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tion is the' result of hhe poaitiva reedback action of
. estrogen, eith _5 alone or :l.n comb;mfion with progesterone. and the ' p

integrated s’ensory :anut from the external, env:lromsntﬂn{’d t.he neuralr '
A circu:lts controlling gonadotroph:ln aecretion. During dioeatrus II. in

thé%-day cycling rat- the ovariea secret.e an innreaa:lng quantity of |

estrdgeh which. stimulates neuronu in the praoptie area (POA) to * .

.'1, . e, o

. trigqer- the e’ of lute‘inizing ho:mone (LH) fmn the p:l.t.uitary, - .
"/therqhy eftecting ovulation. ‘I'ho poait:lve feedhack Action of eatrogen "

R lmst. ultimately be aaed 1n termz ot an :I.ncreased acfiﬂty of. t.he "

L3

n '( nmroaecretory cella uhi l\ sdbrete lute:i.niz:lng hormne releaaing |
| hbmneintothecapﬂlariu fthelvpoplvﬂial‘pm'talplems - >

-
e e e -~

G ammpr the- mechanisms. whm est.rogen stimla:t.ea th:i.s increased. ..

‘ activity ave, as yet, tmkqom. co .\r— a \5 . “7‘ .

| | m bind:ing or esﬁmgmﬂgo\apecuic rm-get areas \rit@ the
- bra:ln maw induce changes :t:n t.ha metabol:l.m 1on o:t nenrons or :I.t ' "“ﬁ

ﬁf - ’. . may directly or ind:i.rac‘bly gﬂept the plnctrical p:operbias of neuronal

h!

A mmbram:s. The lat.ter mssi'yility hau beeli tesbed h,r obaerving 'l:.he i Tf"-’
L etteéta of*an ::nbravenoub (iw.) mJection ot ast.rogen on the spout.anooun
. o nct:lvity and vemas to iontophoreticau; appldod putatiw ' \ :
mmbrmmttmoridmtiﬁedmticmmm e
'?K} ‘ w a:mdnwmmdmammordartoeatahuaha S
. - o Ny - ‘ _F-.J".'..
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certaig parameters of the experihental design. - Experiment I.demonstrated

E that halothane arlacsthesia inhibits ovulation in the eycling rat b} any
?action on the neuroendocrine EireuitS'vhichfoéptrol gonadotrophin_ |
secretion."In eiperiment II heasurenents were made of the nlashai
concent;ation-of estfogen'following iafious doses of an i.v. inacction
or estradiol benzoate to ovarxectomized\animals.- It was also necessary

. N,

to establish whetheyr or not an i. Ve 1njection of estrogen or progetter— ’

. \

one would stimilate an 1ncreased secretion of LH in estrogen primed

'l\ -

ovariectomized rats.. Measurements of serum LH concentrations one and
five hours after the'iniection shdfzafthére was no.stimulation of LH

under these conditions.

RSN EbcperimentnI was undert}aken to identii‘,{ neurons in the POA
J/hhi/h are thougH:to be implicated infa neuroendocrine circuit controlling
gonadotrophin Secretion and which may be target neurons £or the p051t1ve
feedback action of estrogen.. Cells in the POA which receive an input~

from the stria terminalis. have been identified by stimulating thisi

. Qpathway at its. point of convergénce in the amygdala. Antidronie-' e

.istimulation techniques were emnloyed to identify cells. 4in the POA which

"(.\ » .~
make a direct conneotion with the basal hypothalamus. _ e

o Experiment v constitutes 1he ;336r~ehjggtise of the research,. :

~ . a' '_
which was to- investigaﬁe,a} the sensitrvity,of antidromically identified

preoptic neurons to iontophoretically applied putative neurotranSmitters,
the cellaahere 1nhib1ted by both the datecho&amines,‘dopamine (DA).and |
norepinephrine (NE) but uere unresponsive tb acetylcholine applied

1ontophoretical1y. Hfﬁto test the possible membrane effects of estrogen

: L . ""\I..'
“ . . : o . . .- .
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on these antidromically:idehgified cells, Two indices of a chahge of

o

'the etcatablllty of preoptic neurons were used (1) the effects of "an’

3

ToiLv. 1nject1on of cstropen on the rate of spontaneaus act1v1ty and

(11) changes in the respon e gf a neuron. to eleetronhoretically applied

DA or NE follow1ng the 1nject10n of estrogen or progesterone in prlmed
. v e

and unnrmed animals. The results of the first. series of experments

\demonstrated that cstrogen can decrease the rate of spontaneouq

‘act1V1ﬁ}\;n identified preoptlc_unlts. Some cells shoved a long.
. ' ’ . ‘ . b t“ .
1ast.ing depression'in t.heir- Spontanbous ac‘:tivity followiﬁg t.he steroid

.
1@ect10n wh:l.le ot.hers showed a short t.erm decrease in the rate of
uan d:l.s&harge five minutes- a{ter estrogen adm::.nistratlon. In the .
I '
| second serles of expern.ments no changes were. observed.- m‘the dose -~ . “;“
R

response curves of 1ontophoret1ca x applled DA or NE thu't,y m:.nutes

&ft.er the steron.d :mjectlon m\elther group. of an:.mals. The negative Y

0

fmd:.ng could be- due to the ec al 11m1tations of this ty-pe of

experiment or to the fact that. est.rogens do not ai‘fect. the response

of neurons to synantlc :mputs, in Which these. am‘ines may.. functlon as .

e

ncural t.ransmtters. S L - .
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INTRODUCTION o

The concept that hormonal signals from.the gonads control the
secretion rates of gonadotrophins from the pituitary'by an action on“
the central nervous system was first proposed by Hohlwep and Junkmann K,

(1932). Since- that time a large amount of research has beeh directed

_toward‘determining the precise mechanisms involved in ‘steroid reguiatlon

of gonadotrophin secretion. ) L o ,

* . ’ : . L ]
1) Fstngen ‘
It 15 now well documented that estrogen can exert both a positive
(stimulatory) and negative (1nh1b1tory) effect on ‘the neural ‘eircuits .

. controlling tHe release of. 1ute1n121ng hormone (LH) and‘Tollicle stim—

ulating hormone (FSH), and these actions are- respon51ble for the .
JI cyclical release of gonadotrophins observed during the reproductive
cycle (Schwartz and HcCormack, 1972) The apparent paradox that a
*‘single hormone may either inhibit or stimulate a specific neural
"substrate may be resolved if one con91ders the possibiliti;s that
' a) the effects of - estrogen could depend on circulating levels of the
) hormone, b) different populations of neurons may exhibit a differential

"sensitivity to estrogen and’ c) other coincidentally circulating steroid

hormones may influence the action “of . estrogen on the central nervous , |\

system. | o n ' - _?- " | :QZ;f
fhe most obvious change in hormonal levels during the cycle .
"is the sharp rise of LH concentration which precedds ovulation, and
this surge is. triggered by an increased secretion of estrogen from the. i_f
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 ovaries (Everstt, 1 969)\ In the 4~day cycling rat the circulating B

level of es}v@:gen begins to rise on the aft.ernoon of dioestrus II”
raachi.ng a peak on the ._poming of pmoestrus (Brown-Grant. et. al. 1970).
) Follouing this increased secvstion of ‘estrogen, plaspa levels of IH - )
/ begin to rise between 1400-1500 § on ths afterncon of prooestrus ‘reach:l.ng | |
. a maximum concentration between 1700-1800 h and falling to a low level . -
around 2000 h (Daana and Parlow, 197]a). 'l'nis ovulntory surge of LH cah
" be prrevented by the’ administration of an estrogen antagonist., clomiphene . ¥
(Iabhaetwar, 1970) or lx an eutrogen ant.i-serum (Niell et al., 1971) 15-
_on the morning of dioestrus II. Rowever, it est.rogen action is inhibited
“on the mrning‘ of prooastrus ovulation occura, which aupports the concept i
that estrogen secreted by the ovaries dur:ing dipestrus IT stimulates
18 -secrstion. " | R

N o P

2) Progesterons < . - ( |
.The- role of progesteroné in the ovi:latory- surge of LH il.a less
: cloar. . In many spec'iea the. incraaaed progest.eronc aecret:!.on occura
| -after ths rise of IH suggesting that this horm is not an important
trigger for ovulation (Schuartz and HcCOmack, 1972) " In the rat con-
t:l:l.ct.:lng regmlts hgve been reported -for the aaqumca ot I.I-I and progaa-
‘terons secretion. Wrimnta ahow that the mgeste;’-one rise
 follows the L rise, although® mmm Barraclnugh ot. al. (1971)
obmdthatthoplamlmlao!mgemmmmwmmmd ., B
© o algmdy memm-dmmm More recemt . .
| ‘e:;per:lmqﬁts te that progemmaecretedhythecvaries acta U ‘;;
: Iaymrgistically\lithcstrogentofacﬂitato‘tlnmtmuﬂ sm-gaor - a
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_,LH. In the L-day cycling rat, estrogen admmgtered on dioestrus*I-

advances” ovulation 24 hou.rs and induces a surge of LH secretion during R

Y
-~

the afternoon of dioestrus IX (Krcy et. ars, 197&) als overlectom:z ed f’ | )

witfnn an*hqur of estrogen treatment sho\Q »decreashrge conrpareﬁ

to. 'the sham operated cont, ols, but th:f’s effect’ could be reverseﬂ‘bs\\
. concomitant :mjectioq /progesterone. Similarly Mann M |

| (1973) showcd thd’t prége..terone could potentiat.e ‘the secretio oi‘ L&‘.l-n\'

response to“ e'stroge ‘ dnﬁnistration to ovariectomized rats,\and Swerdloif ~—

. -
u - . o .

3‘)-'\Feedba.ek Actions

il

s The negative feedback effects of low 1evels of circulating

’ estrogen during the oestrous cycle is suggested by the rapid increase

of blood FSH and 1H after ovariectomy (Iamamoto et. al., 1970).
‘administration of estrogen can lower pituitary and plasma LH and FSH

.7 dn gonadectonised rats although progesterone by itself hes little

- effect (Fathchild, 2965y, - T .

-t

“., In order to observe the stinmlatory ei‘fects of sex steroids
on I.H"release in the ovariecton‘uized ann.mal. it is ne essary to i‘irst
treat the em.mal with estrogen which lowers the 1evels oi‘ gonadotrophins,
and perhaps primes some central receptors, and then to give a second |
‘dose of either estrogen (Caligaris at. al., 1971a, Karsch et. al., e
-, .1971) or progesterone (Caligaris et. al., 1971b) which results in an. . . _, :- ) |

_‘f
-

:lncreased secretion of IH. . . | : o _' : - '_ IR

¢‘,

\ I addition- to the positive and negative feedback actions of

ovarian steroids there 1s also evidence for t.he e:d.stence of a 'short'

-
-
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feedback mechanism for the controI‘of 1H secretion (Potta, Frasch1n1
and Martinl, 1969). David ‘et. al. (1966) found that impiants of Small

: amounts of 1H in the medlan..eminence of normal or castrated rats of
.bot'h sexes results in a decreasé of pituitary a' plasma 1H evels.

- The partic1pat10n of the hypothalamus in the ’short' feedback éffects
of IH is also 1ndicated by the observation that hyﬁopnysectOmy, which
eliminated the 1nh1b1ting 51gna1 prd%ided by LHj’induces hypersecretion

- of luteinizing hormone releaszng hormone (LRH) and this effect can be -

overcome by the adminlstration of exogenous LH (NeCann et. alk., 1968)

L} Loca-tioﬁ of Implicated Neural Circuits (fontrolling .Gonadotronhin

-

Secretion o . ,

_ Iesion and stimulation preriments have led to the idea that the
'Apreoptic area (POA) 1nc1udes the neurons whose activity triggers the

' ovulatory surge ofsln and that neurons in the basal hypqthalamue exert

-

a tonic inhibitory control over gonadotro hin Secretion.- Deafferentation
of\ the POA does not-interfer with ovulatiSk{’Bﬁt when the neural conncc—
t1ons between the POA and the~basal hypothalamus are transected, ovula—
tion is 1nh1bited (Tejasen and Everett, 1967, Koves apd Halasz, 1970)

~ On the other hand, stimulation of the pon will overcome the effects *
of peﬁtobarbital'anaesthesia in blocking spontaneous ovulation in the !

- rat (Everett and Radrord, 961) The stimulus they nsed proVed to be |

N o
' 'electrochemical' resulting from the deposition of iron from the stain-

less steel electrode by pulses of’ direct. eumrent, which caused_g
Small irrltative 1esion in the brain tissue (Everett and Radforﬁ

| 1961). ,Hore recently, Everett et al. (1973) ‘have demonstnated that

) LR ' -‘-‘ - ’ ". . .. “- ". ) _.
.

.
[



the amqunt of 14 secreted is sipnificantly related to the intcnsity or

4

"the stimulation curreﬁt'

-~

The e%e that ncurons in the basal }wpothelamus inhibit T
14 secretion arises from experiments in which circulating levels of
gonadotrophins are measured followifg transection of the hypothalamic '

connections with the. antorior pitus.tar'y. Lesions of the median eminence
— i

: not only block ovulation but result-in a sustained increased sccretion
of LH in norrnal fhmale rats and prevent the mhibitory action of estrogen

w treatment in ovariectomized rats {Bishop et. al\, 1972) ‘Such- lesmns Ce

. \
, must. therfore, destroy the synaptic mput which inh.ibits the actinty

t

of the neurosecretory‘cells rather than the LRH secreting neurons e

them’selves. If the latter were the case then there -.:ould be 'no increased ]
secretion of LH from the pitu:.tary
':)‘
In addition to the POA and hypothalamus. experimental evidence

implicates ‘the anwgdala as being alsos sensitive to the feedback action
fpf estrogen and possib},r being important in the control of gonadotrophin
6 secretion (see Introduction, Chapter Va). In renew:ng the Yiterature
| . perta:ming to the role of the auygdala in the secretion of LH and FSH,

' Sawyer, (1972) has proposed that there are two fu.nctional groups of
‘neurons in- the corticomedial. amygdala which pro:ject to the hypothalamic
| area via the stria terminalis, ‘cells which inhibit gonadotrophin
‘secretion and cells which facilitate the—nvulatory surge of . LH. '.
The ev::.dence which suggests that certam brain regions are o -
lsensiti\rc 40 steroid feedbeck effects is furt.her supported by the | |
' ;_results o-b;t.a:med from upt'ake stndies of labelled estrogen and
progesterone. -I.a,quid scintillation counting of bi sected brain regions

. _
," - N



.Kato “and Villee, 1967, Me Fwen and Pfaff, 1970) and autoradiopraohic o - .l ™,
studles \{Pfaff 1968, Stumpf 1970) have shown. that the hypothalarrms,

_ POA and amypda]u concentrate and retain 3H--estradiol by a saturab]e ,

b:nding mechanism (NeFWen and Pfaff 1970),sim11ar findings have been BN
repdrted for progesterone(Madhabananun and Stumpf, 1973). The other

areas of the brain which retain labelled 'steroid 1nc1ude the anterior

pitu1tor;: the bed nucleus of the stria terminalis and to a lesser exfbnt

the septal area and ventral hippoeampus. Thus the correlatlon between

the 51tes of ster01d retenfion, +the sites where estrogen 1mp1ants affect

LH and FSH release and those areas of,the;brain 1mp1icated" controll- .
ing gonadotrophin segretion suggegt a functional role for fhe binding

.
of the hormone by specific‘neerons.

. o .
5) Neural Act1v1ty and Ovarian Steroids

How-is this binding of sex ster01d to specific target neurons
translated into. changes of genadotrophin secretion or induction of
sexual behaviour° One approach to studying this problem has been to
record the effects of sex steroid on the spontaneous activity and
responsiveness of neurons’ to certain stimuli in certain brain regions.
. Barraclough and Gross (1963) were the first to observe chhngea
dnring tue oestrous eycle of rats in the responszveness of lateral ‘
-hypothalamic neurons to” pain, cold and vaginal probing. They aISp
”selectively depressed the excitatory response of these units to cer— -

v1ca1,probing, this effect being maximal 30 minutes following the '_

injection.' This study was continued by Lineoln (1967) and Lineoln i



: - o 8
and Crogs (1967) whp qhowed that hig /1evdls of eirculating éstropcn

in rats w1th light 1nduced‘per51utentwoest s or a subcutanoous (s.c.)'

injection of estrecgen to ovarlectomi;cd rats decreased ‘the number of

units firing sponpaneously'in the preoptic ;anterior hypothalamlc area, -

[ . " . -

and of those neurons which,were active a greater percentage'were
~

‘.1nh101ted by cerv1ca1 probing comnaredﬂw1th thetuntreated controle.
In the ovarlectomlzed/deermouse, Zolovich and Eleftherlou (1971) i N
raported that a s, c/ injection of estrogen S days prior to experimen- - -t

tation increased the inhibitory effect of vaginal stimulation ‘'on ; S .

. spontaneously actlve hypothalamlc neurons compared to the untreated

conurods. In the 1mmature monkey an i.v. injectlon of estrogenlhae

r - L]

been shown to reduce-the rate of spontaneoue activ1ty of anterior I

"and Anand, 1969). . _f

Less con51ste t results have been reported for the effects

of". estrogen treatment in ovarlectOmlzed cats. Ratner, et. al. (1971) .
found that a dally S4Ch. 1njection‘of estradiol benzoate, for three
days prior to the experlment, had no e{fect on anterior hypothalamad. :,
; unlts but depressed the spontaneous act:v1ty and increaeed ‘the |
proportlon of eells in the posterior hypothalamus which were 1hhibited -
‘by. cervacal\problng. However, u51ng milti-unit recording tEChHIQﬁ\s‘-. ‘:
Mcaraz et. al,, (1969) observed that adaily s.c. injection of 20/u.g )
estrad101 benzoate hp6 days prior to experlmentation increased the .
numbers of hypothalamlc units which were excited by vasual, somatic-‘-
, and -vaginal stimlation compared to the untreated otariectomized -i f“ .
controls. R - ¥ o ) e
‘e
| Yagi, (1973) studled;the effects of an/i.v. 1njectlon of
- : , . ; . ' X v

. .
. L LI . e




estrogen on the spontaneous firing rate of preoptic and,hxeothalamlg - *
‘neurons. Almost an equal number of units were accelerated .or dépressed
by,the-hormonc, but even those that were excited subsequently showed a

prolon"cd perlod of reducedvactmvaty. _
- \ - .
~ In gencral such results SUggest ghat hlgh levels of rogen

fd@prees th\ rcaponslveners and activity of neurons whlch are. impllcatcd

)
1)

to be target cé11s for the feedback action of the sterold hormone This

¥
vould correlate with the observations on the change of mean_flrlng

rate of preoptic/hypothalamic units during_hhe'oestrous cycle of;;ghse
When endogenoushlcvels'of estrogen are -increasing throughout diocestrus |
Iz, the mean flrlng rate of hyoothalamlc units is low but a significant
'1ncrease in spontaneous act1N1ty is recgrded during prooestrus when
plasma estrogen concentratlons are decreasing (Moss and Law, 1971, -

Dyer et. al., wR). - %

It is interestlng to opeculate on whether or not the increased

- unit act1v1py during prooestrus is causally 11nked to the preovulatqry
'Qurge of ILH.. Teresawa\and Sawyer (1969) showed that stimulatlon of the
" POA during. the afternoon of prooestrus will 1nduce ovulation'in rats

{ln Whlch the phy31olog1cal trlggcr for the IH surge has.been blocked -
by pentobarbltal, and that/thls stimulatlon resulted 1n an 1ncreased
multl—unlt activity in- the arcuate nucleus and medlan. em;nen;e. " In

"4 and 5-day cytllng rats with chronically implanted electrodes a simila_
,1ncrease of multl-un;t actlvity occurred for 12-25 mlnutes in the nedjai‘
.POA, Septum, pbed nucleus and ventromedzal and arcuate nuclel duriﬁg

ﬁ
the afternoon of prooestrus (Kawakaml et. al., 1970) However.

'experlments 1n which plasma LH assays were performed showed that an

v 7, .
;
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- ) v .
1ncrease 1n multi-unit activity occurred in the ventromed1a1 arcuate o .

region when 1H secretion wab increased by st1mulat1ng thc POA or

\\decreased by stimulating-the hlppocampus. Furthermore, the prooestroue

7 o »
peak of unit actzvltygls observed in anaesthetlsed aﬂd in unanaesthcbxoed -

anlnal with hypothalamlc 1slands (Crbss and Dyer, 1971), ovulatlon is’ "L
1nh1b1tcd inboth preparatlons. ’

., Several elcctrophyQJOIOglcal 1nvest1gataons have supported the

concept of a short loop” feedback of LH although the results obtalned
\ﬂ s

have been 1ncon51stent Intravenous 1njebt10ns of LH have pbeen shown

L. |
to both inercase and decrease multl—unlt activ1ty recorded from the e
basal hypothalamus (Ramirez et al., 1967, Teresawa et. al., 1669,

L

Gallo et. al., 1972) v

AlthOUgh there is a great deal of data pertainlng to the

-

effects of hormones on the electrical activity of-hypothalamlc neurons,

our understandlng of feedback mechanlsms and- the neural control of

gonadotrogp1n secretlon has not been greatly advanced. The hypo;\glamus

_—

is a hlghly complex regulator?/;egl n controlllng a var1ety°of autb—

nomic funct1ons such as hunger, thlrst, thermo—regulatlon and outout
"‘l

of adrenal a}erolds.‘ Can’ one hope to dastinguish the dlffcrent neural

L3

- c1rcu1ts involved in. suoh dlwerse regulat Ty funct:ons” ‘And to what

exgent are thé observed hormonal effects on neural act1v1ty related

spec1f1cally to the neuroendocrine control of.gonadotrophin secret10n° .

: 6) _ﬂ@ﬁ;o;;d;:;ine Pathwava and B1ogenic Amlnes ' I R ;"

-

'To date, two rahypothalamic pathways, Wthh may Torm a -

ink in the neuroendocrine c1rcuits concernea with reproduction, have .

o H ]
i
L]
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' been ident.:l.f:\.ed. . Histoﬂunreacent. sl:.udies (Fuxe and Hok:felt. 1966)

: and electroplvsioldgical raeord:l.nga employing t.ha techniqu,e of anti- -e
‘dronic stimulation ‘(Markara et al., 1972) demnstruted the existence ,‘ '
of the tuberoinrtmdibul‘hr tract, the nenrons of \dﬂ.ch 1ie in the -
| arcnat.e nucleus with their axons projecting down to tha median enﬂnence
. mm recently Dyer and Cross (1972) hava ﬁsntﬂied. 'antidromic |
st.inmlation teclmiques, neurona in tha POA uh:lch -ada di'nect. connect.ion ‘
with' the basal h;ypot.halamus and have suggested ‘that such neurona may .
trigger tha releaae of IRH trdm thie nmn'oaecretow ca].ls in th%_ baanz
] 'hypothalamus or may t.hmaeiivés e mn conLa:i.nmg bewions. |
_ In addition to thzse two :mtra!wpothala.m:i.c puthuaya the stria
' tem:lna]d.smhich pro:]eots rrom ‘the wgdnla a:nd tarllnates in smral

‘parts of t.he lvpothalama (Heimr and Nauta. 1969) toms an import.ant '

- 1ink in the oxtra.h;ypothalandq cont.rol of gonadotmﬂ:in aecration (see
' mmd“ctiontocmmr%) T T -.'7- L .

