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ABSTRACT

Infusions of LHRH ( SOng ), and Substance. P
( SOng, 500ng, and lug ) into the midbrain certral
8ray led to a prompt facilitation of lordosts which
evident ws early as 5 atavtei post tafuston

and depending on the do ton of at

had a du

legst 120 ainutes. Despite "an apparent trend,

different ‘doses of substance P did not- produce a

signifcant d -dependent facilitatfon of lordosis.

Doses of substance P ( 50ng ), and LHRH ( 50nag ),

produced effects on lordosls scores, but did not

‘d1ffer between tests. Administration of an

erum ral \\ in crabbits against substance P

fatled to. produce a statistically significant
> - 3

reduction in lordosis scores, although here too, a

trend was evident. 1
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The expression of sexual * behavior in  the
fendle tat ,has beeny unequivocslly demonstrated to
bé dependent on ovarlan® hormones ( Beach, 1948;
PEaff, 1970; Young, 1961 ),  Removal of the
ovaries results in. complete ce-ﬂa:.xnn . of ‘sexual
receptivity, and’ subsequent treatment with
estrogen, or esctrogen plus progesterone  will

relnstate’ mating activity (. Pfaff, 1970

Although moderate levels of female sexual behavior

“ean: be elicited with estrogen alone, _estrogen

appears to act synergistically with progesterone to
produce maximsl responsiveness ( sed Pfaffy 1980
fat vaview ). ’ 2

At ‘present, the ‘nature of ‘the' neursl

substrate of  female sexual behavior rematns

unclear. However, 'areas within the hypothalamus,

well as extrahypothalamic structures have been

implicated. Before revieving the . laportance of
these lr!lu,. a . brief description of a -ex;-}l‘ly/‘/r
receptive female seems warranted:

A sexually receptive fenmale rn‘:vrgapam{a to
the male's mounting by assusing " stationary
posture, in addition to ‘a deep arching of the .back
(see Pfaff, 1980 for review ). This stereotypical
behavior results in exposute of her genital !agl;n.
which subsequently facilitates theusting ‘probes by : -
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the male and,  ultimstely, mulifple f(ntromissions

<s  -followed by éjaculation ( Berasnt and Davidson, 1
1974 ). This posture Is termed lordosis, and Lts ol
" cecarience s commoily used as i behavioral index L
of sexual receptivity. . . .

Although lordosts is the most cossonly used

5 © medsure, les

conspicuous behaviors can be observed
~ during the receptive phase, termed _ estrus. " For
exsmsple, Beach ° ( i9‘1s~ )" cofned the ters
*p;’oc;pdu:y" to ‘designate .thé —various Ac:’!.'ve
hehlvlyl displayed by the femile toward the male

-during behavwioral estrus. . Intensely receptive.

fenales .will often manifest “hopping and darting” -

when in close proximity to s male. These behaviors

n reported “to'solfeit’ sexval actlvity from’ .

the male ( McClintock and  Adler, 1978 ). &

McClintock and Adler describe this “solicitation”

| " &s havisg three distinct main components: 1)
approach , here the female spprosches the male to

‘within approximately two of his body lemgths;  11)

orlentation, where the female orientates herseff in

"a variety of ways around the male; 14f) runavay,

cha

cterized by hopping and darting movements.

The above behaviors are quite distinct from  the

more commonly used measure of sexual receptivity,

i

lordosis; nonetheless, they play an important part
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in the &exval activity ‘of the female. However,
'l : i el 4y ;
studtes doncerned, mostly with lordosis will be.

discussed. Later in - the text, the effects of

electrical “stimulation, . leston, | and = lnfusion

studies on lordosts will. be discussed in more
detail. Before proceedlng further, however, 1t 'is

ngcessary  to <Lntroduce the are¥s of: ‘the brain

Bellevad to play a: slgnificanc role ~ ln  the
\ induction or medulatlon of EfeWale ‘sexual pehav.ior.
b g o < - The Importance of the Ventromedfal Nucléus of

b o 5 the ‘Hypothalanus: (VHi)

Implantation studie

. As mentioned.previpusly, estrogen - treatment *
; Gt 7 .
folloved by progesterone is essential to produce
maximin sexval éech:xl«uy in ovariectomized female

rats  ( Beach, 1948; Young, 1961 ). In addiction,

eat rogen into the brain via chronic
c-nn:uh AE folloved by subcutaneous in jections of
progesterone, can facilitate lordosis. The VMH
“appears to” be the’ most sensitive site of

w h adintstration ‘although estrogen {mplants  into

other areas of the'brain can facilitate lordosis (

A . | Bar£ield and Then,'1977; Yanase and Gorskl, 1976
)i - Minute quancities of estrogen. piaced 1in the VHH
“dan -induce lordosis ‘even whén ' .placements . of

¥ " ldenticdl anmounts in other areas produce little or

. oy page 3

—
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o behavioral effect ¢ Barfield and Chen, 1977;
lsarner, Docke, “and n'o:usun, 1968 ). To summarize,

although other areas can produce faéilitation of

lordosis after’central admfnistration of estrogen,

the VMH appears to be .the most sensitive site;

estrogen “concentrations which are {nefféctive in

‘inducing receptivity fn - other 4reas, induce
" receprivity when placed in the VMH.
Electrophysiological and biochemical evidence:

