor't1cal .structure and functfon have also been 

reported (40). The eXact mechanis/ll of action {If thfs trophic effect of 

estrogens on the'adrenal gland ~s' unclear. ~i,gh aff1nity b1nl:ting sites , ' 
<;l 

for estradiol have been identified 1n cytosol ie soluble fractions of 

the adrenal cortex (43) which suggests that the trophic èffect of 

estrogens may bi lI1f!diated directly via these receptor,S. Micromolar 

conten'traHans of estradiol have been shown ta st imul ate 

1l8-h"ydrol(ylati~n of DOC leadjng to increased corticost~rone production 

in rat adrenal hQmogenates and tissue slfces (24,39). 
" , {> q, 

Increased 

cortfc:osterone levels have tllso.been shown in. vivo followfng chronic 
• 1< ~ _~ 

estr'adi0.1' treatment (23,31) ~ 
'.' t 

• 
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It was suggested that the ~oparent increase in corticosterone 

production by estradiol m1ght be due to estrogen-induced inhibition of 

adrena1 Sa-reductase act fvity. resul t ing in attel1uat1on of 

,,!,' cort1costerone metabol1sm (39). "Conflictin"g data concern1ng tt\e 

effects of estrogen on adrena1 ster01dogenes1s -have a1so been reported 

in the 11terature and probably relate to dHferences of dosage and/or 

of the type of estrogen1c' cO"l'ound usèd (23,39). It woul.d appear that 

here aga1n estradi01 has a Mphas1c effect; small amounts stfmulate 

whereas large amounts 1nh1b1t adrenal sterofdogenesfs (39). 

Morpho 1 og1 ca 1 studf es have revea 1 ed that "chron~-..estrogen 

treatment for several weeks causes regress1ve transformatfotl (atrophy) 

in the le(Ia glomerulosa oy young male rats but not in adult animal s 

(56). The fasciculata cells of young rats only. were also shown to be 

enlarged followfng estrogen 'treatment (56). Masshe fat depos1ts ,and 

cell ular hypertrophy in the zona retfcul ar1 S occurs f,0110wtng chron1 c 

estrogen treatment of both young and adult male rats (56) as. well as 1n 

adul t fema 1 e gerb1l s (47). Fl uctuat 1 ons in the number of 

DNA-synthes1zjng cells in the adrenal cortex of female rats have been 

observed during the estrous cycle (49). O~~r1ectomy and subsequent 
, 

treatment of rats w1th a single h1gh dose of estrad10l produced a .. . 

trans1ent 48-'hour 1ncrease in DNA synthesfz1~g'·-"cells in the zona 

glomerulosa wh1ch returned to normal withfn S days (60). These 

f1nd1ngs sU9gesf that estrogen treatlIIent .!!l vi vo produces divergent 

effects on the d1fferent adrenal cortical zones: The signif1cance of 
• 

these effects remai ns to be cla.,.1fied. 

The effect of estr.ogens' on the adrenal cortex mfght also be 

mediated 1r1directly through U,e p1tu1tary-adrenal axis. Prev1dus 

~ '-
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stud1es on the effects of Ov.ar1ectoMY and replacement with estrad101 :on 
, . 

pituitary secretion of ACtH have suggested ttrat removal of the ovaries 

results in d~creased synthesis and rel~ase of ACTH and that this effect 

could be 'reversed l'ty estrogen administration (38). Whether estro.gens 
~ , 

lIct directly on ant.erior pftuitary cort1cotrophs or through t,he release 

of cort f cot rop j' "-rel •• o1og f. ct or {CRi) f r~ t h~ h y~.1amu5 h, as ,n ot 

~een clear1y est'ahlts/'tpd (Q). \ 

FrQf1l these st.u~ies 1t would seeln 1'1 ke1y tt'tat estrogen$ ha~e a 
----. , . 

di rect and/or i ndi rpct trophtc èffeCt ,~n_one or spver.a 1 . tones of the 

adrena 1 cortex to i n<!rease. DOC and cort i coste,~on~ synthes 1 s'and 
, ' r \ 1 

release. There 1s no evidénce 'that 'estrogens direct1y st·1mu1ate.:. the , . , 

zona 'glomerulosa to 1,ncrease ald.ost~r6ne r~l,ease.. ,In' th1s thests. 
, . 

'plasma aldosterone<- leve1s d'id not Signff1cant1y increase, tt, 

ovariectom1z~d rats tr~ated wit1t estra~to1 for 7 'days (chapter 3, Table (, ", 

dU). Perhaps estrogens act, d~rectly on "~h.e zona glO1'1eru"osa to 

decrease ANG II recêptàr density." 'Estrogens ,,,,ight also inter,fere wlth 

th~ l~te aldost'er~ne /.~ynt~etj~ pathway (c"onvèrsion of cort1c'ôsterone, 
, 

\ 

to aldostE'ro~e by la .. .hy(lrl\xyl'at~on) (5'2). Another .... poss1b111ty 1s, that 

a tranS ~ent estrogen-1 nduc.ed 1ncreaSè 'in 'c1 rcul at i ng ÀNG. JI woVH! 
- ' " 

st1mu1afl! 'aldoster:one release ~nd' ·that increased aldosterone levels 

by negat ive feedback woul d decr~ase adrena t MG JI r~ceptor dens,1ty 

(lS).' These hypoth~s~s ~ould perhaps e~p}.ain the blunted aldostéron'e 

response to ANG II 4espite' the' presumed. intrease ·in ~ldosteronp 

'precursors (noc and cort1costerone) that have" beén reported tn other 
, 

studtes foll~wing estrogE'n treâtment •. :-Aternat1v.ely s1'nce AC-rH ha~ 
~ , ''-

·been shown to decrease ANG II receptOr" 'dens1ty in 'cul~ured glQrflerUlosa 

cells ,(3). èstrogenJtnduc~d' down-re~Ütion, of ad'renal'co'rtfca'l. ANG II . .. .-
( .' ", '1 \ 

receptor ,Pl1ght be media~!$i in~1rect1y by .!!!. ;,hg st1mu~-~t\1on of. AÇTJ1. 
,~ - . , 
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The exact mec'han1 SI'! of act 1 on of estrogens on ANG Il reçeptors 1 n the 
• 

adrenal cortex cannat be clearly establ1 shed fl"om the present .!! ~ 

study and would requ1re studying the effect of 17S-estrad101 '1n 

cultured glomerùlosa cell s. 