]

Pnrther"resmch, diracted tourd elucidau.ng st.aroid :teedback '

;

4

chanim and pituitm com;rbl. mu.st necaasarﬂr :imlve clectricnl '

recordings Irom spec:lfiq ident:lﬁed neurons befon one can bggin ‘to 'i. o wo
__’ : understand the complex- '.lntegratige propaaae; which nltimately cont.rol | | .
the activity of the reléasing factor meurcns. T T e S i

AN mefmportant aspecto!gomdot:bplﬂnocouuulistherolq of .
s '_ ‘blogenic amines uhich seem 1ikely to act: a8 transitters at certa:'m L
mﬂp!eaimlwd :. mmmm "_' 3!
- The nmn'ons of tha '

-
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oestrous cycle has been estimated histochcmically oy observing the
decline of DA storcs in the median: eminence following tyrooane .
'hydroxylase inhibition (H8Xfelt and Fuxe, 1972). During procestrus . -

'-and early cestrus D& turnover in the mm@exlemincnce ie decreased,

implying thet the activity of the tuberoinf dibular"Feurons is- decreased

!

et the "time when LH and FSH secretion rates are high In support of
) ‘ this evidence is the finding that ovariectomw 8lso decreases DA turn—
: over of these neurons (Fuxe and }Rikfelt, 1969). .However,;it should
be noted that biochemicel measu;Ements of hypothalemic catecholaninc
content during the oestrous cycle have y,elded divergent results o
(Coppola, 1971), eltnough this(may reflect:different methods for

w

cstimeting catecholamines. N v

s

. Apart from this dOpaminergio system which may be senSitive'

-"to the negative feedback action of estrogcn and inhibit the activity..
. of the releasing factor neurons, experimEntal evidence now indicates

that the neural trigger for ovulation may involve an adrenergic

: : synapse (Kalra and MCCann, 1973)., The increasedsecretiOn of IH

which results from electrochemicel stimnlation of the POA can be ‘-

- ;partially blocked ﬁy inhibiting nor—epdnephrine (NE) synthesis, but

-lwhen brain NE levels are selectively restored by dihwdroxyphenylserine
(DOPS) Without restoring brain DA 1evels, this inhibition is reversed.

"The involvement of nor-adrenergic synepses in stimulating the pre— | &

e ovulatory surge of 14 is aleo susgested by the findings that depletion

-‘fof brein 'NE levels inhibits ovulation~(ﬂeiner end Ganong,. 971. »
o Hyerson end Sawyer, 1968) and that NE 1evels in the anterior hypothal-.

",,amus rise significantly during dioestrus reaching a maxﬁmnngt

o€ . K . . "



'proocstrﬁs (S cfano and Donoso, 1967) It is therefore temnting_to'
onclude that the neurons. in the PQA which trigger ovulation are nor—
.adrenerglc. However, histofluorescent studies do not dcmonstratedthe ) i
‘presence of edrenero1c cell bodies in this reglon but only a dense |
_‘\innervation of nor—epinephrlne contalnlng nerve flbres which ornglnatc
fion groups of merve cells wlthin the brain stem (Ungerstedt, 1971 ).
h

Perh‘pr these asccndlng adrencrglc flbre systems are 1mportant for .
!

modulating the act1v1ty of preoptlcyneurons? . .

7) Mechanism of Action of HormonES on the Braln

‘ ' T,o" :

- The p051t1ve and negati e feedback cffects of estrogen are now -
well deflned, and the neurt&-sit s for this control mechanlsm have

been established. One of the basic questions which rcmains‘unanswered

is‘how hormones modulate brain functlon. Does the binding of steroids

alter the genomlc express:on of the cell which’ results in an-alteration

'of metabollc funct1on or are the effects more directly related to the

electr1ca1 propertles of the cell memo;lke ) o '
Studles on the binding of estrogen in certain 11mb1c and (j

7 hypethalamic structures of the brain have revealed both cytoplasmic

| and cell nuclear b1ndlng sxtes (McEwen et. al., 1972). indicatﬁ&e

that estrogens may .act as metabollc 1nductors. Biochemlcal changes

'related to-alterations in the,level of circulating estrogens have |

in fact been observed- these include changes in +the 1evels of. certain

- enzymes, changes in 1ncorporation of precursors 1nto RNA and protein,

changes in oxldatlve metabollsm and Qhanges in the turnover Of the

presumptlve neurotransmdtters such as; NE and DA (Hchen and Pfaff, 1973)

Y - a



}; Protein inhibitors, such as actinomycintD, have been shown to
inhibit the effects of estrogen in decrea51ng LH and FSH secretion 1n
'ovariectomized rats (Schally et. al., 1969) and also to block the
stimulatory'aetion of th& steroid hormone in estrogen primed rats
(Jackson, 1973). - These findings support the concept that estrogen
induced alterations in brain RNA and protein metabdlism which must
eventually be understood in terms of enzyme. activity and 1evels of met- -

-

'abolites and presynaptic neurotransmitter suhstances. This may eiplain

the fact that the positive feedback offects of estrogen or progesterone

f’

can only be observed after the enimal has been primed with estrogen .
which induces certain metabolic changes in the steroid sensitive target

neurons.

™

*a

The evidence for hOrmone dependent metabolie processes " does not
X
exclude the pOSSJbllity that hormones may also have a direct action on

cell membranes and there are. numerous reports in the. literature

. -concerning the erfects of hormones on certein properties of cell

_mempranese . For example, antidi‘m‘etie hormone (ADH) is well known to
- increase the permeability of cell membranes (Hindhagér, 1969):and
._estrogen has’. been shown to \ bit the depolarising aetion of NE on.

rat pineal cells in.vitro (Sakad and Marks, 1972) \ Iontophoretic

studies have demonstrated that ‘certain: hormones can’ directly affect
the electrical excitability of neyronal membranes. The synthetic . ;

ster01d, deVJmethasone, nhich is a'%otent inhibitor “of ACTH, iﬂhibits ,

the spontaneous actiﬂltYiOf hypothelamic neurons (Ruf and Steiner, 1967)

whereasxthyroid hormones inerease the spontaneous unit discharge of

corticai endjhypothalamic'neurons (Devidoff and Ruskin, 1972)

A

- %
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Tontophoretically eppél.ieri o:_qtocin, in verr low ooncentratione, has. -
" also.been ehown dramatl:icallyl to excite neurons in the pararentricuiar-
nucleus (Hoes e{...'al., 71972) ' Inall of these exanples;-the t.ioe course
of the hormone action on the membrane is extremly brief and the effects

" may be observed within seconds of- the hormone reaching the ce].l membrane.
| However, in those experiments :Ln uhich an :l.v. inject.ion of proges—
t.erone (Barraclough and Cross, 1963) or est.rogen (Yag:l, 1973) were

: hown to alter t.he excitabi].‘l.ty of ce]l membranes the 1atencies of the
responses were between 15-30 m:l.mrtes suggesting that these effect.s may
not have been the results of a direct act.ion on the neurOnal membrane. -
It is thus wort.h considering whether or not. t.he :l‘eedback action of

' ~ estrogen can alter the electr:lcal activity of target neurons or t.heir

| sensitivity to. synaptic :inputa by aitering the elect.rical pmperties '

of “the cell membrane; the effect could be either at t.he level of the

releasing homoneneurons thameelves or at some other neuron relaw in ".; Lo

the neuroendocrine circuits,

"rhe“fommg experimentl were updertaken :'m an ‘attempt to .
detemine whether the poai‘tive readback or eetrogen on the POA ’ l '
:involves a change of excitabﬂity of poseible target neurons at’ the °

1evel of' the ce11 membrane It was necessary firsbto deﬁne certain L

anaesthetic :lm:er:to:o \rlt.h the neural trigger tor ovnlation’ t:) m
- intravenous-dose of estrogen will result. in a plvdqloglcal 1eve1 of [

the hormone? c) Is thero a. siglﬁ.ﬁeanb 1ncrem in IH secretion d::r:l.ng .

: experimental perameters in’ order to :!.nterrn'et the results a) Does thei
i

]
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the period of recording from a specific‘preoptic neuron? The ﬁrincipal

studies were of cells in the POA which are implicated 4in the control of

'gonndotrophln sccretion- theae were idcntified electrophysiological]v, '

and those which make a direct connection W1th the basal hypothalamus :
have been used to study the effects of.qn i.v, injectlon of_euprpgen on
their spontaneoﬁs activity ahd sensitivity to iontophoretically applied

putative neurctransmitters. . S . )

-
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An:lmals
All the experimerrha vwere perfomed on adult female rat@ of the

*" Wistar strain which were pﬁ{chaaed from High Oak Ranch in Toronto.
The animals wer‘p/ housed in the U‘niversity animal quarters, kept m}der

a constant temperature of 22 ¢ and fed ad #1ib. with 'Purina Rat Chow.
| " Dally vagi.nal amears ware taken from thoae rat.u which were to.
" be used for the experimen‘bs mqyir:lng cycling females, and only t}me
animals which displayed at leaat. three ct;naecut:!c.ve h—day oestrous e
cycles were used. They were- ma.’mba:med under a contr&llad lighting
schedule with 1!. hours oi‘ "1ight_centered on :rd.dday. - At the 't.ime of
expériment.ation the rats weigh’ed between 200-230 g. Other experiment.s
were performed on rats which wero ovariectondzed under ether anaes—
thesia 34 ueeks prior to experimentation and lcept, :l.n constant light

conditions. Their weights ranged from 275*310 8 | ,f

%' rative 'P'roceedures. \ : v | -f

-a) Anaesthesia. . ., B -l o o o
| For all experimeut.s the rate were oxpoaed to ethsr for abqut :

two mimttes, int.ubated. and anaesthetised with 1.55 halothane (nuothane" |

Ayerst). The halothane was adnd.niatmd in medical wgen at a ﬂow‘ '
'ra'oe ormﬂ/mnusinganmtecuarkmmpourim e
b) Surgical ‘Procedmes Lo / S

In thé exper:l.menba'wm.ch required,an '.l..v. adndnistration of

PN e S PN |

| ‘_.‘_.-uf.‘. g 18
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estrogen or a'ogesterone, the left i‘emc%ral view was canmulated using -
fine PE 10 tubing and the cannula ettached to a 1.0 ml syringe through
. a 32k gauge syringe needle. | _
Electricel recordings necessitated placement of the animal in
-a stereotaxic head holder and exposure of the dorsel aspect of the
brain. The rat stereotaxic holder wes custom built :ln the University
Horlc Shop and wee copied from the model made by Harvard Instruments Inc.
It was designed i‘or the use of the deGroot stereotaxic co—ordinates of
. the forebra:!.n and diencephalon (8eGrdot; 1959). Follou:lng camulation
of the femoral vein end placement of the rat in the stereo axic
apparatus, a mid-line incision was made in the sicin coverirg the
_sku]l and an appropriate hole was dri]led in the bone in order to
accomodate both the stimulating and record:i.ng electrodes. The dura - k_
WS ‘then cut and folded back to expose the brain tihsue. Throughout .
the experiment tlle an:tmel's rectal temperature was conetantly monitored
and meintained at a7°c ueing a battery operated heating pad (E(EG
Electronics c. I.td ) wlﬂch was plaged mdemeath the an:lmal

) | ccord:i.ng to deGroot'-s 'stereotexic at»lae the follouing co&

ordimtee for stimﬁ.etion and recordin.g were adopt.ed as fououg S

,‘Stimulationoftheamdala o -1..6 L= 1.0, n--:.o

;‘Stm:lationortm arcuate,mclaua: , A 50. L= 0-5.‘ H-;-2-°'

Recording in the preopt‘.lc areas . A= 7-6 L= °-5' H = —4.0
'Hormone Adndnietrat:lon_ ', _, o
;-a)Prind.ng o

Ovariectondzed retB were. primd with 20,‘5 ﬂ-estrediol—B— b

i . D AJN
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¥

benzoate (EB) three days prior to experimentationm, (Caligaris et. al.y -

1971&). The hormone was administ‘:ered s.c. in 0.8;11 sesame oil.

b) Intravenous hormone admi.nistration

The lsvel of plasma estrogen followlng an .. meétfon of

EB was measured in ovariectomized rats. Ditferent doses of B have . :~

. been administered ra.ng:l.ng from IOQ ng -5 ,tg and plasma levels of

1]

o, eatmgen were measured at varioua time intemla after the :lndection
b (up to. one hour) All doaea of EB were dissolved 1h 0. 25 ml propylene
._(s i

-Wol and infused i.v. over a peri:?d—of one minute.

For the IH measurements 1 hdur and 5 hours following an i.v.

.-

‘:lnjection of either eatrpgen or progesterom, Z,a.g KB dd.ssolved :ln-

-

0,25 ml pmpylane ,g]ycol or 100)-3 progesterone in 0.35 ml pro;wlene

-~

glycol was infused- i.v. over a: period ‘of one uimrt.e ‘

Ditferent types of estrogemic compomds md solvents hava bean
used in ’the experiments measuring the spontaneous act.:lvity of iden—
tified eer% . In two :Inu'tancea 25,-.3 Premarin Ro. 552 (Ayerst ‘
I.aborat.ories) in 0 25 ml-solvent ‘was injscted i.v.- Prwar:ln is a .
prepared solution containing a mixture of the water soluble sodium ' '_5.

- u{:lphate est.era of eatrogen, ;he main est,mgma boing est.rona and ' 'f’
equilin sulphate.‘ Bstradicl-174' -hend.mccinate (mpm I.td.) |

S
‘e

was used in four succaasful exper:imnta, and for thaeel"chn-g of. tha A
estrogen dissolved in 0.25 ml sa:Line was injeeted 1.7. The remn:lning
" fowr eella m tested us:lng EB disaolnd :l.n O.1-ml propylem glycol.

- Dosea ranged from 10’ g torldt)-g

- . . o . .

'Ai- . . . i ) N - . ’,.
. - - . .



* Electrodes . ' : . . K
a) Stimulating Electrode
“A co-ax:l.al stainless steel, epoxylite insulated electrode o
- (Rhodes Medical Instrugnente, SNE.~ 200) was used to stimulate eithcr
“the stria terminalis or the arcuate nucles. The shaft diameter’ was

1
0 25 mm and the distance jetween the centre posmtive lead: and the outer

P

negative . shaft was 0 75 mm; both linner and outer contacts were exposed

‘for 0.25 . The électrode Was. ‘held in \Prif)'r micromninulator which
was mounted an to the stereotax:.c mstrument. ST e

Rectangular monophasic pulses 0 5 msec dm.ration were delivered

via an isolated stimulator (Dev:.ces Mk IV), the frec’;uency and pattern

ef stinmli beinr controlled by a pulse generator (Digitimer, Devices '

Type 3290) and .a gated pulse generator (D(ces Type 2521). ’I‘he .
stimulating current was }nssed through a loooﬂsenes resistor; the |
~vcltege developed across this resistor was displayed on a Tektronix 5103
--",storage oscilloscope. ' .',- ' '
. b) Recordmg Electrodee T
Record:mgs of extracellular unit 'potedtials and evoked potentials

vfcr;e made with ngle and three barrelled glass microelectrodes. AN ‘

.

th micropip' tes were maﬂe from open ended glass capill’aries w::.th an
' 5 mm, -which had ‘been thoroughly clea,ned in a solution of
equa]_ arts abso"lute alcohol and acetone.

Single barrelled electrodes were drawn out to a tip diameter ‘

of less than O. 5,.. on a David Kopf electrcde puller and mbsequently,

under microscopic exanrmation the tip was broken down to a diamctexj



2
-'of 1. 5 - 3.0p. Three barrelled mlcrop:l.pettes were made by glumg
together three glaus capillaries at both ends with epoxy resin.: A | -
7Nar15h1ge electrode puller was used to draw out these microelectrodes
as it, is necessary to twist the glass capillarics Jin order to fuse the
three 'ba_rrels.and form a cornmon tip; during the process of pulling
the micropipette, the chuck was rot.ated by 3600. _The barrels were *
arranged in a triangular shape so that the glass p:l,pettes were in - o
symmetrlcal contact with each other. The overall diameter oi‘ the trlple _
o barrelled assembhes vas 3.5 c= 5.04 after the t.ip "had bee_n broden

T Tdown manually under d1rect microscopic control.

Both s:.ngle ahd triple mlcroplpettes were filled by the flbre

glass technlque as descrl\%d by Tasaki et, al (1968) Single.barrelled“

electrodes were filled with a 2% solut.:.o? of Pontamlne Sky Blue 6BX

>

d:LssoWed in 0.5 M ‘sodium acetate with a pH of 6 6. The resistance of

these elect.rodes ranged from 2—!.. ML dependent. upon th—e tip dianfeter. - - -
" The mehsurement oi‘ the elect.rode res:utarfcg. was made w:lt.n a W.P.
Inst.rumonts probe and ampln.fier (M—M) by passmg an internal d:n.rect
current of 1 0 nanoamperes (m\) t.hrough the :mput. t,ermn.nal to ground
- - and the voltage generated vas d:.splayed on the Tektronix storage T
| osc:.lloscope. The recording barrel of the three barrelled mi¢ro= *
| elcctrodes was filled with 3 M sodium chlor:n.de at pH 6 8 and its’
resistance var:.ed bet.ween 3 - 8 M D- The second barrel was fll.ledf
. w:Lth al H solut:xon of 1~Glutamic acid dissolved :|.n d:.stilled -water,
o g:wmg a ph. of 6:5 - 6.8. The resistance of t.his channel ranged rrom

10 - 50 M n | The t,h:er barrel was, i‘:l.lled with one of several

i t Sal .
v LTI : - -
[

. Y
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putatdve neurot.ransrnitters. Three drugs havé been eeed in this etudar; .
0.8 M Dopamine lvdrochloride, 0 8 H Ir-Norepdnephrine bitar-t.rate and
1.0 M Acetyl choline ghloride. Al drugs were dissolved in dieti.'lled - (
‘water and the pﬂ's ranged from 3.8 - 4.2. The resistance varied between -
: '10 (B F- TR R

The electrode was. held ina microdrive unit (AB Transvertex)
which was. atthched to a Nariehige nd.cmmanipulator, and it could be

‘advanced in 2p- steps in~t.he vertical plane by means o.‘t an elect.ronical]y
controlled stepping motore o ' = S ‘ "

[

Iontophoretic Téchnigges

[

" A four channel microelec\oplnreeis power supp1y, deeigned and

made in: the Depart.merrt., was ueed to eject the: d‘ruge Trom the micro— C |

pipet.tes. The unit, supplied a constant. current, corrt.rollable over, the | '
renge 5x 10 9 amps to 1. 2x 10 7 ampe at either poeit.ive or negative ‘
‘ polarity. The output could be maintainedat a fixed amplitude (usually
utilised to provide braking currente) or puleed by. mea.ne or‘e. drive )
signal rrom the Digit:lmer qr menue].‘ly Operated push button ewitch. S
On any one channel the output conld be switched from the braking. cerrerrt. '.
to the drive current on preaentaJion or an external signal current. '
levels were monitored end diepleyed on d two. channel Telctronix 565

' ecilloecope. .
, Brekingemrentsinthéerderoflo ZOnAvereepplied:ln
' order 'oo prevent the free d:l.fmeion of d.ruge rrom ehe"tip of the '

' pipette. As the retainins cm-rent ror glubemate (which is an’ anion)
is of the oppoaite polerity to thoee required .for the catione DA,
and acetyl cho']:hw (ACh), ‘the two channele ‘were eet up to give equal / o

N

- Y
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the preparatinn. ' ' ' .

~ .
'Ejection currents,which ranged from 6 nk ~ 70 nA, were balanced
by passing a’ current of equal im'.enaity and cpposite polarity through .,r o
the sodium chloride filled recording 'f)arrel. Carrent artifacts were he
tested by reversing "the drive currents applied to the two charmels. ¢
" The maximum current which was used to test t.he response of amy one
_meuron to iontophoreticauy applied dru.gs was also used t.o test ;:,he
: possibility df current artifacts. - Any cell uhich gppeared to ‘respond'

When the current. was reversed was ignored

Attempts to Apply Est.rogens Iontophoretically

‘Various unaxce ssful attempt.s were made to oject 1abe1J.ed
o est.rogen compounds from multivbarre]led nﬂ.cmp:lpebtea. Estrogens

aro wealdy acidic in aqueous solutiona and will only form sodium

 and potassium salts u'.i.th d:i.fficulty. Thus it is d:l.fficolt. to.achieve -
the high concentrations required i'or the iontopbretic e:]ectiorr of the
hormno. Estrad:!ol 6,7 - 3& (hO Ci/ml) and estrone ~ 6,7 - Ha snlphate
(potassium salt., 170 mCi/umol), ob‘bained from mm Searle, Were'
' both tried but. even after extended periods ‘ot free diffusion (>21. DY
| rmm ‘the fhmersed elect.rode tip, which had a um:. tip diameter |
greater t.han 10#- g OT the passago of oteacb' ar pu.'.l.sed d:irect currenta
, ( < 150 nA, £ 2 m:imtes),.ot oither l:nlariwno -easurable amonnts
| of radicactivity could be recovered from the adm.i:llation fluid ’ o
Furtber attempts were mado to eject these iabslled estrogen |

compmmda hy the addit:l.on of an unlahellﬂd steroid in order“to :anroase_f .