It has' been demonstrated that the electrical

- _‘éstrous Tyclé of the female rat ( Cross and Dyet,

1971;  Dyer, Pritchett, - and Cross, 1972; see
Pfaff, 1973 for review ). For g‘xm.pu, Bueno and
Frate thore) recorded  the activity of single
neurons® in ‘the -médial basal hypa.gh;umua,' and
cprESyEtes x  ares © of uruh-’.r"e-.nuche:uee
eI BetE. Sy Foukd EaE Tn oWe
+ | Gstrogen treated rats there vas a greater number of
cells tn the VMH with spontaneous activity. ~Thus,
“ir  appears that treatment .with® estradiol has
significant ‘electrophysiological effects on VMH

\/. " * neuron

observed after estrogen sreatment, this effect may

e in activity vas

Although this tncre

.. * not be observed during the normal hormonal cycle of

‘. the animal, in light of a recent geport ( Chan,

activity of the hypothalamus varies during the
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1983 ). In that study they found

Dudley, and Mo
that in untreated -females ‘the spontaneous

electrical activity .of VHH neurons was upaffected

during the estrous cycle of  the female, although

estrogen levels do fluctuate during thls period.
Nevertheless, sinfe estrogen seems ~ to
inérease electrical agstavey ot wearoww el
around the VMH, and central. tmplant studles -show
that| the estrogenic--induction of Teceptivity 1 J
mediqred by Vi neurons, what would’the. effect be ’

on  lordosis if electrical activity in and around

- the VMH vere eliminated? 1In othu words, . {f the '
T i

clectrical, activity of. nerye celle in and around
. [

the VMH 1s d{mportant’ for the _induction! . of

. < % y

receptivify, then drugs which interfere with the

ability of nerve cells to ' generate action

potentials should result in dramatic reductions ,of

lordotic responsiveness when infused into the VMH.

| .
Indeed, Harlan, Shivers, Kow, and.Pfaff, ‘(:1983a )
report that intrahypothalsaic infuston of TTX, s
drug which bldcks _voltage- dependenb sodium channels

‘by spectTTec blnding to. the’ macromolecule containing

-the sodium channel ( Nnrlh shi, 1974 ), repults in

’
a dosage dependent, reversible declbgle in Jlordotic
responsiveness.. The administration of TTX'led to

an abrupt decline ( . within 6 wminutes, ) ' in' the
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_electrophysiological activity in these: hypothalamic

neurons which was followed by a concomitant

decrease in lordotic responsiveness. Cnn\sequently.
they were able to-demonstrate forvr.he first llxme a
Telationship between a reduction fn multi-unit
activity of hypothalamic neurons, and "a lordesis
defigit. In an earlier _1;;;dy, the same authors (
Harlan et al., 1982 v) were able'.to show that’ sn
l;ltrah.ypnthnllmlc infusion of colchicine ( a drug
which fnhibits axonal transport:.’) ingo the VMH
‘caused a dramatic decrement in 1_m-a'a.1’,. ' .

Based on these -tudles.‘_l\.r)nn et al.
proposed, a . vorklug model for estrogen's aceton on

lordosis-relevant cells in the hypothalamus. Since

estrogen is known to stimulate protein synthedis in

the hypothalamus ( Hcsv;n et al., 1979 ), increased
proteln or peptide synthesls in the VMH, which is
presumably estrogen induced, .could theoretically
lead to an increase in tranaported substances from

the VMH to other parts of the brain, particularly

the midbrain, .where thay, could be released from
nerve terminals to.act on midbrain cells.
.
Lesion and knife cut studies:

Lesions 4in- and around the VMH led to

decreased receptivity 1in female rats ( Carrer,

Asch, and Aron, 1973; Dorner, Docke, and Gotz,
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1975; Edvards and 1977 ) hamsters (

Malsbury, Kow, and Pfaff, 1977 ), sheep ( Domanski,

‘ Przekop, and. Skublszewski, 1972 ), and ' cats (

Hagomen and Brooks, 1958 ). 'In fact, Malsbury et

ia £

al. ( 1977 ) desonstrated .tha le hamsters,

the degree of the lordesis deficit fis positively
correlated with the degree ~of VMii damage. In'a
‘study published by Halsbury and .Daged ( 1978. ) it

y

concluded that tn the female hamster, neural

pathways leaving the VNH in an antero-lateral

direction are critical for lordosis ( see Malabury,
Miceli, and Scouten, 1984 for review ). The

critical

portance of these pathways was later

confirmed 1in the rat ( Pfeifle, Shivers,=and

<
Edvards, 1980 ), -where sagittal-plane knife cuts
" s :

placed lateral to the VMH severely attenuated the
occurrence of . lordosis. Moreover, although most

ents in lordosis,

lesions of the VMH produce decr
_a more profound effect is observed when the lesions
art placed on the lateral side of the VMH ( Pfaff

.and” saku

1979 ). Taken together, these reports

lend strong credibility to the idea that VHH

.efferents ( which-project mediolaterally out of the

hypothalamus ) are {mportant for the neuronal

control of female xual behavior.