B. EFFECTS OF ESTROGEN ON,ANGIOTENSIN II RECEPT9RS IJr'THE MESENTERlC 

ARTERY ~ 
In the ~senter1c arte-ry. chronic estrad101 treatlllent was not 

shown to affe,ct, the dens 1 ty of ANG JI receptors (Chapter j). A s1mil a r 

effect of chronic estrogen treatP'lent on smooth muscle ANG II recefltors 

has a150 been reported in the rat uterus. Infus10fl of susta1ned high 

dpsës ~f estrogens has 'lieen shown to' exert a ~i ph as i t effect on uter1 ne 

smooth llIuscle ANG Ù receptors' {54}. Short term 1nfuston caused a 
'.., \ . 

transipot increase 1(1 ,ÀtlG- If receptor dens1ty wh1ch was detec.tabl~ 
, \~ . 

after 12 h~s. reacning 1ts ~x1mum àt 36 h~rs and dec1.1n1ng to or 

below control - values after chron1c tT'eatnent for 5 tq 8 days. 

,Fo1,low1ng. 1nfùsi~ of AHG H. dose-dependent' up- and down-requlat1on 
J 

of ANG Il receptors' was o~served 1,n tne adrena l cortex (1) whereas an 

inverse b1phas1c effect was ohserved in the mesenter1c artery (53). 

Althol,lgh the s1gn1f1cance of these b1phas1c effects is still unknown .. 

these -f1ndfngs further eJ'llphas1ze the dyna1llic ll.atwre of At«; II ,receptor 

jUlat1 Qn. ,~ ) 
l' Interesting\y, estrogflns have been shown tc •. have b.oth st1mulatory 

and inh1bftory effecU on uteri ne prote1ns and DNÂ synthes1s (S7). 
, " 

,Contrary to' a single injection or $everal intermittent 1nject10,ns of 

estrad10l t prolonged expos~re ta thjs estroger'l for.3 co~s'ecut1:,e days 
\ . ( 

causes uterine cpl1s to become lIl~tabo11cally refractory to .the well 

knoWl'\' genofl11 c act 10ns of th 15 .-sterofd.' The estrogen re€eptor 1tse 1 f 

, ,. 

1 . , 
• 
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does nat appear ta be affected and' the aceumulation o of an 1nhib1tory 

produèt has been _ suggested as a possible explanatfon for th1s 

phenomenon (57). 

The absence of al) effeet of chron'{~ 7-day estrad101 treatmént on 

ANG Il receptor dens1ty -tn the mesenter1c artery does not èorrelate 

wfth the previously reported estrogen-1ndueed refractor1ness to tl'ie 
" , 

1 system1 c pressor effects of 1 nfused' A~G II (51,58) • However, 

extrapolations from these ;phys101og1cal stud1,es' to the present ANG Ir 
-:>, ' 

receptor quantification study on the mesenter1.c artery are somewha't. 

tenuous s1nee there are - marked ,di fferenees 'in the exper1mental 
, ' 

approach. ln the physl01ag1~al stud1es, ovarfectomized sheep were used 

, ,a,1 th~y ~er~ acutely 1n.fused i ~v,. : w1,th ~stradl01 'g1Ve", o~r a per10d 
. , 

of l tO,2 hotir.s. Chron1c)ubcutaneous injections of estradf'ol,for: 5 ta , r . 
'l \ ' 

Il days to fernale ovariectcm1zed rat$ was shown ta reduce the,duratton 

but not the p~ak p~eS'Sor respanse ta cent~al adrn1n1str.at1on of ANG.',[l 
" . tI ' . " 

when monhored (30 m1J'1utes) ,in the absence of aval1ab1e water (55)", [n' 

à preUm1nary st,udy,d,escr1bed' in appendix II. durat10n and péak 'pressor 

rèsponses ta 1nfu~ed ANS II (40 pmol/200 g/m1nute/30 minutes) were not 

s1gn1f1cantly diffèrent, betwe~n control ovar1ectofl!1zed rats and rats 
, · e 

trea,ted w1th Fs .. estrad1orfor 7'daYs. Similar f1nd1ngs have a150 be,n 

reported in rats treated w1th synthet1c estrogens for 5 daY5 (46). 
• ," ~ 1 

Th~se latter findings ,(Appe,ndix' It and ref. 46) are in agreement wh" 

the .absence of an effect of chror/1c' estradf'al treatrnent on va'scul a'r ANG 

II ,receptors as obseryed' in the. mes'enter1c artery' (c.haptè'r' 3). 
, , . 

" , 

~everthel ess 1t 15 uncerta1n' whether' alterations in ANG II recèptor 
> \ 

-:denstty and/or ~ff,in1ty in the .mesenter1~ artery correspond to thanges 

tn systémfc pressor respanse to ANG' II.'- Further in vitro stud1es ,u~ing " 
~ -.--.- ., 

, , 

• 



\, 

, 155. 
, . 

arter1al strips or cultured vascular smooth muscle cells would a1)ow a 

,~etter assessment of the effect of estrogens on vascular responsiveness . , ) , 

to ANG)I and how these findings relate. to poss1bl e alterat10ns in 
, 

\ 

receptors for ANG ,II. 

C. 'EFFECTS OF ESTROGEN ON ANGIOTENSIN II RECfPTORS IN THE ANtERIOR 

PITUITARY GLAND 
, , 

a)' Hypotbeses on the mechanism of action of estrogen 

1) 'Calci~m mobiliiation and inhibition of adenylate cyclase 
1 

/0 • 

Down-~e9ulation of ANG II reeeptor dens1ty fn anterior p1tU,1târy 
• '1 

gland follow1ng chron1c estrad1'ol t'reatment i~'f'41ost 1ntr,iguing s1nce 

th1s effet~ 15 'not accompan1ed py, a 10ss of prolact1n respons1veQess to 

ANG Il.' To fo~ulate / a reàs~n~ble hypothesis on this apparent , , 
, ~ ~ - 1 ... 1 

para'doxical effect ,requ1 res Il ~etter understandi n9 of :th~ meeha'nhm of 
Cf' , 1 .. • \ • 

,aet 1 o~ of, AN~ \:. . !fany ~i ~f,eren~. 1 a~oratorf es hav~ ~eported 1 "hi bi tion' 

'of adenylate. ey7hse by ANG Il 'in membranes frOIII sev,eral ta.rget 
- 1 Il \. 