LAY

e

r
5
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" the traneport. ntm:ber of t.he eolut.ion. 'I'he mn:dmum concentraﬁiion of

Na - 178 eetradiol 3 - mom,eulphate (0 b M) or N - estrone ~ eulphete
(0.1 M) was added to both, label'led sh1ts but, as abova, no radioactivity '

cduld be measured afbcr the- paeeege of eteady or puleed dircct currents.
Ijhe final coneideratién was whether the labelled estrogen could be-

ejected frbm ndcropipettee by electro-oemeie. For thie -re'acon‘eodium

chloride (o 1 H) was added to the solution or 1sbelled eetrogens but

even with current :lntensitiee' in exceee of 150 m\ no meeeureble quan- :

—
t.:lties of- radioactivity were eject.ed rrom thc micropipette. The

nethod was 'theref.orc abanconed R - :
Co PR ) i e
: Recordn_ng Techniﬂes and Ametue R ,'flqb Ce

o~ The recording barrel of the microelectrodc wee connected o’ |
a Grase P15 A, c. ccuialcd preamplifier uit.h a gain or 100 and frequency

1:lmit.e eet at 300 1000 Hz._ The ampI;li‘ied e:lgnele were d:l.splayed
' o{ .

o eimultaneouely on two cathode ray occ:ﬂ.loscopee KGRO); a Tektronix

: audio ampl:l.fier was aleo connccted to. mn:l.tor those - signals, ° “Pulses -

pot.en'c.iale (ep:ucee) were eonverted to pulees of const.ant amplitude

5103. storage oscmoecope and a Tekbrotﬂx 502 uith a cemere et.tachment
and recorded on a Hewlett ‘Packard 3960 megnet:lc tape recorder. Ap .

derived from the cryet.al contmlled pulee generator (D:I.git:lmer) which
ere used to drive the iontoplnresie un:lt were recorded on enother |

‘channel of the %epe. : Photogrephe of orthodronﬂ.cal‘l;r and antidronﬁ.ca]_‘l.y

. driven neurone were. t.e!cen direct];r :trom the mekbron:ix 502 oeci]loecoye

_and were not recorded on tape. - -._’ :_'-‘-,

L - . i -,-.l.A’

For the a.nalyeie of the eponbencoue ectivity, s:l.ngle unj,t-




Figure 1. ‘ Diagram of tre stlmulatlng and recordlng “set, up. Extra- .
cellilas unit potentials were recorded through single and trlple '
' barrelled gla.,s mlcropipette., (rec. elec.), amplii‘ied thrqugh an A.C. -

coupled preampllfler (a.c. amp) and displayed on a cathode ray oscil-

. loscope (CRO). The output of the CRO was recorded on a magnetlc tape
and_g}multaneously dleplayed on a second GRO for photographic recording
" and monitored on an audio ampllfier (audio amp) Cyrrent was supplicd
to the drug cgntalnlng berrels ‘of the mlcroelectrode (drug) from two.
channels of the icntophoretlc powe ;;pply (1on. P.S. ),,a thlrd
channel was connected to thé recor ng parral. 'The ejection currents
delivered from the 1ont0phoretic power supply were triggered by a pulsei
.-Lgcnerator (P. G.) ‘and the trzgger pulae was attenuabe& by a potential
.d1v1der'3hd3recorded on the magnetle tape Antidromic ‘and orthodromic
stlmull were prov1ded by an 1solated stimulator (stlm.), the frequency
'and pattern of stimuli being controlled by a pulse generator {trig.) |
and a- gated pulse generator (gated P. G.).f Currentﬁssn.ng threeugh the
f'\’ stlmulating clectrode (stlm. elec.) was monltored by the voltage drop

\
. \across a Y000  series resistor.

\‘ - * .. ‘, .- . . B ) l ’ i “. , ’. .‘4
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. . ' N

and width. ' The spikes were usq?fos.a trigeering signal for the
! ) ' :

Tektronix storage 0501lloscope, and-the‘levei of the trigrer circuit

.

was set so that only the spxkes of 1nterest were processed. Hheh’the.
sweep Was triggered by & spike, a square wave pu]so was derived from .
f£he horizontal deflectlon amplifier of the CRO aqd after sumtable

«

amplification this pulse was rocordod on maynetlc tape\. A display of
-the froquency trend was obtained by playlny the reco;dings made 1n
thle way 1nto a Hewlett Packard 5&80 Signal Analyser"eed in the
.Interval:Hlstogram mode. Th1s instrument displayed on a CRO, a tlm“

r .
by frequency.histogram, a hard copy of which was suboeqnently mude

with the use of a Hewlett Packard X—Y plotter. - L

The results of the iontophoretic exper1ments were subseqpontly
transcrlbed\o?to a -pen recorder. Recordingo of the unit potent:als
were p]ayed back ‘and, utillsed to trlgge% a Tektrohlx storage oscillo—
scope, the trlgger e1rcu1t of which was used as. ‘an amplltude .
discriminator., On triggerlng, a sqnare vave pulse was derived from
‘the horlyontal deflectlon ‘amplifier of the-CRO and after suitable

pulse condmtloning thls signal was displayed on & Gould Brush 220

4

-

pen recorder._ The recorded iontophoretlc pulses were ’ also trans—

cribed -onto the pen‘recordeg‘by a divect relay from the maonetlc tape.

s

Histological Verificatlon of Flectrode Placements

'\ The position of the recording electrode was marked by. the ]

1ontophore e,appllcation of the dye, Pontamlne Sky Blue 68X ‘

(Hellon, 1971).‘ Ten microamps dellvered through the electrode for



)

B)

-~ YyM. Ventromedial Nucleus

‘and record:!.ng electrodes, denoted by t.he ahndod areas

’ Preoptic Area.

Stimulation df the Stria
Ternﬂnalis. .

L

‘gT. Stria Terminalis
ACO. Corticomedial Nuc-

leus of the
- ,ilnwgdala.‘

-

Stimulat.ion of the
. Arcuate/Ventromedial
lluclai.

AR. Arcunte Nucleus

,Recording from the

o~
[

“AC. Anterior Commisure
"POA. Preoptlc Area.

\". .

?igun 2. 'I‘racings of. bra:l.n sections showing positima of. stumm.mg L

-

-
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2 m:mutes ejected eufficient dye to glve a blue spot' which could be
scen with the naked eye whil’e cutting frozen sections. Thi., eliminated |
the necessity to mlount serial ‘sections of the eppropriatc arca of the )
brain. For those eipcrime‘nts in which triple bﬂrrellcd microelectrodc.; : -‘ "';;:*.ﬂ
were used a dye—filled qingle barrel electrode was '.meerted into-the
same location using a common referenco point n'ounted on the stereo-
taxic head holdc,r and the po.;ition was marked accordingly. This ~
indirect" mcthod of nart'ing was adopted becau.:e unsatisfactory rcsulto ’
vere obtained when the recording barrel of‘ tho three barrelled elec—-

trodes was us~ed for ojecting the dye.’

The position of the st:imulating electrode was mnrked by the ‘ e
Prus.aan Blue reaction. A small amount of :Lron Was . dep051ted by
passing 0.25 mA through the electrode. for 15 seconds. At the end of
.each" expcriment the :mimel vas perfused with LO ml of 10% potassium .

forrocyanide in 10% buffered formalin, the brain was diesected out™ - -
and placed in formalin for further fixation. | o

Frozen sections were cut at 50/4m, stained with cresyl \rlolet

and vicwed'under 1ow power to locate the markmgs precisely 'l‘ﬁe )

e

positiop of histologically identified points. together with other
. reoord:mg sites det,erm:i_ned from the reeding,s on th'e- micromanipulatoi' S

cerry'mg, the electrode, were then plotted on 'stereotaxic diagrams of

-

‘the rat brain.(see Fig. 2)° . S oo L
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EFFECTS OF HALOTHANE ON OVULATION IN THE RAT

Introduct1on

(ne of the major dlsadvant.ages oi‘ neuroendocrmological ekperl—
ments carried out. under general anaestthe‘b}a is the possible effect of -
‘the znaesthetic itbelf off t.l'lle neural substrate unde'rstudy, in particular, ‘
the preoptlc area and the basal hypot.halanms. |

Uret.hanc, whlch has been ext.ena:wely used for elect.rophys:n.o-
logical investigations.of neuroendocrlpg circuits, is kno:m to block
ovulatlon 1n the rat when it :'L..S administered at appropna’ge times during -
It.he estrorus cycle (La.nco]_n and Kelly, 1972) A simil:;r ei‘fect; has been
described for pentobarbital (Nembutaln) (Everett and Sawyer, 1950)i. both

' drugs prevent. owlatlon ‘hy mterferr:ing w:l.th t.he neural triggermg of

pltu;tary.LH release. - o } . )
" The. electrophys:xological stud:l.es, descrlbed below, oi‘ the action
,of estrogens on he neural c:chu:Lt.s implicated :m the control of ovula’t.lon-
'have been carr:l.ed out. ‘under halot.hane anaesthesia. It was t.herefore oi‘
-mtere st to detemx}? whether or not this anaesthetic would also mterfere )
with Spont.aneous ovulat.n.on and if so, to att.empt to denne /the slt.e of the
ovulat.ory‘ blockade.' In order to achieve surgical anaesthe'sia a con- '
cen’orata.on of 1. 5%: ha:l.ot.hane was recnnred, althOugh sedat.ion could be

induced by 1% halcthane. The' effect. of both the se dose levels on

_ovulation has been asé.é;_sed. '
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Non-anaesthetic doses of pentobarbital or urethane do ot block

_onulation. For this reason it became of interest to determine whether a

subthreehold dose of’either Nembutal or urethan! supplemented w1th a low

~concentration of halothane (0 5%) would induce a sufficient degree of

anaesthesia for sedation, and to observe the effect.of these combinations

on ovulation.

Methods

On the day of prooestrus, L—day cycling rats eere exposed to ecther
for about 2 nins between 13.15 = 151&5 h, intubated and anaesthetised with
either l% or 1.5% halothane (see Methode section, Operative Procedures)
Thc‘halothane was switched off at 16.30 h_and ‘the animals allqwed_to
recover. Thosd animals jn which a combination of anaesthetica’wae used

were 1njected 1ntraper1toncal (i.p.) with either Nembutal (17.5 ng/kg)

or urethane (500 mg/kg) at 13. 15 b and subseqpently anae sthetised with

- 0.5% halothane as described above. Al experimental animals were paired

with one control animal injected With 35 mg/kg Nembutal at.13 15 h.

To determdne the -site of ovulatory blockade rats anaesthetised
with 1. 5% halothane .were treated with 50 or 100 pg ovine Luteinizing
Hormone {LH NIH—LH—Sl?) or synthetic Luteinizing Hormone Releasing -
Hormone (LRH Beckman Instruments Inc. Spinco Division, Palo, Alto,_ 71‘
Ccalif. USA) at 1600 h on the afternoon of prooestrus. The Lﬁ was in—
jected i.p. in 0.5 ml of ealine .and the LRH was injected subcutaneously

in 0.5 o or 0 0 M acetic acid in saline (Arimura et al, 1971) Eech

experimental animal’ wes paired with a control rat ahaesthetiﬁed with

1. 5% halothane and sham injected with the appropriate solvent.

!".- . r' - ) ' . B
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- For a1l experiment.s ovulation was assessed by counting t.he 2

-~

o~ minber of ova cont.ained in the Fallopian tubes mﬂngbweé‘;l:;lng
pr

morning (oestrus), in the absence of ova the ovaries were ed

for hist.ological examinat.ion to confirm the presence of unmpbured

The results have' been summarised in TablesI and IT. 1% halo-

mature follicles (Fig.’ 3).

Results

thane d‘uring the 'cntical' penod of proestrus blocked orvulat.ion in
" 7 of the 10 experimental rats whereas the use of 1. 5% halothane inhibited
ovulation in all fa/nimals tested (Table I).

Rats armesthetised w:Lt.h : comb:.na’uon of halot.hane and eit.her

\ Nembutal or urethane showed -a degree of anaesthesia comparable to that

ob'bained with 1 5% halothane. Both combinations of anaesthea‘la were

effective in blocking ovulat.ion (Table I). The owlatory blockade by
1. 5% ha'l.ot.hane could be overcome by the administ.ratiun of 50 or 100 ug
Ll-lorby500ngLBFl(TableII) ‘

Di scussion

Tha results demonstrat.e that an anaestheuc dose or halothane
is ei‘i‘ect.ive in blocldng wulation in the :l'emale rot uhen administered
during the teritical per:lod' of prooest-ms. 'rh:lsis alao true when t\fo
subthreahold doses/or different anaesthetica are. used in combina.t:.lon to
produce full surgical anaast.hea‘la. The: evidence mggests that the
blockade of ovulation is a result. of anaest.hesia E_a_e_, and not a

aeparated associatad prope:c't-y p.f. t.he spacitic dmp employed

B 1
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~ Fable 1o IMeckadde of ovulation by halothine N
»
Anaesthetic : . No, of ratss Ovalation blocked O Igetial ovulation . Full ovalatem
. - . . . . . < 10 Ova . o 10N
Yo, Halothane . . ; - 10 . i 7 1 2
1.5°, Halothane e 6 . 6 T - 0
.57, Halothane - 17.5 myrk Nembutal : B [ | . 0 i)
0.5°, Halothane 4 500 nug/ka urethane 4 E N [i]
“asinutar numbers of rats were concurrently injreted with .\'("lllb}l\-'\l‘. 35 m;:,'kg.{.p.: ovulation was consistently blucked i’ these controls,
. . . | | -
. Table 11, Effects of L1 and ®KRH on halothane blockade .
—- B ] : — — * 3
Anacsthetic Hormuones N, of ratss . Full ovulation Partial ovulation Ovalation-blacked
. o > 10 Ova < 10 Ova '
1.5¢, Halothane 50 pz LH ‘ ' 8 .6 0 L2
1.5¢, Hilothane ~ 100'pg LH -3 -3 ) 0
1.3%, Halathane " 500 ng LRH 10 9 0 - 1
221 rats were crn:cumml,\‘ anaesthetired with 1.5 !I:g.l&iﬁuhe but did not receive any hormone treatment; ovulation way fully blocked in 37
- and partially Llocked in 3 controls. ’ - o )
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Figure 3. Photomicrograph of ovary showing mature unruptured

follicles at oesirun} the  animal.had been anaesthetised with 1.5%

halothane during the afternoon . of proocstrus. Paraffin section cut
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at Bfiand'rtained with haematoxylyn and eosin. Magnificétidn XLO
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n ’ A ) .
The injectdon of e1ther LH or LRH overcame the efféects of halo—

fad A r
thene in blocking ovulatlon. .§ince these hormones,etimlnate the

requlf”FEnt for the neural trlgger responsible for. the LH surge, the

resulis 1nd1cate a neural site'of action of the anaesthetlc and rule

4

3

out the posslblllty of a d1rect effect on the ovary LT

Recent experlments suggest that halothane ‘acts by cau51gg a
decrease in the amount of transmitter released from nerve endlngs

(Rlchards, 1972, a). Slmllar findlngs have been reported for berblturates o
: (Richards, 197g b). However Nicoll (197%) suggested that halothane, N
urethane and barbltufétes anaesthetlcs may‘act by prolonging ‘the actlon
' of 1nh4brtory synapees, either bymlncrcaoing the amount of inh*bltory

E transmltter released or by a pastsynaptic action.

In, 1nyertebrate preparations pentobarbltal and urethane were
shown to depress selectlvely the excltatory'post—synaptle potentlals ' _; / .
(Barker and Galner, 1973) Whether these drugs act on the pre-, or n
post—synaptlo element 1t is concelvable that anaestheties 1nterfere f _ ;
w1th ovulatlon by reduelng the synaptic activatlon of neurons 1nvolved ) —

~ directly or indirectly in the produetlon of LRH, by a mechanisn which o

.. may be a general property of anaésthetics. Therefore, the exploratzon S
of neural mechanlsms underlylng spdntaneous ovulatlon in the rat, Whlch

are carried out under the aniluence of any general anaesthetic may glve

" - results which-do -not necessarlly}explain normal phyﬂlOlOglcal processes. o~
~ '

.4 N . L vl i
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. INTRAVFNOUS HORMONE ADMINISTRATION |,

- PLASMA ESTROGEN CONCENTRATIONé AND LH SECRETIdN
] . . N : o

Rl

]ntrog€|ct jon

Many :nvcstlgations of the fecdbock action of estrogcn in ‘the N
' \

. control of ponadotrophlns 1nvolve hormone adminintrnt1on ol ovariectomincd
N/

rats Wlth subaequent measurements of c1rcu1atinr LH and FSH. Typica1ly

J‘H‘hOTmOHCa arc injected d.c., “the doses of-estrogen ranging from 0.1 -

.50 (Bﬁrraclouph and Hallcr, 1970) and thosc of progestcrone ‘being

" in the order of 1 - 2 mg (Mann aqd Barreclough 1973). However, therc

:aré no reports to date on direct measurements of circulating hormone ,

Jevols fo]low:ng a .s. c. injection, end therefore it is unﬁhpwn if such

'f dans oféesﬂ?ogcn or progesterone are within,a physiological range,

o

what is 'the’ time course of the rate of rise of the circulating hormone.

Both these factors are of utmost 1mportance when studying feedback action

VT
i

of sex fterold& L :

"

' In the present studies the stimulatory action of estrogen on j‘

. . ,

the act1v1ty of neurons in the POA has been investlgated using electro— E

‘phyalologlcal techniques and the euperiments “have involved continuous

rccord:ng from slngle cells before’ and after hOrmode adhinistration.'

“In order to reduce the time: to obtain adéquately high levels of eatrogen

r

in the env1ronment of the preoptic neurons, it was necdgeary to inject

4.’

the hormone intravenously. 7'_ f"‘ . "! | .n,'" e _jm Lot

-]

The consequence of p051tive feedback action ongthebPOA is an’

increased secretion of LH from the pituit ry, as. occurs durlng the

.
o
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' ‘ ' Lo ; o
!

‘prcovulatofy perlod in cycling rats. In ovariectomlzed rats this increase

can only be observed after the admlnlstratlon of estropen (Caligansis

; et. al., 1971a) or progesterone (Calioarls et. al., 1971b) in animals

which have been prev1ou51y 1njected with estrogen (' primed'). The vorkers
wvho havo dcmonstrated this stimulatory ?ction of hormones in primed

| ovarlectomlzed rats used the S.C. method of hormone. adminlstratlon-

tho c\perlmental animals were unanaesthetlsed and measurements of IH - g

qecretlon follodlng estrogen aomlnlstration were only made flve hours

.;followlng a second 1nject10n-(0allgarls, et. al., 1971&, Jackson,'1973)

The lack of data on the effects of an isv. 1njeot10n of elther
_estrogen or progesterone in anaesthetised rais would make it dlfflcult

to 1nternret results'obtalned from the kind of electrophysiological

‘ctperzments 11ke those to be descrlbed further in the present WOrk. M

Thus it was 1mpcrtant to establish what iov.. dose of estrogen would
v

. produce a level of the c1rcu1at1ng hormone whlch 1ay ‘within the physzo—
’ loolcal limits ‘and whether, estrogen or. progesterone, injected i.v.

'uas effoctlve in stlmulatlng an 1ncreased secret:on of LH in- estrogen : \3'

prlmed ovarn.ectomlzed rats anaesthet:.sed wi‘h halothane.‘

. Lo
- " . . R} . SUU .

‘Methods -, ' g .

~a) -Heasﬂf‘;ent of plasma estrogén@:oncentrations. ‘-_ R . {-
Ovariectomized Tats were anaesthetlsed with halothane and
_injected i.v. with O. 25 ml EB dlssolwed propylene glyeol (see
Chapteqr II, §g€;;E;is.and Hethods) Theigéses of EB used were 100 ng,"
500 ng;. 1)ug, 5}1—5, 25/,..3 and 50 g. .Blood samples (2 ml) wexetaken

by heart puncture u51ng a 25 g syringe need;eg frpm_one group of °

C »
PR ]



animals 1med:1:ately'art.er the injection (0 minutes) and ei_ 30 minu’c.ee. and
from t.he other groﬁp at 15 minutes and 1 hour following the injéctiori. After
each sample t.he volume of blood removed wae replaced by an int.raperitoneal
(i.p.) injegtion of saline. Plasma estrogen coqcentrat.ions were meapured

. by a radioimmuncassay t_,echr'xique ‘(Bel_'l. et al., 1971). The 1.1.|_nit of eenei—
- tiirity' for the assay was 0.2 pg and the coefficient of variation for rep-
licate analyses wes: Up2ke o , ._x ) k

) Measu.rement of serum LH 1evele. - | o '\'

A1 ovariectomized rats were primed with 20ug EB injected sic.

_'at. 1200 h three daye prior to experimentation and the second dose of either
" EB or progesterone was in:]ected i.v. between 1130 h e.nd 1200 h on the day .
of sampling (see Chnpter 1, Meteriale and Hethode) LH meaeurement.s were
j _. made rrom four -groups of animala ' B
(1) Rats anaeathetieed with halothane and m;jecf,ed wit.h. '

20 .pg EB through the femorel vei.n.

(i1) Rats enaesthetiaed with halothane and in:lected with
' 100 ug progesterone.through the femoral vein

(111) Una.neesthetised rats injected with 20 pg EB throu.gh a .
* o 'hail 'Vein- : . f-? . : .
| ¥
(Av) Unaneesthetieed Tats mjected w:l.th 100 p.g prrogeeterone throu.gh

—

a tall vein,

. ‘-\ .
Serum 1H concentratione uere measured by e redio:l.mtmmouaay tech— =

nique usi.ng reagant.e diet.ributed by NIAHD 'For these determinatione the

1init of eeneitiv:lt.y was. 0.2 ng/ml and. the coefricient of vu-:letion for .

Y

- replicate an.elysee was 8. ]$ _ .' P ‘_.,_f-, oy
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' Rcsult"

- a) Plasra estrogen concentretions.
" The plasme coneentratlons of estrognn follow1np an i,v. injectlon

[

of dnfferent doses of mhe hormonc have been plotted on a 1ogar1thmic
.chlc in Pnpure h.' Eech pOlnt represents the mean concentratlon of
four blood sawples, the Vertical ‘bars representlng the standard error
of tho mean, . The initial ‘level of plasma estrogen following dlfferent
~doses of EB ranged from 35 ng/ml to 0 1, ng/ml and a. gradual decrea e
(ep p‘asma estrogen concentratlons, at all dose 1eve15, occurred during

the sampllnp perlod, which probably reflects the bendlng of the steroiqd

hormone\ts specific target tissues and/or itsrmaabolism.

. b
b) Serum. LH levels. o ' R ;

.

The results have been summarised in Table III. There was no.
gnlflcant difference in the serum “LH concentratzons between the one

and five hour’ samples from estrogen primed ovarlectomezed rats injectcd ‘)
i.v. with 20/ug,EB.. ThlS was true for both the anaesthetlsed and |
‘wnanaesthetised groups of anlmals, (a and. c) Slmilar flndlngs were .
observed whert lOO;eg progesterone was admin;stered to ovar1ectomized
estrogen prlmed rats (b and d) although one" unanaesthetised animal did
show - a sipnlficant increase’ on.serum LH five hOurs follow:ng the injectlon. .'
The LH eoneentration 1ncrea$ed from'132.ng/ml to 925 ng/ml within the
sanpling period. ’ _ _'. | L . '

These preliminary observations demonstrate that an 1.v. injectzon
of‘en'ovarien steroid was 1neffective_dn stimulating an‘increased T
secretion'of 1H during the Sampliﬁg_Pefi?dt in both 8“395th?t15°4;a“d
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" Figure A, . Plasma cf'st,rogr:n,,concer':trrn_;ti.mfls,c plotted ‘on a loparithmic

x -

. . . . -4 .
at 0,15,30 and 60 minutes following an i.v. injection of LB,

scale,
The doses of EB injected are indicated.ég&ﬁngﬁ each curve. The ..
© yerticsl bars represent the standard error of the mean. : . -
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|~ TABLE III
, | SERUM LH LEVELS.
= ,
' .
e WA\ :
_ ‘ ~ No. of 1 Rour . l 5 Hours
Exp. Groups ~ Samples Mean {G.E. i—_“\\Mean S.bh. +
. ng/ml . . ng/ml
a). Anaesthetised _ .
Estrogen treated ok} 9r8 |13:6 96,8 | 15.6
\ . - - . |
| b) Anaesthetised ‘ | ‘ N
Progesterone treated 3. 19'_?.6 9.4 TheT 13.0
¢) Unanaesthetised, - _ . . .: c j )
. ~ Estrogen treated ok 1 168.5 | 8.1 | w8.8 | A.2
| 4) upanaesthetised o o B
progesteronc .treated 3 | /150.6.1 9.k LOL.6 | 261:7
q - B} o . ,
1 ~—
7 .
) ’. "\ i .
®
] t I
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'unwnaosthvtnfed g\fuﬁs of animals. Althouph no mcasurcments of the serum

'LH conccntﬁatnons were made prior to the second i.v. 1njcction of either

estrogen or propesterong the values of the LH levels of the one hour

_rnq:je arn comnarable to the serum LH 1eVels reported by Caligarié et.
e L ’

Al ,‘tiazilijﬁt in e.trogon primed ovariectomized rats. .They shnwed

“tpat three dovs aft.

a 5.C. 1nject10n of estradiol benzoate, p;gor to a
rhcond dosn of o Jtcrola hormonc,_thc serum LH concentratlons were in thﬁ
trder of 100 nr/ml but, after a second 5.C. 1njcct1on of clthor cstrnrnn
of progoutrronr, the: peak concontrataon achieved was, on average. 500 nw/ml
It is. therefore unlikely that in these etperlnrnts any sipnificant 1ncrcu
of LH qbcrction occurred between the timerf the i.y. injection and fhc

first 1 hour sampling perlod. ' > . .

