o

[

. - R $o
used. Blood samples-were collected évery two weeks and analyzed

f6r

levels' ‘of estradiol, progesterone and eortiéoste;one- A éignificént

At
B

\dd!!edse in lordosis scores across tests was observed
\

comparable ser?m eétrqd&oi lgvels'in in;tfal and final samples. After

despite

' v

‘'nine weeks, the animals were assigned to either an adrenalectomy or a

e \ v

shamfadrénalectom§-condition.' Adrenalectomized animals had moderatély”
¢ . ¢ : A )

higher scores than ‘the sHam group on subsequent tests, however,
/ . LN " T N . .

¥
[

ngither group %}ffeted significantly from the ppe—adreﬁa}ectomy

( . ' ' L '
condition. 'Corticosteroné and progesterone levels decreased over

results ‘do not support the view that the decrease in
N . (. I

time. 'Theéé

=

lordosis was mediated by the adrenal.
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f . Normal female rats are known to have four or five day
cyclic fluctuation in plasma steroid hormones. At a predicteble time
durlngl each of theseo‘cycles, the female rat wlll permie and often

, solicit mounting and intromissi;n by a male ‘rat. This relatively
short period of receptivity, lastlug seveffl uours, called behavioral
estrus, p;ecedes‘ and overlaps ovulation and thus may resgult in

pucEeséful fertilizatien. Research 1into the mechanisms controlling

ovulation and femaie mating behavior indicate that the phenomena are -

' dépendent on both the absolute levels of and the pattern of variation
of che sex steroids. estrogens (including estradiol (E )y estrone and

'estriol) and progesterone {P). In particular there is a consensus °

I .

that J;g%“fsencé of estrogens is associated with'little ot" no female

mating behavior and that the probability of such behavior increases.

" with pla ma levels of estrogeng Iin 4, - dose-dependent ' manner. ©

s

Inhibitory effecgs of egtrogens on' female mating behavior have not

been Treported. In this’ éxudy, cﬁe effects ‘of chrondic 'esﬁfogen
. M te
exposure on_:several .behavigral and physiological variables will be

. evaluated and experiments sug ‘sting'that loné—tqrm estrogen = exposure.

~

is assgclated‘ with progressiVély: lower levels of female mating

behavior will be reported.-

'
»

In. order to 1nterpret these studies eome understanding .

'
' 4

of female mating behavior and of known mechanisms of estrggen, action

is requited. A brief review will also be given bf é%e central ‘role of

estrogens throughout ontcgeny in the devqlopment and majntenence of

female mating behaviot. Finally, a veview will be made of those few

studies whose tesults,suggest that:the'effec;s of acute - and ,chronic ‘
S 1

°

estrogen exposure areudiafinguiehable.

v L
¢ o .

o -




Hormonfl control of lordosis: The miating behavior of
the estrons‘female rat is composedlof a'compleﬂ series of acts. Qurck
running oéf darting movementsJ often accompgnied by ear wiggling,
in an abrupt halt allowing the male-to mounc from the . rear.. As the

. . \ . .
male mounts, graSping the flanks with the forepaws and thrusting his

pelvfc region against the female, the female assumes a posture known

as the 1lordosis response. The rear legs are extended and a marked

_dorsiflexion of the vertebral column elevates the head, rump and

tailggse. The posture may be maintained or held for several seconds

after éhe ma;e has dismounted. This sequencedof events,,indicative of

sexual receptivity in the female rat is known to be dependent-on the

“steroid hormones, estrogen and progesterone, Bynthesized by both the

',receptivity in the ovariectomized (OVX) female rat (Boling & Blandau;

i L PN
¥

.lordosis response. Sequencial treatment with EZ and’ P " restores

.- ‘e

-«

ovaries and , the adrenal glands. Experimental . studies of the

relationships between these’ sterolds and female sexual behavior

require preeise statements @s to the presence-or absence of both sets
of- steroid secretion glands, the schedule and quantities of .exogenous
steroid administered and the conditions unqer which the behavior was
observed. e L o o

bserved: \ ) : .

I3

<

Ovariecromy, . and 'net' adfedalectomy, abolishes the )

&

‘ .

’

] 1939, Edwarﬁs, Whalen & Nadler 1968, Nequin & Schwartz 1971, Sodersten

& Hansen, 1977). - Aithough repeated treatment of ovariectomized or

ovariectomized-adrenalectomfzed (ADX) rats with E, alone can induce

2
receptive behav T (Davids Smith Rodgers & Block 1968, Davidson,
i (pavidson,

Rodgers, Smith & Block,1968) treatment with E2 followed by P is - more

\ . ot

’

.
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effective. In the intact female rat, the display of sexual behavior
seen during estrus is dependent upon the synergism between a "priming”

action of E, and a subsequent facilitatory action of ‘P (Powers 1970).

2
The necessity of prior estrogen priming .for P to show  this

rats h‘a{/ béen

female

facilitatory effect 1in ovariectomized

~
e

' demonstrated'(Kow & Pfaff 1975). .

Lordosis can be elicitéa in estrous female rats by

‘manugl étimulation of the pelvic region, by vaginal probing, as well

y LY
as by the mounting of the male rat. Since a male rat often will not

0 . ° ’
mount an unreceptive or ovariectomized female, certain studies mike
use of manual stimulation or vaginal probing to test for the lordosis

]

. &~
response. These procedural alternatives for measuring the lordosis

fesﬁonée may have particular sigﬁificancenfor the interpretation of

studies aimed- at establishihgiihe\minimum amounts of exogénous hormone °

 that must be administered to ovariectomized rats in order to restore

>
*

hormonal requirements. Another factor;to be taken into accouit when
considering the results of such studies is the form of the exogenous

used.

estrogen Powers (1975) has shown. that the long-acting

: ~ o
esterified form of EZ' called estradiol benzoate (EB), is more potent

than the short—acting free-alcohol form (Ez) in stimulating lordosis

behavior in response to P-treatment. Furthermore, it has been found

L)

“that plasma, concentrations of Ez are maintained at a higher level

after administration of EB than after Ez (Tapper, Greig & Brown-Grant

1974). °

. & . ‘ *
the lordosis response. They may vary in reliability or have different




Using EB and testing for lordosis response with. stud

.males, Da&iﬂson, Smith, Rodgers & Bloch (1968) showed that in

ovariectomized rats :complete recovery of 1lordosis occurred within

twelve days of daily‘injeptions of 0.8 ug EB. This finding was soon
extende& to the ovariectomized-ADX rat (Davidson, Rodg;rs, Smith &
Bloch 1968). Recently, it was reported by the same laPoratory that
usipé silastic implants of E2 and stud males for ‘iotdobis tésts, a
single thirty minute exposure to the implant was sufficient to restore

lordosis in ovariectomized rats injected with 0.5 mg of P three days

after the onset of treatment with E2 (Johnston & Davidson 1979).
2

'

However, in other studies ° in which menual stimulation- of’

: . . /
ovariectomized and ovariectomized-ADX rats was used, it was found that °

\

the ginimum exposure to E2 was twenty-four hours even when 1larger

'implants were’ used .(Ydstebo & Sodersten 1977; Hansen, Sodersten,

. X ~
Srebro 1978).. Although such coqflicting resu;}s may be partially

explained by the procedural . differences and-by the diurnal rhythm in

responsiveness to E2 in ovariectomized, ovariectomized—ADX and {intact

rats (Hansen et al 1978), there is nevertheless no consensus in the

11terhfure'as to the required duration of E2 presence in plasma prior

to“the. observation' ofF iordosis. Some studies indicate that an

extggded E2 presence in plasma is required before .lordosis may be
/) T

‘ obsgrved (Ydstebo & Sodersten 1977). Other studies suggest that Ez
‘has a "trigger-like" action which sets off a sequence of events which

~may then run their course in the absence of'plasm@E2 {Morin, Powers &

White 1976; -Hough, Ho, Cooke & Quadagno 1974; Whalen & Gorzalka 1973).

It appears, however, that the crucial factor is the intraneuronal

concentration of Eh in cells with the appropriate steroid receptor.

'
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48

,iﬁ the comﬁlete.absence of prior E2 exposure.

Plasma E goncengration may therefore be of only iﬂdirgct significange

2

in a de8criptidn of the mechanisms underlying the lordosis respomse.
i L

1
§

-

- Several studies have demonstrated that under certain

conditions ovariectomized rats will demonstrate 6 lordosis in the

v

‘absence of exogenous gteroids, For'example,vin hbrmonally untréated

Y

ovariectomized rats, vaginal probing alone (Komisaruk & Diakow 19&3);
| s '

hypophysectomy alone (Crowley,. Rodriguez-Sierrd & Komisaruk 1976),
/basal hypothalmic implants of ﬁrqstaglandins (Rodriguez—Sierra &

Komisaruk 1978) and peripheral administratiof of luteinizing ﬁbrﬁohe"

releasing factor (Moss & McCann 1973, Pfaff 1973) result in

sighificant increases in the lordosis response when tésting is done
with manual stimulation rather phan'with stud males. These studies,
however, do not demonstrate that lordosis is possible in the compieté

aBsepce of E2 and P since it has been shown that adrenal venous plaama'

of ovariectomized rats has sighificant amounts of both sterbids:i‘

¢ & ' : - ’
(Shaikh &  Shaikh 1975). In summgry, there' are many possible’

conditions for obseewing lordosis in the ovariectomized rat. There

appears to be no evidénce in the literature that lordosis is " possible

ts

Finally, it should be mentfoned that in the female, rat,
ovariectomized as an adult, there are at least two distinct effects of

E, on lordosis. When E, is given in small repeated doses, little or

2 . 2
no lordosis is observed. However, a subsequent dose of P results in a

dramatic increase in lordosis responding.. In this situation Ez is

ovariectomized . or

sald to “prime” the animal fd%, lordosis. Hhenl

ovariectomized-ADX rpts are “"primeéd” with low doses of estrogens and

» L

¢

&

i
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ovariectomizeﬁ—ADX rats ére "primed” w{th low doses of _estrogens ‘and

!

then given a large dose of EB ihstead of P, a'"facilitatory” action of

p -

EZ is observed resembling that found after similarly timed. injectigps

v ¢

of P (Kow & Pfaff 1975)." It appears that EB implants in the medial
: >

reticular formation or medial preoptic area are functionall§

v . -

L . W 4
equivalent to the 1arge'§ubcutaneous EB injection; it was found.in an

. S

earlier study that a significant increase in lordosis' occurred " when

b »
B

' Q)
such implants followed threg days of injections with low Hoses of EB*

(Ross, Claybough, Clemens J& Gorski 197i). . TaKen .toge;her these

r

7/ *sQudies suggest that different mechanisms may underly the priming aﬁd.

.. A . ‘ N - .

*“the facilitating action of estrogens. It should be noted that the

7

of studies using only single large doses of EB or“of other

3

“ results

, - . .-
. long lasting forms of estrogens may be due to both a priming and a

- . facilitgting action;JjS, the estrogen. What is clear from all these

., studies {s that E, does not, iﬁ Qny’ sense, qgtectlﬁ _elicit " the

2

7 3

o ﬂbehﬁvior. wyatevér the mechanism of action of E2, it can be gaid to
> -have aipermissze action, setting the stage for the elicitation of -the

* behavior by other stimulus events.

Mechanisme of Estr?éen Actions: Estrad161 is known"}o

exert at. least some of its effects\on lordosis by a mechanism that

" 1involves ﬁinding to a steroid-specific cyt6361 receptor. Subsequent
’ translocation of the ateroid-teceptgr complex to the cell nucleus, and
+binding to chromatin, lenaa to an alteration in both nucleic acid and
p;piein s§ntheais gnaglieu, Alberga, Jung, Lebeau, Hercier—Bodafd?
MiIlgram, Raynaqd,‘R;ynaud—Jannet, Rochefort, Truong & Robel 1971,

., .
OMslley & Schrader 1976, Gorski & Gannon 1976, Whalen & Olsen 1978).

| . \ N t
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Herice ‘the 'effects are potentially longiiaéting~ and  cumulative. °

'

. L I . . . .
Although reoent:studies suggest additional non-genomic steroid effects
e . ,
at the level of the' cell membrane (Dufy, Vincent, Fleury, Du, Pasquier,

Gourdji & Tixier—Vadil 1979 Kellyt1979 Szego 1977), 1t is generally

-held that the magnitude of a cell's response to .E, 148 an,: ap yet

2

unknown, \function of the intracellular concentration of dteroid-

receptor proteins. It is significant, however, that the effects of E
‘ z

are not expressed identically in each neuron responding to this

sterold and hence some underitanding of the neuroahatomy of estrogen

4 i 3
action 1s necessary. '

%

°

, Neuroanatomy of Lordosis‘ Certain neurons ng&nthesize

; v
proteins which act as estrogen receptors. Identification of the sitess

‘for such neurons "helps to define more preciselyw the relevant

functional -and electrophysiclogical studies 'in the litereture.

¢

In the neural tissue of//;onlt female rats and of

females of many other. species, estrogen receptors are concentrated

. within cells of the nedial pre-optic area, the tuberel region of , the .

medial hypothalamus, the 1limbic system and in the mehencephalon
(Krieger Morrell & Pfaff 1978)‘ Aithongh systems involved‘ in the
mediation of lordosis can be identified in the brain stem and spinals
cord these neural systems take up’less estrogen than the forebrain

atructures implicated in lordosis (Pfaff et al 1973). Furthermore,

el

Kow, Grill & Pfaff (1978) ‘have ehown using decerebrate ovarieetonized"

“

rats, that a net facilitatory influence from the ﬁélencephalon or

/
.diencephalon is required-for mediating the ‘hormone7dependent mating
‘reflex. . ' o o
| - » Y 7
* / [
‘ £ - :“‘ !
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1

; Consistent with this is -the earlier finding _that
lesio?é’af the.ventrémedial nucieus'vdgvqui"ﬁr” reduce induction oa
recepéivity/‘by esérégen alone but permit sufficient "conditionlng“ of
the . neural substrate that lo;dosis may be "observgé after P’

~

administration (Mathews & *® Edwards 1977, "Law & Meagher 1958). The , 5 4

3
#y

*3

‘ s SR S
Q{ficiﬁ’assoqiated with this lesibn h§5mﬁ,long latency (Pfaff & Sakuma

l979bi:~which mé& feflec& a témbofal property of. the mechanisms by
! . . [ . .
which the ventromedial‘nucleus controls lordosis since similar lesions

« . I
A g

. in the midbrain central grey orimedullary reticulospinal neurons,

)

nuclei that are known to lie within the lordosis reflex arc result ine
an immediate loss of lordosis (Sakuma & Pfaff 1979). On ‘the other

‘hand, electrical -stimulation.’ in, the ventromei}al . nucleus, in
, , ‘ - S , ‘ N

2 has a ‘facilitatory effect on

N . . \ N N
lordosis (Pfaff .& Sakuma 1979a).' However, a relatively long period of
v . .

riectomized rats primed with E

-Sucﬁ\/gtihulauion 1s required befbre the effect is observed. Since

ventromediql nucleus neurons do not’respond to somatosengory stimull

v adequate for triggering lordosis-and hyﬂgthalamic neurons, in genegaf,

«

fire too Flowly'td account for the latencies observed for tﬁe lordosis

. N .
M. Y

reflgx (Bﬁeno &4Pfa£f 1976), it seems unlikely'that the ventromedial

. " . nucleus is'involved directly in the reflex arc but rather it may exert

ra tohic, Ezrihduced bias on the reflex arc which is completed in the

v

lower brainstem or midbrain. This net facilitatory influence ‘of - the

diencephalon and télencepbalon may have inhibifory components since

* -

. ,preoptic-lesions'réduce'the amount of.\estrogen required to |evoke

sexual behavior from ovarieqcomized rats (Powars & Valensteln 1972

/ \Law 5 Heagher 1958)

Al

Similarly, female ovariectomized’ rats Cwith

-

‘<

Id

‘.\. M




-v‘ b

septal ‘lesions show an’ increased sensitivity to estrogen and this
effect can be attenuated by -simultaneous lesions in the amygdala

(McGinnfs, Nance & Gorski 1978). Whereas lesions of the dorsal-and\

‘

r . , .
ventral noradrenergic bundles ifi the widbrain drastically reduce
téceptf%ity .in estrogen plus progesterone primed ovariectomized rats

Hérnddnﬂl976), bulbectomy has a central facilft§tory efféct (Edwards
& Warner 1972). These uptake and functional studies support the
. . ,

Buggéétion that the sensitivity of lordosiéﬁkd 52 should' be attributed

-~

.to supraspinal structures. . : - Wt

= B
¢ ° » ®

- "

Y ' A Although it 1s possible to intifpret these studies of

the behavioral effects of lesions of estrogen—concentrating areas in =

<

« terms of the elimination of possible sites for ;he"actioq‘ég,/@strogen

'at the 1level of the bgenome, each leglon dramatically alters®the
. ' v e -

neurotransmitter balance in sites previously receivipg afferents from

~
]

a ~ o ¢ s \"‘4'&;’ 9
- ) ' . Lt a

L

" the lesloned  nuclei and hence the obsetved behavioral effeects may be .

due to more than, the simple elimination of est§ogen-épecifié

. ) éecgﬁtofs: - Furthermore - lesion studies db-not elucidate the ways in

> 0B o s . .

which estradiol's geénomic effects are expressed. Nevertheless it

¥

Seems clear tha.t'E2 arts primarily‘Vig~su§raspinal structures and- that

.
~ . » 13

. within these structures there is a c&mplexbintqraction of inhibitory

1

-

and facilitatory Eé-sensitive substructures.