'this,ues. fnc"1 ud1ng the, l1ver (32). k1dney (62). âdrenal glands (42) " " 
•• J 

, . 
. s!ftoo~h !!lIscle (2) 'and anter10r' p1tu1tary gland (4th In the anb!t,10,r 

, ,f .. 

, .. J 1 ~ J 

p1tu1tary 9laQd. a cTose- correlatfon between .the respéC:tive 'potendes 
- " .. ' ' .. 
of a series of ~G Il' analogs to fnhfbit adenylate ~yél ase and t/1e, 

-' , . ' ~ ,~I L _ , '1' 

k l ' 

~oteftc1es of these ànalogs to ~11éit prolact1n or ACTH release has been 

observed (41). 'Oopam1ne ~nd ANG Il have opposite effects on prohc~1n 

sec~et10n \,eY~n though they bot-h f-nhib1t the sanie adenylate cyçlase. "" 
. 

Marie et al (41)1 propose(l a model to \ reconcl1e th1s 'apparent 
" ~ - .. 

di screpaney in' the mechan1Sm, 'of action of dopamine and ANG 1[ on , ... 
~ " 

prola-ct1n secrètion. Th1s model 1mp11es that prolact1n release c.an be 

e'lidted through ~fther a "calcium mOQ1j1zat10o~pathway" or a "cAMP 
... .. -, 1 

production ~athwày". Acèord1ng to th1s mo~el. A~G 'II could st1J11ulate' 

" , 
.~ 

,,' 

" J 

l , 

, '" J 
, . ~ 
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prolactin rel~ase through a calcium pa~hway as has 'been s~ggested tn 
/ ' 

several other ANG Il target tissues 5uch as the, adrenals (20.2'1). 

5mooth musele (11) and 1,~er' (36)'. Conc0l'l1Untly wfth stfllltJlatfon of, 
- ~~ 

t,he calc1tJm pathway. ANG Il could attenuate the cAMP pathway by \ a 

'direct inhibition of the adenylate cyclase.. One could ,reason 

teleolog1cally .that ~h.l1e ,e'Nr,. JI stimula.tes prolactin r~lease through 

calcium rnobl1ization. ANG II m1ght a1so regulate its t't1miJlatory èffect 
- , • 'p ~ 

'by decreas1ng the act1v1ty of the cAt4~ pat'hway. 'fhis'would render the 

p,1tuitary,less sensitive to other prolact in 5ecr t oglles 5uch a-s VIP 

(vaso-intestinal ;polypeptide) and T~H' -( otropin releasing' hormone) 
, ,. , 

whl;h . act' thr;-ough this c}\HP' p~thway. , Prol ~ct in r:egul àt i"g horlTlOnes. 
\--" - ,L 

, . 
such aS,VJP, and dopamine could therefore modulate prol~ctiR release by , 
" . 
st1mulattng' or fnh1b1t1ng the cAMP pathway respectively (41) whefe'u . , 

, - 1 

ANG P ~olJ'd a.ct hy a diffprp,nt fI'Ip.chan151'1,poss1bly by increas1ng pho's.-: 
• J 

pho~nQ$1tol .turnov~r (6,30). Although severa1 studies 1nd1ca~e'i:hat 

intracel1ular calc1ti1 molUl,1zat1on app.ears 'to -he 1mportânt in ANG II 

receptor transduction (l"Ied1at1on of cellular response); what actually - ' 

tr1ggers t"1~ calc1ul'l mo~111~at1on 1s s.tlll unclea.r. For "instante. 'tf"~" , 

15 ,not known whethef calcium 1s brought 'in from the olitside of the cell 

or 15 mo~HZed 1ntracel1u1a~ly. In the ante,r10r p1tu1Ury gland. A,NG' 

, II-1ndu.ced calcium mob111zat10n m1ght 1nvolve the "open1ng" ,Of plas-ma 
. , 

Memb~ane calcium channels g1ving rise to ~n influx of calcium int~ the 

cell lead1ng ta stimulation of prolact1"' release .. ,Such -a mech'anfsm of 
, 

action sugg~sts a work.1ng hypothes~s to expUin why pro,ladin rel.eas~ 

is still 1ncreà~ed, by ANG II 1,n estrogen-treated cells desp1t~ lOWered . ", ~ \, - . . ~ 

numbers of ~flr, II receptors. 
,1 

- '1 ~ 1 

'~1nce estl"f)g~n-pr11'1~d lattotrophs 

synthe51ze greater amounts of prolact1p, en~ancement of, prolact1n 
" ' ~ ~ 

" j ~, • 

, . , ' 
, ' 

.. , 

'" 

, ! 
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. , 
rèlease by ANG Il might occu,.. due ta a calcium channel gating effect 

1 

1nduced hy the stimulat10n of even just a few (20%) remai ~~.ng' ANG II 

receptors (chapter 3) •. This hypothes1s would b.e ,èompatible with 'the 

appa~ent ahsence of an effect of estroge~s 'on lactotroph 'sens1t1v1ty to 
" " ~ 

, , 

ANG II as dete",,1ned hy the s'fm1lar1ty of the roso fôr' Atm II hetween 

control and 'treated cells (,chapter 3}. On the 'other hand, direct 

st1mulatory effects of estrogens on basal as well as TRH-inducèd 

pr01act~n release have also been r,eported {~O}. This latter find1ng 

suggests that estrogens mi ght al 50 'i'nteratt with the TRH-cAHP cou'pled 
- . 

. system likely exerting its effect at li .step after cAMP formation (26). 

'11) ~lucleot1de-bind1ffg regulatory prote1n 

'Another possible hypothesis 15 that estro-gens 1111ght, enhance, 
, , 

p1tu1.tary ANr, Il 't;'eceptor sensit1vity -'alJet t"at down-regulation of 
, . . 

lact.otroptl ftNl; Il receptors fs a secondary .cOMpensatory E"vent. This' 
, . 

l ' hypothes 15 il'lpli es that estrogens aet pr1-mar11Y. ta enhance th,~ cÇ)upl1ng 
jQ ~ : \ ,t .. ./ .. 

of the ANG fI receptor t.o 1ts. 1 as yet, unr~sol v.ed effector. 'Ry 

. ana10gy, glIJcocortico1ds have bee" shawn to 1ncrease the rt!'sponsiveness 
J _ \ " 

,~ t 

of ~at peritoneal l'Iast c.ells tc! a-ll~ren~.r:9ic 'Ilgo[lists w1th-,Dut __ ch~ng1ng_ 
, r M - ~ - M ~ • . . , 

the nurnber .of B-a~r.energ1c reeeptors (59). Another stIJ,dy ha$ shown 

, ' . evidence estrogen-1nduc!ed. 
'-. 