~ F1na£§y it was of 1ntcreqt to compare whether there vias any
firnificant difference in the LH concentrations between the anaesthctised
'_.(a and b) and unznaesthetised (¢ and d) groups. of animals et 1 and 5 hours
after the i.v. anjcctlon of estrogen or progesteronc. The rosults from

rh 1

o a paired t-test showed that the 1H concnntratlonsfwere significantly )

lower {p <0. 01) 1n the two anaesthetised groups of an1m315 at_l nour after
the steroad 1ngert10n cOmpared w1th the unanaesthetlsed an1ma] A@ 5
bours o significant dlfferehce (p:rO 2) was observed in the serum LH ,,;"
concent;ations’gétueen these two groups of anlmals. In this regard the
high standard error of" the mean of the unanaesthetised progesterone
treated group (d) should be noted.’ . . |

i N . . - " - . N » ' -
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The lowest dose of EB, 100 ng, reswlted in a concentration of
- *

ehL?oﬁmq;wh1ch ckceeded tho peak COncenLrntion of estrogen ntﬂhlned
duri;ﬁ the ocs trouv‘éyflc-of the h-day cycling rat. . Brown-Grant et.
al..(lé?Q) reported: that.the highesﬁ-levcl gf peripﬁeral plaéma
espronén in the intact rat was.on averapge 30'pg/ml,.hhcreag 100 ng
BD injected i.v. resulted in a'mean;esfrogen plasma concgntra£ion of
apprDV1nntply 140 pr/ml. Thus even at a'dose of 100 ﬁé Eﬁ‘thg plaSma

. concentratlon of estrogen attained excecded the nhysiqlogical range

o . PPQULTEd for the positive feedback actlon of cstropen for- stlmulatlnw

the ovulatory surge. of LH. At the end of the one hour samnllng period

. the plasma concentrations, at all dose 1evels, still exceeded thc 2

. . . " " ) 1< 4 !
physiological range.

" ‘The findings thatlboth estrbgen'and progesterone vere ineffecs

- tive 1n 1nduc1n" an 1ncreased secretlon of LH between one and five

»

hours after thn1r i.v. admxnlstration in ovariectomized rats may' have
been die to the mc+hod of hormone. admlnlstratlon. An 1:v._1njcct10n
results. In an'lnstant risé in the 1eve1 of the circulatlng hornonn as

.

Opposed to the relatively slow rise of estrogen 1evels as occurs during
- the oestrous cycle o;.whiéh\follows a.8:C. 1njection of the ster01d.
The rate of rise of plasma estrogen concentratiqn may: be en important -
factor in feedback actlon. .Another factor to consider 15 the constant
light cond1t1ons under whnch the anlmals were malntalned. It 15 well

knOWn +hat normal adult female rats become persistent—oestrus by E

exposure to -constant 111umination pnd do not secrete a prooestrous

- ’\.... R
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surge of IH (Daane and Parlow, 1971b) \In the presant exN ts
the rats were kept in constant light to reduce thc poasibilit.y of

circadian rhyt.hms affecting the resulta since elcctroplvsiological

were made at| various times of the day. Finally, the anaes—

‘claborat.e a.nd 830]71‘.8 I.RH (see Cha
These eacperiments therefore def certain parameters of the
expe:cimental 'conditior}s of the electrophysiological studies; a dose
of estrogen was ucrcd whic'h‘ cxceedec. tl‘m‘ ph;rsiclogi_cal rm;e required
for thc positive feedback effect of estrogen on the POA and an i.v.
" injection of either estrogeh or progestcrone was ineffective in stim-
ulating the release ci‘ 1H in these est.rogen pud.md ova.riectomized
. ratn. In addition the results. atreaathe :meortance of est.ablislﬂ.ng
thc experimerrt&'l. condit.iona under which electropm'siological :’mvest.iga—
© tions int.o steroid feedback mechanisms and con‘l'.ml of gonadotrophin

secretion are made. e ’ ot

o
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- CHAPTERQV: - ELE,CTROPHYSIOLOGICAL" IDENTIFICATION OF NEURONS

&

 POSSIELY INVOLVED IN THE CONTROL OF GONADOTROPHIN

SECRETION - - R N
- (A) . IDENTIFICATION OF CELLS IN THE PREOPTIC ARFA .
: | ' " RECEIVING AN ORTHODROMIC IIPUT FROM THE _
: N STRIA TERMINALIS, . . : . K
(B) TDENTIFICATION OF CELLS IN THE PREOPTIC ARSA

o RESPONDING ANTIDROMICALLY TO STIMULATION OF
: THE ARCUATE NUCLEUS.




(A) IDENTIFICATION OF CELLS IN THE PREOPTIC AREA

RECEIVING AN ORTHOIRO\‘IIC INPUT FROM THE STRIA TERMINALIS

. P
Introduction . ' - |
The striaitcrminalis which arises from the.corticomedial and

baeolatcral nuclel of the amygdala connects this pﬁrt of tho limbic

system to a larg; area of the hypothnlamus, and it is thought that the oo
amygdaloid cont l of gonadotrophm secretion is mediated through this -
pathway. The moet prox1mal and 1argest tenninatibn of this pathway is

in thc bed nucleps which lies around the anterior commissuro. Continuous

with this projecﬁ*on is the so called post-commissural componcnt ‘of the ig!

L
stria terminalis which is distributed to the medial POA. and anterior R

hypothalams. The more medial fibres of the stria terminalis form the
+ " sapracommissural - component which curves caudally over the rostral‘aspect
of thc anterior] commissure to terminate in a rather reatricted synaptic

. region surrounding the ventromedlal nucleus (Heimer and Nauta. 1969)."

Steroid Uptake Studies. Uptake—‘ludies of radioactive estrogen

have shown tha} the pattern of uptake in the hypothalamus “closely folloug

" the distributipn of the stria terminalis (Stumpf, 1972) and that the -

//’-'

amygdala also fretains the 1abelled ster01d (Pfaff, 1972) These findings
. suggest tnat hoth the neurons in the amwgdala and the neurons in the '
ﬁypothalenus fo which they project are 31tes of feedback actionr .‘s
EStrogen lmplants-into the corticomedial amygdala 3 resilts in an increased
secretion of LH in ovariectomized rats (Lawton and Sawyer, 1970) supporting

the concept that the amygdala is sensitive to the feeoback action of estrogen.

-

53.‘4 o '
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. phvr1010n1pq] °1vdlos. Stimmlation and 1e51on experiments “have

‘rrovided evidence for‘a funCulonal role of the amypdala, in the control
_tof ponﬂdotrnhhwn sncretion. Sf1mulaf1qn-of the amynda]a :nduces ovulat:on
-':v1th a2 concomitant rise 1n seru TH and FSH, and th15 response is blocked K -
o :
by trnnscctibn of the stria term:nalnq (Velasco and Taleisnik, 1969)
| . Kawakanmi ct. al., (1073) also dvmonatrated 3n 1ncreaqe in the level of serum = -

]H and FSH, follawing stimulation or the amvndala durlnr ‘progestrus and

fnrthnr dcvon tratcd that -an 1ncreafe in multl un1t activity vould be

i rocordnd 4n the POA for 2-2.5 hours follow1d? thls utlmulaplon. These

results,supgest a stlmulatory role;of the’ ﬁm@gdaia in the ovulatory surge

N - .7
o

of TH. SR o o i

In thc o'arlcciomlzcd rat lesions of thé bortical anypdala
. | '

rcoult in a sipnifdicant 1ncrcase of plasma LH comoarcd to the controls

v i

deopite tho fact the 1LH levels axe already elevated due to ovaracctomy '
s ! S " t
(La'tbn and Sawvor, 1970), suggesting that the amygdala mayuba‘lhporfant )

b

in t0n1c311y 1nh1b1t1ng the release of LH. Further sunport of this sufs st o

Cion is nrov1dcd by the cxperlm_pts of Smlth and Lawton (19”9) -in thlch

Q

L

" they :Lovnd that ova;;an compenoatory hynnrtronhy following - un1lat°ral

ov;r&cctonv could be blotked by 1e51on1ng the cort1comed1al nucleus of '

’

Lhe ahygd 1a or the stria termlnalls..,. :

- Sawyer, (1971) xreviewing the evq.déncé i‘or ‘the ‘role of the amygdala ;o
o ! ~ E
”f‘ln the control of‘gonadotrophins has proposed that the eortlcomedlal

qmypdala of the. female rat contalns tywo functlonal groups of neurons- ) )
a) cello whlch exertQZ tonic 1nhib1tory effect on gonadotrophln secrctzon

and b) cells whlch fac111tate the ovulatorv surge of .LH xn resnonse te -

the inecrecased 1evels of eutrogen.- Bdkh groups of ncurons appear ‘to. -~

e
t
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‘project to the rwpothalamua via the stria’ temimlie. However. it 1

‘_';,
]
¥
-
*
¢

'_ mtomating to note t.hat. 1eed.one in t.he corticmdhl wgd/ala either
: prgpuberally or art.er maturation doea pot. affact the nomal\cycling of O v
a femalq rat (Crﬂ.chlow and Bar-Sela, 1967). - . ', : N
m the baa'ie o.f euch expcrimental evidence it was r intereﬂt. to
attempt to identiry cal].s in the POA receiving an. input from /he strin

i -", ' _terminalia, the rationnle being t.hat much cells would be pert of a

) _'neuroendocrd.ne circuit. related to the cont.rol of ;onndotrophin eecre'oion, ’
and poseibly t.hercfore aeneitive t.o cutrogen :roedhck mechanim,, . / g

thods e /

: -
//
y

A full deecript.ion of the operetive proceeduree,' elect.rodee and h

: recording“’t.echnicmca is given :Ln Chapter II. Hhteriala and ‘Methods.

- _.The st.ria term:l.ne.lis was et.:\mulated at e point Just. ceudal to 1ts

.-point. of: emergence from t.he amygdala before itmece doraal!.y and

. _rostuny round tawsrds the bed nucleus. Thiaﬁpim. of etinmlation was’ _
chosen to’ avoid additional stirmletion of the Ma which lica edjacent
to the: strie terrrdnalis in it.e doraa]. co'hree. Rimlet:l.on threeholds

‘ anged from 200p.A to 1mA a.nd ce]le wh:l.ch ‘could mly be excited by §
":.thigher current ‘.lnt.eneitiee. were diaregerded due to the poeaib:lwy of '_ r

. stinmlue epread :I.nwlving adjacent brej.n areee. The: recordir’ig electrode

o vas placed mreowchany in the strial. pu't of the_ POA which

1iee *n a localiced- region Just ventrel tc the uter:l.or cotmd.seure.

Ett.recellular unit pot.entiele and e'l.'ohed pm-.m:hns were recerded through

re

: taa» e‘.Lngle barrel glaea micropipet.te f:uled with Pulum:lne Sqr Eluc.
'l'he correct. poeition of bot.h the qt:!muleting and ncording electrode |

\
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. Fipure 5. 'Potontials evoked in the bed nucleus, (BN) and preoptic

L -

! . - - =]
aren (POAfby stimulation of the stria f{erminalis at its point of

“

" convergence in the amypdala. The position of the electrode tract -

has Beelquked on the adjacent tracing of the brain scction and the.

) . . - | . \ '
letters A="T correspond tosthe points dt which the potentials were.

" recordad. .
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" were confirmed by subsequent histological examination (eee Chaet.er

. S | 7 - ,7 o 56
} ' ' ' |

I, Histological Verification)

In order to have some check on the correct placement of both
the 'stimilation and recording electrodes during the expcrimente a number -
of studies were undertaken in which a series cf evoked potent.ials were D
recqrded ai!.ong several vert.ical electrode tracts. The potentials were “
traced direct.ly from the screen of a storage eecmoecope. Three points
within the bed nucleus and t.he POA were ularked by ejection of the dye
from the recording electrode. Following hietolog:lcal identifdcat_.ion
of the marks, the electrode tracts could be reconstructed and the

potentiale recorded ,et epecit‘ic pointe could be plotted on trecinge

or brain eect.ione, (eee Fig. 5) ' : T o \

- ’ . N ' »

Besults o

Figure 5 shows an example of a eeriee ‘of’ potentiale recorded

along one electrode tract and a diagram or t.he brain ehow:l.ns the

, -~
) corresponding ‘points of the pot.entials Thcee mappd.ng exper'].mente

showed that the po'hentiale of max:lmum amplitude and ehorbeet latency
could be recorded in the bed nucleue. '.[n the POA the pot.entiale were

-diepersed a.nd oﬂmr amplitude zmggeeting t.he pctentinl rehorded in
this area was merely -8 reeult of. paeeive ‘slectrotonic epread of the

) un'ent generated in the bed mcleue. 'l‘yp:lcally ‘the response in t.he .
bed !mcleus cont.ained t\s dietinct. negative waves;. the letencr of

‘ the first‘negative peslc varyd.ng ' m 6 - 12 msec and t.hat. 'of the < -

secopd peak rangmg between 14 — 2 msec. _' e, o |
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Fipure- 6. Oscilloscope trace showing an orthodromic ‘action rotential

rocorded in the medial POA following a single stimulus to the stria

“terminalis at its point of convergence in the amygdala. (calibration

5 msec, 30QfLV. positiverppwafds.
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The response to strial et:lmulation has been recorded from 3h

neurons in the POK and 4 neurons in the bed nucleua. 'I'he utency of the.

responses 1n the POA ranged from 7 = 25 meec, the mean lnt.ency being
1.3 mpsec. In the bed nucleus the range vas 5 -'22 msec with a mea.n
1atency of 12.8 msec. Sixty perqent of . t.he tot.al number of unite
which could be driven by stimulating thé’stria terminalie were . epon-.-
taneously act.ive- t.:rpi.cally the tirirrg rate waa slotand varied bet.woen

10 epikeo/oec to 0. 05 opikea/eec, t.he average be:l.ng h epiken/aec.. ,

¢
- 4

Diocueeion

_The recordingo of the evoked potentialo and single units in

the bed n}xcleuo and POA con.!':l.m the anatomical tindinge that ‘the .
~ stria t.errm:lnalie is distributed to both theae bra:Ln regions.

Jleve forms' with double negative peaks charact.erioed the evoked
potentialo recorded i.n the bed nucleue su.ggeotigg that‘ atimulation _

© of the anvgdala act.ivated two eaparate componento of the etria term:lnalis.
Thie finding is in agreement. ‘with the resu‘.tts of Sherwood (1968) who '
demonstrate that. there were two components of the stria t rm:lnalis
with différent conduotion velocitiea. . Thua it :I.s unlikely that the

negative peak of the evoked reeponoe recorded in the bed nucleua '
presents activ:.’n.'ty generated by recurrent collaterala or intemeuronal
' 'l'he diet.ance from the area of comrergenee or the . stria termin-
" alia 1n the mgdala to t.he bed nucleu.s can be estimated from the at.lau
of doGroot (1959) to be 9. 6 mn. There!'ore, ir in t.he preoent experi?enbs
the tn6' negative peake recorded in the bed nncleus repreapnt.tm strial

)
N



components, the conduction velocities (eat':lmtat.ed f‘rcm 11he mean latency
of the evoked reeponee folJovdrg strial stimulation) are calculated to
be 1.0 m/sec and 0.5 m/sec. This finding suggests that the stria fibres
are c fibres with lit.t'ie nvelination. ‘ )

. In the present etudy ‘the evoked potent.iale recorded in the POA
'appeered to be the reeult. or p&‘eeive electronic epread or current = ’
generat.ed in the bed nucleus and not a d:l.rect result or the activity
in thie area which was evoked by etimulating the stiri¥. . Hovever,

anatomically stiia terminalis f1bres have been traced-to the POA. (Knook, 1955)‘

- This hist.ologicel evidence is support.ed by the reeulte of these experi-

mente demnstrating that celle in the POA ‘could be driven orthodromical]y
. by et(inmlat.’mg the‘ st.ria ‘ternd.nalie ~at. its point of comvergence in the
- amygdala. The range of lat.enciee of the reeponee;_ t.o strial etimulatinn

_suggest that the POA receives an input. from both co:npo{-nente of this

patimay. L |
. Dreifuss et. al. (1968) have ehewn that etimlation of the’
amygdala’ accelerated t.he fir:l.ng pattern of some u.ni{e and :thibited
others in the h;ypot anms. Perhape the two componente of the

stria teruiinalis e sent t.he two \g'oupe of neurone in the amargdala

. which either inhibit or facilitate th\ eecret.ion : 5 as

suggeeted by Saivyer (1972) \ ]

-



(B) IDENTIFILATION OF CRLLS IN THE PRMOPTIC AREA RESPON?IN& : 3,

ANTIDROVICALLY TO STIMUIATION OF THE ARCUATE NUCLEUS

Intraduction

-

The evidence that has accﬁmulatcd from stimulation and lesion
3
CxDOTlmﬁnt' 1mp1109 ‘that, 1mpulscs from the POA arrlving at the basal

hypotha]amud are rcspoanblc for tr;ppcrlnr the prcovuiatory 1H furrc.

T“]'("ct.ricr-l or n]ectrochvm1ca1 gtzmulatlon of the POA 1nducca ovulat1on

in thc pcntobanltal-blocked rat (Everett et. al. 1964, Cramér and
'Barraclourh 1971) by stlmulatlng the release of 1H: The pattern

0f change in plasma LH concentrations i‘ollow:mg prcopt.a.c ‘stimulation \

in the pcntobarbltal anaesthetlsed animal are comparable-to those obscrved _

Y

in the. normal prootstrous rat (Cramer and Barraclough, 1971).
Terasaua and Sawycr (1969) showed that activatlon of the POA
resulted in an 1ncreased muItl unlt activ1ty in the medlan emlnence

PR

repion wh:ch could be correlatcd w1th the occurrence of ovulatlon in
Nnmbutal blocked rats. Thls findinr is cons1stent with the idea that |
the’ affcrcnt:input to the basal hypothalamus from the POA. atimulates
c1thcr,d1rect1y or 1ndirect1y the .activity of the neuron ‘which secrete
L. ey o R

*.
- ‘*‘I

L051ons placed between ‘the POA’and the basal Eyggthulamus or
completc deafferehtatmon of the basal hypothalamus blocks ovulatlon

. in the femalé’ rat and leuds to a-persistcnce of vaginal pprn1f1catloq_

~ ¥



(Halaez and Goreki, 1967) However,'deerferenta{ion or the prreopgic_- '
) hypothalamic area does not. inhibit ovulat.ion, suggesting that the |
. peurogenic stimulue triggering ovulat.ion arieee in part from the POA
(Eoves and Halasz, 1 1970). Stimulation of the POA fo]lowing unilateral
- 1eeione of the preoptic-tuberal pathway has shown that the majority of -
| ﬁbree in thie t.ract.( are uncreeeed and that. activity in even one half
on the pethwaqr conveying impulses from the POA to the lvpoplveiotrophic
area is sufficient to induce ovulation (Cramer and Berraclough, 1973).. .
. Pyer and Cross, (1972) have electmp}veiologically identified
.a‘direct. pathway between the POA and the basal hypothalamus by a.nt.i—
dromic act.ivat.ion of cells in the POA following stimation of. the . o
ventromedial/ srcuate micleus. In view of’ _evidence that the POA \
concentrates eet,radiol—ﬂ3 (Lisk, 1971) and that it t.riggere the pre- o
ovalatory surge of L, it is tempting to specuilate that such amtidromically
identified cells are eensitive to the etz.ml.e:f:y feedbar.k ection of
sgstrogen which cont.role owlation. For. these reasons it. 'uae decided o

< to repeat the'experimente of Dyer and Croee and snbeeqoently to use

. sich entidromically identiﬁed neurone to etudy the effects of estrogen
on thei.r eleot.rical activity and sensitivity to iontophoretically
applied putative neurotransmitters. P

-

lbthode : . o
The operative proc eduree;. reeording techmiques and a deecriptien
.. of both the stimilsting and ;-ecor_cﬁng ele'é’é!odee bave been fully outlined.
iﬁthemtefialandmmda,‘chaptel"ﬂ'._-:‘ , . Co _'
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The stimilating and fccording olectrodos were stercotaxically
positionod ih-the arcuate nucleus and medial POA respectively (soo, N
© Chapter TT, opnrat1ve Proc edures ) and their p051t10n§ vcr:f:ed by
i rub"equont hl:tOlOFICﬂl examlnatlon (soe Chapter II Histo]ogical -
Verification). Extracollu]ar recordlngs have been made using sznple
'nnd three barrelled glass mlcroolectrodes nnd 81] cells wh:ch viere
cithﬁr'spontnnoqpslylactivo or were activated by the.iontOphorotlp
npplication of gluiﬁpatc wére Qq?ted for an antidyomic ?ooponse to
stimulation of the a%ouato nucleus.2.8timolation thrcsnolds ranped
ivom WQuA to lmn, colla ohﬁrlng a higher threshold belng dlsregardod
duc to the pos 51b111ty of stimulus spread 1nvolv1ng adjacont brain
areag. ot .
Three criteria were osed to detgrnine the an£idromio nnture\'
of the response to otiﬁulation_(soe Fig 7). - _ -
(i) Constant latency of the responoo'at_any fixed stimulation
intenoity | -
(i1) Trigrering of an equal number‘of responses at the same -
ﬁ- -freqnency by a traln*of three- stimu11 delivered in excebs
- of 180 Ha. Co T B
(iii): Cancellation of the-an@idromiQISpige'by coiiision with
an orthodromlc splke bceurring elther spontaneously or

r

- as & result of glutamq;e application)

-
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Fipure 7. O=cilloscopn traces of ¥ntidromic actipn potentials regorded

~

from ¢ells in the preoptic?area fofiéwing‘stjmﬁlntinn of the vcntroaédialf
arcuate rerion of the basal hypothalamus. Iﬁ (a)‘five supcrimposed
oscilloscbpe'tracbs of the antidromic aétibn rotential demon#Lrate the
canstant lalehcy of the vresponses. Three spikes following an equal numbef
of stimnli adminiﬂtéred at a'rnté of 200/sec are sgowﬁ in (b). In (¢):
a'glutamgtclﬂnduced spike éAmsec prior to the stimulus coilided with the /
antidromically'eﬁchd éction potential (ca]ihraﬂion ﬁa?ks: 10 msec. |

BOO)LV,_positive upwards.
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Rasults L ) '\.
A total of 179 ncurohs in the POA have been 1dcntifled‘by
antidromic stimulatnon from the arcuate nucleus (for exanple* seF Fip
7). Fxfraccllular potentials.have been recorded from both normal
cxcllnp rats and ovarlccfomnzed rats. There have chn 59 antldromlrallv

dr1vcn cells recorded from the cycllnﬁ rats, hS of which uere recorded

from leCaLTOUS 1 fcznléE'ﬁ%d the rcmainlnr 1h from oestrous femaleq

A

The mean latency of the responﬂc from the leGStTUu I and oestrus group -
of females was 8.02 msec. and 8. 07 ‘msec TeapCCtIVCIJ with the mean for
the entlre group belng 8. 03 ‘msec., Thc 1atenc1es ranged from 3 msee.