§
.
-

o . "Role ‘of CNS Amines in Lordosis: Until. very recently,
it  was believed that thre number of substanéeq in the brain that,could
. . “ . . , ¢

Y function as neurotransmitters was.a mere fraction of ,the almost thirty

5 . .
substances thought today to have that- functional potentidl,

s
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that both E

"t

-1
4

noamines and acetylcholine were the classic neurotransmitters.
. > 1

1
¢

Several 1lines of research have repeatedly demonstrated  the

eview see Carter & Davis.1977) as 1 dicated by changes in amine

levels and turnover rates in discrete estrogen concentrating .  brain
. - + 1] e

-+ [

nuclel 1in both intact (Crowley, O'Donohue & Jacobwitz 1978) and

estrogen primed ovariectomized fEE;”(Crowley, 0'Donohue, Wachslicht &
Jacobowitz . 1978). Estrogens have effects at ‘the level of amine )

catabolism, synthesis and reuptake.y It is known that degradation of "

catecholamines occurs primarily either via non—neuronql ‘uptake of the
' b '

amine or via the direct actions of the enzypes monoamine oxidase and

[ . -
catechol-0-methyl transferase. In general, estrogens-act to reduce
N | > '

these aciivities. Iferson and Salt (1970) have demonstrated in vitro l‘

.

2
neuronal uptake of catecholamines. ! Luine, Khylchevskaya & McEwen

(1975) demonstrated that central monoamine oxidase actiyity in the

‘corticomédial smygdala and basomedial hypothalamus was decreased by"

estrogen administration. Inhibitioq of -amine éegtadatioﬁ can occur

“via a livér metabolite of 17 beta-estradiolicalled 2-hydroxy-estradiol

1

- . pved
which is a potent inhibitor of cacgchol—o—methyl transferase 1in mouse

neural tissue and ‘rat liver (as cited in Brownstein 1975). In

addition catechol-estrogens, which are the wmajor wmetabolites of

Al

estrogens in the hypothalamus (Fishmen & Nortom 1975, Paul & A;elrod
1977, Ball'er al 1978), glso compete with catecholamines for catechol-
O-methyl transferase (Breupr & Koster 1974) and thereb§ reduce the

N ! .
rate of amine degradatijon. The main point of these studies is that

and corticosterone are fairly potent inhibitors of non-

10

y
. d
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« [ ) .

mechanisms.

{

)

estrogens inhibit amine catabolism via distinct

11

but complementary

Monoamine reuptake —mechanisms reduce the amount  of

without, at the same time, degrading the amine.:

,

,/

N

ef fect in the thalamus. Progesterone alone

‘n

Lichtsteiner 197&) Estrogens ma

\

the rate limiting ﬁteps in amine s

- acetyltransferase activity levels 1

”

hippocamput are increasbq by aai!y

/

effective neurotransmitter available at the post-synaptic réceptor
. 4

Estradiol in

combination with progesterone\inhibits dop&mine reuptake mechanis7ﬁ in

.the rat cortex septum and pre-g:tic areas whereas E2=alone has /that

inhibits reuptake of

serotonin in the pre—optic and sep al areas (Wirz—Justicel Hackmann &

_also affect the enzymes whichuare

-~

thesis. For example, choline
the pre-optic ared, amygdala and

B administration (Lﬁine et al

] 1975). . One could speculate that this may be_ particularly significant

|

since female rats have higher hypothAlamic levels of this enzyme than//)

3 | ’ °

*

ﬁ\males (Libertum, Timiras & Kragt 1973) and acetylcholine_stimulates
luteinizing hormone r@leasing hormong reléééﬁ (Justo, Motta & Martini
1975) a peptide which .facilitates receptivity in- the hypophysectiomized

female rat (Moss & McCann 1973, Pfaff 1973).

Several studies have been done to carr;late changes in
monoamine levels and turnover with the changes 'in ebtrogen;yand

progesterode levels vduring fhe cytle. In general, absolute amine

Y 1levels are less informative than turnover rates since only the lattefal

‘are a measure of the utilization of the amine.

Jorl & Dolfini (1976)

reported that, in the nouae, diestrus iu assoqiated with -high- levels

[

f‘w

of striatal dopamine and low turnover _rates whereas estrus was

™

o~

»
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by

.

~in elevated levels of serotonin and . its metabolite 5 =

L]

N ) 12
‘cha;actgrized by low levels and Aigh turnover in this area. Us%ng the .
combination of a synthetic esfrognn (mestranol) and progestin
(iyug%%ggnol) it has b;en _shown ‘that intact " female rat; (Algeri,
,yongzjggnoléini &JJori_ 1976), éicé: (Jori & Dolfz’/n: 1976), and guinea
pigs (Ponsio, Achilli & Aigeri 1977) lose striatal dopamine ‘mOTEN ",

0

'quickly than controls after treatment with alpha;methy1~p-tyrosine; an:

inhibitor of monoamine synthesis. It was also reported that in the

e
‘ brainstem but not in the limbic area of rats, this treatment resulted

. '

hydroindoleacetic acid ag -well  as ‘a decrease in the,level of the

tryﬁ&ophan precursor. This 1s  particularly significant since

. “ [ / .
serotonin is'ihought to have an inhibitory effect on receptivity
: x

. ! 1 Y
(Everitt, Fuxe & Hokfelt '197&7Meyer|0n, Carrer & Eliasfon 1974, Davis

& Kohl 1978). .

Estrogens' effects on amine turnover are not limitegnto

‘the’, striatum and brainstem. For example one s;ud& reported- increased

o s

dopamire turnover in the median eminence of rats given Ez dqsga“

sufficient to “block . ovulation (Fuxe, Hokféif, Jonssoﬁ & Lofstrom
1973).  Another ' study teported no changes in ' dopamine f’;;
norepinephrine levels }n the median eminence based on samples taken

. the morning of each day of thé c}éle (Gudelsky, Annunziato & .Moo;e

1

1977), whereas a third study showed no changes in norephinephrine and

a gignificant increase in dopamine levels from ~the afternoon of

»

» proestrus ) to estrus (Crowley; 0'Donahue & Jacobowitz 1978).. Similiar

chanées catecholanine content have been reported in many ather

e’ ]

discrete 1limbic nuclei. Further support for the role of estrogens in

1
. u
. . .
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S -

ST r{;_-..»_a,}‘;;;‘fi:g{gh

AR Tt

il ot ety TSR



b}

B

- -~ o - & : ' 1

Sar & Keefer 1975) it seems reasonable to suggest that the observed. -
, fluctuations are due to circulating gonadal steroids, partlcularly

' éstrbgen.' Although the ‘dimencdona of monoaminergic mediation of

. . 8 .
modulating amine levels comes from studies that remove the primary , .

-

N ' .
endogenous source of estrogens: the ovaries. Several days after
¢ - Y -

ovariectom} toexﬁ‘is a permanent 1ncrease in dopamine “levels_ in the
median’ eminence which is reversible by short-rerm EB treatment !
(Gudelsky et al 1977).« Another stu&& vith ; comparable. post
.overiecrgoy interval found 'that io the lateral septum, interstitial
nucleus of the stria terminalis and central gray catecholamipe area a

sin;l;\'Sﬁ.ug EB injection reduced the depletion of norepinephrine

et e or

produced by alpha—methyl p-tyrosine. Under the same conditions there /

was a reduction in the depletion of dopamine in the nusleus of the - ., ! ; ‘

¢

traotus diagonalis and an enﬂggcement’pf norephinephine depletion 1n
the periventricular and anterior hypothalamie nuclei. It lé Vorthy of
note th{tnl.S.mg of proéesterone given subcutaneously 48~ ‘hours after s ‘/
the EB and six'hours’prior to decapiration was eufchient to reverse
"all ‘toe effects of ' EB only (Crowley, 0'Donohue, \Wechslihht &

Jacobowitz 1978) " In conclusion, the signl/ﬂtance of . all these

chatiges i; certainly not underatood, yet since almost all of these :

areas exhibiting changes in catecholamine content over the estrus =

Y

cycle or after ovariectomy ere target tissues for estrogen (Stumpf,. r ‘V"

i

estrogens effects: -on lordosis are already complex, it seems likely

\ b ~
that further mechanisms of 32 acrion will become apparent as the. °

- R - v 3 \ 3
mediating roles in lordosis of the more recently accepted
neurotranquiﬁtere are unravelled. . N g

N
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Peripheral Actiong of Estrogens: Estrqgfil, acts
simultaneously on beveral other systems that may have indirecg_éffecté

!’

on the display of lbrdosia. ‘Estrogens are known to affect cholesterol B

J ’ o » -y
r\aé'N catabolism, synthesis, absorption, excretion and the shifting of
4
b
tholesterof betquqjhﬁdy pools. Since cholesterol. 'is the ultimate

B precursor of all steroid synthesis (Burstein, Kimball & Gut 1970),

estradiol may modulate the bioavailability of other §teroids such as
~ . } \
progesterone. For .example, estradiol enhanges cholesterol synthesis; {
» : i N PR ' ) ‘ y? w
by,a 1.7 and 2.5 fold increase in beta~hydroxy - 'beta—meghylglﬁtafyl ’ -
{ ;' ) ! ¢ ’ . .
" coenzyme A (HMG-COA) reductase activity in normal and ovariectomized .

: rats; respectively. Estradiol injections increased thsma cﬁBItsteroll

| - ,

levels by 182 fn normal rats and 387 in ovariectomizéa rats (Abul-Hajj

. ‘
f . 1978). Adrenal steroid synthesis is modulated by pituitary ACTH and ™.

ro
<

E, increases the‘éctivity of glucose-6~phosphate dehydrogenase, a key o

~ . J . - -

2

enzyme in ACTH synthesis. Laéticidehydrogenase is neceséary for the
, - t E]

, ' ' conversion \of étegnenolone- to progesterone and its activity is also

.
.

E - . " .
increased’ by EZ (Oaknin, Alonso,'Prie1612 Mas _1%{9). These wtudies

- 2 14 3
¥ steroids known to affect the disﬁlay of lordosis. /.

)

) . R

A . Estrogens are J'Eigwn to affectt the functional

)S: indicate ';‘ role for ‘E in modulating the synthesis of endogenous .

< ‘

e 4

characteristics of individual primary sensory neurons via mechanisms
N N . ' . '

<wh1ch may or wmay not be. distinct from tﬁose underiyingrthg central

.effects of estrogens. Since inputs from certain skin areas are e

-

;gufficient fit!ipﬁéral stimulation for lordosis (Pfaff, Montgomery, &

Lewis 1977), it was possible to determine that pressure alone on the .

P

skin of the perinem and tsil .base. within a certain range is

t

F2 b
3




’ t y N ‘ ’ '
- - . N : 3 15
" . h " ‘ 3
. sufficlent to elicit lordosis. Neither painful stimulation nor hair |
b A Y
ii) Yo _ deflection 'alone Was sufficient or necessary for the reflex (Kow,_
- Montgomery & Pfaff 1979). - Thig study also estgﬁlished that for a
. - ' oy "

given pressure on this area the probability of  lordosis can be
increased eitlier by {ncreasing the area stimulated or by increasing
the dose pf estrogen. Since eleetropnyaiological studies have shown

tnaf"Ez 1ncreases tﬂe receptive‘fielés'bothwof the pudendal nerve‘ and -
. of the trigeminal ganglion neurons (Bereirer & Barker 1975), it Seems
: o oat, ‘4
t . that E2 increases the probability dJf 1ornosis fo;.n given pressure via .
- . . two. distinct peripheral‘mechanisms.l One«involyes increasing—the size {

. . of the receptive.fields of particular sensory neurons, the other

- .. " involves lowefing thefthreshold for effective'sensory stimuli."

LS . . s
‘ Giyen these widegpread central and peripheral effects X
N ! “ ; v . . ? v '
of estrogens in the adult animal, it° is remarkable that® greater
N ..’ B . "y _“
attention had not been given to.the long-term behavioral and

. v
K8 . ’ '

3

physiological effects of chroﬁic administration ofvestrogEns."Thih

. would seem to be an atea of special importance in view of, the fact‘ B

7

that women are being treated with admittedly low but chronie doses of\

exogenous estrogens in the form &F bi trol pill- throughout é

”

g . large part, of their adplt 11ves. Interest ip
. ; i

'arked :\cy finding that . - \ O
Co
n -perindtal l1life in sexual . .

the’ effects of estrOgens . >y

throughout the life cycle has been

. v 5 ‘estraniol : Bﬁajs 8  key "role . :
;} . VT ,’ 1 differenfiat{on. The main point to taken from rnesel'stndies for E'
’ the purpose of the present reviey is that estrogens app;sr to have i
N ° , certain grou{;4;:;fiting properties 8 denonstrated/in the \neonate and a )

’
A ) ! . M ’

’ §a§ possibly aleo 1n the adult rodent.‘

. -
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_Estrogens “n  Sexual Differentiation: Although
estrogen; are popularly categorized as "female" hormone and androgens
as "male” hormones, recent studies suggest that for both genetic

. , ’ . s \.
males and -genetic - females 'éé taln . key, aspecfs of sexugl
’ v . «

~

differentiation and, in particular, ‘of adult sexual behavior are L

»
o

- mediated by estrogens in early ontogeny.

oo ) 4 . . , :
At birth various rat and mouse hypothalamic nuclei are IR

¢ .

undifferentiated morphologically’and the formation of-adult structures L

for poth'seies of these species .occurs during the first two weeks “of .
il . . )

&

postnatal, life. The critical role of E2 in this process is suggésted

atr Pl

by the ¥inding'that with explanted neondtal ‘mouse hypothalamic tissue,

[

the additién of E2 or itestost‘erone (T) to the in vitro culture

.
.

' { .

resulted in accelerated- and intense proliferation of neuronal

processes as compared to tissue at the same hypothalamic levexb'
cultured*in a control medium (Toran-Allerand: 1976, 1978). Given; -

therefore, a 'source: of endoéenous est;adiol,“tﬁbse undifferentiated

\

» *  neural tissues that contain E2 receptors may grow and braan} more
& - ‘ .

“ . e 7

{' rapidlyl than neurons that are indifferent to theﬂst;roid. Estrogén—

-

-

sensitive neurons may thus establish synapt%f connections on recipient

<

o neufons before-the other unaffected axonal systéms. In this way they

»

could monopolize the synaptic space of the recipient céiis. Thereforé g

Y . . .

in the‘gbsence of Ez, the cémpeti;ion for synapticspace would be more L
. 4 - . .

\\\ ' .. balanced an&‘\(&ﬁa the; behavior’ of' recipient neurons would be

\ determined by afferdnts which otherwise would have had little’

" influence, in steroid~exposed brains (Naftolin & Brawer . 1977). Ihis ’

’ f

“ line"of reqsoning'"sﬁ;ges;s a po;sible explanation for the différent N
- B .

‘
s . . .
1
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he ]

~

*

-

~sensitiqf to E2~wheu tested as adults than neonatally ovariectomized

°

patterns of dendritic concentration in the preoptic a;kg of male and

female hamsters (Gfeenough,‘ Carter, Steerman & De Voogd 1977); of

gross sex differences\iqctﬁe size (Gorski, Harlan & Christensen 1977)

and . type of terminations (Raisman & Field 1973, Gregory 1975) in the

., adult rat medial preoptic area, and amygdala (Staudt & Dorner 1976).