Il attenuat 1 on" Il st-iroul at!»ry for of 

nuc1eot ide-bin-di ng re-gulatory _component (N .. c'OfIIponent)· 1nvolved in the 
_ " J l ,-.' 

5 

-, 

.. - 1 .. ~ 

" , -' 1 

coupl1 ng of the tH an~ s .. adrenergi c corpOra' 1 utea 1 réceptors to, the 
... ( • ' ,,. 1 ~ " '-. r 1 

catalytic cOPlponent of 'adenylate cyclise (~i). This 'N-component of 

adenylate cyclase systêmS 15 t-he ',prot,.,~'n that 'serve~ as the 1nterfàce 

between horlIIOne receptors and the C'atalgt~c unit of ,the syst,em_ (37): 

This decrease in' N-componel\t activ1ty suggested th-a~, estrogens ,in 

. addition to caustng Il decrease 1.~luteal. LH reèeptor nUlllber. could a150 

, ", 

, . 
, , 

't 
.. 

'} , \' 

. '. , ' 
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cause ~ ,..eceptor"!'1ndepe~den,t decreue in thp' resporisiveness of the 
, ' 

, . , 

,,- " adenyla1;e cycla,se' system ta lH (37"). ,h: 1s' still a~ open question'as 
, ~ \',~ 1 ~ 

" ' 
t'o 'whether s1M11ar ~tudies on ,the ~nt~r1br p1tu1tary, gla'rld ANG Il 

, 
rêeeptor- wouHI reveal rather than ,"-suppressed,j .' 
estrqgen-1nduc'ed "C9upl1ng" of the ANG II recéptor to 'its yet unknown 

. " 

effector. 

Seye~al stud1es -sugqest that the ~NG II receptor may vety- well he, ',' .. . . 
.' linked to a nucleot1de-b1nding protein whic'h may be règlllat1~g 

, ' ' 4 

ag~n1-st .. 1ri~ueecfpost~ree~Ptor events. [125]ANG' II ~1nding 15 decreased": '. \ 

" ' , . hy guanine ~ucleot,1~es (r,TPY~!10t27',63)., High and ,10w afffn1ty.hinding 

, \ 

!. " , 
s1t'es for t'h~ agonfs't ANG, II' '(whfcn are sens1t1ve, to GTP) have beln , ,'\ .. 
repo'rted ,for ANG II receptors 1n~ thé ,adrena1 (13), l1ver (10), 

" ' " , ' 

-JIIyoeard'fum (64)' and mesen~er1c artery (44) uterus. "(17)', and brain (5).-" 
, , .. 1 1 • t ~ _'" ~. 

Other stuct1es hllve ieported on-ly, 'a s1~g"le Uflifor;1n class "of ANG Il 
»' , f." 

receptor's (28,29~45.54). These, discrp"pan.cies . ;might be due' to 
1 \ " ~ .... , 

rnethodological d1ffp.rpnces in rAdio.receptor, a5sa,ys or in the analysis ' 

'l, of .b1ndin,Q' daU, ~vprthelirSs·. 1t ,apIlears that.: -the Il 
, • .... 1" r ' , 

~gon1'St-spec1 f1,c h1gh, aff1 nfty' receptor cQMplex ·inel udes, a guan1 ne . 
\ ' , 

J , • • . "-, ", '\ 

nucl~otïde-bind1og ;prote1". wh1ch 15 1,nvohed 1rt, -the .. regu~at10n o~, ,< 

reçeptor aff1n1~Y, a~d poss1bly of 1tsA.n,~·t1on._ In, 'adenylatTe ~yc1as~ 
, 

,c::oupled systems 5uch ,liS th.e ,a;.acfrènerg1e reeêptor. 
\ 

hfg~ ànd. low 

affin1tY: si~~$ sef'!s'1t1.ve to GTP- have been previous1y charac~er1zed 

(3,5)~ Interest1ngly. the ab1l1ty 'of ~-adrene'r91c" ag~n1sts tO'Act1vate 
, f' ... • _ ,.' .J \ ~ , _ ( .,' 1 .. • 

,aden~late cyclase ('1ntrfnS1c actfvity) eorrel.àt~d' c105e1y w1th the 

al!l~unt of' high aff1n1ty stat.e forme~ in the pres~nee of the agonist 

(~~). ;'There 15 an ,apparent 1mp~,ir",p.nt of hfgh aff1-nfty. sta~e fQr:matfon 
" ~ • ' J • 

ln' membranes der1ved from "desensit1zed" ,cells wh1èh mây- be respoAs1bie ' . , 

, . 
, . , 
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for the decreased aet ivati on of ad'enylaté cyc 1 tise observerl Nfter 

des,ns·1tiznfon (35). 
\ ' 

" Extrapolat1ng theS'e find1,ngs from the e-adrenergfc reeeptor to the 

prlasent stud,Y. ft mi ght ,be speculated that estrogens i nteract with a 

'guanine nucleotide regtJ1atory. prote1n wh1eh may he in~olved in the 

enhanoed pftu1tary cellular respémse to exogenous ANG II. Thts 

hy,pottl'esf~ su,ggests th~_t fol10w1ng,estrogen treatment less recepto~s 

a.re ,available for st11'1tuht1bn _ however the "transduct1on 

s1gnal"followfng ANG II hfnd1ng to t-l'le receptor 1s ~nhanced. Further 
-' 

studies, will I:!e needéd to determine whether or not different afffn1ty 
( , \ / 

states of the ANG II receptor exis~ in the anterior pitu1tary gland. 