Lo 17 msec. On the assumptlon.that the aQbrE?F separailon between

the gtmmulatlng and recorﬂlng eiectrode was 3.0 mm onc can calculate

a mean conductlon veloc1ty of 0.37 m/ ec. .

-

In the ovar1ectomlzed group of animals, 120 cells hava;been
o antidromically 1dﬂnt1f1057/q%h 1atenc:fs ranged from 3 ‘msec. to

. ‘. . -\
20 mseé wWith a mean latencv of 8 I, msec, g1v1ng A conductaon gelocity

“of 0:36 m/sec. of the total Aumber: . of cells only h2 5% wercgspontaneouqu
' /.

actlve and these dlsnlayed¢comparatﬂvcly sloW flrina rates. Thc number

of aplkcs per second ranged from-1 sp1ke/10 sec to 15 splkes/sec., the

average being 1/3 secs. o . - S e

.~

DluCUSalOﬂ ' o it _“ ‘ o o .
The cxperlnents demonshrate that cells in the POA have axons

Whlch termlnate in the medlaﬁ ‘basal hynothalamus. The-techniqus of

.'antldromlc actigptlon has been prev1ously used 10 1dentify neural’ .

-1




A% .\ . v

\
1nfund3bularrncurons of the medlan emlnence (Markar ~et, al., 1972)

.worc antldrom1ca11y 1dent1f1ed after thelr idcntlficatlon by h1sto—
'10g1ca1 tochn1queu._ Howcver by this t?chniqpe Dyer and Crogq_§1972) 
" have o.,t.xbhqhﬂd t.he exlst.ence of a dirett connectlon between the POA.

~ and thé baaal hyyothalamus, a pathw y/prev1ously unknown. . Ad.f

The average conductlon r te “of th;s pathway Was calculated in :

o

‘thc prcuent experiments, ‘to

'-0 36 m/sec whlch is s1milar to the 0,32
o -

“m/sec. obucrved by Dv‘  (1973) and compares with the. slow conduction

'volocxtles of t ‘a;ons of the magnocellular neurosecretory cells -

i,(Dyball and K01zum3, 1969) and-the tubero—infundlbular fzbres (Markara

[y

' ot al., 1972)

A dlstingulshlng featurevof these preoptlc neurans was the .
.\’ b

frcqnent lack of snontaneous actlvity in them (over 50%), those that f
»wnrc act1ve uhowpa very slow flrlng Tates. 1t is therefn*e likelj

' that prcvious recardlnps from unigent;fled cells 1n the POA Whlch
’ ~, !' - 1.

werc snOntﬁneouolv actlve and shoved ‘rélatively h:gher flrzng nates

(Cross and Snlver, 1966) were not made from thcse ceIls maklng dlrect B

"connert:on w1th the basal hypothalamus. oo 'hi-;-_ o ". f i\‘hoz.

The néural 1nputs fron the POA to the basal hypothaiamus are
- cssent1a1 for the preovulatory surge of IH (Halasz, 1969) Crlghton,

eét. al, (1970) have shown that neurons in the. POA conta1n LRH and
.1t is thus p0551b1e that some'of these preontzc neurons which make .
' ‘ B o

o s . ’ . - r o
B . ' 4 |

. . - . 1 L ; N ‘
- o _ ‘ S o 6.




vy ‘
b -
L, R — . ] - ' . ‘ ‘
. | ~ i 68
:;w 1 ( 4 i
* . . ) ' d : .
¥ ' i sal ecretory cells. . .
dirucL contagt with the basal hypothalamus are neurosec Ty . R

Thcv may also synapse on the LRH secreting cells in-the basal hypothalamus

r

eithcr dmroctlv or vﬂh an 1nterneuron. Further evidence is‘nquircd to

dotovmlne thc exact anatomical conncctions wlthin thc.hypothalamus..
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_ \
IONTOPHORKTTC STUDTRS .ON IDENTIFIED PREOPTIC NEUKONS

u

]nl1nduc110n

-

the pxi.toncn of boLh udxvnoxpic (Ho felt, und Puxe, 197?) and chg]ﬁn_
erpic (Schute and T(WJS 1966) to mln'.n within the POA of the‘rnU

brain. ﬂhuq 1t is not’ ,urpri,lnp thnt tharo 1v QVidnncc that. Lthe
: /
,i1mu1diorv dCT]OH of 1ho PGA on thc secretion of ponndotrOphinn may .

lnvnlve both nmjnorn1é npd cholinprgic uynnpnoq

v

Catocholamines. Experimental’ cv1dencc indicates thot the prcovulntory

~surpe of IM is mediated via nor—adrgncnglc pathways." Typically drugs  °

wh:ch rnduce nor—adrenergic ﬁoural activity supprcas the rc1onqe of

11 and FSH (Coppolay. 19{1) For cxample treatment with reaerpine or
0{—mqtﬂy1—p—pyr051pe prior tohf:;kz}de of . LH secrction on Lhc niternnon
of prooc,tfhv blocks pvuidtio the female -rat (Myerson and Sawyer,
1968, C;ppola et. al:y 1966) A qimilar effpot can be nhservod with
adrenerpic blorkinn aponts (/arrow and Brown-Grant 106h) In addltlon
recent cvidence 1mp11ca1cs a role of catecholaminea in the post-castrapidnl
‘rl;c in plasma gonadotrophins (Ojeda and Mccann, 1973) Fuxe ct. al.,
(]”70) have demonstratqd an increascd turnover of NE in the hy;nthalnmlc
arca during prooestrus, indicattve,of an increased activity af nor-
adréncrg1c tnrmlnals durnnp this perlod e . - _‘H

‘Kalra and McCann (1973) have suppested that nor—adreﬁergic'

- o synﬂpscs,pxist‘ﬁctwqen the POA and the TRH neurosecretory cells and
-. :_,._'. . - ' . . ' ' .h_." - T
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that these synapses are*nnVolved in the sbimulntory artlen of estroren

o
! ’I ‘-_

on 14 rolo1sef‘ Phey shoved that the rise of LH following, rtlmulatnon
.of Lyr POA may be inhibited by blocking the synthesis of DA or NE and
this ‘effeet could be rcverﬂed by selectively reetormr, brein NE ]evels
using, DOP“ From sueh results one could conclude that the preoptie
_nnurnw, uhtch trigroy ovu1ntion are nor—ud?enerplc. Howeeer,'hiﬂ 01 .
ruorescent gLudiee (Hokfelt and Fuxe, 1972) do not demonstrate L1

presence of adreneryxc “eell bOdiGS‘lﬂ tne POA but only an extene1vr L ;‘.“

innervatjnn of nor-adrenerflc terminals from the medial fprebreln

—

undia.

" 14 is now v:}]‘fl estabhshed that, the mt.rahypothalamic dOpae\inerf:ic ‘
: dthuny from the tuberal regmon to the median em:nence inhlbltu the
release of LRH (kufelt and Fure, 1972) \ However, the poss1bility of
.othor nn conta1n1np fibres terminating within the preopt1c—hypothalam;c
aren has nyt been excluded In v1tro experiments of Schneider -and
FcCann (1969) indicate that the addition of DA to the medium enhances
the reloaee of 1H when pituit;;y glands are 1ncubated w1th medaan |
0m1nenoe tnosne and an 1ntreventr1cular 1n£usion of DA w111 trl;ﬁer

‘_ovulaLlon in prooestrus pentobarbltnl-blecked rats altnough thas :
catecholammne was only.effectlve in high- doses (Rubenst01n end oawyer,
~1.97o)". ®y Lo T o

Finally . epinephrlne has also “peen implicated in the control
< e .,|, . Lo
% ponwdetrophln secretion._ Rubenstein and Sawyer (1970) showed
that eplnephrine was the most effective catecholam;ne in tr1pre11n¢

ovulat.:mn when mi‘used mto t.he third ventri‘e of -prooestruq

"L"_ DI
)

-,
.'\:‘j



:Pntnbilb1tﬁ1—b]OLde rnt%,—und the povquiliﬂy of an.intrahypzthalnmic _

adrenerseie pathway is suppested by thc immunohintochcmirnl qfudins of

Cskfelt eb, al. (]972) which dcmonqtrntcd the prCJOnce of tbv anzyme

-

4

which corverts noGCjnephrine to epinephrine in the rat hypolhwlnmuq.

§r
1

Arot ebeling, Althouph llttle re.earch has been. d:rcctnd bownrd

Al (Markee ct. nl., 1952) and wnll prcvent the post—castration rise of

Clow during oestrus and ‘this chanfe in the level of thcse cnzymc=

)

dnt&rmining a rolo of ACh in Lhn control of gonndotrophin %ii:etlon

. it appears that hypothalnmic rcrulatlon may be rclnted\tsffhe activity

of !FfPrrnu rhol;norg1c fibres convcrg:ng from other nreaq of the

rontrdl nnrvox Sy 5 stom. Cholinerp1c blocking drugs, such as atropinc,,
; .
block ovulation when admlnlstercd to female rats prior to-the surge of

I und ¥SH (Libortum and FcCann. 1973 ). “The inhibitlon of ovulatlon
Ly airopxno nppo&rs to be mediated at tho level of the central nervous

°vstcm for the effect can , be abolished by administering LRH during

T the nftcrnoon of proocstrus (1ibertum and MeCann, 1973). o ‘

Lnbcrtum et. al., (1973) hnve recent observgd cycllcal

ohdnrn dur;ng the oestrous cycle of rat° in ‘the activnty of the ‘ r

enzymes which, svnthes1d‘and hydrolyse ACh. The activity of acctyl-

choline. FQLBTBJG and choline acetylase is high during d1oestrus and

o

during the oestrous cycle may only be observed in the preoptic—supraa'

oF

chlasmatic areca of” the brain. These find;ngs are c0ﬁﬂistent with a

PO°*1blc chollnerpic 1nput involved in the control ofgonadotrophin

secretion. In lnpht of thls ‘kind of evidence for tho involvement of

_-‘_' . . L o | w- ' ',f A..,‘



_ ) . , ,
" aminerple and ohnlinorpic‘noﬁronq in the conmtrol of gbnédotrophin_
cncrotlon, the sonsitivity of nntidromicnlly jdontlficd cello to

¥

,ﬂngnnhnpot1o\1]v prll"d DA, NBE and ACh has bcnn tested,

.

. _!-Ef:i.'hmj_:_'..

0v1r|vctom1 wnd and ovnriooiomizcd estroren primed rato were

N

ured for th"c observations. Thc propnrnt:on of the thrnc barrelled
. mlcrnplpPLtPl and the 1ontophorctic and rocordinp techniquen’ cmplchd
hxvo been fully described ir Chapter II, Mqterxn}tnnd Methods.

In many units the rcsnonwo to DA or Nw‘waq LeJted aﬂajnut
ﬂctlvitj of the cell which was induced by the iontophoretic abpliontlon
‘of. rlutwmﬂtc. ror some rccordlnpq freo diffu ion of glutamatc from the
tip of the micropipette induceq Buffieicnt activity to a]low the tcntunr

- . of drup responses; in other cases cjoctlon curronta dT between 6—?0 nA
.“ vwere required. |

Catipnic currenits were used to- ompell ‘the positively charggd

'
Y 4

ruiatlve nﬁurotrnnum1ttnrs from the microelectrodes and pencrally .

——

curront intonq1t1oq ranrod from 6 - LO nn. In all oxperiments cqnstant .
, éurrvnt pnlvos,.urlgrured by Lhn pulse gcnorator,wcre dclivcred fﬁom
the iontovhoretic power supp]y for 10 qeconds.' Tho corrcct placcmﬂnt . i
or the atamulatlng-and recording olcctrode wore subqequently confirmcd

by hlatO]OflCﬂl cxamlnatlon (see Chapter II, Histological Verification)

c -
-

 “!
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applicd dopamine (Pa), nar~pinephrd

i

(1%) and abctylﬁholﬁnﬁ (ich)

“on antidremically identified proovlic neurons. The upper tuwo traces

chouw -typical inhibitory effects of DA and Ni§, the lovast trace showg LL¢ 

A

uﬁfcsponﬁﬁvcnnss of preoptic newrons to ACh. Arrovs indicate the onntet

';éna termination of the ejection currnnt pulﬁcn and the intensity of the

current pulse™§ indicated in ?anonmﬁdres (nh). (calibratiop marks; 5 snc,
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omits :

The basic redults pf'tho se iontophorct:c studies arn ghown in

i

'lﬁg?“TAB' The activity of antidromically identified eells in the POA

f-}:m.u'inhih:ii.r-d by the im\ﬁ.t.ophnrntic application of DA and NE bul was
unaf feeted ﬁv.ﬂéh upplied iontophornticnl]y:

Iﬁ'any one sinTie idnubified-unit,it wias only possible Lo fest’
'l‘hv?'_ni“'{‘r-ci.s: of ona 0‘5 thoce three! drups applied' inntophnruti;:‘xlly ar
e seeond drup containine barrel of the triple barrelled micronlee-
Lroﬁcn vas filled with plutamate,; the third bciﬁn the recording b;rrﬁT:
.ﬂlthnnﬁh thnre.iﬁkho.direct'cvidence that rlutamate acts as a reurot rann-

_mitter in the mammalian central nervous system, it- has been shown to <!
‘ -

oxert. gpparently non—spec1f1c excitatory actnono on mast, or. nndnnd -
| » 2. o

n11 neurons when applied inntophoretzcnlly. In view of thf fact that

rony of the 1ntldrom1cally 1dant1fied neurons vere not apont meously

> - . -

dctIVﬁ or shoved onlv very 1ou levcls ‘of upontanpous 3ullVLiy. (42?

.

'Iwbnv/"n() the 1nh1bitory Tesponses to the 1ontophorct1c anp’lcntwon

'

"of Lhe eatecholamines could only ‘be observed arainst a hackgrdund of

. \ v .
elulamate induced aétivity. For this rpason it was 1mportqnt to fill 4.

the second drup containing barrel with this amino. acid.

The aiﬁﬁctoristic of the resronses of identified nnurons to'
the clcctrorharﬂt1c app‘:cation of thpqo drun" and thn t:me course
of the drup action will be dlscussed_separately. ‘ o

. - . l . ' ‘ : o T | A ii BT ')
Glutamate ' ‘ - - S . -
Glutamabe nncreaéhd the unlt dlqcharpe rate of all spontannouslya

actxveocolis and 1nduccd act1v1ty in all gllent prcontlc un1ts tested. _

Ty . . . o . . ) ,



- ..

o

When a dose of glutamape was iontophorcticni]y applied; sufficient to
{hduce a maximum firiﬁr rate greater than 3 spikes/sec,'the latency tf
the tirs 4 spike vas brtwoon~l and 2 qncond after the ejection cnrrcnt
yulze had been sw:tched on. Thn mase mum firlng rate induced by p]ulqmnte
I ntiwihgd botvesn L - b tecohds after the onset of the currcnt pulse
and the tU!ﬁLNﬁulon of the drup action was uqual1y c01nc1dcht with the
fermination of the current vulqc This time course of the drug achon

a

i5 @ funot1nn of the concentration of glutamate ejected from the p1pﬁttc.
., .

.lhur at hipher currcnt 1ntcnfltnca the conccntratuon of glutamato

rnqu:rnd to excite the cell mnmbranc w111 be nchlcvcu in a shorter .
period of time. B ' ' - . , .. _ L \

The response to bt has,betn’tested on 39;identifjcd'predptic
' ntuxon,, 27 of ‘which vere iﬁhibited atd the rcst were unaffccted.: : v
Tyrically the cclls reupondcd to DA w1th a short latency dcpression in
Cirin, ratc, thc mean lat ency folloulng the onsct of the current pulsc
beine 0.5 seconds. The 1nh1b1tory action of DA d1d not outldst the
1Frn1“3t10n of the current pulse by 1onger than 2 seconds.

Unlwk e time course of the glutamate actxkn on theee pTeoptlc

. 1
neurons, (the deg ce in 1nh1b:t10n of DA was constant throughout-thc

period of the drug actlon (see Flg 9) . As descrlbed above, in many
:notances thc responge of ‘the prooptlc neurons to iontophoretlcally e

‘ apnlxed DA had to be tested agaln lutamate 1nduced act1vzty A

‘constant amount of giutamate was’ allowed t) pass’ UUt‘Of the tip of the



Fipure 9. Occilloscopn traces of rraded inhibitory erfeets to. inereas- -

ing duantitics of -dopomine applied iontephoretically. Arrows indicate’
LA ' ' . ' _ Coe

the oncet ond termimation of the' current pulse, the intensity of which

- _

is piven in nénoamperes.(nh)l fote that the depree of'inhiQition i

&)

constant throurhout the period of the -drug action. (c2libration marlks;

. . ) w ¢ .
5 see, 3000V, rositive urwards ). Balow, a rraph showin the iotal

nurber of aspiles which ogeurred during Lhe reriod of 1ﬁh1b1t10n plottedd
arainot Lle dntensity of the currént pdea (1), )
' ' . ;
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J I N . N ‘ ! )
p1prtrodu- cither hy free diffusion.or by a Rustnincd drive-current, ’

a0 that Lhe rate of unit dis dhsrrc (“T-B °p1k0 /see) evoled in the

*

ccolls was Cowp1r1h1r +n the f1r1nr frrqucn01cu gbserved Jn ofhor Spon-

1

taneously nriuvn 1dont1f1od pwoopt1c nourons. .Thc reéponnqn of'glutnmutv

" .Y

aot1v1tvd cells Lo thv Jon.ODhnretlc apn11c¢tlon of DA vern qual1{1t1volv

~

dnntical to thc.rcsponsns cbs orved mhen DA was
+ H

apnlicrd 1o .rnnf-noourly act1vn nourong. . ‘ roo :

sndl onantital i\’oly 4

Two cells resnondod to thc 1ontophornt1c anpllcatjon of DA n]*h

LY

an entirely diffPrcnt time course. Thc 1ntency in dnprehnnon of f:r'n
Y

v -

raie folln*-wp the on*et of the. currént pu]uc wag betwoen h -, 7 vvc0nd

and drup, vffrc,ﬁ outlasted the Lgrnnnatlon of the 1ontoprorohjc curr0n+

-
3

o .
nu]oo by an uvcrapo of 30 ufconda. ' R A ’ ,

-
r ~

The dcgree‘df 1nh1b1taon was dencndont upon the nuuntlxy of DA . =~

v

pjocted and therefore Fradqp inhibitgrv resron ses woro obtnined by increas

>
- e.

+

ing the. Lqivnf1tj of the e*cct:on curront ( sce Fip. 9).

:

> ..

) .. . ) i . .. . : ' »‘., i ' p
torerinephrine . ' : " \ o

Iontophorotmc ﬂnhln ~ation ‘of FB 1nh1b3tcd +hn unlt ﬂctivity in >~;

QV.bf thae 30 nhtidromica}iy 1dent;fned cclls tested W1th this drur.
" There was'a greater Wgr at1on ip the latengy of thc 1nh191tony offnet
of pfcobtic neurons follow1ng the’ on,et of the currcnt pu]sg compared

with thq DA offects' the lafencles ranpe& from O. 5 to h.O seconds..

There was n3¢o a ]arge varnathn in the length of time the drup, cfrents
' C;k .
outlaqtod the tormlnatlon of the current puls and’In sowe cascs the

. ~

inhibition of the act1v1tv was. observed up to 8 sgfondo after, the

[ . ’ o - . . . .
oject1on vurrcnt pulse., . . Lo e
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. Fipurct 10, Oscilqucbr' traces of graded 1nhib1tory,effects to’ increnszng

pphrlne apolned 1ontophoretlca11y. Arrﬂvs Andicate”

K
-

. g : . A.‘
* given in nanoamperesy A) (calnbrafmon narkﬁ 5 sec, BOO}LV-positive

'upwarda). Below a ‘graph qhou1n that tha der*ne af, 1nh1bitnxn1ﬁg propBP-._

- tional to thc auantltv of nqrenznophﬁlne eiected from thp nlcropxrettc,

the number of fvhkov which dccurred durlng the currcnﬁ il e,i;_:;otted
b, i T

agafinst the intensity of the pulse (nAJ;.

+ . -
1 .
\ » ~
. 4. . .
. '
\ .
/ ‘ 3 - N
\\ P '\\ - .
T 7 - .
~ - - |
1, Al
B I‘
]
. . . L
‘. : . .
. ‘- » A
LR hY +
. .
i ' .
. .y - -
h. - . * . 4 .\
- T, - -4
. - . : .
- .
. , . .
. . BN . k .
. . ‘ ! /
- ' - . * L]
. n
. o .
. ~ .
. : ‘ . - .
' . -
. , - S . v .
y ' - t . ! .
0 1 :
TN A N ”
. . N
- -y . '
" 4 . :
: . . A L .
ALY LN

”






L]

‘:.. . " As yith‘ﬂhc DA responses npparent dlffercnce could ba_,—-—

. oh"r'rvod besween the inh

jlory rbsponges }o 10n&ophoret1ca11yrapplled

NE din tho preoptlc neurons t at re elther spontaneously uctive and

" . those’ nrt:vated- bv l’lubamate._ Thé, cgree of mhibition was fqund to
) be roup}ﬂy proportlonal to the’ amount. of NE ejee{ed from the t.1;5 of the J\

cleclyode which was drpcndent upon the intenslty of the drlvlng currcnt

(Fig. 10). Thqse‘currcnts usually-rangcd from 10 = LO nA. o . .