These differences in neural. gréwth patterns ar

schedules 'may also meditte . Ez's' paradoxicali ‘effects . on  both

[ ®

masculinization and defeminization of adult sexual behavior..

Masculinizatibn refers to an increased incidence of mounﬁing behavior

amd defemin%iétion refers to either a reduééd incidence of lordosis br
to an elmindtion of the cyclic gohadotropim pattefn which is

characteristic’ of the normal female. In a study in which neonatal

» ;

female rats were given intraqefebral implants of T or E2’ it was foynd

that at any neural site where T implant
- -

N ' P

adult gonﬁdotrqpin release or an increase in male-like adult mohnting

* ‘. . “.
behavior or a decreagsed adult behavioral responsiveness to EB as

s

measured By‘dordosis, egt;adiol implants were fuﬂctionally equiGélent

‘ (Christensen & Gorski 1978); Evidence is also accumulatingpthat

during perinatal developmént, the 'bresence of E2 may 5e important 1in
establishing the sensitivity  or "fsginizing" ‘the reural’ system

involved in lordosis behavior so that as -an adult the animal will

' ) &
.reapond to EZ with appropriate levels of sexual behavior. Sodersten

(1976), ‘showed that  rats ovariectomized postpuberally were more

4

females! In anotheq’study} among male and female rats that had been

.androgenized .prenatall& "and gpnadectémiaed at ' birth, those with

s produced a defeminization of

17
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ovariap implants from birth‘ to thirty-five days of age had
significantly éreater receptivity scores. when tested as adults
compared with similar groups with no ovariaq implants {Dunlap, ,Ger;Il
&‘o McLean 1973, Gerall, Dunlap & Hendricks, 1973, Dudlgp, Gerall &
éériton 1978). 1In other wordes not only does a single steroid mediate
the _ontogeny of both male and female forms of adult sexual behavior,
but, in addition, the freqpency and 1nténsity of lors;sis disﬁlayed by

both genetic male and.female adulté may depend on the extent of pre-

adult exposure to estrogens.

s

\ The neonatal‘:brhin is considered to be intrinisically

organized to support the female pattern of reproducti#g aétivity.A It

0 f

is - geqerally'.held that due ‘to thé absence of testicular androgens in
the perinatal<female rat, thénfemale éattern of sexuai behavior and of
cyclicai gonadotropin release becAmes established. Neonatal
;ndrogépization of the rodent brain via endogendus sources in the

genetic male or via exogenous sources in the genetic female, results

in permdnent bost-pubertal alterations in the directgon of male-like

, reproductive ' functioning. Since atidrogenization is a central and not

a peripheral effect (Harrié & Jacobson 1952), anéh since Btgins of
neonatal male rats contain at best very low levels of androgen
receptors compared to ;strogen receptoré (Fox, Vito & Wieland 1978,
Westley & Salaman’ 1977) alternative mechanisms for early andrggén
action were s;ught. Sinc; androgens are the immediatg metabolic
precursors of estrogens in the mammalian brain'(Callard, P;tro & Ryah

1979) it was considered éignificant that ‘the ‘neuroanatomical

distribution of the aromatase complex which ﬁtgulates this steroid

‘ .

.18,




s 1
N A

' conversion essentiaf}y pafalléled the areas that controlxadult sexual
r

behavior énd concentrated sex steroids 1i.e. the‘phylogenetiCa11§

‘o

ancient limbic brain (Naftolin, Ryhn, Davies, Reddy, Floreé, Petro,
White, Takaoka & Wolin 1975). The suggestion was made . that androgens

exert some of their neonatal effects via aromatization to esfrqﬂiol
s ’ ' oo
followed . by binding to that s;eroid's receptor. The existence of

estrogen receptors ini:hé embryonic rat and mouse b{ain (Vito & Fox
1979, Lieberburg, 'Maciusky, Roy & McEwen 19Z§) indicates the
biochgmical ‘potential exists for response to the sex sterqid
environment -(McEwen, Lieberburg, Chaptal g Krey 1977). The neonatal

female brain is protected from masculinization by the high levels of

maternal estrogens circulating ¢ during the perinf%al period (Pang,
. 4 !

\

Caggiula, Gay, Goodman & Pang 1979) through functional inactivation by

binding to the fetoneonatal ‘exg;acellular-binding—protein ‘called

alﬁha-fetoprotein (McEwen, Plhpinger, Chaptal{ Gerlack & Wallach

1975), Testosterone, which is not bound by alpha-fetoprotein, has

M .

free access go the brain where it is aromatized to E, and in this
form, leads to maséulinization. This sgnsitiQity of the brain to
testosterone'is limited to a "critical pgriod" which, in Ehé’ rat,
extends' fromw/fﬁé 18th day of gestation to the fifth postnatal day
(Barraclough 1971, Lobl & Gorski 1974). Durinh this critical period
serum concentrations of ﬁz are almost identical in mald and females
but compared ' to males females have ’ significantly’ lower, yes
measureable, ‘concentrations 'of serum testosterone (Pang et al 1979,
Haéik 1978, Bieglmayer, Jettmanf Adamkiér & Spona 1978, Dohler &
hﬁttkek\;975). The extent to which intact female rat neo;ates will be

# 4 S )

-
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\
masculinized and defeminizig by endogenous androgens and estrogens
depends both on the ontogeny of the corresponding steroid freceptors

(Fox et al 1978) and on the extent of functional inactivation of E by

alpha—fetoprétein during the critical period (Germain, Campbell &

‘Anderson, 1978). Alpha-fetoprotein decreﬁses 1inear1y, in male and

' J\
female neonates, from its maximum concentration at birth to levels of

zero at weaning (Vannier & Raynaud 1975). . 2
otherp hand, in Both male and female neonates are hiéﬁ due to maternal
9

E2 during the first two postnatal days. After maternal estrogens

v

disappear, estrogens from the adrendls and ovaries appear and rise, to

. sl 1 - ' ’ , "

& .peak concentration between days 10-15. E2 levels between day I and
19 are higher than levels iggnd in the adult broestroug/female (Dohler
& Wuttke 1975). These findings »suggest that 3ome me iure of

masculinization and/or defeminization of female neonates may take

place. The existence of ‘detectable levels of T in neonatal female

-

rats suggests that there exists a threshold androgen concentration

"below which masculinization does not occur. In- - a test ' of this

hypothesis it was found that prenatal treatmené of male 'and female

)

rats with an aromatase inhibitor '(Clemens & Gladue 1978) or an
N

antiandrogen (Giadue ‘& Clemens 1978) reduced defeminization as
\ . .

measured by a higher frequency of lordosis in;bgth sexes in r;épsase
to'E2 coﬁpared té normal.gpﬂadectomized hormone primed male and f;male
rats. Since the Clemens & Gladue (1978) study found‘ghat males
pretreated with aromatase inhibitors. had higher lor&osis :scores than
control males with equal E2 injecfions, this was taken as evidenéé

that androgenization decreases seusitivity.to E2

rather than causing a

Serum E, levels,; on the

20
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& ' e .
disruption of the neural organization underlying the lordosis motor

21

pattern. . Furthermore there is some evidence that female rats normali; ’ -
underéo gsome behavioral masculinization since they show a higher
probability of mounting behavior when éompared to females exposed

- prenatally to the'anti—agdrogenq flutamide .(Clemens, Gladue & Coniglio o

PR PR N

1978) or cyproterone acetate (Ward & Renz 1972; Stewart, Pottier &

i ¢

Kaczgndér~ﬂen;ik 1971). The main point of these studies is that it is

possibie‘to construct a consistent framework to explain how!
¥

o . ’ P
mediate® both behavioral masculinization and estradiol sengitization or

\ E2 can . '

. feminization in terms of its nucﬁégf aékions at different times during

v

. oo
o i e ST R ERRR B <o e

early onﬁpgeny.

Estrogen and Neural Growth in the Adult Rat: " The

" effects of E2 on neural growth patterns and subsequent defeminizatibn \

™~ b

of'éexgal'behavior may not be limited to the , neonatal or perinatal

period. Adult male rats, whether gonadectopized'or not, respond to

exogenéu; EZ and P with very low levels of lordosis. Chronic exposure

to .Ezb alone or septal lesions aione do not change their response to

‘ ¥ ‘ . . /
‘the exogenous stéroids. However, chronic exposure;to E2 immediately

.after septal lesioning results in an ingreased lordosis response to a

priming dose of E2 when tested several weeBs aftér the cessation of

.

daily ;E2

treatment (Nanée, Phelps, Shryne & Gorski 1977). This basic ' .
finding“ has been extended to male rats lesioned as weanlings, ‘ ot
implanted chrongcally with an Ez péllet and tested for lordosis twenty

-

days later (Stewart & Atkinspn'1977). Female rats receiving septal p

lesions, as adults but no exogenous estrajiol also exhibit an increased

behavioral sensitivity to estrogen when tested several weeks \later

-




! . N o
;A

(Nance, Shryne & Gorski 1975). Chronic doses of testosterone

beginring immediately after e lesion ;attenuate the increase in S .

¥ -

' ’ ‘sensitivity (Nance, Shryne, Gordon & Gorski 1977). It seems therefore

™"

that endogenous T in the septal lesioned male «(SLM) has the same

.behavioral éffect as exogenous T in the septal lesion female (SLF).
. e

Similarly endogenous E, in the SLF has the same behavioral effect as

2
exogenous E2 on the SLM. Since the critical period of E2 exposure

‘coincides with post-lesidn neural regrdwth’events, it "seems plausible

that in the rat chronic estrogen exposure following the septal lesio
~ .

may modify the recovef&_ process in a way that 1increases the’

probability that  subsequent hormone treatment will facilitate

4

lordoa;sl In other words§, in the adnlt male rat disruption of neural )

. . N S
" clrcuitry may permit estrogens to act to alter neural regrowth

- ©d
patterns to favour the development of structures required to mediate
v ° r \ -
lordosis. { ) . ' -

‘ e - -
ey s N

- ‘.\
’ ' :a_,‘ ‘ t" . Distinct nedgal mecbanisms may uqderly hormonal ‘ :'
| ‘éyclici;y and female reproductive behavior. There is some evide&ce to | : i
suggest that thg neural mechanisms controlling the cycfical pattern of
- luteinizing hormone seéretion in the female rat arex;ore sensitiveng
the maéculinizing effecba of androgens and 'estrogens than 1is the
’ " ‘n;ural co;trol Iof lordosis. An early studf employing a éelected
sample of normal young adult female rats yho{showed peésistent vaginal
cornification  (constant égirus) demonstrated that there !s no
~

f .
necessary liq} between the display of lordosis and the hormonal

o ~ N
. ‘ condition as indicated by vaginal status (Adler & Bell 1969).

1]

e




PTe E

ﬁhen genétically female‘rats arel gi&en low doses of

androgens pe;inatally, they afér called liéhtly androgenized, since =

they show estrous'cfcles'after Puberty bug bec;me _anovulatory at an

,early 'age with pérsistent jaginal estrussand polyfolliculgr ovaries
(Gorski 1968). When oyarieotbmized«q? adults and primgd with EB only,

lightly androgenized anqvulatéry fem;}es had lordosis scores that wére

higher than those of a noﬁ-agdrogenized control group (Ha?lan & Corski'

1978a). Even beyond, puberty, endogencus estradiol may have la

defeninizing ;étion which manifests itself in ‘'the more estrogen

Qs

\se;sitiye luteinizing hormone ‘control stiructures rather than in the ;
structures underlying lordosis. Aginé female’ «ats progress from . et
regular to irregular estrous cycles, then -to ,pépsistent Qaginal
cornification or pseudopregnancies of irregular léngth and finaliy _to ;

an anestrus state (Huang‘& Meites 1975). This final anestrus state is

characterize{ by very low plasm; luteinizing ihormone values and Anow
cyclicgl changes in EZ’ progesterone, luteinizing hormone or foliicle"' ’ %
stimulating hormone (Huang, Stegér,“Bruéi & Meites 1978). The ovaries
of the old rats Qere still capgblelof near normal: function under
a;propriate gonadotropic stiﬁulation and this‘5uggests that the major
cause for cégsatiqn of regular estrous cycles, in old rats lies in
altered hypoéhalamic—pituitd?& function. In a study with réts of the
s;mé age and strain, lordosis scores, after priming, were reported to
be coﬂparable to those of ovariectomized primed young adult rats
(Peng; Chuong & Peng 1977). Another very similar study reported an .
increased behavioral sensikivity to e;tradipl in 61d’ versus young

f

adult ‘rats (Cooper 1977). Thia finding 1is syggestive of the

&
, ' p S K
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increase in ‘
were found in the uterus where glycogen and alkaline phosphatase
o
. v

previously discussed role of:E

?
to subsequent E

2

in "sensitizing” the neural
2

Y

to
unitary phenomenon.

an independence of neural mechanisms underlying different components
of the overall female pattern and suggest that.defeminization is not a

Chronic versus

acute estrogen, exposure!
several studies have indicated that some of the physiological and

Recently
behavioral effects of long-éerﬁ uninterrupted estrogen treatment may

N

‘Pe distinct from and in the opposite direction to the effects produced

~

by aggté estrogen eprsure. For example, one study measured chdnges

plasma Ez).

in several orgaﬁ welghts and. corresponding ﬁiochemical parameters
based ‘on values taken at diestrus (low plasma Ez)'adegstrus (high

4

E4

These values correspond to t&i_ short-term changes 1in

estrogen' levels associated with the estrus gyél@. A similar group of

intact females was treated for five months with up ta 5 ug of daily

estradiol after which organ weights were taken and the biochemical
analysis performed. As may have been expected,

’the horﬁone treated .
animals had vagina, éhyroid and pituitary weights that were highéf and
ovarian weighis that were lower than their e;trus and diestrus //
cogtrols.k;*'Protein, . glycogen, ﬂlactiz acid and alkaline phosphatase
‘ c.oncentratfm}s in the uteft_ns, cewix\alivaginé\revealed patterns in
- which E, tfeatm;nt generally accentuated

the normal
concentrations from diestrus to estrus. However, mnotable exceptionf

substrate
exposure (Dunlap et al 1578)u These studies point

24

howed sharp drops }n concentration below diestrus levels and in_ the
agina where lactic acid showed,

gimilar drop (Mehrotra & Kambo]j

\

~.

he o
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- R
1977)." Other 1jnes of research have shown that whereas acute
inéreases in E2 in dintact female rats' are associated with ‘a

. ‘heightening. of the 'stimulating . effects of norepinephrine on

¢ < e

gonadotropin releage, chronic estrogen _exposure reduces beta-

adrenergié responsiveness (Wagner, Crutcher &-Davis 1979, Thrasher &
Fregly 1978). ,hTakén together, these studies suggest that long-term

. » ’\ ' ' «
estrogen exposure may have biochemical )gnd' behgvforal effects that

~

could not be predicted from studies involving acute estrogén exposure’

or endogenous estﬂigen rhythms-. ’ Y

14

. With. these somewhat unrelated' findings of distinct

.y

'sh%r; versus long term effeéfsvgf estrogen exposure in nimd, it was

%
L]

dedi&éd to pursue a serendipitous finding from an uﬁpublished'lesion

'

study done in this laboratory. Feqale rats, ovariectomizeq as  adults
and ’serving as control group subjects in a study of the effects of
brain lesions, were given daily EB and were tested for receptivity

once a week over a twelve week period. . A1l animals shoved a

significant decrease in receptivity over time. The purpose o&f the

first experiment to be reported in this thesis was to siudy further'

this 'dimin%shed behavioral effectivenes of long-term estradiol

exposure and to explore potentiallmechanisms of action.

£
%)
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. ‘ - _ EXPERIMENT 1

In Experiment 1 three groups of ova’riectomiiéd ra;s

’ , - were given chronic estrogen ‘exposure via either ci‘ai;y or wee'k}y
'subg)utaneous injections‘ of EB in oil. Weekly recep;ivit& tet;ts to.olk
place with half of each gfoup receiving an appropriately timed dosé of .