This could be fol1owed by a study on t'he effect of e~tr~gen treatment ~ 

on ~hese pres1Jtned d1ffprent aff1nfty states of pitu1ta.ry ANR TI 
, . 

receptors whiçh m1ght further -substant'iate this hypothesh. 

fif) Ëndogenous' ren1n-ang1oten.s1n system' 
; 

In v1e~ of the increas1ng evidencp suggest1ng the existence, of' 

1,ocal éhdoge~ous AMri' n',prOdUCfng syst~'"~ 1'n sever~l tàr'get t1~~UéS,. 
1., '1 , 

" f r, 1 

-one .'m1gnt - al s'o speculate 'that estrogpns 'coultf altèr the, rate of 
l '" • .. .... 

production, of ANG-ll and: ~~t thf~ 10ca11y produced ÂNG II would act as 
, ' 

,li paracrfne hormone ta sttmulat~ and even-tually to desensftize and , , 

down-regulate tht' nearby ANG II receptor. In the anter10r p1tu1tary 

g'l1and. all elements suppor,ting such a concept are present. Estrogen 

receptors. renin substrate., ren1n. AtlG 1 •. convèrt1ng enzYJ'Ie and ANG'II 
, . 

are all present tn the anter10r p1tuitary (chapter 1. table 1). More 

pr:ec1's'ely. estrogen receptors '(34) and native ANr. II (16) are found Ùl' • 
• 1... • 

, ,\ .. ' .... ' \ 

, ,gonadotrophl' a_nd ,ANG II, ,.eceptor~ are, s ftuat~d 1 n the' nearby 
" 

from 90nadotro~ti.r1Ch cell a~g~egat~s, h~S b~en" 

" 

" , 
',~ , - , \ . 

- , 
, --

l ' , 

, ' 

• 
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shown to stffTIulate prolaètin release (15,);, This effect was not due' to 
; 

FSH' or LH, (15) but m1ght, be due. to gonadotroph .. cterfved - MG 1 J. 

Althoogll ~h1s hypothèsis co~ld explafn how locally produc~d ANG II 
,- !te> 

, could cause down·regulatfon of lattotroph ANG Il receptors, the absence 

of desens1tfzation of lactotrophs to ANG II followfng estrogen 
. " 

. , ~ 

,1nvolved in' es.: 'n sensitizat10n (\f laétotrophs to Atm Il. In th1s 
, ' 

treatment rema~s' unp.xplafned. Perhaps anotAer intervening factor 1s 

tespect gOn~dotro~h~ 'have, been shown to potent fate 'the pr,o lact 1 n' 

response to ANG II ",hen co-cultured, 'with l'actotrophs (14) suggest1ng a , , , 

yet ,undeftned priMing eff~ct of gO~dotrophs on' lactotroph 
l 

$enS1,t1v1ty •. Another poss1bil1ty for lack .of correspondence between, 

'enhanced prolâct1~ responsiveness to ,ANG JI and ~strogen-tnduCè~ 
1 

down.règulat1on of' p1tuttary ANG II receptors ,m1ght s1gnHy that the 

lactotroph c~11 15 not the proper target cell for·th~ observed estrogen 
' . . 

,effect. This P9ssihfl1ty would se@'fTI unl1kely however as prev1ously' 

discUSSéd, in chanter 44 

O.' 'EtFEerS OF E'SrROGEN m~ OTHER' ,aNlERJO~ PITlJi'rARY PEPTInE HORMONE 
1 

~FCEPTORS. 

Analogous to thé'_present study. 17B-~101 treatment in v_i.vo 

has been shown to produce d1ssociated cha~és of pitu1tary lute1niz1ng 

horPlone re 1 eas 1 ng horfTIpne (lHPJI) rec~Ptors and respons 1 venèSS to, lHRH 

(22). In this instance a' single injection of 11a-'astradiol ta - \ 

ovar1ectom1zed rats caused li biphastc effect on the lH response t~ lHRH 

(tram hypo ... to hyperresponS iveness w1 thout any change in [125 I) LHRH 

,"1 nd log. l'or.oy./.· t h. sel f - pr! ~1 ng éf fect of LHRH (1 0-fol d ! ncr •• se 

1 n the LH responsJ to- li second d nject 1 on of lHRHt was accompan,1 ed -by a 

, ,40% 10ss of p1tu1târy ;'~HRH ,reeeptors (22). ln anterior p1tuihry Cèll 

, ,t -"-~-

l , "', 1 

-

\ 
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tul ture. the st if'llu1 atory effect :of éstrogens on LH responsheness, to 
" 

lHRH ~ppeared to he due to changes tn the sensitiv1ty, of the release 
, . 

mechanJsms ln gonadotrophs, since total LH content (rel~ase plus cell 

content) wJs not affected hy 17~-estradl01 treatment, (19),. Therefore 

lhese findings on the modulation 'of gonadotrop1n secretiQn a1so suggest 

that post-receptor evellts play'" a pred0lJl1nant role 1n the control of 
\ , 

p1tu1tary hormone secretion by estrogens. On the other hand. direct 

correlations, between estrogen-induced effects on· ~e~ptor density anet 

. cell respons1veness have also he~ reported in t~e anterior p1tuitary. 

Estradio1\ treatment of rats for 2 days has' been shawn to f nérease TRH 

receptor den's1ty and, 15 accompanfed by enhanced. sens1tiv1ty of the TSH 

response to TRH as wel.l as a larger prolactin response to TRH (12)'. 

This further eMphas17es the complex1ty of tflf' effect of estrogens on . 
l , 

,d1fferent receptor systems' and precludes a cOllllllon mechan1sm of act10n 

-, 
for thi s stero~i d. 

E. EFFECTS' OF OTHER SEX STEROIDS ON ANliIOTENSI~ II RECEPTORS , 

Sex steroids other t~an estrogens' h.a,ve also been shown to produce 

l'Iârked effects on s~veral d1f,ferpnt hormone' systef'lS. W vivo stud1ef' 

have shown that estrogen treatment 1ncre4ses' uterine a-,drenerg1c and 
\ '. 

oxytoc1n receptors w~ereas progesterone appears to t\ave an oppos1t~ 

.effect (48,61). . Progesterone ha~ a1so been shown to block tHe 

tr~n$iePt es~rad101-indù~ed increase in uterine ANG II receptor density 

,(54)., Usfng collagenose-d1sp.ersed adrenal glol'lerulosa œlls, 1t wu 

a 1$0 ' shown thllt andrOgens (testosterone hem1succ1 nate) 1 1 ncreased the 

aldosterone response to ANG II afld displayed rap1d increases,' with1n 

minutes in whole cell ANr. .11 bind1ng thllt was not seen when the stero1d 
, , ' , 

was. present dur1ng th~ bi,ndi n9 assay (n.' ln tact ",hen, testosterone 

'. ' 

" 
,. , 

a a 
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" 
""as added in medium during b1nd1ng dehrm1nat1ons with the dispersed 

ceHs, b1nding of ANG II ~as inhibited rather .~han enhanced. This 

apparent alloster1c effect of androgen ster01ds on adrenal ANG II ..,. 
receptors was not ,observed in th1s thesis when study1ng the effects of 

, .. 
estrogen "(chapter 3~8). This ffnding may be pecul1ar to the use of 

,J 

testQsterone or to the study of ANG II binding in 1nta~t tells. 
\ 

This thes1s therefore sU9geSts that the effect of estrogens on ANG 

II reèeptors may differ 'depenct1ng upo,n the targét tissue exam1ned. 