(. - . : . o -. ;(z L

_ xrot,«nt-hn'l"mo " . . o ; T ’ ) B

- The re.,pon.;e to ACh was tested in 15 antn.dromco,lly 1dentii‘ied

~

ccllf' in the POA.. All neurons were nlnqens:.tlve to: th:.s drug evem whcn :

.Lontophoretlc currents in excess of 100 nA were applied (Fn.g. 8) In

'order to check that the dru.gP was infact being ejectcd through the micro-, '

; Y
. pipette; at thc end bf each experiment the. elect.rode was, stereotaxically
po.;mtlong:d in the.zona :mcert.a where long latency excitat.orv .responses T

to ACh anphed nontophoretically we;:ﬂ*qbserved from a small percentage

®

“of tiie: smntaneously act.:we cells. This éon.firmed that t.hﬂ msensztlvity

!
' © of 1d~nt.1fled m"eoptlc neurons to ACh probably, was- not, a result of . l )

. ) unadcquacy oi‘ tho iontophof‘etn.c te‘ch!uque for thn.s subst.ancc. Indeeti, ! ,
.,mce :.t rcquired poeitlve curren‘t puJ.ses (as did IPand. DA} there ‘

- &re no snec:Lal problens in ité Jejection,gs ‘are soruetimes €n ount.erod m.th

-




controls wcre'made to eliminate the possibility thattherresponse

of thc unit understudy was commonly observed., Thls control elzminated

Discussion o . ' L s

‘here affected by . NE is not surprlsing 4n view of the histochemical

-ascend1ng nor-adrenerg:c terminalss

*

was a result of current artlfacts (see Chapter II, Iontophorctlc

— -

chhnnqucs) Therefore current pulse of the'4hme polar1ty and- of the

. \\E\i 4 /
same 1ntcnsltyrwh1ch was usethto test the responée “of a .necuro to one

of the druns applled electropho etlcally vasg passed through he sodlum

ch10r1d0 flllPd rccordlng barreL “Any cell which appeared to.'re*pond‘

L -0 :

to this current pulse ugs 1pnored. Flnally it was of intereft to. determine

vhether the acldlty of,these three drug solutlons (around
{

affcctlnp the response of the preoptic neurons. " In seyerfl experiments .
J ' .

h 0) was

(hc recordlnn barrel ‘was f*llcd.wlth aC1d1f1ed sodlum ride (iH q:}-

0) and when p051t1ve ejectloh currents, yith intensitles greater

than 20 nh_uere applled to. this barrel an 1ncreased rate of firlng

§

thc possiblllty that the 1nh1bitory responses to DA‘and NE were sec—

ondary to the p0551b1e 1oca1 pH changes produced by\the drug solutions.
‘“f

The results showclearly that the activity of antmdromically

1dent1fned neurons in the POA is inhiblted by iontophoretlcally

apnlled DA and NE but, 13 unaffected by similar applications of ACh';g_'
Of the total number of cells tested with Dh, 69% were inb1bited as

o«
were 96% of those tested &rith NE.j That a higher proport:lon of cel‘tls .

studles whlch demonstrate that the POA is extensively ihnervated bv
the cell bodles of which)prlg-



m!(‘ in lhn brmn stcm (Uf{porutcdt 1‘)71) Nowever, nlthough the .
ahove ro-uH % considnrod togcther wi‘l.h the hiﬂtochomical observntionn, .
are sup mv‘.two thnt pr'coptic ncurons which make a direct. connoction : k

.nth Lhe 131«':11 hypothalamus ‘art inne-rvated by nor—ndrenerpic and possibl-y

'l

dopaminevpic \syn.np'r.o ' thoy do not cnmt itugp proof thnt cntocholuminpa

- ‘e -~
R '

. - . .
are in J“act'trnnsrpit.t.cm at ,synapses om these neurons. _" . .« ot
. .

. To prove thnt o chcmical .aubstance FCtS ‘as a nr’urotransmiitor

n*qmrod thc domon*irntnon of its presancb ih the releva t nxon ter-'

. /mlnn‘l 5, ito re'loa R0 by nerve stirrrulation and t.hnt 1t§act.iona and thoso
of naturnl]v rel cnch trnnsmit.ter are identical both qual-it\atively and
qumhtntmoly, and have similar ;hamacologicnl -chanact.e'riqt.ics. The '
technique of - microelnctrophoresis to qome cxt.ent, simpli.fiea the analy:r;is
of the polcntnal .Jitc of drug action, since only those sit.es near th‘v___ 7 |
electrode tip (c g wit.hin about 100;4. at-the most, in a1l probabilit,y)

-. nood to be cofis 1dert=d (Curbis et. al., 1960 Diamdnti 1968) i

Howover, it is difi‘icult. to establish whother the drug i‘s
nctinw on the’ membr-ane of the preOptic cell understudy or on the endings o
which wmp-:e with it deriving from distant cell bodics, or-gven on K |

adj'lcent neurons’ with qhort. axons ending on t.he recorded uni“c.. Tan order R

' to distnnruish among, these possibilities one would need to ‘oe able, .

' ror e*cample,t.o st.imulate at 1east. one neural pnthway makinp' mono=

synaptic cormect.ions with the idantified p!‘eoptic_

o B

e

bot.h "to compare the efi‘ects of the drug with hose of nerve stimulation. .
and to test ‘the effects of" agonista and J

- and drug -reSponses. Such cenditions were not possible t.o real’ise in -



-
)

‘these studics’ dhd thus’ the exact site of action of the iontophoreticully

.apollcd monoamlnes cannot be stated Neverthelesﬁ since the pipette

-{]pﬁ mu b have been close tohthe recorded unit (in order to be able to e

dctnct the clectrlcal pesponsc) it ‘scems probable that thc unit itself -

(.om or dondr;tesg'as affected and/or ’t.he nerve endinge synapedng |
on it. | ;‘Q. o '2__- _ : '7 ot i :‘
The other p0551b1e sites‘of actlon of the drugs are the glid :

'crll and blood caplllaries. However, in ;pe present experiments, it .
is unlmkcly that the 1nh1bitory responses to iontophoretically appl1ed e

catncholan:nes wae caused by a non-ncuronal site of action of the drugs.

' .in a few 1nstahces, the activ:ty of tvo neurons with different spike

g

| amplltudes, was, recorded imultaneously and only the nntldromically
1dent:fled unlt was 1nh1bi:\ﬁ

by DA or NE while the nctivity of the

nsecond unit was unaffected. If e drug's action were . secondary to

local non—neuronal effects the act vity of both—cells—would havb-been
evrcctcd 1o change simllarly Ghmmozraghi and Stbfnnis, 1967)

The dlfferences observed in Fff,ngnitude and time course of ‘ o

2 ‘l

A+he druﬂ artﬁon qf elther DA or NE may be explalned by vnrying the _

' -'qo

: dlvtwnces betueen the m1cr0p1pette tips and‘the neurons and the dlff— . -;

,}crenccs in size a;d shane of individual neurons° all these will affect
', thc anount of the-drur reaching receptor s1tes oh the neuronal membrane.
In addlt:on p0551b1e variatlons in the location and cohcentrations nf

e receptlve s1tes over the neuron snrface will also affect the speed an&

A e Se G T
Gt .o
¥ _
.

magnltude of:the;cell respOQ§e- o e St

,
ot

=t
LY S




“ nctlvntv .of neurons in the POA ﬁhlch connect’ with the hasal hypbthalamus._

- T ’ . o . k f . . .

/ : ‘ e : : . ,
The pasic ditfcrcncos obéerved in the time .course éf tyﬁical
rcrfnnvcf f; DA conpared wlth those to NE-must rerlect differcnces in

, the, 1oca1 mechnnlﬁmq available for the reuptake or for the envymatle\.

/brrakdoxn of thn drup, and/or d:fferences in drug reccotor activatlon
Lime” (D}amnnd nnd Ropcr, 1973) ] "_ﬂ o _‘
¥
In view of the evmdence outl1ned in' the TIntroducti n to thls
~. T

-

~chapte r,that catecholamlnes play un 1mportan£ role in stimulat1ng the

N,

87

vu11+ory surge of LH and that neurons in thg\POA are responslble for -,

t“1r~or1np this nncrcased secretzon of 1H, 1t‘was 1nterest1ng to OboePVP

.’\X.

thnt thc Jontophoregic opnlication of.both catecholamlnes decreased the

Possible intcrprgtatzonf of* these results are dlscussed in the General

N -'.‘ v ~ s ' . v ! 't - ;
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THE EFFECTS OF ESTROGEN ON THE RESPONSE OF ANTIDROMICALLY :
IDENTIFIED PRECPTIC NEURONS TO DOPAMINE AND NOREPINEPHRINE
s +" . APPLIED ‘mwmpnoner:em ’

Introduction

One Qf the most challenging que tions in neureendocrinology is
how ster01d hormones may act as neuromoduletore. this action being
ultimately expressed as an alteration of 1mpulse activity in epeeific :
neurons involved.in a particular'neuroendoerine circuit. Hhen radio- . -
» . isotopic steroidsare indected systemdcally it hee been found that certain ,
" ttarget' neurons in the qup:thalanﬂ.c and limbic areas of the brain -
retain and concentrate the atenoid for seVeral hours after the plasma :"
concentration of the steroid horgene has declined to a low 1 1.
(McEwen and Pfaff, 1971),ﬁ The existenee ef such estrogen concentrating:__
" neurons, out.side of the area’ of ‘the h;ypot.halams which containe the . '
neuroqs.directly implicated in the synthesie of releasing hormcnes, 7'.
requires one to eonsider other modes or estrogenic control of gonado—
trophin secretion 9pert from a direct ection on the releaeing factor
¢ °heurons themselves. It eeems l.i.lce]y that. the preopt:lc neurons wh:lch
tgiggéf‘the pweovulatory surge of. LH are the eeme celle which concen-
trate eetregen (Praff, 1968) and it ie reasible, thereforq'thet the ‘:
hormone may alter the sensitiVity er the reeponee ar theee neurnne to
affererrt,inplrhe.'.‘ o i .-. , S I
Seneory inf%rmetion f&on the external.envirenment, seggsaa - )
. that relating to 1ight sor aexnel end OlsﬂffOTU'Stiﬂﬂli play an 1NP°”".Tfﬁ-uv

1
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tant rolo in-inducing br inhibiting'oﬁulation (Harris ;nd Camﬁéll,;
1966 ), The¢e are re&}oq_effccts and there scems Qittle doubt thai

mnv nnrolve m'r*ont.'ic neural’ mechani sms respon51blc for trigrerinp IH

— -

' -*ccrotwon., The klnd of sensory nnfbrnation as.ociated with such reflcx

- o

o of focts Ju 1ikely not to vary preatly throughout the oest"ouq cyclc.

I{ .cuch 1fioron1 ncural aJrnals to the POA are unchanged throurhout

‘.r
.

iho oestrous rvclc, why is the. nct1v1ty of ncurons 'in ‘this area, |

LY

: thoh trwrver tho ovulatory ourgc of IH, 1ncreased durlnn prnbcstruu

¢f01low1np the r;se of circulating 1dvels of estropen’ As indlcatcd

\

in, Chantor VITI during the peak concontratlon of c1rcu1ating cstrogen

——

. the nouronal actlvity in this area is 1ikely to be diminmshed Howevor,

. 1t is ueli eﬁthbllshed that Ht thb time when estropen levels are decl}n—

1nr, the aotivity, of what may ‘be the game neurons is increasod

It 15 not inconcelvable that estrogen plays a part in both sit—

vations, thc 1nh1b1tory one at the peak concontratzons waskihﬂ an~‘

‘thltﬂLOTY one revcaled later. If thlS were so, one or other of the

cdtroron actlonstculd need to be a presynaptic one (indoed both could

" be' ao) - hut it is most 1nnrobable that hoth actionk yould De exerted

D -

dwrcct]y on the FOA ncurons themse&ves. of special 1nterest in this

*

context are the aminergic inputs 1o the POA (Ungerstedt, 1971) which

” may play an 1mportant role in the control of’gonadotrophin secretioz-r

(Coppola, 1971) The results presented in this thesis_gh&u that the‘ _

cells 1n.the POA ihat make a direct connection with the basal hwpo—

g ~

thatames e sens:.t:we (to ® both DA ard NE. Tt seemed thez]efore worth.

. N . . L ] . -
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nudyj.ng the effect of the ovariar hcfmbnee on the response of these
ce]_la to DA - and NE applied iont.optnreticau: in an endeavoupi.o show
uhether or not t.his could be responsible for the cha.nge 1n act.ivity
of the preoptic neurons obsorved dur:lng prooest.rua . .

In order to eliminate possible variat.ions in the 1ev'el of
endogenous estrogen betueen difi‘erent experimorrtal animals, ovariec-
tomized rats have been used. Numerous studies hmro demonatrated that
certain physiological ma:ﬂ.feetationa of hormone aﬂnﬂ:ﬂ.qtratipn to ﬂ.
'ovariectomized rats e.g. the lordosis response, can only be" observed B
if the animal is prfunod with estrogen 2- 3 days pr:tor to a second '.Ln-
jection of steroid hormor;es (Arai and Gorsld., 1968, Komiearuk and ‘ . ‘
Diakow, 1973) Sinﬁlarly, estrogen or proge;tmm will only stim- ' B,
_ ulate an incneaeed eecret:l.on of 1H :I,n primed omioctomized rats
(CaJignris et. al., 971, a,b). For theee reaeons the responsiveness
- of -preoptic neuroms. has been tested in two groupn of animals; ' . .
a) Zollowing a single injection of estrogen to unprinsd ovariectomized

'

rats.

" b) following a- single i.ngection of either estrogen or progest.erone ..

1

to eetrosen pr*imed covariectomized rats. _ . S ' 3 :
Methods -~ ®~ . AR _ |

‘AMldescripbionoftheopertt pmeedurea, record:!.ns o »
f and mutophomi.; tectmiqme is given in Chapter I, lhterlals and '
lbthods. Female ovu'iectonﬂ.zed ra‘\'-a were pr:hlaﬁ with a s.c. i.njection?

of 2018 EB thres days prior to € exparﬂmtabm. Becordings were

A
- "

2

\ t

L]
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made with three barre]led microelectrodes A full description of which
is given in Chapter 11, Electrodes.
Y . r .

Following antidrendc -1denti_ficetien of a preoptic neuron, dose

'resfaonse curves for both glutamate and either DA or NE'were obtained, -

" A minifum of three points for each dose response curve was obtained :

by recording the response of a. neuron to di_{‘ferent doses oi‘ the.drug,
achieved by changing the intensity of the iontophoretic current. The
1ength of the current ]:ulse (10 eec) remeinsd constent. In mamr cases
the variation of the response was, tested by making two or more reeord—
'ings of the drug response at a fixed iontophoretic dose 1eve1.

After the initial recording 1 or 2 +g EB or 100 }gg progesteronel - .
(see Chapter II, Hormone Administretion) was infused i.v. ove,r a period
N of 1 minute. . Thirty minutes ei‘ter the inJection a seeond dose responae ’

. curve was obtained for both glutamate and the cetecholandne. Further

‘recordings were mede et subsequent thirty minute intervals depending !

on how’ long recordings eoudl be mede from the same csll. |
Hanar experiments failed beceuse the particular neuron undex

imrestigetion was '1ost' prior te obt"ainlng the second dose rssponse |

B curve but- efter the administr‘ation ‘of the hormons.' Once the rat had e : |

been injected it was obviously not possible\to test the: effect o:l‘ thgz \ o

hormone on the responsiveness of . arv othsr identif\ied cell in the same’ | |

’ preparation. Eseh cell suecessi‘u].’ly :l.mrestigeted was 2180 the dn:ly one '

uhich could be. irrvestigeted in that animal
| ;The lotation of the. stimulating electrode and the m@ of the

o . L .-“".‘
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.tapplled monoamlnes has been tested on enght antidromlcally identlfaed

. . .
C e s . . . N .. . . . o . -
[ - 4 .

g.

. .qnt1dr0ﬂ1cally actlvated cell was confirmed hy hlstdeFlCﬂl examznatlon

( see Chapter IT, H:stolog1ca1 Veriflcatlon)
l L S ' ¢
Ifﬂ ul*“ . . - e I_ e

o Doqe-re\ponqc relaq;ons were obtained by measurin" the total .

’
LY

gunher of. ap*]-ros uhlch yccurred o’lu. x»ing ‘the permd of 1ontonhorejg.1c .

."1nn11cat1on of ‘the drug, and naottlnp these: ageznst thc cjecticn curront

v

(Exw-ll aiso Flgb; 9 and 10) “The gluﬁamate dqso Tes nonfe curvef uore
DEI |

usad as tandard, nf nny shift in the dose res ponse curve of the

s

110CJ01an1n0 after the ster01d injectmon vas parallelpd by a s1n111r

shiftlof the plutamate curve,, it would 1nd1catc that_;he effect was

‘: non-specific 1nd nereiy due, for examnle, to 2 change in thn spatial |

LS

'volnf1on9h;p betUQen the’ neuron and the m1crop1pe+te t1p Because

e

the whole- dose rpsnonse relatlon was used rather then, 1nd1v1dual

- résponses to a given: dose of the drug (see below), it d1d not affect

the Y-c‘aul'c,., that glutaﬂate caused responses uhich wer; etcltatory

i.e, of the onpe51tc dlrcctlon to those of the catecholanines. It .
t:as cqqﬂﬁt*al to Pnploy glntamate 'dr1v1ng‘ as a larre proport1on oﬁ

on]y be. tested aga1nst cells which were f1r1ng impulses (see Chanter
VI) '.l ‘o, '. . -.,. ' . . - . . ] * . ‘..u-

Vo A R P

! ; The effects of an 1.v. injectlon of estrogen ih unprimed ovar-

-_'1ect0ﬁlzeu rats, on the sen51tivity of\neuréns tO iontopboretzcally

un1ts. S:n11ar experlments were made from flve estﬁbgcn prlmed rats 7
P

5 ' e . . . ._. Co
. . : .. - e . -
T : ‘ e o o W :
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CPllS vere not Spontaneousxy actlve and thus 1nh1b1tory ;ﬁfects could o
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‘(b) the responsc of another cell to the 1ontophorvt1c appllcation of N

A
-

'g'nqreplncphr1ne nnd glutamate., Oan ciroleq represent th dose’ responsé

L

.1 ‘ '._ 1 B . ':'. ,‘.\
Flgurc 11 Doue responsg curves of identiﬁiéd'predptic neurons nbtaincﬁ

s

beforc and 30 m1nutos after on i, V. 1njcct10n of esgradlol benzoate. N
* . - ¥ A

':(a) the dose reqhonfe curves of thc 1ontonhoret1c appllcatlon of, both

dopaﬂine and glntamato recorded from one‘rdentnficd preoptic neuron,and-

curves obtawned before: ‘the estroren 1ndect1qp, the ciﬁsed czrcles,

B . Coe
the curves obfalned 30 minutes aﬁter estrdken. . 'f P
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Co - ! 9%
i.v. injected with either-estrogenl(toree animals) or progesteronc S
(two animals).. : : , \\' o T . ) | ' f

The dose'responee curvesto glotamete-and DA or NE obtained in -

‘each evperlment were plotted as shown in ?13. 1. Because of the wlde
V“rlﬂtlon in the rate of dlscharpe ofsponteneously actlve or glutamate
dr1vcn units 1t was decided that the drug sen51t1v1ty could be best
abuCSSCd by cstablisheng the slope of the dose reSponse curves of
1ontonhoret1callv aﬁﬁlled catecholemlnes, on the aSSumptlon that. the‘

[ range of doses was uell below “saturatlon" and above thresnold. “The
TCSUlta of all such experlments vere. entlrely conslstent..

‘No sngnlflcant dlfference (p}rO 2) in the best fltting slopes

of the dose response curves obtained before, and thlrty minutes after

’

the stfro;da;;Eectlon vere observed in the followlng groups of animals-
a) unprimed r&ts tested ulth DA and glutamate N

“b) unprxmed rats tested Hlth NE and glutamate g
¢) primed rats 1njected W1th estrogen and tested with NE and gJutanate >
¢) primed rats injected with progesterone and tested with\NE and
glutematé.f o - e «ffj : A ; .
" In most ea ses the dose response curve rema1\Ed rnmarkebly 1 P
constant throuvhout the per1od of recording (see Fig.- 11). In four -
. . cases shifts. in thefdose response curve of one-or other of the cate—
. cholemlnes was observed Whlch were paralleled by 51miler shlfts in the . :
glutamate dose response eurve for the same cell. This ‘can be-expla1ned
by changes in nauron/plpette dlstance as dlscussed in Chapter vi. It
vas interestlng to-note, however, that in these four experiments in
» ‘_e - L ‘; ‘ a ‘5‘_:_, . ';- Nﬁf '
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which there was an apparent change in the re8ponaiveneee to both the
catecholandne -and glutamate thnt. the dinct.ion of the changes d:li‘rered.
Glutamate is thou,ght to excite neurons largeiy by depolarising the
membrane of the soma”itself. If the receptore for the cat.echolamines
" were situat.ed out on the dendrites, t.hen a movement of tg electrode
tip awsy from the soma ( as was indicated by the fact that the amplitude.
“of the units was decreased ‘at the end of the recording perind) would
' put the catecholam:i.ne receptore nearer and the g]ntmte recepbors further
, from the tip of the micmpipette thus accounting for the observed changes
of apparent eensitivit.y in theee parhicular exper:lmente..
| It is important t.o not.e thet the results.of all “of th ‘these shai-

vidual exper:i.ments, wh:llst of :’mtereet with reepec't. to explenatione

imolving the 1oc£rt.ion of the pipette tip were mt eigniﬁcent with
-regard -to poseible efrects of stemids- ‘this is. indicated by the analyeis

[}

of all the reeulte described above and referred to egein below '

. Following the analyeie of.the elepee o:!' the doee response curves, |
the. as;'.i.stance was. sought of t.he stutisticim in the. Depar'l'.merrt of
’ crmical Epidemiology and Biostet.id'oice eo thet the doec{. reeponee curves
md-be further analysed and in particuhr to ‘see ‘whether or not’ eteroide '

) ,caused eign:l.ficarrb "am.fte" in the mean reeponeee ee oppoeed to chengee

'1n their slopes. A atatieticel anmis was nede on the pooled results

of the 5 dose response cmeatoiontOplnnticeB:lppucdDAobteined

‘ betore and 30 mimxt.ee eftereni.v. inject:l.onot!ﬂinunpﬁmdovariecv ‘
tomized rats. Table Iv ehuws the 1mut of the dm for the five cells

- ‘e.,
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_Figurcllz.- Graph showing the mean responses of .five identified

LY -2
o .

_preoptic neurons at different dose levels of doramine applied
iontpphoretically. The curve with the Open'circxgé is the dose res- "

" . ‘- L] > - LL) ‘ ‘ 3 ll U
*  ponse curve recorded before an i.v. injection of estradiol benzoate

-

"* and the closed circles represent the dose response curve recorded
. . . . W .

' 30 minutes after the estrogen injection, Vertical bars represent the -
standard error of the mean responde.
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considered and some he criptive statistics of the dose levels, On]y

[

 bhose frdﬁuently used dosé levels (1 e. 10nA, 15nA and 20nh) have “been

inﬁluded in the analysis because of the large number of 1nqtahces in wh1ch

higier or lnuer doses were not tested., 3 mean respo'nses of th(u;e 5

' v . T

cells to the. doso levels of DA &pplled are shown in Flgure 12, The resuiﬂ

’

wera fw1+ed Lo a etatm«tical model and an analysis of var1ance sh0wcd

1hnu the estroncn effcct on the cell responses at 30 minutes after the
. v

anCCtlon was not signlflcant et the' 0. 05% level. Two other po1nts
erorged from the =tutistical analysis, a) that there are 51gn1£ieant
diffenences (p<:O 01)in the responses between ind1vidua1 nourong for 2 /
sr,ecxi‘:c dose Vf DA and b) that there is a signifmant dlf‘ference (p.do 8 )

. in the response of -a neuron to‘different doses of ibntophoretically

/

wnplied DA e .