. v

P. Eventufally half of the animals in each hormone treatmen{: . group
. | . underwent a four week period with no ex'ogenolus steroid. The éemaining'
half continued on their hormone lschedulé. At the end of this peroiﬁ
all animals reverted to lthe pre-interruption steriod schedule and N o (

' receptivity tests were conducted. Table 1. summarizes ' thé plan of

Experiment 1. ‘ ‘ o : ‘ . :

, S

Subjects - a S , : : I s
o Fifty-two ‘adult Sprague-Dawley female ‘tat‘s iveighiﬁg
19\0-240. g when obtained from Canadian Breeding Farms were used as

subjectsiin'this experiment Animals were hous%d in pali.Ars and *Were "

1

maintained on a reversed 14 hour f:l)gtit/ 10 hour dark reversed cycle r‘
j ~ (lights were off between 10h-20h). , Purina Lab éhow and water wer %
\’\! - , available ad 1ibitum in the ‘home cages. The weight of each animal was .
- . | recorded upon arrivall, prio_;: to ea;:h ‘isehavioral test, and finally, ‘.

| jJust prior to sacrifiée. [ _
ad \d ‘ . .
‘ o

D S
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In Yorder to establish a normal..ra'nge for certain

"

physiologicafvariables; another sixteen adult Sprague—kavley " females

s

were ‘obtained from the same supplier and were housed under identi¢al

conditions. Upon arrival their body weight wz'as 200-230 g. /

o

<
2 ‘-
s
- s

Procedures — G,

-

. . .
» o
« ’ ' '

N\

Hormone treatments: All fiffy-two . animals were

@
———

&ra.riectomized’ under. sodium pentobarbital 'anesthes?ia (Nembutal:

e

B

60mg/ml 30-mg/kg)rwith 0.1 ml atropine sulphate (0.6 mg/_ml)'" on the
eight.h day after arrival. All hormone injections were subcutaneous -

and utilized a coﬁstaﬂnc volume &E'O.S ml peanut o1l as vehicle. All

estradiol benzoate injections vere administered betweey %h-11h. ‘

% ¢ .
. -

Sixteen animals vigre assigned to ‘a\ weekly yomoﬁe )

" condition. They r;aceived, IO%ug EB on the seventh day i:'ost~

ovariectomy. Subsequently, 'tt_ney' received a similar injection forty-
\sexul receptivity. Ei'ghtéén

— -

four 'hours prior to each test fo
» ° - .

>

animals received daily injections of OS ug EB starting <the day af{:e‘

o{lalriectomy.‘ °- Another eighteen animals received 'éa'ilyk:l.njections of 2
. Lo ' ., N - . a
ug EB 'sta;‘ting the day after ovariectomy. T .
o ' s . N « -

§ Each ‘of these threé groups were divided in half: one -

subgroup rgce;ved 0.5 mg progesterong. on the 'q:lghth day, post—

—~—y °

ovariectomy and subsequently four hours- before eac
receptivity. o/ o ) P ' )
-~ ) ‘ - , . s .o
K ) - e
There.vere ten weekly tests of re'ceptiv:lty‘ beginning on

h Eest i for sexual

»

2! Sonid-paiah, g

R R S s s QLo - 1 Ty
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' stud took place as described above and on the tenth day of - hormone\rfe;—} °

o~

[

N kK E 2 LN

_ four studs, the female was-given a receptivity score of ZETO.

|‘$ , (—‘) ) . [ . ’ . . ) 29
" the féurteenth day after ovariectqh'y'. After the last.of these weekly - .o
K T . ) ! s . ‘ . ] - ‘

: tests, groups were -.further subdivided into those that continued to

receive hormone and those that xeceived no :—,sxog"enous' hormone fo\r

.

th:frt:y-two days. Du%ing this period all fifty—two animals were given ,
weekly exposure, to the male studs in the test cages for at leqat five

minutes. “This was scheduled at the time of day i:during which. ‘) '
"rEcepti/vity testing had occurred during previous weeks. At the end of

this period * the previous . schedule of hormone administration was

# Ll

U N

reinstaté& for.those animals that had been withdrawh from exogenous

1

horthone treatment for tﬁirty—two days. An additional exposure to the

4

e);posurg,', a final recyeptivr:lty test was conducted.& This was followed

[ . - ! ’
‘b’y a - further ‘three-week period of either continued Horﬁche T
¢ ‘ i k
, AN , e : .f'u
administration or no exogenous hormone prior to sacrifice..*
3

% S &u' X

A +

”~ ) Testing procedure- for *sexual\ roceptivityx Tea't j
-, , 1 L
sessiona began approximately three and one half hours into the dark

period iq a room illuminated by a 25w red bulb. Each animal was
placed in a semi-circular test box (63 x 39 x 36 cm) containing a stud
mole rat that demonstratgd 'v@ipgoi:ous mounting. The tost required( that
the female iae mounted ten .times with ;)alpitat-iou and ttirusting .by‘ the
mile, 1f. a stud failed to mount, the fenolo was moved to another box..

Up t:o four different studs were used to obtain\ten mg'unts. If no

sdunts’ were attempted or successful after exposure to a8 maximum of
\

. : M
. , _ f The quality -of. the lordosis response to each mount was
. rd ?‘

. .
r. ) _

e ‘ ‘ ' - w ,“.
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~

rated on a scale of O—3 0 - no respouse, l - stiffening of the body,

a

flattening of the back ‘and slight raisigl of the head; 2 ~ slight

o

. curvature of the back, raising of the head; 3 — full curvature of the.

back, raising of the head, rump and tailbase loWwering of the chest

region. . Addjtional points were allocated for darting prior to the

mount (1 point) and for holding the lordobis response after the male's °

Animals were i&énttfied as to group

o o R

-

dismount (1 poing per=second).

membership at the end of the Beﬁh@ioral test. .

o . v

Physiological measqrés: All animals were sacrificed by

decapitatiog. Trunk blood was :collected immediately into ice-cold ‘

heparinized tubes. Within thirty minutes of collection, the blood
. P

samples were centrifuged and the supernatant was frozen at -75°C.

. The

whole brain, ineludiﬁg ‘ olfactory bulbs, was removed within ninety °

. - Py ‘ . B
gseconds and was quickly frozen and stored® on dry ice. The sella

¢

turcice was removed and the whole pituitary was immediately weighed.

3

*® £

_removed,

1

Immediately after bloed collegtion, both adrenal glands were

care{glly'cleaded of connectdve tiseue and weighed.
. 4 .
Pituitary and pooled 'adrenal ‘weights were recorded
using a. precieionn balance (Federal Pac{fic Electric Co{jr Frnzen

whole brain weights were recondgi using a Hettlef* H54 scale (Fisher

Scientific). Levels of serotonin, norepinephrine and dopamine were
determined using the procedure of Barchas, Erdelyi & - Angwin™ (1972)
) ' > .
with fluorescence readings * taken on an . Amincobowman R
o ' ° ' y
g spectrophotofluorimeter. . or . ‘
A . 4 ! /
. . \ . . . . “.
N
A
: ; 3:1;% R ; P
R Y i
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The steroid and/luteinizing thormone assays were done at’

the Royal Victoria Hospital, Montreal, Canada under the generous

2

{
sponsorship of Dr. K. Ruf.

In brief, the steroid assay procedure M\md
I .
incubation of known amounts of the steroid with its specific antisera

Yoo
and tracer doses’ of the steroid in order to generate the standard
A

»

curve. Subsequently the samples of unknown sterqi& cohceﬁtration, in
' 0.005 molar phosphate buffer, were similiarly  incubated. The totél
vassay volume was 0.6 ml. Incubation time varied (rgﬁ.two hours to

“

overnight at 4°C." Bound steroid was‘separated from the free form by a
.dextran ;— charcoal ’(Norit 4) Solution, prepared in the buffer

mentioned~ above. Radioactivity was determined with 30% efficiency on

)

& ‘Packard Trfcard séintill tion counter; mod®1 3330, Quantificat%on
of gemp;es was dong witﬁ~a ewlett-Packard Model 98664 prdﬁram based
on a lingar regression ‘ £ Kthe ‘ftandhrd'values iq semilogarithmic
coordinates. éurthér inf;rmation'op the procedure used is available
in Jaffe & Behrman (1974). Supplier and s;ecif}city information 1is

available in Appendix E. . '

v Luteinizing hormone (LH) assays were done in duplicate
L, @ - .

using NIAMDD kits and results ~were expressed in naﬁogra&s per
' »
millilitgr compared to the LH-RP-1 standard. Variability of less than

15% between assays and less than 5% within assays was considered

sufficient for the purposes of this study. Animals were identified as

to groﬁp membersﬁip only after all “physiological data had been

! L] T ~
collected. : _ )

\

- L
I : . 2
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Results ' .
o . o

. . ' . Three aébects 6f the results from Experimentyl Qill. be.

cpnsidered sepagate}y. The first is the analysis of the effects of

. hoymo;e treatmeﬁt on the weekly receptivity Tests 1 to 10. iHe second
'is th; 'analysig ﬁf the cﬁénge'in receptivity ‘ngii that occurred

between Test 10 and Test 11 following the périod ;f.”fnterruption of \\
hormone treatment. Finally the results of the biological assays and

organ weights completed after autdpsy will be considered.

. ' ' ) A -
The lordosis, darting, and holding scores for the three

estrogen treatme;t con@itions (with an@ w}thout P treatment) obtained
from .thé. ten weekly tests were assessed by analysis of variance and ,
the raw data is presented in Appendix A.. Body weigh;s aaéociated.with
each tést were similikrly analyzed. Tukéy‘tests, mddifiéé for use l.g
with unequal sample sizes (Keppel, 1973, p. 354) were used with a

: significance level of p <.05.

- . N

‘ Lordosis: The anal*ses of variance carried out on the
lordosis scores yielded three’ siénifi;ant m, effects (Estrogén
treatment, Pr;éesterone treatment and Test, see :j:::>>$f’ IE can be
seen‘ ffom Figures 1 and 2 that regardless of treatment all groups
showed a genéral decline 1n responding across the ten tests. The fact
* that thé' EB x 'Test‘and P x Test interactions are also significant,

indicateséthat this trend was not uniform across all conditions.

, ! :
Despite the trend of decreasing lordosis scores, the animals receiving.

‘
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Summary Table for the ANOVA

Receptivity Tests

Source

i

'ﬁh Treatment

N

P Treatment
EBxpP

Subjects

Test

" EB x Test

a

P x Test

EB X P X.Test

Subjects x Test

AU

A

18

9

Y

405

]

-~ TABLE 2

.

N

®

‘of Lordosis

Mean Square

1456 .4
6579.1

304.8

\ PR

105.:5

)

’
878.4 -
68.9 -
\~~
85.6
14.0

33.7
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EB only

_ Mean Lordosis Score t .
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Figure - 1.‘ Mean- lordosis scores in Experiment 1. on weekly

recebtivity tests of ovariectomized female rats: given . only
4 ’ '
estradiol benzoate: WEEKLY 10 ug' z ) . DAILY 0.5

UZ ( =mmmemmem= ). OF DAILY 2 ug ( memmmm s ) .
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Figure 2. Mean lordosis scores in Experiment 1 on  weekly -
e receptivity tests of ovariectomized female rats given progesterone |
(0.5 mg /pér week) and estradiol benzoate: WEEKLY 10
N : ug (= ), DAILY 0.5 ug ( eeemesmmme ) or  DAILY *
NA“.
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the higﬁ;st amounts of EB (DAILY 2'ug) had consistently higher scores
than those of the othér groups. ¥
. 1

The P effect reflects the overall higher scores of
i

animals receiving this steroid. There is some indication from Figures

v

1l and 2, however,.‘that P had different effects depending on the EB°

treatment- condition. More specificaily, itvappeared tpaﬁ P was having

'
v

a relatively greater facilitatory effect in ,the.lWEEKLY 10 ug.

coﬁditiop than in any other. This effect 1s reflected in the

considerable, but nonsignif caét Eﬁ x P”igberaction and is summarized
¥

,in Figure 3. 1In order to investigate this effect further, it was

:1 ’ decided to carry out an ANOVA-comparing only two estfogeﬁ conditions -

.

g at a time. ,The results using data from the WEEKLY 10 wug. and the
- " DAILY 0.5 ug. groups are summarized in Table 3. Note that \g:
Progesterone and Test main effects as well as the EB x' P interactiodn.

A were all. significant. whereas the Estrogen @ffect was not. It can be

g’g seen from the summary in Figure 3 that P had a much greater effect in.
2 the WEEKLY gondition gaan in the' BAILY 0.5 wug. conditiom. A
,Similiarly significant interaction was‘foqnd when the WEEKLY conditi&n
i | \k was compared to the DAILY 2 ug. condition (F(1, 30) = 5.3; p <.03, see

., Table 4). No such effect was found when the two daily conditions weré

‘ . compéred (F(1, 31) = 0.07; p <.1, see Table 5). .

'd

; t Darting:' Figure 4'illustrates "for each of the ten
N ) ' receptivity tests, the nﬁmbgr of animals in each group‘ that

demonstrated darting” behavior as well as the total frequency

3
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Mean
Lordosis
Score‘

Across
Ten
Receptivity
Tests

20

@

N

r 3

N\

) 10 ug

Weekly

EB Treatment

Figure 3.
1

w

0.5ug
Daily

2.0ug ¢

ar graph depic.ting the differential

. ) . , 'I
estradiol benzoate and represents scores for

facilitatory effects of 0.5 mg progesterone in. the

\

t:lhree treatment c'onditions of Experiment 1. Columns

feprgsént the mean lordosis score obtained by animals

in each trelatment:"*roup on all ten receptivity tests’

( O ‘represents scores for animals receiving only

animals also, receiving progesterone).

a
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. " A . © TABLE 3 . $ \{\ K
4 - Summary ‘Table for the ANOVA of Eordgsis\ Scoreg on Ten Weekly , .

B

Receptivity Tests Using Data from WEEKLY~Es£roged Treated Animals and’

0.5 ug. EB DAILY Animals.

L
s
.
<
Yo
%,
%
!
i
H
3
i
F .
%
}
g
H
3
.
.
A
8

Source
S0UELE

'EB Treatment
P Treatment
EB x P

Subjetﬁs

Test

EB x Test'
P’x Test

éB x'é x Test

Subjects x Test

ol

29

261

Mean Square

0.966
3271.8
. 410.4

88.79

'536.3

54.1
%

67.1

15.9

" 28.9

\

F
. 0.01
59.4 .
462 0.040"
) R
18.5 . 0.0
: ¥
1.87 0.0569
2.32 . ,0.01
0.55 0.83
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, TABLE & z
Summary Table for the -ANOVA of Lordosis Scores on Ten Weekly 5
Receptivity Tests Using Data from WEEKLY Estrogen: Treated Animals and -}
DAILY 2.ug.-EB DAILY Animals. , , \ - o l
a.A /)
- / - o ! ) J
= 8T Source ' . df Mean Square F ° P . s
. ‘ * ' 4 - -
' {
EB Treatment 1 © 2315.6 "o 2244 0.0
;‘ v ) |. ' ' ' B ' - e
v M s - . “ ’
; P T];g{itm&ﬂf 7 e e — ——l— 481‘809 4609 0,00 . 3
! . - .. Co
v ‘ " ( , L “a . , i R
EB x P 1 546.5 5.3 0.0288 -
Subjects 30 . 103.3 ‘ !
) Test
: ~ EB x Test
i -
. P x Test
f .
B EB x P x Test
; © Subjects x Test
' e




[ P

v ‘\\ ’
wog S N
o 7 N> " P x Test
L EB x P x Test
B
o \
*
i Subjects x Test
B ' ! .
) .
(R Y
L4
. )
\
T g e R

»
o~

TABLE 5 |

-

Summary Table for the ANOVA of Lordosis: Scores§;:n\~;2h Weeklyw

Animals.
$ [
‘ Source ' af
EB Treatment. 1L
’;‘;--’-' [N
P Treatment - 1
,EB x P . ' 1
" ’ D
Subjects . 31
Test ’
EB x Test

Receptivity . Tests Using Data from DAIEX;O.S ve 2 ug Estrogen Treated

t

Mean Sguare E_ '

2287.9 "1 19.79
. —.
12610.1 -'22.58
7.96 " 0.07
115.6

40
' (‘{
P
* 0.00 :
0.00

0.79
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\zlumber
Aninals

Numbe‘r

[d

OC-N U OO @

o .
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_for the frequency data.

sharply (frequency range: 4-40) vhereas animals also receiving P had

generally lower but constant holding scoree (frehuenn;;t‘nse: 6-12).