<
Electrical stimulation: = ) -
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‘If esteogen Amplants fn the VHH  idduce
receptivity, and VMH lesions or kntfe cuts of vim
connections disrupt thEs Treceptivity, it follovs
that electrical  atimulation of Ehe VMH . should
" tactitdate lordosls in estrogen primed fémale rats.
Indeed; Pfaff - and Sakuma ( 19_79»‘\) reported That"
when electrodes were placed in the VMH, gradual.

increases in_ lordosis -scores were  observed

following relatively long periods of- atdmulation.
For example,” a .minimum of " 15 minutes, but more

. often 60 minut

of stimulation was required before

o g maximum ceptivity was observed ( Pfaff, 1980 _

for review ). A rather interesting point from that
study ( which will Jbecome relevant later in the
text ), vas that for optimal responsiveness the
clectrodes had to be placed on the lateral siMle of

& the VMH.

Importance of the VMH: Conclusion.

Studies in the rat and hamster strongly

suggest  that neurons in and around the VHH.

facilitate lordosis. For example, partial oval

of “the VMH by lesions ( Edwards and Hathews,1977;

Pfaff and Sakuma, .1979a; MHalsbury et al., 1977 :),

or knife cuts of ‘VHH connections -('Malsbury and
Daovd, 1978 ), disrupt lordosis. In addition,

_estrogen implants ( Barfield and Chem, 1977 ), or

/. '...

®

S8¥
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electrical stimulation 1in the VHH ( PEaff and
Sakuma, 1979b ); “-facilitate lordosis. Moreover," H
i, X drugs that® efther disrupt’ action potentials ( * d

Harlan et al., 1983 ) or axonal .transport ( Harlan, -

Shivers, Kow, 'and Pfaff, 1982°) in the VMH, led. to.

dranatic redactions {in lordosis . responsivene

Taken together, these data, .strongly suggest the.
importancé of the VMH in female sexual behavior.

‘They also.suggest that VMH efferents travelling 1in R . H

!

an antero- lateral ‘diréction, are. critical for
lordosis. Consequently, since a -major’ projection

of the VNH 18 to the midbrafn central gray via a

,/,)-

direct -periventricular projection, -and 4~ ‘more

and Paff, 19797),

lateral one ( Krieger, Conrad;
and partial.disruption of ‘the VMH input to the

centril gray leads to lordosis deficits in.female

hamsters ( Malsbury and Daocod, 1978 ), the midbrain
central gray ( MCG ) appears to be an excellent

candidat

for a role in' modulating f le sexual

behavior. Therefore, a brief lnr_ruductlr‘m to
exg[wrlmen;-l support for zhi:- role seems warranted.,
The Importance of (he‘ MCG:
% Since decerebrate female rats with - complate
transection between the dtencephalon  and: \
“mesencephalon which interrupts important

hypothalamic descending pathways do not display

§
l
|
|
|
i
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Tordosts, efferents  descending from  the
hypothalamus  may be eritfeal for lordotic.
relp;nntvenew! ip female rats. For" pxample,
anterior .to these transectlons, no source of .xm\;.

‘other than the VMH has been shown to play

!
the facilitation of lordotlc responsiveness.
Horeover, out of the four major projections of the.

T VMH, © two project to the  MCG. One 18 ‘a

medial-periventticular projection, and the other,

an antero-lateral projection, and - dlsruption of

this antero-lateral projection leads to drastic

declines 1in lordosis responsivene Furthermore,
T e that  estrogen
concentrating cells in the VNR project directly to
£he MCG ( Morrell,and. Pfaff, 1982 ), merve ‘cells in

in and around the MCG, appear

the VHH, as well a
to be logical candidates for the duce’nd;ng output
. lordosts. To address this lesue further,
however, requires a aore d;:-lled understanding of
the role of the HCG in the control of female sexual
“behavior.

Peatt, Lewis, Diakow, and Keiner (. 1972 ),
reported  that electrical = stimulation of the”
midbratn central gray in anesthetized fedale “cats
results in  behavioral - movements .resesbling

lordosis. This-led -them to postulate that MCG
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neurons play a role in the organization of sexual
'

behavior.. Later, support for this came from a

variety. of studies. For example, knife cuts which

disrupt VMH efferents to the MCG produce dramatic

in lordotic _responsiven in female

hassters ( Malsbury and Dacod, 1978 ). Also, it

has been demonstrated that electrical stimulation

of the central gray facilitat lordosis in female
N ( :

rats ( Sakuma and  Pfaff, 1979 ), while
.electfolytic lesions of this area produce immediate

decr

ats tn lordosis’( Sakuma and Pfaff, 1979b ).
In the midbrain central gray lesion study done by

Sakul

and Prae (131907, ‘they repost Enat the
most severe decrements in lordotic r-.den-ivenen-
were found when the lesions were plu:ed in.the'
dorsal segaent of the aidbrain central gray ( a

ed in sore detail later

point that willibe discu
‘ ). The above l(u‘&l are 1in contrast to a VMH

| study where very precise lestons within the VNMH

- produced ‘s gradusl decrement n lordosts| ( |Pfaff

and Sakuma, 1979 ). In that study lesions wice
. made through chronically {implanted electrodes
Tplaced’ in the .VMH. The ldsions did not disrupt
Lordosts inmediately, but ledlto a gradusl d.:u...

in the lordpsis ceflex. " ‘Ba -d on the above, 1:

seeas likely. "that the MCG, urn-pu under the.