This may i~ly that there are fmportant dffferences bet""een ANG II 

receptors in different t'arget tissues: Although t,he nature of these . 
.f) " '. ," 

d1fferences 15 still ~ 'uotnQwn, 1 one pos~1ble locus may invol ve the 
1 

post .. receptor transduction system , , (pos.sib(y a nùcleotide-btnding 

a a 

regulatory p~ote1n)." How estrogens Pl1ght' interfere ""' th these 1\" 

.. " \. \ 

transduction $ystems and how éstrogen$ affect receptor turn9ver awaits, 
,0 

further 1nves~1gat1on us1n9' Cèn' b1010gy 'techn1qu·es. 

The present study m1ght contr1bute to a 'new field of invest1gati'on 

on the mechanism of action of estrogen on ANG II receptors.. An,' 
,,"fI' 

1ncreas1ng number or stud1es 1nd1cate that steroid hormones modulate 

peptide, and protein hormone receptors. In addition to Us classical 

anabol1c mechan1sm of action" estrogen m1ght' also have other effects as 

~ .suggested by estradfol-1nduced rno~ulation of ANG Il receptors • 

\ ,(/ 
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ClÀIMS TO ORIGJNALITY 

, 

1} A no'vel approach ,in th1S th,es1s, was the use of ,the ".ad10labeled 

,angiotensin, Il a~tagon1st: [125I]SARJ~E to quant if y "angfotensfn U 

receptors' in ~ev.eral target tissues. Validation 'of the ùse of 

ahg~oten~in- II 'antag~n1sts to quantif; a<lrenal ang10tensfn -Il' receptors 

has ,thu$ been ~xt'ènded tCl the anterfor p1tu1t~ry gland and P'lesénteric 

,,'art~ry. , ' , ' 

2-) ." Thf,s' 'ttlesis demonstrates for t~e ffrst t1me th.at ,estr,ogén -

trèat~ent modulates ang10tensfli II, reéeptors differently .depend1 ng upon 

t'he ta r9èt t 15 sue ~x'ami ned: . 

" , , , 

. , ' 

a) l,ri the adrena 1 cortex: 
\ ,. l' 1 

Chron1 é 'estradiol treatment has bee~ shown, to suppress 

ang1btensfn II-med1'ated Aldosterone release. As shown 
, 1 

, 
in chapter 3 th1 s effect mi ght be- )hediated by .... 

estrogen-1nduced down-regq'1at~on of an~1otens;n II 
!, 

reèeptor densf,ty in the adrenal cortex. 

b) 'In the mesenter1c artery: 

Severa 1 studies report, that ,estroger'ls i'nduce 

refractor1ness to' the pressor, 'effects of ang,otens1n 

Il. ,This 15 the fi rst study thot attempts to co-rrelate 

.!~e . 'f1ndings w1th· alterat10n 'of ang1otens10 II 

r.eceptors ,in vascular arter1al smooth musele ce11s. 
h ~ • 1 _ 0 • 

FrOfll t~1s t.hesis, it would a~pear that mesenter,c artery , 

àng1otensin' H' receptors al;e ",ot âff,ected' by chr~ 
, , 

~"st rad f 0,1 t r,eatment • 

f 
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ln the anter10r p1tu1tary' gland': 
i 

" ~ .. 
,Th,1', 15 the f1r5t report that chron1;c estr09~n tr'eatment, 

, for' 7: 14 or 28' days decreases ang1otens1n 'Ir r~ceptor 
. 

deri~'1ty in th~ a-"i!rfor p1tu1tary gland. Futthermo're-,: 

in th1s tissue. d1ssoçiated changes between· p1tuftary . 

.~ngfoten$1n' II receptor 'number and target cell 

responsheness to ang~Qtens,1n II ,have,-been demonstrated 
, ' 

both tn 'vivo and in cultured ante,rior p1t,u1tary çells 
..... .-. ... l ' 

follow1ng estrlldi 01 treatment • Resuits, from the 

a nH,. 1 or p1tu1tàry gland a"50 caution ag.Ün5t the 

assumption that. reçeptor ~own~regulat1on necessarl1y 

leads to attenuIlt10n in hormone physiologieal response. 

3) 'This thes1s al sa shows for the fi rst Ume that' estrogen' a,cU 

directly on anterior p1tu1tary cells (w1thin '48' hours) to' decrease 
l ' 

ang1otens1n Il, receptor dens1tyo .. This new f1nding opens up Il new field 

of· invest 19at 1 on on ~he mechani sm~f att ion o! estrogens on angi otens1n .' 

II' receptors and how target cell respo"s1ve"ess 15 affected by ,this 

stero1d. 
\ 

. ' 

" , , 

, , 

" . , , 

, , 
" L ' 

.~ ." ;. '," ". '>, 

, /. , 

...::.. 1 

4! 

< ' 

.' 

... " 



t 

,. 

" ' 

, ' 

~ Ir; ,'" < 

~ 1 - ~ • r ; 

r: , 

, . 
. 

C
" , , 

" 

" 

, , 173. ,. 
. , 

APPENPIX 1 
, .. 

.- . 
~ ~ 1. 