\ L ' 42

‘A summary of the ANOVA for the frequency ' ‘

©

of darting for each group.

data is presented in Table 6. The Estrogen and the Progesterone main

y

effects as well as the Estrogen x Test interaction were significant. ’ v
The source of the significant Estrogen effect was the overall higher ‘ -
darting scotes 1n the DAILY 2 ug. EB condition compared to both

. \ . wh .

remeining estrogen conditions. rhé, significant Progesterone “effeot

PRGN

-

reflects .;he consistently higher scores obtained by animals receiving

N
;

¥
1

3 ! . N
Although the Test effect was not significant, there un:
s . = ‘ - -~

- ‘: 1] . .
a difference in the pattern of scores across the ten tests depending

A R et

on’ the E;B‘onditioﬁ. The darting scores for the  WEEKLY group

alter%ately increase and decrease over'the'ten tests. The scores of

Jye DAILY 2 ug group rise to a peak by the third test and then show & -

steady decline. The DAILY 0.5.ug. group shows a relatively consistent
- ' S

pattern ‘of low scores over all’tests. (See Figure 4). This effect is

>

reflected in the significant Estrogen x-Test interaction (see Table

” '

® - -

Holding: For each of the, ten receptivity tests, the

number &f aninals in each condition that demonstrated holding behavior
as well azwpthe total holding - frequency score fdk each group are ‘

illustrated in Figure 5. Table 7 presents the~sunnary' of the ANOVA®

None of the main effects was significant,

there wvas a significant P x Tests

.

interaction seeng to reflect the fact that the scores of the animals

however, interaction. - This

receiving EB only treatment were high initially .but dtoope& off -

‘2
.

Y

.~
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Figure 5. Number of animals displaying holding behavior =
«(n = 8) on each receptivity test in Experiment 1.. D ,
represents groups receiving "estradiol benzbqte only. )
represents groups receiving both estradiol benzoate "]

and progesterone.

total score obtained per group.

Numbers above each column represent the
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Source df Mean Square ) 'F P

<
»

EB Treatdent 2 Yy io.s 2.58 0:0867 -

. ~

P Trea.tment' : 1 ' 0.75 ' 0.18 " 0.87 ~

JEB x P 3.6 0.89 0.41 ;

Subjects 45 41 .

. . ° f »
3 . . '

-

Py e SR E MA IERSE n S AL T h e Le E
N
Ant
N
’

" Test | 9. . 3.9, - 1.41 0.18 -
‘ l ’ i
i . ' [y - - . - ' N kS
% EB x Test . - 18 © 3.9 1.641 0,12
) . » ' * “ .

. P x Test S 9 - 55 2.0 0.0374 .

A . ‘ ' ' ~. ) y n ' : -
! ' EB ¥ P x Test 1 +1.12 0.33 ' .

. 3
; Subjects x Test - ' 2




LI

£ PO g -t

v‘_:)'

* based ¢n the weight of the animals at the time of each ‘of the tex}°

. Body Weight: Table 8 presents the summary of the ANOVA

receptivify tests. The Estrogen and Test main effects were
significant -as well as the Estrogen x Test interaction. There was no
effect of P on body weight. 'The“weights of animals in the three EB

treatment conditions are presented.in Figure 6.

It can be seen that the animals receiving DAILY 2 ug.

\ & ; .
EB had the lowest body welghts throughout the study. Although

1nitiﬁlly the animals. receiving DAILY 0.5 ug. and WEEKLY 10 ug. were
AN .

" quite similiar, as the weeks progressed, the'mean:weigﬁts of animals

receiving DAILY 0.5 ug. EB diverggd from those of the WEEKL¥ condition

and approached thése of the DAILY 2 ug condition.’

Effect of Hormone Interruption: Test 11

Between Test 10 and 11 half of the animalss in each

treatment condition had hormone treatment interrupted. Figure 7

presents the lordosis scores for all groups on Tests 10 and 11 and

°

.includes Test 1 data for comparison.

-

Figures B and 9 present the data. for darting and

]

: " .
holding respectively. . The effects of interruption of hormone

treatment were tested by comparing scores from Test 10 to scores from

Test 11. Becaugse the number of animals in each condition was so
reduced after subdividing for the interruption condition, it was
decided to combine animals across EB treatment conditions and then to

test for the effect of interrﬁption in the EB only 'and the EB &.P

"JH“\-" . T II aT R

Vet i FES - oo
R | [ 1 gl H
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*Summary Tabhle for the ANQVA

.Weekly Receptivity Téhts.

Source < df
EB Treatment : .2
P Treatment ‘ , 1
EBxP . o2
Su?jects C 45
S'¢
Test B 9
EB x Test . 18,
. .
}
P x Test : 9
’ e )
EB x P x Test . 18
Subjects x Test . . 405

/)

of Body Weights Prior to Each .of Ten

L o
-~
Mean‘Sguére z_ P
. 23617.6 8.6 - 0.0007
\ 0.0 0.0 0.9996
| Sl
. 2086,1 0.76 0.47 °

[ “2744.2 \ '

28306.5 336.4 0.0
' 335.6 . 3.98 0.0
g - ?
145.7 - .73 0.0790
AN " '
73.1 '0.868 - 0.62
‘ T ’ .
84:1 o
, R
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. Figure 7. Mean lordosis scores for receptivity tests 1 and
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conditions separately. When this was done, using the Wilcoxen Matched

Pairs Test, it was found that in the EB & P condition lordosis and

9

. darting svores incredsed significantly after interruption. Thefe was

i
L

no overall increase in scores for animals in t\he "EB only condition

-

(see Figure 7).

Physiologicai variables: At the tfmq of sacrifice
5 —

adrenal ; pitu}.tary, brain and body weights were recorded. For the

purpose of, analys:is these data were expressed as a p‘ercueBt‘a\géof body'

v'wei)ght. quoamine levels were determined for the whole brain,
including the olfactory buibs, and‘ were I. expressled in nanograms of
amine per gram 1of whole brain. Serum levels of corticosterone,
progesterone a‘nd luteinizing hormone were also determined aﬁd the vraw

data are”presented in Appendix B. i

These data were subjected to two dliffeéam:l analyses.
In ths first,® theh data from the experimental animals that had been
ovariectomized and exposed to the three ‘different estrogen treatment
were" co’mparéd in an analysis ’;>f variance for E_B ‘treatment' x P
treatment X Inter‘ruptiog. . Separate analyses were done for .each
dependent meiilsure. | The second set of analyses of variance included

: -~ IS . A
the data from the intact control group. This group was considered. as

¢ ’ '
a fourth EB treatment group in simple one-way analyses of variance.
The results of these analyses can be found in Appendix C and D. A
v . t
sumnarized presentation is shown in Table 9. Upon inspection, of this

table, two points are immediately evident. First, EB treatment and

52 -
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interruption, condition account for all but two of t:l;e. significant
effects. Second, monoamine levels as measured in thig experiment did
not ' vary significantly as - a function of treatment ;onditiqn; The
n;'a_ture of each of the significant effects will" Qé -congidered below.’

. . -
The means associated with each of them are presented in Table 10.

@

Ovariectomized Animals

Adrenals: Post hoc analysié of’/ the effect' of EB

t.r‘e‘atm'erit on adrenal weight indicated that ‘anfimals in thel WEEKLY
conditio\n had weights signif.icahtly below .those‘\ in the DAILY 0.5‘ug.
condition and th'ey in turnl_ had weights significantly lower than t‘hose
in the‘ ‘DAILY 2 ug. condition (Tablgdlo Sectic?n A-1). Furthermore,
i,nterruption of horméhe’ treatment resulted in "s";.gnificantly lower:

adrenal weizhts (Table 10 Section A-3).

. Pituit‘ary\:\ The gffects * of " EB, treatménr. and
interruption- omw the pituitary mirror those found for the adrenals.
The effect of intér;‘uption, however, was much larger in ti\e calse of
anin‘\al's” on i)AiLY EB treatment than in the case of an;maig in the
WE]%KLY comiition. This. 18 reflected 13 the significant EB x T’

o ! B
i)léraction (Table 10 Sections A-1, A-3 and A-5). .

Brain: The significant effect of interruption on brain
weight appears to be an artifact due to the expression of brain

weights as a. percentage of body weight and the changes. observed' in

3

body weights as discussed below (Table 10 Section A-3). T—

a
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Group Means for Sta;isticaily Significant Main Effects and

Interactions presented in TABLE 9.

éectién A: -Data From Ovariectomized Animals -

~

A-1: EB Main Effect:

\
v

) . WEEKLY DAILY
10 ug "0.5 ug

Adrenals e 3 \/‘\ 144 179
(X Body Weight x 10 7) .
Pituitary -3 v 45 55

(X Body Weight x 10 ) .
Corticosterone 838 628

- (ng/ul of serum) - T
. 4

A-2: Progesterone Mdin Effect
’ GROUPS
' " o -

rogesterdne

Corticosterone ' S 772
(ng/ml of serum)
‘ Lute:l.n'izi‘ng‘ Hormone . . 97“
{(ng/ml of serum) ' :

GROUPS

DAILY
2 ug

213
66

625

0.5 mg ‘
..Progesterone
Pér Week

622

226

3R A e R A gt T

“aE sl
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Pl A-3: Interruption Main Effect
¢ ’ . e, GROUPS .
' Interrupted Not -
: . Interrupted
: . Adrenals -3 T 156 202
* (2 Body Weight .x 10 °)- W
. Pituitary - / 43 . 6T
7 : * 7 (X Body Weight x 10.7) « - o y -
| ~  Brata - .- L 0.5 0.59 Co
' ‘\' ' (Z Body Weight) L _ ’ o
‘ < ) . | : . .
i Body . 388 356
R (grams) ' o -
£ - . .
o Ad: EB x P Interaction : - ' - // ) 3
) . ) X v . . . A - , y :}:
: . R o . NO_PROGESTERONE 3
' o . } : : VEEKLY: - DAILY DAILY - 3
: ) S , , _ . 10 ug BB 0.5 ug EB .2 ug EB . %
\\ .’\ of‘j‘f - ' . ) : - » ' ' . ) I ° i
. . » « Corticosterone L ‘ 1qQ77 - 683 557 . . Y
: \ - (ng/ml of serum) . - e - . N C. _ %
, o f,'/ L . . 75
i AR 0.5 mg PROGESTERONE WEEKLY o x
- ‘ -2 /. WEEKLY DAILY DALY - &
: ' »* 10 ug BB 0.5ug EB* 2 ug EB .0.‘65.
’ . . . v ; ) / e P4
: Corticosterone, . 599 T 574 : 69#1 .
H (ng/ml of serum)
HE . ,
e
H




Not .

K ' ‘ |- A-5: EB & I Inferaction . , 2 ,
po ) . grours
N . ) . . . N WEEKLY 10 ug EB
. : ) , ' Interrupted
- H

.

" (X Body Weight x 107°). o, .

. Interrapted

¢ SPituitary | S AR S
Ty (% Body Vetght x 10 3y . _

] e ' [

RN T ea ' LI
A o . Interrupted.
. . .o ¢
o | Pituitary . D

(X Body Meight x 10 ) ' >

P x I Interactidn ' , ‘ '

A

I o o . "~ GROUPS ;

" ‘Pituitary ‘ B "39 e

Interrupted

51

.\‘ » ﬁ’
* . & ! l o : - . '
£ . : DAILY 0.5 ug'EB: - .
S . . ._ cod P <, -
. . Not

* Interrupted’

»~ >
s 68 . ’
.

e LY

. WEEKLYZgg_BA ]
- L

°

Not ,
Interrupted

T .-,
82

. C Np PROGESTBRONE

N Iﬁtermpte_d

. . C s 9
:

.. ' Corticostercne P T 785
(ng/ml of serm)? .- . ' ,
w ’ N ' : . !

) “ uoc _
Interrupted °

799

~

o . : . ‘ . ' . 0:5ug P
. 0 K PR . A P

L . A v ‘ “ . N . .‘ v, Q -‘ -
B Y o ’ . ,* * . . s L .

S T ‘(:ort:lconurm ‘ T 723
SR o (u/ulof nm) teono N
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h M o ' ' i,; , . a
- N .
B . GROUPS ~
) T [N
' ) . ‘ . WEEKLY  DAILY - DAILY’ _ INTACT
- . N 10 ug 0.5 ug 2 ug ‘

Adrenals -3
:(X Body Wt x 10 7) .

Pituitary -3
(X Body Weight x 10 7)

' Bbdy . -

0 144 179 213 204
. 4. 55 66 . . 62

367 ' 388

L}
(grams) / -,
. . , - ’ , .
- N .o ) N . . » °
. Progesterone - * -« 4997 . 4398 - 5652 11863
* (pg/ml of serum) . ' . - .
R - . » . . . ,
Luteinizing Hormone 146 . 268 . 719 58
(ng/ml of serum) ‘ ) '
- M Al
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- +Body: Interr9ption of hormone treatment resulted in

.
-

significaﬁtly.highep.bédy weights for each. of: the three Estrogen

treatment conditions (Table .10 Section A-3). = Estrogen treatment
\aloqsudid not result in significant differencesrbetweenlgroups at the

time of sacrifice although a-consistent pattern of differences was
‘ A . ) :

~ observed (see Fig re 6) over the duration of receptivity testiﬁgf.

‘ - A .
Corticosterone: _Although there was a significanﬁ

effect of EB treatment in corticostgrone‘levéls (EB main effects Table .
v N N “ N o . ~ ' :\
10 Section A-1) 1t <can be seen that this was true only in the no P

condition in which the WEEKLY‘bnimals had significantlf higher scores

" than animalé in ‘the DAILY conditions (EB x P interactionm, Table 10

Section A-4).

1 . . v
.

There appeared to be an ;I;?Eraction between tbe P -
Eonditign andl the interruptibn condition, although it was not

significant at the .05 level (p .06, Tabie 10 Séction A-6). It may
s co- ' ,
be important to note here that pﬁis‘reflects the fact that animals not

receiving P had comparable levels of B whether qt not they h{é‘

" interruption of hormone treatment, vhereas among animals in the P

<

condition interruption resulted in significantly highe B levels. -

Although the EB x P x I interacfion. reached a -~
statiatiéally significant level,'the group sizes are too small fo;;42§ .

meaningful 1ﬁterprétqtion of this result. )

. - \ T
. " ' Progesterone: Thé absence of any significant effects
) ' . ° ’ ~ /‘ e ‘ . o
‘of P treatment suggests that exogenous P adginiatration had negligible .
N J f L . .
efifects on plasma concentration of.ilat the tiﬁi of sacrifice.

N - «
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Luteinizing Hormone: Groups receiving’ P  had

significantly. higher luteinizing horﬁqne levels than those not

. < {
receiving P (Table 10 Sectjomn A-2).

© Finally the data\from the one-way analyses in which the

intact animals were included as

' 4
fourth EB treatment condition can be

considered. The means for thdse measures thgt yielded significant
- _ T .

effects' are shown in Table 10 Section B. The data served to allow a

. . \ - .
comparison between the values found in ovari%ctomized EB treated

o

0
groups and normal intact females: Note first that in all cases the

values fouﬁé for in;hct‘animals resemble most those found in the Dai}‘g«

2 ug group.. Adrenal and pituitary weight of intact animals did not
differ from‘'that of the DAILY'.Z ug group. 'Ingact‘ animals ~did,
hoqevér, have 1ower'body’weights, higher prbgésterone levels and lower
luteinizing hormone levels than animals in the DAILY 2 ug coﬁaition.
While the lower body weights may reflect in pa;t, the fact that these

animals were somewhat younger than the ovariectomized énimals, they,

like- the higher P levels and lower luteinizing hormone levels, most
) .