{
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influence of the midbrain central gray, plays an
important role in the modulation of female sexual
behaviour. Moreover, singce a study which disrupted

axonal transport from the VMH to the MCG ( as Well

in other VMH efferents ) produced"lordosis

deficits in female rats ( Harlan &t al., 1982 ), 1t

seems . likely ,that axonal transport of substances

from the VMH to the MCG would be critical jfor the

intenance of lordotic responsivene s. Although
at present the chestcal nature of these substances
1s": unkaown, there: are recent raports in’ the
»_li‘ler-kure which suggest a role for p.p'na‘.’- in the
modulation of sexual behavior.
The Role of Peptides in the Modulation of
Sexual Behavior.
Lotetniziag hormone releasing hormone ( LARH
) a decapeptide ( pGlu- His- Trp- Ser- Tyr -Gly-
Leu- Arg- Pro- Gly- NH2 ) 1s a hypothalasic

1s

regulator of luteinizing hormone ( LH ) in ani
( Amoss, Blackwell, and Guillemin, 1972.), and inm

humans ( Schally, Kastin, Arimsur,

, Coy, Redding,
1973 ). During the estrous cycle of the femple
rat, the ;vuh:ny discharge of LH appears to be-
synchronized with behavioral receptivity ' ( 'Beach,

1948; Schwartz, 1969; see M and Dudle:

for review ).. In addition, subcutaneous injections

1980,
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‘of LHRH have been shown to facilicate lordopis in

|
estrogen primed female rats, an effect which is not

ependent on he pituitary or the pituitary-adrenal
I

axis ( Pfaff, | 1973 ). Using immunocytochemical

|

methods - several {nvestigators have found LHRH
contalning nxnr\‘u Ohich project to the MCG ( Barry
and Dubots, 1976; Silverman and Zimderman,—1977-).

\
This raises the ‘possibility that LHRH  could

5 I s
facilitate lordosis at thé level of the central

gray.  Indeed,| Riskind and Moss = ( 1978

demonstrated that infusfon of 50ng of LHRH into the

" |
MCG of, female | rats® enhanced lordost

This

|
facilitation was) however, dependent on estrogen in

as much as females had to receive a minimum of Sug

of estiogen subcutaneously 96 hours before fnfusion

of the peptide.

Recently, an elaborate series of studies has

been published ( Sakuma and PEaff, 1983 ) which
further substantiate the results reported by

Riskind and Moes ( 1978 ) with LHRH. In these

particular studies, not only did LHRH infusion into

the midbrain central seey facilitate lordosis, but
an LHRH antagonist led tb profound deficits in
lordosts. This led Sakuma and Pfaff to postulate
that LERH has excitatory effects on HCG neurons,

and that the origin of the LHRH 1s the VMH.

i
i
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Although otherwise an . attractive hypoth,

{maunocytocheaical  evidence  concerning’ LHRH

containing cells in the *mediob.

remalns  somevhat controversial ( Clayton and
Hoffaan, 1979; Kozlowski and Dees, 1984 ). In

fact, (n the working model proposed by Harlan et

_al., 1983 ( previously  discussed ), it was

concluded that of the neuroactive products which

nd

; . e
are transported to the HCG' from the  VMil
probably essenttal ‘for lordosts, LURH is an

based  on

unlikely candidate.  This  wi

tmaunocytochemical studies which had: revealed few

LERH-containing - cells - in the medial basal

hypothalasus. Lastly, the behavior of the sexually-
receptive female that is observed after LARH
infusion does not resesble that of a fully
receptive female. “In other words, although the-
female - displays lordosis, the proceptive: component

of the behavior is missing.

tide possibly

[ Interest In _ another p

favolved 1n sexual behvior has emergéd recently (

Harlan et al., 1983 ). This sfudy reports that

infusion of prolactin into the MCG facilita

lordosis in female rats. In sddition,

were foundMn a’

prolactin-like imaunoreactive cells

&k ]
band extending laterally from the arcuate nucleus

1 hypothalamus
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to  just, véntral- to the JVHE.  Prolactin-like
{mounoreactive fibers were discovered throughout
the MCG. This facilitation of lordosis observed

after prolactin infusions” adds another level of

complexity. However," interpretaticn of these

results is complicated by the report that prolactin

__hd#s been shown 'to imhibit lordosis: when Lnfused

“{nto’ the Tateral vintricles ( Dudley et ' al., 1982

#

| 3
'_I/ In additipn, 1f fibers projecting from the VHH

the MCG te taportant for ‘lordosis, ‘one would
expect  to find tmaunoreagtive cells in the VHH, as
VMH cells ,geem to be wost  isportants for * the
eatrogenic’ nduction of receptivity ( a point

previously made - ). “: However,

prolactin-immunoreactive cells were: not found in
the VMH itself. Furthermore, it was reported .that

the majority of immunoreactive fibers found in theé

MCG were. located in the ventral portion, whereas -

other’ evldence‘ 1ng£e‘u!s the 1importance of _the
dorsal area ( Pfaff, 1980 ). ’

’ In' conclusion; although the above studies
suggest an idporcant’ role for peptides in sexual
“behavior, interpretatton of these results does not
conclusively demonstrate & LHRH or prolactin

VMH-central gray interaction: In ‘order to - make

this claim certain ecritpria ‘need to be .met.