. 'ln vivo [125 I)ANG' ,1 1 and t1UI]SAAILE uptake ,stud1es 
, .. ~ 1 ( , , 

In: these upt~'ke, studies,', v~r1abre do~es ·of .,(12S t jANG Il, or 

[125'I]SARILE (ANG' II,' !ntagdnist) were ',1njecte9 ,'~s la', bolus 1nt'6 
\ ~,\ ,~, . , '~ 

pentobarb1tal-anesthetized 'fe~le ratS Ind â"I"ow~d to c1rculate for 'a 
, ' 1 {~.'t .. " 

certain period 'of t1~e before 1ntracardiac perfuSion with saJ ine and.!!!. " 
1 .. l '~ ". 

toto, f1xat~on wtth glutaraldehyde (see IIIorpholog1cal techn~,que' 10 - , ' 

chapte.r 4).: Selecteq t~rget tissues for ANG Il, namely ~he adrenal 

glands, thora,cic aorta, mesenterfc artery, atr1a and ventr1cles frolll 

the I1eart, me~hn etIIinence/hypoth~lalllus, and the whol e pftuitàry 91 and 
"r r ~" 

were rernoved after fhat 1 on, wei ghed t and wet tissue radi oaet ivity. wu 
, ' , . 

JIIeasured w1th a galllna counter (total uptake). Speci ffc uptake ",as . . 
deterlll1.ned us10g separate- animals i njected w1~h a, 1 arge ex cess of 

d1fferent' unlabe,led ANG II antagon1sts adm1nistered s1moltaneoosly or 

,pr1or to .'the injection of [1251] ANG Il or [125 I)SARILE. Specifie 

uptake was calcul""ated as the percent of ,1"hib1t1on ,of rad10activity -
coùnts'" for, each target tissue in "cold h(lnnone-injected" ànfrrals 

, , 
r 

" ' c!lmpare~' with animal s 1njected only with the, radiol,igand,. Variations 

",1n'ttledose'. route of 1nje~t1on an.d c1rcul~t1of'l, t11'1e of t~e rad1~1gand, 

, and' unl:abel(!d peptide ~re tested as shown in tables 1 and II. ra'bré 1 
'I,. ~ 

, sumarfzès", e~per.tments us1ng [l25IJ ANG II and stud'1es using . , , 

' . .' [12,5I]SARILE' are' stlown in tab'e 1,1. , 

'" 
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',TABLE ,1 nfvIYO [125I]AHG li UPTAICE STUDIES tif IffTACT CYCLIIIG FEMlE RATS -

" 'Tot a l upta.ke 

[12S I]ANG lI(a) 
bol_us dose 

0.09 nmol* 

0.09 nmol* 

0 .. 18 nmol 

0.04 nmol 

Tillle in 
circulation (minutes) 

.... 
2' i.e. dese. bolus (b) 

2' t.e. desc. bolus (h) 

2' i.j. bolus (e) 

2' 1.j. bolus (c) 

/,' , 

Unlapeled ANG 11 
antagon' st dose 
(1) ~r (21 . 

5 nmol 

- 50 nmol 
, 

50,nmol 

120 mnol 

Uptake inhibitfon 

Time in circulation of 
unlab~led ~G ,11 
anitgonist befor.e . 
(1 I] AHG Il injeC\tion . 
(m~nutes) P • ", , 

~30' 1.J. infusion (d) 

30' i.j. 'infusion (dl 

30' i.j. infusion (d) 

30', i.j. infusion, '(d) 

:rIft ',in circulation' of 
[ JANG 11 + ANG II 
antagon1st together 
(m1nu~es) . 

2' -

2' 

2' 

2' 

0.18 "mol S' i .j. bolU$ (c) 50 "mol 30~ 1.j. 1n!~_) 5~ 
---~ ~ , 

(1) Sar~tle: (SA~JlE) 
(2) Sâr Ala .(Saralazin) 
(a) [125 î] ANG II: "300-500 Ci ftmlOl ;. ' . 
(b) i.e. dese. bolus: ·5 sec~nd bolus injection (0.2-0.5 ml) 1nt~ the rtght carotid artery Ifgated proximaly an~' 

injectéd at counter current towards the heart. - .. 
• {t:} 1.J. bolus: .5 second bolus injection (0.2-0.5 ml) through th~ n~Jn-l1gat.ed r1ght Jugular vein. 

(d) 1.J. 1nfusion~ left jugular ~e1n infusion (l ml) through PE 5Q polyethylene,tub1n9 i~serted into thé vefo near 
1ts junction with~trium. . 

*: 40 9 fetnale rat (all othe,. stud1es .ere perfonned with 200 9 r~ts). 

/"~1-, 

~ 

( 

" 

1 ---
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TABLE Il '1. ~IVO [1211]SARIlE UPTAKE STUOIES 1"-IKTACT'CYCll~G'F~ ~TS 

Total uptatce 

I]SAR ILE (a} 
us dose 

04~nmol 
04 nmo1 

03 omol 

01 nmol 
06 omol 

.04 omol 

02 nmol 
~02 nmol 
.02 nmol 

Tillle in 
circulation (minutes) 

21 fi.j. b01US~ (cl 
2~ 1.j. bolus (c 

2r (bJ-. bolus) (ct 
2 1 (i.j. bolus) (c) 

1 

2 1 (i.j. bolus) (cl 

2 1 (i.e. asc. bOlus) ~b) 
2 1 (i. c. a sc • -bol us) b) 

JO' (i.j. bolus) O{c) , 

30' ~".C. ~sç. b01US~ (d) 
30' i.e. asc. bolus (d) 
30' .(i.~. asc~ bolus) (d) , 

a) [125I]SARILE: 300-500 Ci/r.nol -: 

Unlabeled SARILE 
dose 

80 nmol 
80 nmol 

,300 fmlol 
300 nmol 

300 nmol <t> 

',130 nmol 
130 omol 

300 'nmol 

10 nmol 
160 nmot 
300 nmol 

" 
\~take lnh1b1t1o~. 

Timè' in circulation of 
unlabel~ '~ARllE 
before r 2 I]SARIlE 
t!1je~ti~if-: (l'ri nutes ) 

30'.i .j. infusion (d) 

" 30 L Li •. infusion (d)L 

.2 1 1.j .. ,111fu$ion (d) , 

2' 1t. 1nfusion(d) 
2' i. infusion d 
2' 1.j. 1nfus1~n ~d~ 
2! f~j. infusion (d) 

", 

Tl~~ in circulatiQn of 
[ ]SARIlE + SÀRllE 
'tog~ther (m1nu~es) 

21
, 

2' 

2' 
'2' 

~ 

, 2 1 

2'. 
2' 

., 30' 

3n' 
30'. 
30' 

-' 

b} i.e. asc. bolus: 5 second bolùs'injection (0.2-0.5 ml) into thé-rtght'carot1d artery 11gated distally ~~d 
injected towards t~e brain. ' 

c) 1.j. bolus: 5 second bolus injection '(O.2~O.S ml) thro~gh the non-.ligattlllr1ght. jugular vefn.' 7 ' . 
d) i .•. h infusion: left juguhr ve:fn infusion (1 ml) t~rough PE 50 f)olyethylé!le t\lb1ng 1nser1ed :ioto, the ,veln near 

1~s junction .. 1th the left atrium _ : - . ' 0 
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APPENOIX II 

Effect of -7 .. day ,estrad101 treatment Olil the system1c pressor r~sponse of 
ovar1ect()fll1 zad rats to 1 nfused ANG II 

ObJectives: 
, " 

1. 10 detenn1ne whether chronfc estrogen ,treatment affects the 

pressor response to 1nfused ANG II. 