_probably reflect the continuous presence of estrogens from the 1intact

«

ovary (Table 10 Section B). » : ’
»

-
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“*scores. While this decrease 1n,'rece§t1vity score

Discussion .

i - . : o
The principal 'findings of Experiment 1 were that the

. receptivity scores of - ovariectomized rats exposed to chronic

administration of estradiol benzoate decreased steadily oyer 'a ten
¢

week period and that interruption: of the i

injectiong'for a period of a month led to a partial re overy of 'these'

with chronic

treatment occurred in all, groups regardlesé of dose, \(theye
e , ‘

differential effects of treatment dose on several measures. For

example, the DAILY 2 ug condition had consistently higher behavioral

scores acrossiall tests, wherea#” aniljals receiying 0.5 ug EB daily, a
dose considered threshold (Da idsoﬁ, Sm\th, Rodgef® & Bloch, 1965),
had scoré% higher tHan thoge %n the WE f 19 ug EB.condition dur;yf
initial tests but lower scores, on subSequent tests. In general,
however, although the scores of a&l groups decreased over tests, the

5. .
same 'relative order of group behavioral scores was maintained

‘ . .
throughout the study. In other words, although the dose and schedule’

of EB administration determined the relative positions of group mean

scores, some other factor or factors mediated the relatively uniform
) ;

3

$
decreases in scores-across time in all groups.
‘ ' [ . "
‘e - ~ ‘,,———(;

In order to ‘idéﬁgify, potentiﬁl mediating factors, a
’ A '

closer scrutiny was given to the physfological data. A possible.
” B & '

M (.&‘ “ s L
hormonal mediation was ~suggested by the fipnding that adrenal and
pituitary. hypertrophy paralleled the behavioral effects.  More.
) L ’ - )

al .. ) s ~ . N e i

. ~
v - : L4

.
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specifically there were also diffgrentiﬁffects of treatment dose on
the adrenal, pifuitary and body w;;ghts.~ The highest adrenal and
pituitary weights were found iﬂ the DAILY 2 ug'condition andvth?\>
lowest weightg were in the WEEKLY condition. Body weights which thave
’been 'shown. ti be_indicatorg of estrogeﬂ aqfivity»(Wade 1972, Wade &
Zucker 1970), were 1o;est in the DAILY 2 ug cogﬂi}ion and, by the end
of’ the experiment, highest in the WEEKLY condition. It appeﬁrs:
furthermofe, that although the WEEKLY céﬁuition received more Eé tin
absolute terms than the DAILY 0.5 ﬁg condition o; a ﬁer‘week basisi
both behaviorally and. ph iologicai;y -tge~ effects of estrogen
administered in small dis%fibuted or ch%on;c doses were greater than
the effects of estrogen when administered in a single large dose.
These physiologicél results are consistant with other invesgtigations
of the effects %% estradiol levels on various -physiolog%cal measures

One interpretation of thé»“decreases in receptivity

(Bryson & Bischoff 1979, Kitay 1968).

¥

[}

scores found .in this’ experiment is that they are due to non-specific, ,

changes dssoclated with aging rather than to estrogen dependant

mechanisms, since the- percentage . of _intact rats which can be

te pe

successfuﬁ}y mated decreases with age $Miller, Wood & Riegle 1979).

However, the finding that sfordosis scores increased afféf/Jh exfgﬁded '

intérrup‘*on of steroid administia;ion does 1ot fit with ,an

interpretation based on aging. Rather it appears that the behavioral

.ihdixectly‘ by chronic
N e

> o ' x

- N -

decreages are brought about! directly of

. estrogen exposure.

~
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< Several studies have shown that P and other related
steroids can have lnhibitor& effects on iordosis scores in both
ovariectomized and intact rats (Blaustein & Wade 1577; Edwards et al
1968, Feder‘J& Marzone Q377). When ovariectomized raos are given P

prior to initial priming ‘with ‘an estrogen, their :%ores oo subsequent

@ .

L3

'receptivity tests are lower than the scores of control groups not
ALY

-

receiving Bl prior to estrogen. Under these conditions the P acts to

rodﬁce tﬁo. effectiveness of thg estrogen in inducing receptivity.
This has Heen labelle ooncurient inhibition by P due to the presence
- ! »
- elither 1 serum or'intracellularly of the exogenous P at the time of
estrogen administration. In~ this copnoctiod, \therefore, it is

interesting to note that one effect of exogenous estrogep
. -

" administration to ovarieooomized rats is an increase in adrenal
metabolism due to bcth'dirécc effects of estrogen On\théﬂadrenal and
: 1ndirect effects of estrogen on ACTH release at the level of the
‘ . ' pituitary (Kitay 1963 Bartosik Szarowski & Wats;; 1971). Although
| serum corticosterone levels are much ‘better indicators of adrenal *\
'acoivity, significaot ‘amounts of progesterone are also synéhesized in

the adrénal (Shaik & Shaik 1975, Bartosik et al 1971, Feder, Resko &

Goy 1968). Therefore its seems reasonable to suggest that chronic
administration of exogenous estrogens might produce serum levels of :
4 adrenal steroids in ovatiectogize& ﬂrats sofficient to mediate the ‘ S

L 4 . °

» F \ " observed decreases in . scores across ' tests. For example adrenal L3

‘- __.me“;megesterone ma§" mediate the decreasing receptivity scores ' by

7 mechanisms analogous to those proposed elsewhere for progesteronﬁ 8 ’

inhibitory effects (Blaustein & Wade‘1977 Haug 1979)
L 4

.
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Other potedtial candidates for adrenal steroid , - .

mediation of. the behavioral decrease are the'androgens. Several
studies have s8uggested that these gteroids may ha’e a' role &h
1nhibi£ing lordésis in female rats (Baum; de Greef, Kloet & Schretten,

3e ! ' s -
. /

o - 1979, Baupq& ereburg 1976). Consistent with these speculations are

e severa} previously unexplained findinngthat ADk-ovariectomized ats L

g' - : héve higher receptivity scores than ovariectomized rats intresponse'%o: ’
o é ‘A ‘ exogenous estrogen u(Eriksson‘ & Sodersten 1973, Davidson, Rodgers,- . :
e E ; ,3, Smith & Block 1968,;larsson, Féder & Komisaruk, 1974). ' ' ’

IS > N

P R P

‘The findings of Experiment 1, COgethér with those
reported in the literature pointed to adrenal mediation of the
observed estrogen effeets. Experimegt 2 was designed §o test this

. idea. . .
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Exqe)rilhnent 2 ) \

L

The primary purpose of this experiment was to evalua}:e, k

’ ° . (AN, T
the role of thé adrenals in mediating the pattern of decreasing

PR .

reqeptivit;} scores previously observed under conditions of chronic

~
{&..» ' ;strqgen administration. Furthermore, 'in Jorder to asgess the:
repi.icabil.ity pf the observed pattern of decrease of behavioral‘scores_ ° ;
; \ v + under other methods ‘ of s:hronidc es‘ti'ogen adﬁin’istration, chronic¢
’ Lo si‘lasticn implants cantaining vthe ;strogen were used 1nste"lad of- daily ‘
;" ‘ - "injections. ' n 1 L ¢ ) o v
. a ) A ¢ o |
‘ ‘ “« - A_i:ecent.: study of uest'rogen ‘levels in ovariectomized |

rats receiving exogenous estrogen injections, found that within twelve

to twenty~four hours of the 1injection . the. 'serum - gstrédiol

.

concentration’ had returned to its.agpre-injection level (Butchei‘, .

Inskeep & Pope 1978, Tapper et al 1974).  This suggests that in

52, o PR R AR R, Y

Y o Experiment 1, the procedure of daily estrogen injections did not
é roduce stable serum concentrations of this steroid. In order to 3 :
£ . /issess the relevance "of this finding for the behavioral results of . . Y

Experiment J.; chronitally. implanted e;tradiol peJ\.léts, —with-—constant

release rates, were used in Experiment 2. S .

In this experiment, receptivity scores and serum levels

of adremal progesterone ‘- and corticosterone were monitored in

ovariectomized raté over an extended period of exposure to an (
" estradiol" implant; To" assess the importance of the adrenal fn

e . N
. s
I . . .
' \
- ' ' \
*
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mediating the behavioral effects observed, half of the animals-

were ADX and further receptivity tests were conducted. .,.

In order to test for a role of adrenal androgens in

inhibiting lordosis, a findl behavioral test was held after daily‘ |

administration of . the anti-androgen cyproterome to both 'sham .and ADX
. . ' B N . ° -

- ‘ ’ animals. - ‘ .
. B - , B \ . R . -

Method ' . o |

: This experiment involved the administratiom of chronic
1 ' .

! . ' -doses of EZ to ovariectomized rats by means of si-llastic' 1mplanfs with %
% J ' known release rat'es.. For the first paft of ti‘he experiment receptivity c» ‘ 3
*, .tests )t:o\ok eplacen each week and blood samples ;vere collected every. | g
| other week. Then the animals wére split into two groups. One %roup' . . ’S
’ wgs ADX and the other ‘had g'sham - ADX. The schedule of réceptivity ' % \
Csts and blood sampling was mai‘nt'aiﬁed to the end of the study.

1 . -~
s,

B ’ ‘ ‘|

- | . Treatment of sﬁbjeqts: ‘fwenty*-four adult Sprague-
Dawley female rats '.weigh:lrlxg 200-270 gms when qstained frop Canadiat; _— "
ﬁreeding Faljns were used as subjeéts in this experimen Animals we.re o
1nit1a'1]:y housed ‘in pairs for "sev&ral weeks-prior % the start of thi‘s
experiment "under conditions identical to those in Exl;eri'ment 1. For
tl'le dur.ation of this experiment. they wgre housed 1.individual_ly. One A
qeek. before ova'_riegtémy,". dai‘.l)." han;iling of each animal began ég‘d "

cgntinued throughout the expér\ix:nenu'. . ‘

!

B v
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o : v,
, o i In otder to eliminate totally unresponsive animals from : %’
. this exgef{ﬁent, a single receptivity ‘test was held under »conditioné

of conventional priming with 10 ug EB and 0.5 -mg P. »No animal was ) >
eliminated. i -

4

\

At the end of theigexperimentl thé animals were
decabitated and the whole brains quickly removed. The pituitary and

.. . . » )
surrounding area was inipected for any obvious abnormalities. Finally
. . , . i
the presence of the estradiol -implant with remaining sterold was

confirmed by visual insﬁectiou. '

Hormone treatments; All twgnty-four animals were

ovariectomized on Day 1 followipg the procedure outlined in Experiment

R et I

y o 1. At this time each animal received 10 ug EB in 0.5 ml peaﬁht oil

g , ' Lo
subcutaneously. On Day 8‘9nothér 10 ug EB was given follghed foﬁ‘y
hours later by a subcutadgagp injection of 0.5 mg P in 0.5 ml peanut .
oil. The recepcivity pre-test" took place four hours later. ,On Day

A j T .13 all anﬂmals were implanted with silastic tubing containing

\
' l\ estradiol. Sodium pentobarbital anesthesia (Nembutal: 60 mg/ml, 30 .

~

é mg/kg) with 0.1 ml atropine aulphate (0.6 mg/ml) vas . used. For a
4 fourteen week period beginning day 22 each animal received a weekly

injection of 0.5 mg P in 0.5 'ml .peanut oil four hours before the start
R : -
of receptivity testing. : , '

B R ~er : N
n « . N &2

. o - After thé_ninth test under 'chropic estrogen exposure
the animals were spiit into two groups. On Day 79 one group was

adrenalectomized and the other group underwent a .sham~adreua1ectomy"

F]
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A

Povr——

PO
i

involving full éxposure of both adrenals. ADX aniq&ls were switched -

to 0.9% saline for the balance of the expé?igent. The ’anesthetic

procedure used was identical to that used earlier for ovariecdtomy and

‘implantation; The four receptivity tests after adrenalectomy ' took

place on béys 85, 92, 106 and 115. All animals were given 10 mg of
cyproterone (Schering) in’0.2 ml peanut oil at ,10h on Days 111-115

N

inclusive. ‘ ' . i i

Blood sampling: Six blood samples were taken from each
animal, four before ADX or shd@mADX and two after. The first sample

was taken on Day 34 when' the estradiol implant had been in place for

twenty days. The last sample was taken on Day 104, two days before

1

the twelfth receptivity test. . A1l blood samples weEZk takéh at the

same time of day beginning at 15h. Animals were taken in groups of

four or five from the animal room to the room where -blood collection

) ’ P
was to take place. Each animal underwent Q1ght ether anesthesia and

o~

approx 2.5cc of blood was quickly remove&\from the jugular vein wusing

16 gauge needles into heparinized.syringes.- The blodd was kept on ice

S

in glass test-tubes for, at most ninety minutes prior to centrifuging:

at 2400 rpm for ten minutes. The supernatanﬁ was transferred to small

glass test-tubes which were sealed with Paraflim, and frozfn at -75 C.

\
'

N

The order 1in which animals were sampled,was recorded
% ' :

since it was felt that within a group of four or five animals those

sa‘mpledc first(” would have béen léss stresaea by the light, - noise etc.

'Qf the blood collection room than the animals sampled last.

we

4
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Furthermore for each anitial the elapsed time between the start of

. etheE anesthesiasand the withdrawal of the needle from the jugular was

»

" recorded in ‘order to be able to assess the importance of duration of

.

anesthesia on steroid levels, : ‘ - C

“‘;;:::;;\\ procedure for sexual receptivity: Test

"sessions began approximately eight ours into the flark period in the .

same test boxes and room'\gs described for Experiment 1. Lordosis,

' 'S .
_holding, and darting scores were recorded as outlined in Experiment 1.

’

2

Assignment to adrenalectomy (A) or sham (S) group: JAn ?

. : o4 :
attempt was made to match the groups ‘with respect to receptivity

.

scores and the pattern of changé;%f‘these scores over time. !
. s ‘ . A . )
: . N * '
Each animal was given'a total lordosis score which was

d

made ub of the sum of its lordosgis scores oﬁ’}hé pretest and on each

of-thg4lirst eight receptivity tests. Similar scores were calculated
. 4 / -
for both darting amd holding. In additiom, individual plots of the

. 4 ‘
gcores obtained on each receptivity test were made.  The total scores

«

were .used together with the plots to aBSﬂEE an equal numbé{ of animals

‘to\szé two groups. Sinée‘an all animals showed similar decreases in
e ' T .
gcores . across tests, an attempt was made to assign animals showing

l

g

similay pitégrna to each of the groups. The resulting means and

' standard Kdeviations >were: for lordosis 110+33 (A) vprsus 116i27 (8),"
: ot _

for darting 34+17 (A) versus 33+15 (S) and for holding 3#3 (A) versus

btk ().

-
. ) "
. ' : an
; s :
.
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Sterold Assays: The s8ix sets” of blood saﬂﬁi;q weré‘analyzed by

o

radioimmunoassay for levels of _estradiol, -progesterone ° and

. a

-corticosterone. Mnitially, the saﬁ;hes were analyzed in three
. '

sepgrate subgroups: samﬁle 1 by itself, samples 2, 3 and 4 together.

and . then samplés 5 jand 6 togeéhér,- Later, estradiol levels were

'reaésegsed uling samples 1 through 6 inclusive in " a single assay.

Refer to Experiment 1: Method for an outlfne of the steroid assay -
g ' S

N

procedure. ’, . " "‘ | »

freparation of estradiol implants:

»

Silastic medicql‘grgae tubing (Dow Corning no. 602-305;

Y

0.235 - in. outside diaheter) 0.078 Jin,' inside diadeter) was used.

Capqules'ueréapacked witﬁ ;O'mn of cr&stallgne* 17-beta - estradiol

. . ¢ . .
(Sigma) and stored in peanut o0ill for twenty-four hours prior to being

implanted in the animals. Steroid absorption was not measured '

4

directly but’ was taken to be K 2.4, ug/cy/day (Robaire, personal

"communication). ’ S . -

. - -~
]
. P
\ '
/ [ 0
~ 57‘ - 5
* -t
. 3 -
s - . “y ’
» ~ . ~
* ° 1.} L
4
N . .
. .
’
v 19 4
¢ . .
[ I
“ * L RS -
i [N . o .
. . \ .
x . . « %
. ’ ,, - [ 4 N
A a - ; .
% - . . .
' N a '
¢ . .
. “ . - .
o N .t
' . ) -
. y =
» N A "
! K !
' ) PPN
-~ %
.

prom




g 4 N ’ ‘ " ) ¢ \ “ LR
- - ¥ \' e ' . \ “:
- < 3 - t
e N ) TR , \ \ O
Lo . . - . . ® ! ' .
s, f, I' \\ D o
: ks ’ ' . \\ N
| : a t c R > 71
| t ')..'. . o - § ' ‘ \\ "
] * 1 ) \\ 1
o o & - c Results -
| g ﬂ ’ ' ; ' : - i = .
- ~> =‘ B £ ’- * . CC ] o -~ - .
. K ’ - The behavioral data from this experiment will be
‘.t 3 - o - . o o . P ) - N
) i : consideréd first. Tests l -9 prd%idé data conéerning the changes in
g %5’ ' : sexual behavior over apptoximately twelve weeks when .all dhimals were-
oy l ‘ . It :
SR ? -~ similarly :jyated with thekchronically implanted E pellet. Tests 10 .~
' - N - 13, carried .out after half ‘of the animals were ADX, provide
g,k‘ . ioformktion about Ehe possible contribution of the adrenal to the’
t;” q \ n._ v ,
lrg " opserved changes. Test 13 ﬁas done after&treatment with cyproterosie. .
z % ’, . "y L \ T Y.
! Ry LRI .. . L . ¢ +
: L - Behavioral Tests 1 - _9: 'The data from these tests were-
A J . - ! . ) N
F S T subjected to analyseskof variance for ° Group X Test: For alth?ugh
ot "% ‘ not animala ‘were assigned to. the ADX or' sham cgndition only after Test 9 S
';:./ i .. "‘ ,
§ e the analyses of vari\hce include a Group variable in order to permit
,§ < ° an ideatification of any pre—adrenaleetomy group etences 'which
‘? . ' could have been due only to the précess of assignment to groups.
Lo e C e , ‘
. e “ , ) T .
. i 0:5 ’ e It can be ‘seen.from Figures fb 1y and 12 that thqu is
S . a 3eneral decline 1n responding across the nine tests. Rue to ~the 5

AN

a "

‘ - , '

not possible. However,:for ‘both lordosis scores and darting scores,

lhrge.hdumber of zero scofeh‘for holding, an analysis of variance was
" r .