K
|
|




_criterla, substance P appedrs ‘to 'be a logical

page 16
Pirstly, thé .peptide. must produce  behavioral
effects when administered. Secondly, cell bodies

tn the VMH should contain the peptide, since

experimental evidence suggests that these cells are

most sensitive to .estrogen dimplants. Fl\{ully,

. receptors 1in._the MCG, particularly in the dorsal

aspect, which has been -shown to ‘be- mpst sensitive

‘to lesion or electrical stimulation, must be found

for the peptide in question. Based on the  above .

candidate.:
sibstance

Substance P an und pElde

( Arg -Pro

‘
-Lys-+ Pro =G 7 -Phe-Phe- Gly- Leu-MetNH2 ) was

They prepared . a ' standard ‘dry .powder to do

quantitative comparisons of active substances that
they were tavestigating. The substance that they
prepared was called substance P, which was ‘an
abbreviation for’ substhnce powder. This name has

remained unchanged. In fact, in an bpening address-

\
at a symposium on ‘substance P held in London in:

1981, A.S.V. Burgen remarked that " after all this

time. I wonder if anyome will succeed in.-imposing: a .,

more sophisticated name on such’ a fascinating’
) 3

substance ".

Tst described by 'von Euler and Gaddum in 1931. .
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pmnun&hi;:ochemt:hx iialyu{a‘ 4s shown that

“Loe the ccantzal neryous yssde ( Lijungdanl, Hokfeit,

and “Nisson, - 1978 ) “1In'£act, Lijungdahl et al.,: (
1978 ), weré able to demonstrate substance P-like
reactly in.cell bodfes in.the VM. Furthermore

the med1al and posterior levels the VMH labeled

eatrogen taplants - ) ©. In e the sane n:udf,
.lmmunoreactivé f!bers containing substance P-like

teactlvi:y were found in the midbrain central gray.

o P Not only is 1e anconrlging that - the MCG contains
nerve teruinals of subscance P, but ‘aleo cthat the
highest dansities of these vere Fouid 14 the doraal

porciun..' Thla poition. “of the

6 1s the most
sensitive to elsgerical u:tmullt!on (apoint *that

" was dlscuuled darifer in the Lext).

Further nuppnrt for the " candidacy -Yof
i “ subtance P \comes itom a recent uudy by Qui\dﬂﬂn‘

Shulh!, Hoody, Part, Chase ‘and 0'Donohue,

* ¥ They ”tggqi: fhat -a high level of sub

réceptors was  found in'the MCG. w i

.“. 7. Based on the:above, it seems possible that
" o e

the . undecapeptide sybstance P could be involved in

"dubagancev P 1s located- ln more 30 cell groups

cells were found in. the ventral lateral portion (

mentioned. -previously - to. “be ' most sensitive  tg

e the modulation of adxusl receptivity in the female
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"

. . . -

rat.} ‘Therefore, it was the purpose of this thesis

‘project to investigate the effect of midbrain
L

infusions. of SP on female sexual behavior.

‘- . METHOD .

_Subjects: Sixty adult femile SpraguecDawley rats,

purchasedyf!om Charles RLypr Breeding Farms, St.

‘Congtant, Quebeo, Canada were used in this study.

‘The animals weighed between 260-300 grams at the

time of -surgery. These animals.were housed singly

tn 's0l1d: ‘bottom plastic cages ( 33x19x15 Lnches )

"in a, codtrolled environment “at 21 C, with a

revérsed .light cyelé ( 1llghtd off 12:00 p.m.,

lights on 12:00 ‘aim. Free adcess to food and -

water was maintained throughout the experiment.

Animals were ovariectonmized under

.
Procedur
Sodium Pentobarbital ( Soanotol, 5.2ag/l00gas )
befofe stereotaxic sirgery. After a' one week
recovery jperiod, the SWERAE WETE stereotaxically
_‘impulnnted‘vlth a pair of 22-gauge stainless steel
gutde cangulae ‘with 1:\}\“ _stylets ( 28 gauge:-)
ained at the dorsal midbraii central gray. The
cannulae  were ncq:nir:d from Plastic Plroducts,

Roanoké, Va. The stereotaxic coordinates that were

lused ‘were as' follows: From brdgaa, AP:-6.3;

+6; ML30.5 (skull flat, from dura, right* side

)i AP:=3.4; DV «5.0; ML:-2.3[ (skull flat, from
z /
/
Y /
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dura left side; 30%angle ). The AP coordinate for
the left side was calculated based on the 30" angle
anterfor to the antmalls head. This angle resulted
fa -2 recalculation of che AP Foonﬂn.:e ( see
appendix A ). _On che day of cannulation all
animals recefved 10ug of satindtol ben:'u‘-te_(si;‘-.)’
subcutancously. This wap done because it has been
ceported  that after 'ovariectomy, there 1is a
subaequent decline in estrogen receptors in the
bratn ( Clark, Maclusky, Patsons, and Naftolin,