/’ .

“ In v1ew of the fact that this type of statlstlcal anelysls of
i

an almost complete set of results showed that there ‘was no sxgnlficant
*

fefrect of” the estrogen on the response of neurons to DA appliod 1on-

Dlscu551on

tonhoretlcally, 1t was felt it was of no Value to analyse;further the

.“'a

"other J"conplﬂte sets of data, in wh;ch, due to technical lim1tations j‘

Only a few beervatlo ad beengmaﬁe for either DA or under spec1fic

. .o -\ri- '. .
hormone egimes. . ;‘ R S

| A quantitative aporoach to the iontophoret1c studles has been

o

qu0pted in order- to establish whether’steroid hormones may. modulate

neural actlvity by altersng the sensitivity of the cell membrane to,

‘gtrwnsmltter substances One of the major problems of the etoeriment

.has'the reqnirement to hold ojz;particvaﬁn cell. up to thirty minutes':

e

is. proved to be extremely difrieult ';if

.h -

after the hormone injection.;n

.-"._.sﬂ
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and, e.ven in sueces;',i"ul experimendd there was no way of de,terminingf' to
ulnt. nxtont, the distance bet.ween the electrode t.1p and the cell had

chanred dur‘:.np the, recording period. In v-lew of the steep concentrat.mon
/

gradmnts whteh .exist when a drup, released frow point source, diffuse

through the. extracd 1u.nr space (del Cnotillo and Katz, 19557 a chemge

of a few rncr'onf in thi d:Lst.ance from the pmette‘tlp t.o the cell
would mrl\cdlw alterﬂthe cfi‘eot:.ve concentratlon of a Specif:u: dose of
' the drug at the scns:.t,:.ve membrane. Th:r.s factor could bhe sui‘f:xcient, t.o
masic amt'actlon or the stero:l.d homone on the apparent. sensitiv:Lty of the
(‘911’7'1::1})!‘&1'10. o - S |
Another cons1derat.ion is whet.her this technlque is sensi’c.ive
" enourh to detect snall c‘nanwe., in the excltability of" t.he cell membrane. -
At any one I‘nxed dose (e:)ectmg current} the response of a neuron. to
t'.'o or more aophcat:.ons of DA, NE or glutamat.e is not constant. and
there are larpe standar deviations of the responses at each dose '
. level (ece Tabie Iv). Any predn.cted chai\ie/ni;t.he sensitiwity of t.he
-co'Ll mombrane may l:;e wi’chm the la.mits of the response varlation
: to dontonhorctlcall‘r applled catecholammes and thererore the poss1b1e
: r-f*nbmno effects of steroad.-hormnes may not. be detected by this
cxrr-imcnt.al technlque. ‘ i e : : : : PR
The 1dea1 solut:.on toward deflhing steroid act.:ton on the
: membrane properties of:the neuron would be to e.pply tge steroid itselfl
onto the cell 1ontophoret1cally and to observe any direct effect °“
transmembrane potential and - spontaneous activity and on the: response 1o

iontophoretically “applied catecholamines. In prela.ninary e“Pﬁl‘l““‘-'m'-s

.
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He were, unvurccq"ful in ntUcmpts to npoly vnrious egtrorcnic compounds

‘ J

Jnn{nphorOtICﬂ]1y (see Haterials and Methods, Attemnts to Apply E tropens

Inntophnrctizﬁlly§1' consequently the prcsent{sxperimental,design uas v -

no
. - .
L . , . . P - -

.’idopl.e(—i . *

*

Agide from the technical Limitations of quants fyipg this typs

ool mn-tnphornho study, one has also to con 1dcr other experirnental

_ f':(im" such as. the anneothcsia and the me:l‘fectivcnoss of/a.n d.v.

-

'in Jt“CL'LOTl oI‘ a stlwoa.d hormone in st.iqmlnt.mp,_ _LH secrotion in these

»~ 1r-mnd nv’xrmctonuod l"ﬂt.S (see Chapters I1X and IV) w‘nich may also -
‘a‘

b o4 B,
'l‘here is qubstant.ial evidence that the positive feod'oack‘ act:.c‘m R

m[nl'nn the prosr-nt. somewhat. negntive results. &.

of c"trom"n resul't.s in a modulation of neural act.:wity at t.he lcvc‘l of
. / '

thc 1.RH cpntaming neurosecretory colls. However, this effect. is only- , ‘
crved several hour., following the rise of circulat:.np; est.ro*op levcls /

in both the int.act. and estrogen prmed ovariectomizcd rat.s (sce General
. w .
~Nis cus'ﬂon) Therefore, the effocts of estrogen on t.he neural circuits

vhich control gonadotrophin secretion may not be dotect.ed vithin thn'

poriod oi‘ recordmr., C S A g AT °

'However,\ alt.hough~ the negative results of the px;coeht exoeri—'
 ments mv by due t.o such technical limit.ations, tha fact that - est.rogens
. dld nqt affeé: the responsa of neurons to iont.ophcretically applicd

catocholam:.nes contrasts with f.he obsewed estmgen efi‘ecta on the ?at.e

oi‘ spontaneous act.ivit,y of certain id\ontiried preont.ic units as de;scribed ]
below in Chapter -VIII. For this -reaso\h, t.he writ.er mcl:’mes to the con--
‘clusion shat t.he' results -m 'o}'-significance‘-(seel General Discus'non) e

. Cas Nt
S



v o o : : o 104
9{9?01do appear to affect neither the sensitivity of the preoptic
-‘fencurnne to the 1ontophoretlc applncation of catecholamines, nor, {since’
1hnrn wAS no signmflcant shift in the 2931t105.of the 'mean' dose
response curvo) was there any ev1dence of 'compctitive 1nh1b1t1nn‘ of"
1m1nnTP‘C ofPocts by ePtrogen ‘at, the time when the sensitivity was

ncwqurod The results may be -of Jntekest in. attempting to dpflne the -

exact, 4150 of action of steroid ‘hormgnes on the céntral.nervous system.

-

This is discussed in the.ngeral Discussion

Y’
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RFFEGTS OF AN TNTRAVENOUS THSERTION OF ESTROGEN ON THE SPONTANEOUS
" ACTTVITY OF ANTIDROMICALLY IDENTIFIED NEURONS TN THE PREOPTIC AREA

-

Tntroducti o, - . ' h
- : B | .

¥ *

{t 1s now generally accepted that neurosecretion is the result
\

. of the discharge of impulses in the neurosecretory cell (Wakerley and

Iancoln,'1973) ' Thus the feedback effects of estrogen on the neural

-

e

R

,_circuits which control the release of the gonadotrophin relea51ng
_hormones into the capillaries of the hypophysial portal plexus'hust

necessarily involve an alteration of the electricea activity of certain

LY

neurons at some point within ‘this. neuroendocrine relay.
e

Attempts'have been made to define the action of estrogen on.
i the act1v1ty of central neurons by recordmng the spontaneous rate of
discharge of cells -in brain regions considered to be sensitive o’
| estropen feedback mechanisms. Lincoln (1967) demonstrated that high
' levels of estrogen’ depressed the ac‘Fvity of neurons in,certain 1jmb1c
hynothalamic areas. Consistent decreasfs in the number of-units iirinp

opontaneously in the- hypothalamus, POA and septun were found in the

11ght_1nduced persistent gestrousamd ovariectqmized estrogen—treated

) :
groups compared with the cdntrol g%ayed group; -the decrease was greater

“in the pe“sistent oestrous animals. In contrast Kawakami and Kubo
(1971) recorded higher 1evels of multirunit activity in the anterior :

hypOthalamus, POA and septum in ovariectomized estrogen treated rats '

-~

¥



conoared to the untreated ovariectomized controls. - : .o
L

£

More recently, bss and Law (1971) recorded "the spontaneous.

-

-

' actlvnty from neurons in the lateral septum, POA end anterlor Hypo-~-

;thalcmus in the h—day cyellng ret. The mean firihg<rate was low durinn-

.diocstrus I and II but high during prooestrus. This f1nd1ng was eon—

"

firred by Dver ct.‘al (1972) although they’found that the 1ncreased

_act1v1ty during prooestrus was restrlcted to neurons in the ventral o

-

.oortlon of the- anterior hypothalamus. Recbrding from chronlcally

1rp1antcd electrodes in the h and 5—day cycling rat Kawakeml et. a1.-

(1970) showed that an 1ncreased multl-unit

| nuClEUJ, venﬂroﬁedlal nucleus, medlal POA,

actlvity 1n tho arcuate

septum, emypdala and’bed b

nucleus of the stria termlnalis occurred for 12-25 minutes durlne

the surre of 1 on the afternoon of prooestrus. In addltion a grddual

<

-1ncrease in multm—unlt actlvity could be recorded from the basal hypo—

L d

thalamus durlng dloestrus II but no changes were observed in the

-

forobraln llnblc\areas.

» . A

Two reoorts descrlbe the effects of an i V. injectzon of estrqgen

~ a

on tbe srontaneous unit actlvity 1n the POA and hypothalamus. Yagl

(1973) found that an i.v. n:n:jectlon oiny.g 17. ﬁ-cstradlol to. .

ovarlectonlzed rats resulﬁed in- a prolo ged decrease in the firlng

~rate of some preopt;p and hypothalamlc undts‘ﬂhlle other un1ts showed s

. a transitory increase followed by pErlods of depressed activ1ty. In ~'

the consc1cus freely moving rabbit art 1.v.

1njection of estrone sulphate

slowed units in: the posterolateral erea of the hypothalemus. accel-n

erated Ghose’ in the veptromedial area and caused only a transient

o

FE
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" -the spontaneous activ:l.ty oi‘ :.dent:.fi.ed celJ,s‘ 1::J<e1y to be :.nvolved in

. over a pex; od of 1 m:i.ntrte. The* doses of t‘he mmone. thﬁ asf fercnt

» -

arousal change in the antenor area (Faure and Vincent; 1971) : :":‘, o
. These results gn.ve no, clear plcture of estrogen effects on
neliral nctlnty. Some' of the endence supports tge concept that
ris sing, ;l.evels of estrogen depress neural actlvity. and that rnaybe _' |
t.he 1ncrcased rate of firang obscr\red dur:mg prooestrus reflcct‘é
the act:watlon of the I.RH secret,:.hg neurons during the preovnla:tory
LH surre and not a direct effect of’ poslt:.ve estrdgen i‘eedbeck on

othe preoptn.c ‘neurons whzch tngger the LH surge. However, in. all

-
¥ ‘e b

the 'exoerments c1ted the electrlcal recordings were made i‘rbm umden-.« o
tified neurons, and 1t is ln.k.ely .that a I'arge proportion of “ihese’ -
' -cells were not :mvolved in the neuroendocrine clrcuits controllingl ST
. gonadotroph:m secretion. The. preSent study was therfore undertaken -

. 'to determme whether or: not an ‘i v. a.n,jection of estrogen could 'ai'fect a

.trlggermrr the preovulatory 1H surge and sensit:we to- estrogen feedback

action. v -'_-,'-.‘ T P ;{

S

‘ Methods D

A full description oi‘ the ope,rative procedures; ‘ stWatmg

anad record:.ng electrodes and the recording fechniques is gl‘Ven in ,{_- S

L™ —.‘-—-—.- . Tow

Chanter II,é Material and Hethods.' The sponteneous activity of anti- |
'.d.rom:r.cally identified cells* :ln the ‘POA. Has recorded through s:.ngle 7

r
.. barrelled gl-ass cropipettes filled with Pontamine Sky Blue. Ai‘ter

-~

‘a per:Lod of 30 " iy es control record:l.ng estrogen Has ini‘used i. v._

U ~ . Y n r ) ' . @, P *
- . - " - - " il . . L
" i . - S . . e . . . - -
’ P I A o D N . .- I

M) - : R P ,‘-.. - . v -
. - . . . . - ,
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©

- perlod of recordmg following th‘e estrogen adm:mstratlon was dependent '

A

. P -' o \ .
’tVTCS of estrogen:.c compounds inject.ed and the types of solvents

have been descrlbed in’ Chapter 11, Hormone Adm.nistrat.mn. The

o upon how long the cell could be ‘held. pIn some experiments the solvent.

_——

" alone was :m,}ected after the' flI‘St fifteen minutes of recordmg to
—J‘r .

_ averaged over\f:.ve mumte perlods follow:mg ’the contro]. record:mgs

Rnsul‘rs B | .

six ol the ten ant.:.dromically 1dentified nev.rons following an i.v.

1nvcst1pate the poss:.b:.llty ot solvent.__effects. )

[

| , - . - N . - '.-
Successful expenment.s were peri'ormed on'ten ant.1dr@1ca11y

identified neurons in the POA. - The sporrta.neous rate of f1r1ng was
averaged over five minute periods and the average frequency of dlffer'-f
ent cells: ra.nged from less than 0.1 spikes.to 8.0 splkes/se*c. In

3

order to be able to compare t.he pess:fole e fects oi‘ estrogen on cells

Cr

.un.th such a w:.de range of firing rates 11; a8 decided to normahse

the results. ‘I‘he first 30, mimrtes of control record:mg (15 m:mutes

. in those cases in wh:l.ch t.he solvent alone was mjected, Flg 13.

1, 2 i and. 6) was averaged and designated 100%. The frequency

I

. was then expressed as a pe‘rcentage change oi' f:u—.mg ra‘c.e. IR -—r'“

A. depression in the spontaneous unit dJ.sc‘harge was observed"\.j'u.n \\

1n;jectu.on ‘of estrogen (Fn.g. 13) Tl'lree of these cells (F:l.g 13,

and tms depress:.on lasted throughout. the period of recordme from any

ene cell (up to l hour 25 minutes aft.er the steroid :mject.ion) The

J

-

— ".’
- 'Z'and 3) showed a long last:mg inhihit:.on of t.he spontaneous act:.nty '



Fig 13 . Histograms of the- percent change in the spontaneous firing
rate of éntidromiéally idi;ﬁ&ried-preoptic neurons foliowihg'ah‘i.tﬂf

'injéction oT'various‘estro'enic‘compounds.‘ Zero denotes, the a%erage
| <l
'rate of unit discharge calculated during- -the control period of

AT

recordlnp and the absolute values are glven above each’hlstOgram.

Arrows indicate the tim° at which the "'solvent (s) and-estrogen' (E)
'\) -~

was édﬁinisﬁered' Abbrev1at10ns of the dlfferent types of’ estrogenic

compounds - 1njected ES Estrogeﬁ“ﬂpcc1nate, EB - Estrad101 Benzoate,

P - Premarln. : N ‘ . .

. . . ‘ e T

W

SR A
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o C.o12
percent decreases in the spont.aneous activity varied betw'eon 50 - 90% )
The latency of this depression after tl"ze'estrogen ‘administration ranged
fx cm 10 — 30 m:mutes, although in one cell (Fig. 13, 1) there was an |
1nit1a1 period of increased activity 1mmediate1y ni‘ter the. injection
* followed by the 1ong 1asting depression. A short._‘lasting decrease in
tnc rate of unit discharge was observed from tnree d.dentified _prcopti.c.
nenrons (Fig. 13, 4,5, and 6‘); the 1atenc;v of 'thgse ei‘fects was on
average 5 minutes and -the depression of" spontaneous act.:wity 1asted for
approxnmately\ 10 minutes. In tvo of. these cells (5 and 6) thls depres-‘ -

sion was preceded by an indtial ‘mcrease in the average rate of firing,

and following the per:.od of depression thereswas again a. five minute
period of :mcrcased actlv:.ty before, the spontenaous firing r?:turned
' to the cont.rol 1lével of unit dischar[re. / .

Excitetory effects were observed from tvo spontaneOusly active |

neurons 1mmedlate1y after the estrogen admmistrntlon. The. sponteneous
.act:wity of the first unit. reached a peak frequency (+ ?‘0%) ten minutes -
after an :Ln,ject:n.on of Premarin, f@to the control rate of unit .

dlscharge \-ntrm.n 20 minutes of the inje.t.ion. Sim:.‘lar efi‘ects follow— o

\

'mg an :Ln ctlon of . estrogen succ:i,nate were observed from the . second

cell althou:rh the pemod of exc:,tat:xon only lasted 10 minutes after =

" Lhe estrogen admim.st.ration. In neither case, did the spontaneoue ‘
: o R
activity fall below t.he control values. Reeordmgs were ‘also made .

-]

from one silent neurdn: which wae detected by antidromic Sti"‘“l‘ﬁiw -

’ and 1ts presence confirmed by subsequeﬁi etimulation of the arcuate :

nucleus. - There was no Spontaneous éct:w'.i:ty during the 15 minute

[

|
....'. N YT A ’ L — . | R
I - ’ ' B
1
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control period or after injection of propylene 'gljrcol. However,

1mmed:|.ately after est.rogen was injected the cell began to flre spon— '

t,aneously. The peak frequency of 0.5 spmkes/sec was reached dur:mg
the first five minttes of activity and was followed by a period of
slover @mg of 0.15 spnkes/sec WhICh cont.inued throughout the
period of recordlng, (30 minutes ai‘ter the 1nject.3.on.)_. One 1dont.1f1ed
cell was unaffected by the hormone administratlon,. T

No marked changes of firing rat.e viere observed ai'ter injection |
of the solvent alone and nokjcorrelation could be made betheen the

4

: d:.fi‘erent effects of estrogen and: the dii‘ferent es’t,rogenic compounds

administered (see Fig. 10).. | B "

.~
Discussion .

' The preovuletory surge of I.H is dependent upon the estrogén
secreted from the ovaries during dloest.rus T (Labhset.war, 1970) and
this phasic release of I.H will only occur if the neural inputs i‘rom
the saeﬁ to the basal hypothalamus are mtac‘b (Halasz, 1969) It is
t‘herefore p0531b1e that estrogens may modulate the, activit.y of such
neurons in such a way as 10 cause t.riggering of an increased secret.ion
of LH. The effects of an i.v. :mject.ion of est.rogen on antidromically
.1dent1f1ed neurons on the POA was tested on 8 small number oi‘ cells
i and thus only a few tentative conclusions may be drawn from the..
results. " The ma;jor:.t.y ‘bf cel.ls showed a depression in flring rate :m
. response to the hormone/admini.strata.on, alt.hough in' some of these

there may have been a genuine initial excit.atibn preceding the



preaaion. “In those cells which showed only an"incrccccd r'cte‘ of ,
unit discharge t.he excitation occurred 1mcd:l.a.tely after thc macction
‘of estrogen resenbling the’ 1n1tm excitation. Just mentioned. Although
‘such excitations may have bcen 'bhe results of blood prcssure gmngea'
or other secondary erfcct.a, :lt is posaib‘le that ost.rogen es have a.
" biphasic action on some cells, with the later depmsiron bei.ng the more
-obvious and poss:lbly more import.ant ph,pnomcmn. Yagi (1973}, mrking ‘
with tmidcnt:l.fied hypothalamlc unita in ovariectomised rats similmy
found excitatoxy and :Inl‘d.bitory ctfecta of an iv. :lndcction of cstrogen
but the latencies of the rcaponscs ohserved wcrc gcmrany 1onger.,
Hhc,rc :le thc est.rogcn acting to cmsc thc ammt :l.nh:‘.hition

of the pc‘eoptic cells? one poasi.bﬂity, of course. 1s that it s 8 dir-

cctic!:hxonthecellitsclt. Thisamamliha];inviwotthe
.relativcly long htency ror the dc'preacinn tq be' nmif.cst; most druga
_uhich &ffect membranes directly have cxtrmly ahort. latcncics. o!‘ten
:I.ndced amatter of qil'l;lseconds rather than lﬂ.m:tes. m the B
arglmant it se.ems‘uxa.ikcly that. thc cstrogans m acting by a mmbram

; arrcct. on the ncm end:lnga :I.mp:l.ng:lns on the ;reoptic neurons themsclves
”_or t.hc cc].‘l.s of or:l,g:lnof sw:h endingﬂ It aem t.herefora that\thc .
_estrogen must be takenupinbotho censoritupremaptn eleme:ﬂsa .
mdbyadclmdmtabolicac‘bionmd:l.fythorequmeotthecem \

| orformple thaoutpqtortrm'otermuiumm '

s

nornal neurnl activity. _ .'A:‘- , R




S s,

ok

_ with the ev1dence thab the mean fnring raté of anterior hypothqlamlc -

unjt is low_ durlng dioeotrus and high in prooestrus (Poss and Law,

]971, Dyer et. al., 1972) Tt is also consi tent with the Obsarvations R
that an i.v. injection of progesterone depressee the‘response of.hypo—

1 ‘!

thalamic wnits to cerV1ca1 probing, the max1mum depression being - T
reached between 15 *angd LO mlnutes after the hprmone administrntion. | e

Honovor, Dver (1973) has rccently réportqd that eimllar antldronuéally

identificd cells in the POA, shew no 51gn1ficant changes in the rate of

L4

spontancous act1V1ty throughout the oestrous cycle. - S

. 1"" ’ p
The present observat1ons, which suggest that estrogens may

modulate the act1v1ty of preOptlc rieurons cannSt “be accepted as 1ndic-

ating a phy51ologlcal 31gn1ficanqe of these results in view of the

'hlph plaomm estrogen concentratlons nttained after the i injectlon,
' (oee Ghnpter IV) ,The experiments would need to. ve repeated at lover

estropen 1evels to allow a gioper comparison with Dver 5 observations. :

Tt is difficult to- evaluate the signlficance of hormone effects:
on the spontaneous rate ‘of discharge of neurons. Necesénrimy many
exporlments are cnrrled out under general anaesthesia and such

anaesthetics are knoun to block ovulatlon in the rat (see Chapter III)

. Therefore, do the observed hormonally related changeSnin the spontaneous |

firing rate represent functlonal significance° Do r151ng levels of

_estrogen durlng dioestrus depress preoptlc init activity and s0_ release

from tonic 1nh1b1t10n “the neural trigger f°r °V“13ti°“° Or d°°s estrogen

aCt by induc1ng spec1f1c met lic changes 1n the target—neumons, ‘the

;f'subtle_ﬁffegts of which are not. readlly detected by electroPhVSiolosiCal '

e



_— | R B C o 1&

rccordlngs, but are ultimatelj responsible for the increased actlviiv

of the neurosecrctory cells durlng prooestrus? ‘Before one cnn'evaluate

- .

Lhc po stible offccts of steroid hormones on nournl actlvnty it may be'
\'1
.necessary to 1dent1fy neuroendocrlne circults more precisely than ctzats

" at- the present: timcrand to record from appropriate neurons in thejpn—

anapqthet:sed 1ntact female rat. .