' - - * ‘. * / “ \ o Lo . "
Ce this decline is reflectedr}n a’ aignificane Test effect (see Tables ll )
. . 12). lAs expected, the Group ‘effect was not q;ignifﬁtant. This'
B S . indicates. that no significant differenceg existed between tﬁé anImals
Lo ' n " -
¥ TNy h which were asaigned to che ad nele?cony qr aham tonditioné ce . )
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N 1 . TABLE 11
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Summary -Table for the.ANOVA of Lordosis stores on Test 1_through. Test - ‘i
N3 - A A

r

B “ v

‘9 inclusi;re. .
» . - &

SourEe daf

Treatmenpt o~ T 11.4

- L “ J \

, ’ 'w - [ %’ . : '\

Test ) ‘ a8 282.2
\ ' .o ‘

Treatment X Test 8 , "o29.1

+ { . ‘
1s\\\1.16 0.3 . 4

<, N . o
i o - . .

o

. "

0.45 ' 0.5
11.22 -+ 0.001
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* g Summary Table for the A'NOVA of Darting scores ow~Test 1 through Test 9

. ) -~ N - . .
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_ df ' Mean Square 1+ F P
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1:‘ « . ; ' ' v ﬁ . ? < ) ' ,
.“‘ N ) » V R ’

g ) Treatment ' \ 1
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' . Tests, 10 =~ 12 and Test 13 (post~adrenalectomy tests): )
The significant Group main effect for lordosis-scores (p = 0.05, see

.

Table 13) reflect the ,éonsistently higher scores across the three
} i

. ' . . _ \ [
tests for the ADX group (Figure 10). The significant Test effect for
lordosis

scores reflects

N f © o .
the decline in mean logdosis 8COres across

M A
ag found 1in the

janalysis of variance carried out on the darting scores (see Table 14).

the three tests as is apparent in Eigure 10.

C R
N

; ) \\\ R j‘(
. No significant effect of Erbup

Almost no holding was observed acrogs these thfee tests. . ' ‘

-

In orde: ‘to testtfor the significanii)of the change in
13\90813 scores pre - post -‘adrenalectomy, a gseparate analysis of

3
" variance-was dome u% ordosis scores for the three tests

one condition-and“the first three tests -
T .

.t

RO PPNUE

preceding adrenalectomy as

etk

. .
following adrenalectomy as the second .condition,

Table 15 indicates’

thap the scores of ADX animals do not differ signifiéantly‘frod the

sham - operated animalé\across the six tests’included'in the analysis.

Furthermore, there were no significant difierences for eij?&r grbup in

their pre vers&g post adrenalectomy scores.B

v [

“

. - ° ) a
-

- ; Test 13 tagk place after five days of treatpent with
N cyproté}one. No a{gnificant d:zferences in lordosis, darting or:
.holding scores were found between the two groups on this test (t l
H
df = 17, p 02). ) \ L TR ")
' . gk M e '
’ ) T . I .
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N BN ' C. I T .
o , « RIA for serum steroid levels: In order to interpret '

the Aesults of Exi;ériment 2 it was-important to det;ermifne whether the "

. . - - “ & : '
b Lo serum estradiol levels remained velatively constant throughout the

©,study. In a:_iditibn, in order to assess possible changes 1in adrenal . /
. . ’ .

FREAM YOI

A

. - 3
activity throughout the experiment, the gerum, levels of corticosterone

. ) and progesterone were monitored. - . Y :
\ A . ' .

. . . . o '

Yo,

.« T, N ’ “

ST . ‘ ‘ " In “spite of the fact that the .assays.were not.yun ig a -

4 ‘ - L - 2 M ]
single batch, the intra-assay variabii\ities _for progesterone aﬁd

o ‘corticosterone, ‘ad’ well as the blank and pool :values across assays,‘ .o oo

i
- 1

suggest that inter~assay comparisons are meaningful. Unfortunately, a

e A

) t LR greaé deal of, intra - and inter-assay variabiiicy was found for

K L]

AN LTV P

estradigl in the original runs. In an attempt, to “overcome ,thisy, a

o final asgsay was done with all "sample‘s in a single batch. There was, 3

v -t °

however, 1nsufficient serum remaining in many cases by this time,* and‘

o .
- . .
—— v

. the datg are,. therefore, incomplete. Therefore,‘,’the estradiol
v .conceptrations -from the original separate runs were, reassessad ar&l .

R B o . °

converted to qstandardize'd scores by prorating in a consistent manner.

‘ o These data indicated that at least for the fi&:st bl?o’d sample, taken
4] '_\ . . 20 days aftex‘ implantation of tl;é pellet, and for the last blood

' sample, taken 2 daya before Test 12, the mean estradiol levels were
a ! . FON .. ’ . ~: ' 1 . \ i
.c’omﬁ;rable and in°the order of 7@g/ml. i " o

o
s LY . -~

As can be seen. fram Figures .13 and 14,. boch the

RIS ' progeaterone and corticosterone levelg decreased steadily aeross the ,

u' ‘ “ . N ” &‘%r
- “,‘““:first four blood samplee; progesterone le els dropped more s,:eep]\.y.

L
-xa
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‘Figure 13. Mean - gar progesteroune levels obtained f'roq"bloé[d

" v

v . \ \!
samplea taken every two = wee’b during ' Experiment 2 vin
| ‘

ovariectomized and ov rieetomized-édrenalectomized groups boch
e

befote adrenaleccomy (Samples 1 - 4) Jand after (Saﬂp’les 5 and 6&

Bars represent the mean of\th , 951 confidence 1ntervala associnced;

‘ q,\ndi‘iduf‘l‘ .samp].:s.
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. e ‘ ‘ | .
w . J If progressively decreasing mean receptivity scores

r to those invoked'to\giplain

v

were to be explained by mechanisms simila

"

’coﬁcurrent_inhibiti&n:by progesterone (Blaustein & Wade 1977), then,

. _—

at ja oinimum; a: phttern of relatively high progesterone of . . !
’ ¥

corticosterone levels would have been expected. Not only was this not >

‘
.

found, but in addigign the obse?wsd vaiues were within ranges reported "
7 elsewhere as phygiolégicai (Shaikh & Shaikh 1975, D8hler & ‘;uttke' K
1975, Huané‘.et al ;978. It appears, therefére, that in spite of
stable éstradiol‘levelg in the bhysiological range and Ain spite of ‘ -
apparent aecreaéing adrenal steroid outpuf,'b;haviorai measéres of ¥

receptivity decrease over time. t

;

“
a

N " The results of the final behaviofai test, after
cyproterone treatment are unclear. If, as was hypothesizéd, adrenal
androgens mediate the decreasing lordosis scores, then the scores of
ADX animals that have no adrenal androgen should be- unaffected by

* cyproterone treatment. For the sham animéls, however, cynroter;ne

. . s d (,
. w
might have been expected to produce a disiphibition of Yordosis - | oo

¢ , : . o .
resulting in scores, equal to or higher than those found in the/ﬁgxb—a’j/_

animals. The fact that the lordosis scores for both groups were lower
. 1 ) . i . . . M
on this test than on preceding tests yet not significantly different

from each other sﬁggesta thatdadrenai andrA;ena are not 1hvo;ved in

the pattern of decreasing scores.

R




.preueded _by/a “priming” exposure to estrogen and often by a

91

\ ' 3

GENERAL DISCUSSION. R

< These experiments show that chronic  exposure - of
% ' , ) ) . * -
ovariﬂectomized zats ‘either to estradiol from an implant or to

estradiol béthate via subcutaneous- injection 1is assoclated with a
pattern of decreasing receptivity scores. Tbesé decreases: were

accompanied by decreases in serum corticosterone and progesteraone .

N

levels. In addition it was found that receptivity scores partially

. !
recovered after a four week interruption 'of the estradiol

administration schedule. ’ Since these findings are new and appear to

.+
€

. o
copntradict findfngs réported in the literature, some clarificatiom is’

¢
13

necessary.

o

5 3
!

A .great deal of, reseax:‘ch, has been done on the effects
of repeate& matings on lordosis ‘scor;es. Although man;r of these
studies were not done with the intention of as;seésing-the effects of
repeated exposure to es‘tradipl, their des{igns are such that cettai‘.n

comparisors with the experiments outlined in this study are possible.

Typicdlly in one. kind of study each receptivity test in a series is

facilitating dgs_e. of ptogesterdne; . A general finding in such studies - e
is that repeated mating‘tests.'either‘ résult in’ éuccessivelg higher
lordosis. scores or 1n’ constant scores ‘,across“' tests. For the
ovariectomized' rat, no:‘ reports exist of’ repeated n:ating tests °
resulting in proéressively ‘lower 1ordos»'i‘s . scores. Upon closer

scrutiny it becomes evident, however that these stﬁ/d:les cannot be

. K
.

compared directly to the present one. -In many studies successive

-] < . . -
receptivity tests were held within'the same day or on a daily basis

»
o

AN

e e p—

-
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"

(Larsson; et dl 1974, Zemlan's Adler 1977, Hafdy & Debold 1973, Beach

1976). These results of increasing lordosis scores are generally

interpreted in terhs a slowly developing. neuroendocrine change af the’ Z

A .

level of the pituitary-adrenal “axis avhich favours a subsequent display -

of lordosis. - L .
- . ) . ' “w

Several other studies involve weekly re\cept‘ivity tests

2

and either chronic estrogen im;;‘l»ants or injections. Henrik & Gerall
(1976) reported ”increasing. lordosis gores over seven- weekly tests
using priming injections of EB followed by P. However, unlike 'tl}e

present studies, the exposure of their animals to estrogen’ prior to
b B i)

the first receptivity test was such that lordosis scores were at a

.

minimum for the first test. Furthermore the dose of EB was tripled
) .

after the ’third'q 'tes“t in that study wﬁereas, in' Experiment 1 all

estrogen doses were held constant for the duration of the experiment..

In ~ another study wutilizing chronic estrogen implants, corstant
lordosis scores were maintained' for a thirty~five day period (Campbell

& Baum 1979)., A significant difference l:er.ween that study and

“esterized form of es'trad,iol while in Experiment 2, the free base was

\

used. Furthermore, whereas Campbell & Baum (1979)°‘ reported that ' by
i
the end of their study serum estradiol levels had dropped to values

found in the control group with blank $mplants, in "Experiment 2

B

initial and final serum’ estradiol levels wére c'omparable suggesting a
truly chronic exposure to the steroid.

-

, Finally, ‘in 4 study inovolving repeated estrogen

.injections to ovariectomized-ADX rats and receptivity testing over: a

sl

‘

. Experimetit 2 was their usé\of estradiol cypionate a very loug acting




. ten monpﬁ period, no progressive ~insensitivity to estradiol was

obsefved (Zemlah'and Adler'l957). Rather this study demonstrated the

-

Amportance of the .prior hormonal history in determining bgth the
K quality and quantity of the lordosis response to subsequent acute

I3 . hormone administration. . No direct comparison with the present

@

expeériments 1is possible because the EB injections consisted of a Set

/( of progressively ihcreasing or decreasing doses. Thus, while at first

sight it appeared that the results of the ﬁresent. study were
-contradicting to these rébogted‘ in\‘éhgxliterature it appears that

- che;elreally are no results'i; the li;erature that can be sald to
conflin with the findings of Experimenés 1"and 2. On tﬁe other haqd,
duejto significant differences in experimental design, the'gesults of,

e eh superficiall} similiar studiég cannot be brough& to bear on tﬁe

3 [

questions of meEhanisms“undeflying the findings of this study..
J : : f
df-'\ . Inspite of these limitatipns, several possibilities‘are
suggested by tﬁe data. In'éxperiment 1, the WEEKLY condition may have
differeg from the two DAILY conditions in a subtle manner. When P was

given to animals receiving WEEKLY estrogen, the facilitating effect of

P was"much more dramatic than when P was given to animals receiving .

DAILY estrogen. One could speculate that the mechanisms of P reégpcbr

¢

syﬁthesis, that are triggeréd by exposure to estrogen, were in some
. ~ - r
sense exhausted by daily exposure to estrogen and this may have
. . v ’
resulted in faw P receptors being available at the time of P

administration. N

+ ’

Since this poésible difference in méchanism between the

4

WEEKLY and DAIiY conditions would be in effect across all tests, an

o

e c— e . pi ) o

S

e
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"additional separate thechanism may be needed to explain why all grougs

bl

showed a pattern of decrease across tests. Several studies have shown

that after prolonged estradiol deprivation, the ovariectomized rat

requires ?ne or moré'escradiol injections before normal levels of
receptive behavior, dz; be observed (Beach 1976, Beach & Orndofé i§34
Zemlan & Adler 1977, Dampssa & Davidson 19%3, Gerall & Duniop 1953).
In the casé of the WEEKLY condition one céuld‘apeculate that the
pattern of héﬁreaéing scores is due to a progressive ingensitivity to
. . v

estradiol'due to chronically inadequate plésﬁa 1évels of the steroid.
After all, these animals may have had no exogeﬁbus serum estradiol for

~

six of the seven- days of each week (Butcher et al 1978). If this

NS - v .
interpretation is correct then several . days of, estrogen ‘injections
would "resensitize” ' these -animals to estrogen, after whi&h normal

o N -

levels of receptivity should be observed.

A different mechanism is needed to ‘explain the
dqcfgéses in the DAiLY condit;on since no', prolounged estr&gen
deprivation was involved. This study " has suggested that daily
expoéure to estrogen méy exhaust the mechanisms that synt%esize P

s

receptors.  One could speculate that in some analogous manner, daily

exposure may,reduce or "down-regulate” estrogen receptor synthesis or

render existing estrogen receptors 1less sensitive to subsequent

estrogen or possibly exhaust the nuclear substrate to which the

estrogen-receptor complex binds: in order to exert its effects. The

behavioral result of any such changes would be decreasing receptivity

scores in response to a fixed amount of exogenous estrogen.
: *

[ R ey
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o’ ! . 1 . - L
With this explanatiow of .the decreases in receptivity , — _——
t
- e v . .-
_scores for the daily conditions, it follows that interrupting the

chronic estradiol treatment pgra;és the reestablishment of a neural
- i .

. s

vﬁﬂlracellular environment like that found in rats several weeks after,

-«

ovariectomy. ‘ Subsequent exposure to estrogen for several days would

resensitizes the neurons to éstfogens and hence result in receptivity
scores higher than those found pridr to inégrr&bcion of the steroid.

. ' -
Although the data suggest ihag\ipterruption improved behavioral scores

*

only 1h‘the EB plus P condition, intgrruption had significant effects

. '
| " ‘
. .

on adrenal, pituitary and body weighés in both the EB only condition
and the EB plus P’ condition. It may be that only anima}s in the EB
plus P condition showed a recovery in receptivity after interruption

because the re-sensitizing procedﬁre was adequate to permit’ ' S

)

fdcili;ation by P"but {involved doses of EB, too small to pérmit,

observation-of receptive behévior in the absence of P. . ’
< . .