1981 ). One week later, each animal received a

subcutaneous injection of Su
= [

~
ethyl oleate, and was test ...hours later for
sexual receptivity, pairing with a -sexyally

vigorous male. Only animals which rfesponded with

estradiol benzoate in

moderate to low degrees oflordosis were used in

the experiment. Animals chosen on this day were

given a ode week recovery perfod before peptide
infusion. After the recovery perfod, animals that
responded  with ‘moderate to low levels of
receptivity on the fntedal scresning day Werd givens
an  additional -Sug of estradiol benzoate and tested
with the pc;!ldi; 96 hours later. -As s‘.{nrg», - enly

animals that were moderate to low responders were

used. Three days 'later, animals that did not

satlafy the aforementioned criteria wore given an




' s . ¥
additional Sug estradiol benzoate, and tested 96
hours later. *

Intracefebral Infusion of Peptide

All peptides were prepared on the Elrst day
of behavioral :testing and stored {n ndividual
altquots In a llquid nttrogen freezer ( -40° Celstus

). Sallne which was used

s the vehicle (
acldified saline for SP ), was sterilized using a
Nalgene sterilization +filter; . cat: 120-0020.
This was done prior to mixing of the peptides. ' On
the day of testing, one alliquot containing each
particular ‘peptide was removed A e Berses
the testing took place. . .

LHRE ( s{..., lot 43£-5860 ) was infused (
the following procedure will be synonymous with

"infusion™  throughout = theq resaining text)

bilaterally 1in unanesthetized anizals In a volume
of 0.5 ul ( each side ) over a perlod of 60 seconds
through the internal cannula. The procedure vas as

follows. Immedidtely before peptide infusion, the

animal wes removed from its cage and the two dummy
cannulae: obturators removed. A 5 ul_ Hamilton
syringe ( cat. 7105 ) and an internal cannula

N—

Joimed by a 12, inch plastic tube vere used.

Sterilized distilled water was then drawn up the

plastic tube until 1 ul.of water could be reliably

page 29
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dravn ‘. and  expelled.  Following this, a half
microllteér. of alr'was drawn up iInto the 1internal
cannuia, whereupon the'internal cannuls was placed
into the peptide solution and 4.5 ul of peptide was

P wemw, cotve ewaenEle ENE ALETNSIECYABIE BHE

“investigator to determine @ the peptide  had

. ., R
actually been Infused Lnto the brain. [f the air .
bubble falled 'to move, the entire| procedure was

';‘epelted. The internal caonula uai left in place
for 15 seconds prior . tp -vithdraval. The
concentratlon of LERM was 100mg-in lul of saline
(0.97). . This resulted in a dose of 50ng im .5ul
Ifor .each side.’ This dpse has. been previously ) B ol
reported to be the most effective & ( Sakuma and
PEfaff, 1983 ). Tv; sets of nicrosyringes Wwere useds
to enable consecutive deliverfes of the solution
into each side of the brain. Infusions took
approximately four ainutes to _complete. Each’
animsl was tested ,\m\u\ the first 5 minutes after

the 2nd infusfon.

Substance P (Signa) wa infused in '
beuunuauy the sanme manner, however, three
different concennuxo,"u"-;;e used: 1lug, SO-Ong, or
50 ‘ng of peptide tn 05ul of acidiffed salime. The
pH's of the SP/acetic acid/saline ‘solutions were-

4.7.° Since substance P s basic, the pH of the
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dcidified saline’vehlcle was 3.9. The actdified

saline w

made by preparing a 0.0l N solutfon of
acetfc acld and adding this solutfon to 0.9% saltne
( 0.05 ml of acetic’acid In 100 ml's of 0.9 saline

s a ).  Although there are no reports in the literature

concerning SP and sexual behaviour, a dose of lug ~ -

of SP administered Into the MCC was used in a study
of lub;llnce P-induced Anll‘ge‘lla in rats ( Mohrland
and G:I:l_'un:, 1979 ). Since there were no ueo:ndnry‘
behavioral effects reported,. 1" veh “dactden thak
lug would be the largest dose 4n.this study. The
rationale for using -uune:‘ saline was as

follows: 1/-it helps prevent adsorptién to glass,

more stabl

and may make the pepti 60 Ay .n.u' and
.<Stewart (1983) compared the ‘behavioral effects of
SP ‘dlesolved fu salfue or actdifled saline 1ajected
'u;_x'.pu\uonuuy' fnto  mice. They found

consistently ‘stronger behavioral effects when SP

was dissolved in acidified saline.. Consequently,

acidified saline was used as the vehicle-in this
experiment. g
Testing Protocol: s

Each animal received  a subcutaneous

injection of Sug estradiol benzoate in ethyl oleate
96 hours priorito infusion of peptides or vehicle.™
Animals were tested 1 hour before infusion, within




frequently as. the manually-eiicited LRS. It w

test ),
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5 minutes prior to lnfusion, within 5 sinutes post
{nfusibn, and then at intervals of 5 sloutes
through the first 15 ainutes, 15 minutes later, and

then at 30 ainute intervals until 5 hours post

infusion. Testing began at 2:00 p.m. which vas 2

hours iatc the dark period of the cycle.