2. To ,correlate the'se findings with the absence of an effect of 

, -- :chrôn1c estrad101 treatment on mesenter1c artery 'ANG II 
~ " ~ 

receptor dens 1ty. • , 

- , 

,:~xper1mental protocoT: 

Eight ovart~ctomized {OVX} rats and 8 OVX-estradiol-treated 'rats 

were treated and Ifsed' as described ln chapter 3' for the .!.!!. ~ 
", ' 

\ aldostf!rone re1ease study. On daï~7 contcof) '~~d treated 'r'ats were 

paired, an,esthetized sequentiall,Y with ether and kcannulated one 9fouP, 

at a t1me',(4 ~9roup's of 2 controls and 2 treated). The r1ght jugular 

ve1n and carotid artery were' cannulat'ed dtstally, r1nsed witt. 5% " \. 

dextrosé -conta1ning 100 U/ml of -hepann and the, two pl astie' PE ... 50- tubes -
• - , ~ , • 1 

were passed under the sUn and brought out 'at the scruff of the neck. 
\ f, l' 

Rats were- al10wed '1 houts' to recover fraI') anesthesia before 'starting 

the experiment. Using one group at a time. the', ca rot id arter~ of each 

rat was connected to a pressure' tran~ducer (Bell and Howel}): and 

rec9rded on a Deviees Polygraph. The jugular veins of one control .. OYX' 
",,'" 

rat an'd one con~rol OV,X-estradiol treat"èd rat were connected to 

syr1nges contain1ng 5~ dextrose. The jugulâr veins of the rema1ning 

OVX-rat and OVXI~rstrad1~1 treated, rats j 'tI"ere connected to ~yr1nges' 
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177. 

conta'in1ng ANG II diluted in 5% dextrose. After 10 l'1inutes of arterfal 

pressure stabilizat1on, infusions of ANG II (40 pPlol/10 J.ll/ minute/rat) 

and 5% dextrose (10 ul/minute/rat) with a Sage pUl'1p (model 220-1; Sage 

Instrurtents, White'Plains, N.Y.) were started and carotid artery blood 

pressure readings were recorded fo~ 30ll1inutes. Data were analyzed by 

two·tailed paired and unpaired Student's t test. 

Results 

Rasal arter1al pressure readings were not significantly different 

between OVX-rats (A9, :t ( "",Hg) and OVX-estradiol treated rats (92 ± 2 

mmHg). Following ANR II infusion, pressuré readings in bath OVX rats 
" 

and OVX-estradiol treated rats began to rise after approximately, 4 

minutes frOll1 the begin~1ng of the infusion and rea'thed a plateau after­
~ 

approxiPlat'è.ly l;' minutes., l./hen cOfTIpared: to pre-infuston hasal valu~s, 

. ' 
ANG II infusion s1gnificantly i,ncreased blood pressure tn both OVXACrats 

'and nVX-est~adiol treatpd rats (P'< 0.01 paired t-:teost). Rlood prjessure 
, 

'-'~as n~t affected hy 1 nfusion"" of 5% dextrose' vehi cl e into iWX-rats or 
, ' " . 

, . OVX-est-radiol r~ts (Fi gure 1). Pressure increll1ents (pressure read1ng 

at 6 minùtes r.iinus basal) Wflr.~ not si9n'iffcantly dHfer~nt between nvx ..., , 

rats (t. 31 ","Hg, n-4) and Ovx-estradiol treatéd rats {~ 35 IIr.1Hg, n.~4) 

(p >0.05 unpaired' Student's t-tes't). 

DiscuSSi on 

Interpretations of this study are lirnitéd hy the sl'1âll number of 
, 

experfmentaJ groups (n-4). Chronic estradiol treatment of OVX·rats f.or , 
-;. . , 

7 days do~s nct' appear to fnduce refractoriness ta the,-pressor effects 

of a physiological infusipn dose of A~G II. In 'fact, it appeared as if 

estr~gen treatment -lI1tght ènhance 'the pressor: response to ANG II {A 35 
~ ... ~ . 

"",Hg in treated anfrnals' verSU5-. A. 3,l. PlnHg fil controls).- I-fowèver, this 
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differ,ence was not found to be statist 1cal1y signifi cant. . These 

findings tend to agree with resul ts described in chapter 3 ·where. _ 

estrogen t,reatment was -shown nct to affect ANG \II receptor dens i,ty in J 

the mesenteric arte,ry. 

1 • 

• 

• 

" 

. ,,~ 

.. , .. : ' .... 

. , 

" 

, . " 
" . 
" . " 

" 

. 
> • 

~, "r~'" 
'. 

l , . 

. . 
" 



--~ -- - ~~----.._--------:-------~-...... ~--5 

179. 

A. OVX + Vehicle 
/ 

R • nv x + ANG JI 

c. OVX + fstradiol + Vehicle 

D. OVX + Estradi 01 + ANG II 

Figure 1 

Carotid artery hlootl pressure rp.cordings 'following the intravenous 

infusion of 5% dextros-e vehicle or ANG II (40 prlo1/ID \.Il/minute/rat). 

Veh1c1e infusion into ovariectornized (nVX)-only (A) or nVX-estrad101-

treat~d rats (C) did not affect hlood pressure recordings. Angiotensin 

II infusion produced a silllilar rap1d sustained increase- in blood 

pressure in the OVX-only rat (R) (frOfTl AS to 1?5 mmHg) as well as in 

the OVX-estradiol treated rat (f)) ~from An to 120 IIlI'1Hg). (On the 

abscissa one square rèpresents 2 Minutes and on the ordinate one square' 

represpnts 2.5 ,","Hg).' Arrow indicates the star! of ANr. II infusion • ..... 