[
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GENERAL DISCUSSICN - ' '
\ ‘.- | - _‘..g' _ - ‘

Blcctrophy51oibglual 1nvestigations have ‘been accepted as a

&

e necouqary approach toward elucldatlng the action. of steroid hprrones

-

on braan function. - However, the results from such experlmcnts have

not prcatly advanced ourllnderstandinp of the neural mechanlsms which

control tho secretlon of gonadotrophlns rrom the anterior p1tu1tary

Y f g
. whcn we compare this system with those for example concerned in sensory

proccsrlng (c.g. Hubel and Wiésel, 1962) or cerebellar function1ng
(Eccles, }966) I feel that the princlpal reasoh for this is that too’
little attent:on has been paid toward defining exactly the partlcular .

.systcme vnder study. Too many 1nvestlgations have involwed "blind rec—

ording" from unidentlfled hypothalamlc cells 1n both intact and ovan—.

!

)
iccfom1zed rats: under general anaesthesia, and.in iny a few experinents

(e g. Gallo et., al., 1972, Kawakaml et. al., 1970) have changes in neural

--act1v1tv been dorrelated unambiguously with physiologlcal events i.e.

an 1ncreaeed eecret*en ‘of LH. o f "»

| In ‘order to interpret better the kind of resulto obtalned
from_ the study of hormone effects on the act1v1ty and sens:tlvity of

nreoptlc nourons, the present studies were dLsigned to provide a good
’

- ‘ o '
~which obsnrvat:ons were made. -~ - - A C e e

' -
L. Y

1) - Chapter IIT. The anaesthetics, urethane and Nembutal, have
\

"been showd to inmbit the neural trisgcr ror thwwlatory wrgt? of H
. T - - . o

; . . | "  . .f: 1i8'};;

deflnition of the various phwsiological and experimental condltions under :.e



def1n1t:on was the concentrat1on of plasma estrogen-follow1ng an 1.v.

119

[l
L] -

(Lincéln and Kelly, 1972,'Everétt and.Sawyer; 1950).. In the experi--
F ] .

ments deseribed above electrical recordings wore made under halothane .

7 - - B . s . _ ) \
anansthesin and it was shown.that this anaesthetic also inhibits ovulation

LY

t

. n the h=day cyeling rat. This inhibition of the’nehral circuiv-which -

,
stirmlate LH eecrntlon appears to be a“functnon of the annﬂsthe31a nor ey,

for whan tvo,"uhth“eghoﬁd doses of different anaesthet1c= viere used in

CPﬁbelt)On to produce a comparable level of surglcal anqpsthesia,

7/

o:ulat1on was also 1nh1b1ted A peneral prOpcrty of: anaesthnt1cg m%f

hn io “educg qynnntlc actlvatlon eithcr pre or post—SJnaptlcally (sce )

' Chxp.cr IIT) and therefore anaesthetics may 1nh1b1t the prooestroue

surpe of TH by reducmng the act1v1ty ef neurons involved diregtly or

~
»

indirectly in the product1on dE}IJU{ By a smmilar action anaesthetics

nay al,o reduce or inhibit any effecto that steroid hormones may have

on the olcctrlcal activity of hypothalamic neurons.. However, it should '

be notod that under anaesthe51a an 1ncrease in thespontaneous firing ratﬁ .

pf‘hvronhalam1c uﬂ:ts 15 obgerved dur1ng proaestrus even thoughovulatlon

L

(WA
[}

blocked {Dyer et. al., 19??)

’

2) Chantﬂr IV, The qecond.etperimental parameter whnch reouired

JnJcctﬂon of various doses of EB. Measurementa of the c1r¢ulatanu 1evels

‘_; 4

Yy .
of estrogen following the 1nject10n demonstratedehat the doses of hor-
/\ . .

- mone used~throughout'the'present studies*exceeded the peak nhysiologlcal

-

_ concentrat1on reached during the oestrous cycle‘ Estrogen is known to

> +

be concentrated in specific target neurons by a saturable binding mech—

anlfn, and doses of estrogen were-almost certainly sufficient to saturate )

.

L
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these mechanisms.

!

3) Chapter IV. A third considerationwas to determine whethek
or not 'an 1i.v. ii'lj_elc;tion'.of. a stéroid hormone, wnder the present experi-
permhal design, would stimulate an incmaséd-sea;ﬁan .of TH in ovardec-
tomized estrogeh primed rats, A aingla dose of esl:rogan adm:lnigs‘.tered
to ovariectOmized rats inhibits the aecretion at IH and FSH but. the ‘
adminiatration of a second s.c. dose of either estro . or progesterone_‘ |
thiee days later will stimulate an im:reased secretich of LH within -
tive hours of, the in:]ection (cmgma. _et. al., 1971, a,). Inthe
© present studies masm-emrrha of- serum I.H concentntions onearlﬂive hours \
following' af 1.v. injection of eatrogen or progesterone showed that mo B
sigrdticant- increase of LH aecretion cccurred within that 'period, in - -
_both the umnaeathetisgd‘ and mesthetised groqs ‘of an:!mls. As ;lis- )
| cussed in Chapter IV, these negativa results m; ba uplgined by the 1.v.
method of hormne adnﬂ.tﬁ.stration or because of th canstant ﬂlumination

under which the an:lrnals ¥ere maintained Hom, even though a lack

. of increased 1H jtion may gemina],v indicate that the poaitive feed-
ge

‘back action of e n could be interfered with,t.he intertarence may .

‘not be at the levnl or the action of} stemidn ‘on the POA or on ne'urorna
] LN
synapsing with this reg:ton but. rathar on the sd:squem activatian ot

neurons which -secrate I.RH | / U . ‘

. TNt

. &) Ghnpter v. One of tlé najor prob:lm:in neuroendocﬁmldp.y
) iathepaucityorinfombioncmthommﬁimmd
mcological pmpor&ies -of. twpothalamlc m A largc ‘Tomber ot
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Olpcuronh"5101031C81 oboorvat1onf°have bcen mnde W1th1n the hypothalamlc-

rd

e h

nroa—f:om unldcntlf:ed cellg, uhlch may or may not be reiated to the
control of the_anternor pltuitary; thus the 1nterprqtat10n of these
nxpnrimenté is necessarilj limited.t In order to studylp0§sibiet{membrane'
Sités;éf actibn:of ihﬂ qtimulnté}y fecﬁback actionm of. estro;ens on the-' ¢
POy it maF;Pe1t nocc snry Lo-1dent1fy a sygtom of neurons whlch\could«\ |

B ?
b 1mr11catod in such feedback - and,or uh&ch could be 1nvolved 1n'thc‘

r\\ tr1~~Pr1nv of the ovulatory surge ol LH. o ' -

f}— ‘ T In view of the evidence that the'stria terminalis plays an
1mnortant role in tho c\trahypotha11m1c control of gonadotroph1n eecretion
- (see Chapter IV A) and that the uptake of‘ 3H—estradiolin the hypothalamuo- o
corrcsrondq weil wlth the d;strlbutlon of the strlal 1nputs to this area |

- (Stumpof, 1972), cells in the POA wﬁ&ch receive an “input from the ,tYla _

-

torm1n1]1c viere electrophvsaologlcally 1dent1f1ed by ortbodromrc stlm— -

ulation tpchnloues.‘ Observatxons on‘the evoked potentigls in the bed’
: N S o ‘ o
" Aucleus cafﬂestnd that there are two separate components of thé-sgriau

-~

f?rm,vﬁlﬁs '1th dlffcrert conduct;on veloc1t1és (uee Chanter v A), and

the r"n"o of" latenc1es of the responqe of preoptlc neurons to strial
. v 4
"tlmuWaulon (7 ~ 25 mse°9 1ndicata§ that th19~area Teceiyes 1nputs fron A

hoth c0ﬂnonent5s These two c0mnonents -of the stria tcrmlnalms may

reLresent the two grouns of neurons in thefamygdala wh:ch elther inhibit i.ﬂ ST
or fac111tatr the secretion. of goﬂhdotrophins (Sawver, 1972) .
] _‘ . 5 chaptcr \'i B St1mu1at10ﬁ and-leszon experlmehts have shown °

!

that the neural input to thc basal hypothalamus from the POA is essén— R

tial for stlmulat1ng the preovulatory surge of LH, Therefore follow1np v




. the initial rorort of Dyer'and Cross, (1972) that cella in the POA which

t

‘ rlk? a dllCCt conncctioq with the basal hypothalmus could'bo identificd

by nntlqum;c gtimulation tcbhn1ques, it was decldcd to ropeat., their 1{.’

~

'vaorimgnﬁgland\study theupossnble eﬁfegys bl steroid hormones on such

Fl

Jidentified neurens, Althousth itois 1ike1y.thntasucﬁ cells may be involved -

in Lr1r~nr1nn ovulntnon thero is no. def{nﬁtivé proofpthht'thesp ncurons.

.
. o -
l

are in any tay rclatnd to the. control of. 5onadotrophin secrct{on. ‘Are

-
L] ’

'thov ihemqolvc= the cells which secrete LRH into the portal vess els,‘or

. cnuldathov bc qntcrncurona which control the activity 6f the ncurosec— _

: rctorv cnlls in the baqal hypothalamus” In eithcr caqe, are they sen-

i+
."‘"-'

_sitive’ to the stnmglatorv feedback action of: estrdgen° ' e e

7 ﬂ ! ) . .
When considerlnﬂ tha positive feedback control ‘of estrogen L

it is noc05s1ry ‘to.- thlpk of the hormone inducin afre change . in the:

r

specific nouroendocrine clrcuibs which is later exrressed in termq of -

an 1ncreased 1H secrctlon. In the A—day cycling rat ‘the ‘peak estrogen v

conchntr1tlon is reached 12. hours prior to the ovulntory qurge of LH

-_rocretwon (Brovn—Grant et\.al., 1970)" Thus it s«f&kely’tbqﬁuthe highcr -

'_aato oI‘qIntnnoous q;an1+y 1n the hynothalamic aren ohserved durinG‘ “

'pruoostruu nay reprﬁsent an 1ncreased actlvity of the—neurosecretory cells.,
- !. - A A
‘mt \naﬁ nreclgg ehanpcs in the involwed neurOendocrine tlrcuits are - o -

'bYOUFh+ aboub bv,the 1ncreased sacretion of estrogen’ These could be

[
N

chanses in ' the sensmtivity or excigabillty‘bf neuronal membranes. or :';:f' .

1‘

' nnt"bolac changes wh1ch may not be detected by shdrt—term electrophys—

.1olognca1 recordln"s. I N “-;~ﬂ:"= "-' L
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6) Chqpters VII and VIII. " The presenﬁ-expEriments were
des Jnnpd to test whether there was any short latency effects of an i v.

injection of a steraid hormone on. the actlvity of ant1dron1cally idcn-
8 ‘

t1f10d cells 1n the POA which could trigner the ovulatory surge of LH
1herc are two possible si@es of actlon of ster01ds which could affect

thf e,r1t1b111tv o{\prcontlc ncurons. F1rst1y, the steroid could act.
L. 'ﬁ‘nl:
.'djrectrv on ﬂhe NEeuromRs, 50 modlfying thelr ?esponsiveness to synaptic

p.

_act:vatJon or sccondly,'the ster01d ‘could act presynaptlcally elther

o

on the nerve erdlngs themselves or on the:r cell bodies of orizln, so
.8

a1ter1ng the cynaptzc drive of the POA neurons. One way g; helpinr to .
fdustlngulsh be tueen theSe two p0551bil1t1es is to conpare the response '
of the neurons‘to pharmacologlcal agents applled dlrectlm wlth thEIP '

.- response to the natural synaptic actlvation' ‘the 1atter is the cause BN

- . L ' ' - i =

of! snonbannous f:rlng'. _
7) 'Chﬂptﬂr vi. To test whetber steroid hormones act direotly‘ "ft

“!

on 1dethflcd ﬁreontlc neuréns itswas decided to estn blish their sen— i

) "1t1v11v to :oniophoret1cally anplied nutative neurotransmltters, and

-%hen medsure’ channeq in this senslt:vztj caused by i.owd stero:d 1nject10ns.

ﬂTyhouﬂh this is not an unanbzguous test of direct ste#gid action, it was
N\

;- the, onJ; one avallable since dlrect apnllcatlon of ster01ds themselves

- was. ret\aractlcable (see Materlals and NEthbds, Attempte to\Apply

. ¢ ) A

-

: Pstrcgms Iontophoretlcally) . v A
As shown’ by the results obtalned, identzfied preontzc neurons

\
vere :nhlbltcd by DA and MNE but. were unre3p0n81ve to ACh This is

o 1nterest1ng in the context of biochemicai and pharmacologlcal studles

o~ . , i T o . . . . '
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.. . . by '

. : |
on the role of DA anli NE in controlling ponadotrophin' secretion, which

hnw;. indicated that '_bdt.h DA end NE ser'xsi't.ive cells in the hypothalamus

arc involved in the inhibition of LH and FSH,.and;ﬁ stimulating L and

FSY secretion. The adrenergic Q—feceptor: b&o,;kihg‘agentq, phentola__rﬁi.ne
.andﬂphf‘,-noxybcnznminéra but not.?-—l::llockers_, _twilIf}j.nhibit the post castration *
inercase of LI gecretion within minutes of Q-ffsﬁbﬁxic‘injcction_ of the

.. drug to é\rariectbmized rhesus n}onke\y (Bhattacharya et al,, 1972).

| The responses of the”cells to these pharmat.:ologié\al agents are essentially

mdlftlnmnfhablc i‘rom those obgbrved i‘ollou:mg the antravascular admm—

|.|

istration of smﬂe pu ses of 17- B ostradiol (’Yama*: et al., 19 ??),

" supresting that the neg'xtwe feedback efi‘e.ctq of estrogen may be medlated _

Jatc*- thc secret,'.mn oi‘ I.H‘h.as been d1scussed in the General Int.roduct.ion

‘r' -

by actlvatmn of o -adrencr : receprbors. The endeni that NE stirm-~

and in the Tntroductlon of Chapter VI. Thus it is not surprising t.hat. !
chlorprona"—lnc, thc potcnt adrcncrglc receptor ‘blocker, will inblbit.

pregnant marce serum. (PHS) - inﬁuced release of IH in immature rats

(Zarrow and Brovm-Gr ant 196!;) and nhenoxybenz.:imine wlll 1nh1bit the

i‘ac11 itatory effect of progcsterone {_&n. st:lmulatmg owmla*ion in PIS
primed imnature rats (?.olov:.ch and Labhsetwa.r, 19?3) R |
DA his been shown to inhibit the Felease of IH and. FSH (Fuxe !
and Hokfclt 1972, Ahren, 1971) although there are reports that DA can
st:mulatc their secretion both in _%g (Schne:l.der and McCann, 1969) |
and in vivo (Kamberl et. al.c, 1970) ~ However, it is\posszble that DA
addcd Lo the: incubation med:,um or infused intravent.r:.cularly is ramdly

converted to NE ':hlch then stimulates t.he NE receptors. The evidence

-
.



e

125

“thus suzpests that noradrenerglc ‘synapses are. 1nvolved in both the inhib—
ition and utlmulatlon of gonadotrophin sccretion. I? therefore neurone
in the POA are responsible for,stimulating LH release’why are they

inhibited by thc_iontophoretic:aﬁaiicatioﬁ aof NE_and‘DA, seemingly

A

contradiceing the results‘orfthe pharmacological ckperimenteé '
. Agehanian_agé Bunncy (1974) have sugqesteé that DA released - -  ' N

from the ;nrvc permin;ie in the striatum may not only sgimulqte'the post— ‘

eynnptic site but may also feedback and inhibit the memﬁrane‘of ehe

entire dopamidergic.neuron,lincluding‘that'of the soﬁg and the tereinnls.

Such a control system mej also exist in the identifiea preoptic neurohs;

{hus fhe-iontonhoretic application ef eatecholamines could have stimulhtqg--

the ';nhlbatory feedback' receptors rather than those ach;vnted by other

synaptmc 1npute Another 1nterpretatiqn of the resuits is dependent

upon the histochemical observatlons that onlv N? coh@alnlng nerve

terminals are found in the POA, and not NE containinr cell bodies. The

~ascending NE fibres uhlch termlnate'ln this area could\exert a tonic

| 1nh1b1tory effect on these preoptlc neurons, and this input is modulated ‘&1_
by steroid hormones. When braln NE. ]evels are 1ncrensed by a systemlc
ﬁniection er an.intraventrlcular :nfu51on of the catecholamlne the pos—‘
tulated “inhibitory 1nput to the preontlc cells may. be reduced by an actlon
on the presynaﬁt1c eloment in accordance W1th Apahanian and Bunney s
‘proposal, resultiqp in an 1ncreased activity or the preoptzc neurons.‘
'Horever, thls hyrothesis does not agree with the findings that reserpune
(Copnola, et. al.,- 1966) and adrenerglc o, -blockers (Bhattacharya et.-al. y

.- 1972) 1nh1b1t LH secretion or the obeervatlohs that the rate of turnover -



| sccretion of corticotrophin releasing hormone This }vpothesis may also
explain the find:mgs that, similar identii‘ied preoptic neurons show ng

< surface membrane properties (e.g. fonie permeability)

-Srom this study show that under the present experimtal conditions

o 126
;o - |

of hypothalamic NE increases during proeestrus_'(Stefano ‘and Dono_so, 1967).
A further possibility is that these antidromically identified cells myy
be involved in the secretion of 'ACTH‘. Ganong (1972) has postulateci**

that noradrenergio synapses within the hypothalamus may inhibit the

mcrease in the mean level of spontaneous activit?‘dm'ing prooestrus

" compared to dioestrus in the intact L~day cycling rat (Dyer, 1973)

8) Chapter VII. The possibility that' the positive i‘eedback
or est.rogen involves a modulation of the responsiveness of preoptic neurons
to “aminergic" :mputs was then tested by comparing the slopes or the
dose response curve to iontophoretically applied catecholanﬂnes before
and ai‘ter an i,v. in;]_ction.of ovarian steroids. 'l'he results-showed that

under the chosen experimental conditions neither est.rogen nor progesterone

‘altered. the effectivenes& of either DA or NE applied electmphoretically

It} therefore seems mﬂ.ikely that the steroid hormoms modulate the o

activity of these preoptic neurons by ultimately cming changes in their

9) Chapter VIII. To obtain further ini'orntion as. to whether
estrogen coulgl be affecting the activity of preoptic neurons by a pre-
synaptic action, the effects of an 1w, injection of the sterold. hormons o
on the rate’ Of Bpmtaneous unit activity \has been oheer;red.‘ :l‘he results N

'y

estrogens may deprees the activity of most of the identified preoptic

units, Although both inhibitory and excitatory res;:mses were observed

.. - +
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. ! R ) *
the majority of cells showed a decrease in the rate of spontaneous activ-

1tj 1ollon1nv an i.v. injection of e trogen. Of those celis which showed,

. .

an increase in the srxmaneous rate of unlt discharge the 1atency of thcup
response Was surorlslnnly short. Although this ‘could ;ndicate‘a d1rect
e£01t°f0rj act*on of estrogcns on neural membranes, the effects could
dlrn have bﬂon sccondarv to local blcod flow chanmes; in any event
the naucmty of thn experlmental observatlons.on this relatively incon- .
stant phcnomoron does not uarrant further speculation. ‘ ; ' h

Tho 1latencies of the ooserved 1nh1bitory respenses (up to 30
nwnuics) qunwest that the effects of estrogen on the spontaneous . f ,7 *
activity ua not the result of a direct actlon cf the ster01d hormone
~on neuronal membranes, but was perhaps secondary to the b1nd1ng of the
stcroid hormonc to the target neuron, causing subsequent metabalic
'chungc: in the cell body or its presynapt1c elements. Since estrogen
'dnduced a rcdact:on in the rate of spontaneous dlscharge, in at least .“_ '_'js
" some of the etamlncd unlts, at a tzme when no effects of’ the hormone on

f

the sensitivity of 51m11ar cells to 1ontophoretica11y apﬁlled catechol—

Amines was obccrvcd, :t .,cems 11ke1y that stercids do not -act d:l.rectly ona
the nnuroi \nose aCu1Vlt“ is belnn recorded but rather on'a presynant1c
'1te. Both the eccltatcry act;on of glutamate and the inh1b1tory one of’ -
the catecholamines would be expected to change in nredlctable wavs if

the steroids directly reduced the overall resoonsiveness of sucn a'
ncuron,.l c. by ‘a change elther in the slope of the dose re5ponse curve -

and/or its pos:tlon along the absclssa.' Although 1t must‘be considered

- that the sensitivity of the 1ontophoret1c techniqne may not have been



—
] . . L L

adonuate for the detection of subtle changes in the neuronal sensit1v1ty

Y
the ac unntjon nf a presynaptlc site of actlon (nerve endnngo or- sonata

of prcqvnantlc 1nnuts) seems more. compatible with the flndlngs.
- Tt could be that the changes.that are brought about by the.'

stimulatory feedback action of estrogens were not detected within

!
4

the reriod of recording in'the present experiments because such an ackion

may only be expressed in fermsqof changes of elegtrical gelivity of the

o

LOH secreting neurcons during prooestrus. There is evidence that estrogen' -

s

“jnduced alterations in RMA and protein synthesis is related to gonado-

~ trophin ;ecretion.(Préff, 1973) and therefore estrogen feedback action .
may involve metabolic changes which are only later expressed for example ) .(H/
in terms of increased levels of transmitter substehces and/or releasing

facﬁons dur:nr nrooeetrus.

4 .

) : The ultlmate uOluthﬂ totard deflnlng ster01d hormone actzons ‘

on’the central ne*vouu system uould reqnlre the’ abillty to record from

[ Noear T

an jdﬂnu1flcd neuron throuohout the oestrous cycle in an unanaesthetlsed

prodaration. “ven then each 1ﬁhgyndual neuron mzy be unlnue 1n its

"cnglulxl‘v and s;nantlc conrectlons, and the patterr of 1ts imnulsc. «
: C : _

dnuc“:rre vould -be related to the temnoral and spatlal rclat;onshln of
r"esvnapt1c 51~nals 1mp1ng1nn unon it. These szgnals may be modulated N
bv a dlrect effect on cell nenbranes by ster01d hommones or by a met—
abollcal]v ncdiated control of the quantlty of transmltter released at

the prevvnapt1c termlnals. Houever” desplte the 1nnumerab1e d1fficult1es o
1nvolvcd In such elqp\\'nhyslologlcal studies there can be no true unden-.
standlng of neuroendocrlne mechanlsms ulthout the study of the neuron

itself,

o

- " . - .. -, . . . L
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APPENDIX I : - ‘ ..
Glutamic acid : ~ . CHp S . .

(Glutamate)

Dopamine -

(pa)

. (j i ...'

Norepinephrine (hora_drepaline),
(NE) : -

Acetylcholine
(AC}S ‘
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Hid—saglttal diagram oi‘ rat brain ahowing location of the preoptic area
(POA) N anterior hypothalamic area (AHA), arcuate nucleus (ARC), ventromeidal -

3
nucleus (VHH) and t.he pituitary °0ther abbreviat.ions, AC, anterior,
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