z Two behavioral indices of receptivity were

.used.  The lordosis reflex score ( LRS'), ( Pfaff,

1980 ), and the intensity of lordosis score ( ILS )

( Hardy and Debold, 1971 ). Using the LRS, the
V

aninal refeives manual ‘cutaneous ;m’%u “to the

flanks which are followed by pressure on “the

rusp-tail ba

). The LRS is established after manual stimulation

h , whereupon the average

been delivered 5 ti
-cnre:z; taken. The reflex score consists of: 0 =
no vertebral dorsiflexion, 1 = low, 2 = moderate,
and 3% = scrong dorsiflexion. The ILS uses a

siailar scale. However, here the fe.

le is placed
with a male until the male has mounted, with pelvic

thrusting, 10 times. This seasure was not taken as

measured at -60 minute ( one hour before infusion.

), approximately 5 ainutes prior to infusion ( 0

at’ 30 minutes post infusion and then at one

hour intervals“unttl 4 1/2 hours post infusion. . "

. : B
-perinevm reglon ( Pfaff et al., 1977
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After ‘each infusion ne‘ll!nn, all aninals were glven,
a one week recovery, -Animals which. had Ehgun[
previously Infused’ with  substance P el
subsequently given &  differenc dose in'a
counterbalanced order. _Animals which had réceived
a control infusion, cemalned In’ the control group
fiF Ene FERRIBLEYINE ERE SRpRELEAE. THL “enanied

thé dinvestigator to determine 1f control scores

changed over the course of the experimeny due

purely to the familiarity of the test situatidn.
Animals {n k‘ng LHRH group were glven only one _test
session with LHRH and then vere glven diffecent
doses of SP. : )

Eight animals which had successfully Vheen
infused with at least two dlfferént doses of -
substance P vere placed Ln the artisetum groups In

addition, 8. animals which had had at leasx two

_control infusions ( vehicle ). were. placed in the

anti-gserum  control  group.  This enabled ° the
investigator to examine the physiological necessity
of midbraln release of SP. ALl animals were placed

on a high estrogen regime ( 1Oug estradiol benzoate

glven -subcutaneously for 5 consecutive days ). On’

the afternoon of the £1fth day, 'all animals weré
5 S -

. ¢
placed with a male and tested for receptivity.

“Aninals displaying maximum ‘ILS were -subsequently,
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tnfused ' with *undilutéd rabblt antiserum to S¢ ¢
reRihameaRE. ), 0% ReFRel WibEI EeReE b ceneEed
), bilaterally in the HCG and tested using the ILS.
The volume of the infusion was 0.5 ul finto each
L side. As a result of the high levél of actlvity|of
| ) highly receptive females, and the subsequent
d1fficulty obtaining reliable LRS scoies, only male
atihulation was ufed fof the anti-serum animals.
P g Histologleal Analysis ,

O ) Upon completton 'of.’data acquisttion, all
; . animals were anesthetized with an overdose of

sodium pentobarbital. All brains were subsequently

‘removed ;’.and 46 micron .sgctions .taken on. the

cryostat. Using a‘ cresyl violet stain, ' each
section. was checked for cannula placement with a s
i %
/ . microprojector.

1 . RESULTS . A

Histology: )

uun?luguu“unxn.u& confirmed that 48 . : . i
of 60 ‘antmals had both camnula ctips within,
l-uedi’ntzly‘d‘orull to, or immediately ventral to Teg
the dorsal central gray reglon. Analysis of the
behavioral results is based on data from thesd, 48 )
animals  with dorsal aidbrain {mplants. |[Five ; g

| animals had only one cannula in' the dorsal central g '

1
i ; s 4
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grayg while 3 antmals .had both cannulse located .

outside the central gra data from these animals

were' not used 1in the statlistical analysia. Four
antmals dled before behavioral testing took place.
Placements varfed In thelr anterior-posterior
location from 6.3 - 8.8 mm ( -Paximos “and Watsonm,
1982 ). Figure 1 ‘(- a composite diagram of the
cannula placements. .

A “LHRR anuuan}'s..‘

. Lafuslon of LURH into the dorsal midbrain -
produced a facilitation of lordosis in u'.ponu to*
manual stimulation, and in response to mounts by
male rats as compared rto.vehicle fofuston ( a=l2 ;
F=13.07, pc0.01, Table 1; -F=11.28, p< 0.01, Table

2, respectively ). As shown 'fn figure 2, in

tesponse to manual stimulation, this facllitation
was observed as early -as five -u!u:u‘yux

infusion, reached {ts maximu

at 30 llv*un-, and

lasted for as long as 2 1/2 hours post infusion.
| ,

Figure 3 fllustrates the facilitation observed in

response to male stimulatdod. In addition to
shoviag  a .peptide effect, the analysts also
revealed a ctime and a time by group lateraction (
tables 1 and 2 ). Post hoc analysis using a
Newman-Keuls test revealed significant difference ia

between groups at 5 minutes post infusion ‘through
. -
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A Localization of cannula sites in the midbrain
central gray. On left'side of each section,
sites which were effective in facilitating
lordosts are indicated by asterisks. Filled
clrcles on the right side indicate sites
vhere infusions did not:facilitate lordosis.
_Numbers in upper left corner of Sections 3
* indicate rostral-caudal distance inm from
‘bregma. s . i
g Tlhis representation vas dene‘ purely for graphical

purposes; aq = cerebral aqueduct; CG = central gra

dr = dorsal raphe; DpMe = deep mesencephalic nucleus;

ml = medlal lemniscus; mcp = middle cerebellar peduncle;

ppfg = pedunculopontine tegmental mucleus; me =

red nucleus magnocellular; rpn = raphe pontis nucleus;
*7vll = ventral nicleus lateral lemniscus. .