[
-

¢

In summary the present set of experiments demonstrate
>

several ‘apparently new behéﬁiqgal and physiologicalJ findings

. r :
ass&ciated_-uith chronic estrogen exposure and “1its 1nfbrruption. 1
Furthefno;e evid;ncé has beenh presented against a ~significapt ‘%
médiating role for the adrenals in the sehavioral pattern. The,f i
\ R .
relevance of the mechan}mmb proposed in these latter paragfaphs can
oply‘be determined by,futurg‘experiments. ' 3 .
\ . . ¢'
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Appendix A : -

Raw receptivity scores for\testg 1, 10 and 11 C -

in experiment 1.
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Lotrdosis L, Darting (D) and Holding (H) Scores for Tests 10 and 11
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o

. Lordosis (L), Darting (D) and olding (H) Score& Tests 1, 10 and &
.. 11 for animals receiving ° rogesterone and having intetrupt—ed '
e ' treatment. B ' ' , .
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: . .
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: - TABLE 4 L .
g " Lordosis (L), Daf‘ting (D) énd Hol&:lrig (H) Scores for Tests 1, 10 and ;
11 for animals receiving w$ekly progesterone and having interrupted
treatment. ' ‘ ' : ' , e
. . ® N 1
. N a
o ’ 0.
v i ) °
. - 5 4
i ) : ~ o & . :
o : . ESTROGEN ' ANIMAL,  TEST #1 . TEST #10 TEST #11
, TREATMENT ' ' NUMBER , . , y
) ' ° - L D H L D H L D H, .
- 2 R ' : Nt o “‘
4 L WEEKLY 10 ug EB L. .12 22 1 1 $1-2 0 4 0 0 . o
'z - 4/ 18 1°0 8 0 0 11 "0 0 : 5
S AN ‘ . S 15 22 1 0 10 0 0 10 3 0 %
g , _ . 16 15 1 0 11 4 0 11 4 o %
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: = S 0 {31 22 0 0 2 0 0 10 6 0« ?
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Raw serum concentrations of progesterone, o e
corticosterone and luteinizing o o I
hormone on day 141 of Experiment 1. - :
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TABLE 1 '
i B ‘ B
Serum concentrations of .Progesterone’ (P), cortigosterone (B) and
‘Luteinizing Hormone (LH) on Day 141 of Experiment 1 for animals . .
{ receiving no progesterone and having uninterrupted treatment.
bl (5
\ .
’ | " 4
N 13

' ESTROGEN . ANTMAL P . ° B LH ,
' TREATMENT o NUMBER ' pg/ml ng/ml ng/ml g

. WEEKLY 10 ug EB 4 & ., 8566 1048 - 68

.6 6697 | 1347 10

y 7 4557 1241 10

" 8 6628 1608 58

. § . , -, B » . ‘

H DAILY 0.5 ug EB 19 . 4315 352 - 25

: 21 3907 " 660 -« 10
s ” 22 o <}
, ' 24 ;) 13846 718 10 T

. g : . . / PR : ~

- DAILY 2 ug EB 33 - 5356 ‘868 : 10

36 -~ 8043 . 575 ’ 10

38 . 1288 281 10-

40 . 2152 309 .10
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' ,  TABLE 2 _ ‘ N
. . ‘ . "

Serum concentrations of Progesterone (P), corticosterone (B) - and

Luteinizing Hormone (LH) on Day 141 of Experiment 1/::'01! animals
receiving weekly progesterone’'and having uninterrupted treatment.

. Ot
. .

. s A
N .
. B
. . , s
. oy ( ~
. . ‘ .
'
‘

D e
ESTROGEN S ANTMAL S R
‘ TREATMENT \ i . NUMBER  pg/ml - ng/ml ng/ml
) WEEKLY 10 ug EB 9 4789 978 48
; o e ‘10 4702 730 . . 148
/ ' ©11 632 189 10
{ . rv* .
N = : : . 13 4255 653 ° 16 -
. ' . ‘ .
L« ' DAILY 0.5 ug EB o 25 669 ' 35 10
v o : 28 11253 557 N/A
! 29 1423 , 512 N/A -
32 4765 ©772 10_s
© DAILY 2 ug EB 42 5085 | 698 - 10
] : : 44 4519 o 552 10
! ‘ . ' . ) 46 7067 704 10
8 ' , ¢ L47 12482 772 10
; : :
5 v
£
&
gf,
K , \
.‘ "
- R )

N 13
e MR ) L A ) T U AR
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} , TABLE 3 } . D
‘Serum concentrations of ~ Progestercdge (P), corticosterone (B) and . N ﬁ

Luteinizing Hormone (LH) on Day 141 of Experiment 1 for animals
% receiving no'progesterone and having interrupted treatment.

;. L]
. \
ESTROGEN ﬁ S ANIMAL P B , LH
TREATMENT - NUMBER pg/ml ng/ml " ng/ml
. .
WEEKLY 10 ug EB _ 1 2031 703 427
b, ) ) 3757 1021 306
i 3 3685 774 280
i . - 5 2859 . - 732 222
{ :
, DAILY 0.5 ug EB _ 17 4371 894 201
- w 18 7201 . 922 © 198
, - . 20 2704 . " 605 . 117
; o 50- 4658 ‘ 802 133
k . ' 53 2395 ‘ 710 . 135
. .. DAILY 2 ug. EB I 5399 . 382 265
& ~ . : 35 11869 1119 10
: , i 37 3293 323 0 .
. ~ 39 . 3006 634 34 ]
‘ . 51 3616 © 571 133
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. Serum concentrations of Proﬁesterohe (P), corticosterone (B) and

ESTROGEN ) ANIMAL | P . B " LH &
TREATMENT . . NUMBER  pg/ml ~ ng/ml  ng/ml %
WEEKLY 10 ug EB 12 3978 | 574 332 T
oo 14 2983 758 292 -
15 6389 834 253
‘ 16 5481 974 135
. AN .
" DAILY 0.5 ug EB 26 4270 431 . 35
, ' 27 . 5580 . 854 , A
) _ 30 - 3227 601 20
31 . 57182 832 o ' 201
DAILY 2 ug EB 43 5220 512 10
, : I 45 _.° 4953 710 347
. 48 " 3226 729 66
. o 49 9977 876 44
. .52 5168 . 704 10
) .
:
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f
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a

Luteinizing Hormonme (LH) on Day 141 of Experiment 1 for animals
receiving weekly progesteroneé and having interrupted treatment. o ;
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Aﬁglysis of‘vatiaﬂce of physiological
variables from Experiment 1 ‘ .
using data from ovariectomized animals only.
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x ‘ . TABLE 1 : 1 N ‘ j
. . t R . i
. ‘ 2
N Summary Table of ANOVA of Adrenal Weights expressed as a p(ercentage of body . H
n
- T { weight for the ovariectomized animals of Experiment 1. .. g
; ) R ‘ :
™\ ’ /
| Source - df Mean Sgu'are - F P
- ¢ , ' 4
¥ . : . . '
. EB Treatment 2 18516. 24.3‘ 0.00
P Treatment 1 T 260.0 0.34 . 0.56
. Interruption. (I) - 1 24690. - 32.4 - 0.00
' . ) N a,
"EB x P B 2 .~ 917.3 1.2 0.31
» EBxI 2 434.4 0.57.  0.57
PxI . 1 1.8 0.0 . 0.96
~ EB x-P x I o2 618.5 "~ 0.81 0.45 .
:’ ' Subjects - ,38 762.4
4
PR




. r
- 136 ‘
) \
' TABLE 2 '
Summary Table "of ANOVA of Pititary Weights expressed as a percentage of body
. ) u B ’ \ o
welght for the ovariectomized animals of Experiment 1‘. . N
b
Source s daf Mean Square F P ‘
L . EB freatment 2 179734. 19.3 0.00 . l
\ . . \ '
Lal P Treatment ‘ 1 . 12671, ¥ 1.3 g.ZS ’ )
& s ’ o —— e - . . ' Ae
, Interruption (I) - 1 688507 . 73.9 0.00 .
K % . ‘ .
EBxP - 2 6514. © 0.68 0.51
L 'EB x I _ 2 © 45630. 4 0.01 X
‘ Px1 “ L. . 1895., 0.20 0.65 e
N g
CE EBXPxTI . 2, 5319 0.0 . 0.9 oy
. Subfects o 8 - J310. '
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. . TABLE 3 ' ; | ¥
Summary fable of ANOVA of Brain Weights expressed as a pgrceﬂt ge of body
' 4 v -

weight for the ovariectbmize&'animals of Experiment 1.

. 7 o Source } df Mean Square

E L4
A .. EB Treatment 2 7657.5 2,48 0.09 .
5 , . P Treatment . 1. 307.1 0.0 .- 0.75
i Interruption (I) . 1 - 30951. 10.0 " 0.00
b EB x P 2 ©1495.9 0.48 0.62
X EB x I ' 2 433.9. 0.14 0.86
PxI . S | 1057.0 . 0.34 0.56 . Ry
v EBxPxI ' 2 2511.7 - 0.81 - 0.45 '
= S L ‘
i Subjects - .. 38 3091.6 , - ..

ST
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o , TABLE 4 ' | o . )
\ . ) Ny . ' ' \ ‘ r

o
t

) - ; : .
Summarf'y Table of ANOVA of Body Weights for the ovariectomized animals

" of Experiment 1. P ‘ : *
Sourge . - _c_l_{ " Mean Square F P
EB Treatment o2 33208 .2.93 . 0.06
P Treatment 1 19.17 0.0 . 0.8
Interruption (I) | 11985. 10.58 .. 0.00.
EB x P ~ 2 451.2 0.40 0.67 .
EB x I 2 " 173.8. 0.15 0.85
. \ . “
PxI . - 1. ' 257.8 ©0.23 0.63
EBxP x I .2 .. 478.9 0.42 065
. ) , ' . . . ,\ ’ .
Subjects [+ 38 1132.8 o , :
: // ' . ’ | " |
* A v ,
VR )
. 4 ¢
.
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TABLE 5 = _ 3 \
‘Summagy Table of the “ANOVA of Serotonin Concentrations for the
. bl ) . ) )
-~ + ) % 4 v ) <
Ovariectomized Animals of Experiment 1. °
* -+
Sourde df Mean Square F P '
. : ] ‘ : ) . N -
3 , ¢ ® . : 4 !‘ .
) EB Tredtment 8 2 379.8 © .27 0.76 ‘
. ) a i ’ ’ . '
P Treatmept . 1. 624.9 0.44 . 0.50 R
Interruption (I) 1 ‘ 2549.8 1.80 0.18 3 \
. | ;
. EB x P ; 2 ’3802.9 369 0.08
EB x I 2 1739.6 T o123 0.30 - |
T Px1 ' 10w 2.10 0.0 0.96 -
EB xPx1I 2 653.8 0.46 v..63 ’
- Subjects o . 38 1409.6 - . . :
- ;
o & . »”.
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. L . . TABLE 6
*'7 ‘ - hd ' ' - ""
R Y I .
N v .
# . 3
« . .fummary Table.of the ANOVA of Nor
. v . ‘J; t. . ~I' v, " . )
: LR u. o N ’
. ., OvariectomizedsAnimals'of Experiment 1.
. . N v ty .
- ) L3 -
[N . ) . - N N
. Source - af Mean Square

.

) EB.Treatmént .
L ‘ T

- P Treatment

.;; qyi )

. oo Interrdbtibn_(r);

’ ’

.t ' - EBXP -
3 S -

°

3 L.

- & .
-\ Nk -.
b: * ‘. ’
7 . :' l.
‘PxI -

sy

-

-

90.70

i.33.07

1217.0

*

©1220.5

255.4

3385.7

427.8

&' 911.0 °
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‘Source .

®

EB quatment

P Treitment

°

Interruption (I)

‘EB x‘P

gp'x Px1I

Subjects .

Ovariectomized Aﬁimals

Expefiqent 1.

' Summary Table of 'the ANOVA of Dopamine

\

ggﬂ Mean Sguare
“ ) |. -
T2 " 747.85 e
‘ ’ "'
1 12304.
1 63941.
2 . 91455.
2" 1490.5
1 10763. _
Y Ve
2 51773. v
38 " 40432.

cencrations

,"’1

0.0

0.30

1.58

0.22

0.37

"0.27

1.28

for

0.98

0.58
.0.21
. 0.79

“‘0096

0.60

0.28
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Summary Table of the ANOVA of Serum Cortlcosterone Concehtrat;ons' for

the Ovariectomized Animals of Experiment 1.

Source

y
J

. .EB Treatment

P Treatment

4

-  Interruption (I)

ERZx P ‘
EB x 1
Px1I

EBx PxI

.
i

Subjects

4

»

gﬁ Mean Square

2 235921.
I
1 266989/
1 65944,
2 381436,
2 66999.
1 195717. '
£ -
37

|

4.62

5.23

1.29
7.48
131
3.84

5.02

|~

:
;
,
,
3
£
by
5
s
.

T tew
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). _ y TABLE 9 " e
: Summary Table of the ANOVA of Serum Progesterone .QOncenCrations for .
) ~ , : . ‘ :
%l I . the Ovariectomized Animals of Experiment 1. 5
. - ' R4 -
X Source daf Mean Square F P
Y | .
: a - 6
; EB Treatment 2 6.6 x 10 0.88 0.42
1 N ’ ) b T ‘ D
9 - 6 .
: P "Weatment . o1 4.8 x 10 Q.64 . 0.43 .
% Interruption (I) - 1 1.8'x 10° 10.02 0.88
? EB X P . y 2 ‘3-7 X 10? 0.49 0¢61 ’ 7
; EB x I S 2 3.9x 10 0.05 0.95
;« ‘I .
: . ’ .
[ Px1 RS 2.4 x 10° 0.32 ' 0.58
t . M . '
, EBxPxI - L2 1.8 x 107‘ L 2.40 - ©0.10
. ' "‘ » ‘ M

Subjects L 37 7.5 x 106
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TABLE 10

- M ' A
H . L
";-r'("'..' A, l | h '
o

N :
Summary’&able of the ANOVA of Serum \lLuteinizing Hormone Concentrations
~ * L]

. ¢

»
» '

for the Ovariectomized Animals of Experiment 1« -
7 . . , .
7 Sourcefﬁw daf Mean Square. F P
// ' R . . : E o

[

[

B ‘. °EB treatment - 2. 140097. 2.87 10.07

p, Treatuent ! 200526. . 4.11 0.05 ==,
% . Interruption (I) ° 1 151947 . 3.11 0.09
ﬂl’l . ) ¢ R s - ‘
EB'x P ' _ 2 141616.

47512.3

PxI : ' 1 18421.1 0.38 54
. ' . . \ ‘ ‘ ’ ‘ ) .
"EB x P x I . 2 '35604.6 0.73 0.4

Subjects 48839.4
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Appendix. D

N o . f

Analys(eg of variance of physiological
variables from Experiment 1
" uging data from intact and,
ovariectomized animals.
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Summary Table of ANOVA~pefformed on, each of ten physiological measures

based
DAILY 2 microg(am and intact.

PHYSIOLOGICAL
VARIABLES

ADRENALS
(% of Body Weight)

PITUITARY )
(Z of Body Weight)

BRAIN WEIGHT
(% 'of Body Weight)

BODY WEIGHT (grams)
(% of Body Weight) °

SEROTONIN
(ug/gram of Whole Brain)

'NOREPINEPRINE _
Iﬂ(ug/gram of Whole Brain)

DOPAMINE . _
(ug/gram of Whole Brain)

CORTICOSTERONE
(ug/ml of serum)

PROGESTERONE
(ug/yl of gerum)

LUTEINIZING HORMONE
(ug/ml of serum)

“

Source

wr v 0N

»

Mean Square

. 14187:2

1090.5

830.2
280,9

30205.2

1248.3 .

301.9
1388.8

1623.4
974.0

9504.8.
46472.0

176687.
1.9 x 103
2:2 x 10
145259.
49189.6

on four estrogen treatment groups: WEEKLY, DAILY 0.5 microgram,

F

13.0

2.96

20.5

24.2

0.22

1.67

0.20

1.81

. 8.72

2.95

N

P

0.00

0.04 -

0.00

. . '
R T U R SUTi G T I

0.00
0.88
0.18 -
0.89
0.16

[

0.00
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. oL ‘ m Appendix E \\» *

Supplies\and Sources for Radioimmunoassay

' Antiserum To:- Antigenic Type Source
Corticosterone -21~succinyl-ﬁSA . Endocrine Sciences
{ T , . © . .
Progesterone . - ~11 B-succinyl-BSA New England ‘ ;
. - " . . Nuclear ‘

Estradiol ] gift from
- Dr. John Challis
University of:
Western Ontario,*
London, Ontario
H6A 5C1

Vd s

. 3H-Ligand ' Specific Activity . Source

Corticosterone {l,2—3H(N)] 40~60cc/mmol ~New England
.« o ' Nuclear.

1

Progésterone [1,2-3H(N)] . 90-115 cc/mmol

Estradiol [6,7 H] 40~60 cc/mmol
~
Addtesses:
Endoarine Sciénces, 18418 Oxnard Street
Tarzana, California 91356
New England, Nuclear, 15 Harvard St.
Worcester, Massachusgetts 01608.