S ) .

Illustrates the four divisions in the central gray
used in descriptions throughout. the text; MG = midbrain

B

‘entral geay.
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«:neflective

w:effective



Flgure 2 °

‘Mean lordosts reflex score from  -60 mihutes

A\l

(- 1 hour before infusion ) through 300 -
minutes post Lnfusion.Scores represent females'
response to manual stisuiation only.  LHRH

antimals ( 50ng ), m=12. = animals Infused with

“sallne ( control ), n=l12. Lines represent

+ standard errors of the mean.
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SIRGIARY OF ANALYSIS OF VARTANCE ( MANUAL STIMULATION )

Sums of Squards Nean sxquare

1, 788,18 . . 18B.18 13,07 »»
10 603.02-" 60.70
Time - RU 1579.02. 112.81 13.69 *#
s 140 w876 T 3.35 N
OxT 1 . oaess L Laa 81208
CxTxS 140 TR 3.38
: e
= ]
> ’
e i ] " "
* = probabilfty less than 0.05 N =
#4 = probabliity less than 0.01 S
~
=
- 5
. :
5 %




. 3
1 page 3
|
[ ’
: i e % s 4 v
- TIAKY OF ANALY € MALE STINMULATION ) N “EF
THRIL IS T e
G . : %
LA . Seme of Squares ¢ z B
Sroup LR mage - #
Gxs 0. 7.3 P
~Time .6 2120.99 " )
s 60 694.59
GxT 6 + esr.0s’ 109.69
\ .
g CxTxS 60 IR 11.87
a b :
4 * = probabtlity less than 0.05 x
N
4% = probability less than 0.01 |
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i
. - ~
N
" .
Ll




page 35

18D JEAWGECR.HERE REISYSH do EWE RANAY bents, Wad
at 30,.90,- and 150 ‘ minutes with the male. As
figure &4 reveals, in addition to a FepEtde-tiduced
facilitatfon of lordosis, a smaller facilitation
vas ‘nbservzd following infusion of the~ saline
vehicle ( t=4.49, ,;gq.ns Vo Thve can ales bes sens
fn figures 2 and 3. ’
SUBSTANCE P
Originally, a - completely counterbalanced
d;l:lgn was desired, with all animals recelving the
three doses of sub‘n.tnnce P. However this was not,
possible, because some animals could not be tested
- . repeatedly, due to the ‘separation. of the guide
i . cannula assembly from the skull. Thus the majority
of animals did not receive all three infusions.

Consequently, different {infusion histories were

treated as. different experimental designs for the
pUEpGEE OF AKe wnalyats. ¢ Duskgs Wi tnclydes .
auimels wifch: beceived only one infusion of a
pepnqe: hence a between gron‘p design; Design 2:
animals which received all hrensidonss of aubstance’

P, a repeated measures deslgn; Design 3: ~anlmals

that only recelved two doses of substance a

' repeated measures design. : :
"DESIGN 1 ' x A Y

T cmeeidss b the dtrsacwuces Batwees _the

1, v R I



The effects of midbrain fnfusions of 50ng of LiRIl

_on the lordosis reflex score at Tnucés post

_ group. Lines represent + standard error of the mean.
4 = pe0.0S, *4 = ped.01 s 5
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number of animals in each group, i.e. 50 ng, n=4;

a  test of

,500  ng,. a=2; 1 _ag,.
% *° " " disproportionality . vas done before any further
analysis was performed. The results of a Chi

square on disproportionality revealed that the

. " different ;rau‘p- vere not dl-pr‘opnrllun.nl 4
Yoo 2.01, p<0.05 ). Therefore, the data were analysed
using an unveighted means analysis. Results of the
analysis revealed a significant differénce -betueen
the 50 ng, 500 ng, and the lug dose of substance, P
“versus the .contrél\ group 4in the manual test (
F=25.16, § 0.01; table 3 ), and in response to the
male (F%5.69, p<0.05; table 4 ). As can be seen
frew Eigurs S, tufunions of substanes’® produced a
prompt factlitation ' of lordosis in respomse to

manual stimulation that was evident as early

five minutes post 1infusion, and for as long
three and one half hours with both the 1 ug and 500
“ U

s . ng doses. As figure' 6 illustrat substance P

also’ produced a facilitation of lordosis in

. ‘respinse to the male which was evident at-30

minutes through 150 minutes post infuslon with the
. " lug dose. Substance P did not f.el'u:-nv loidosis
fn response to male or manual stiaulation in a
dose-related manner ( F=0.26, pe0.05; F=0.63 pc

0.05 respectively, tables 3 and 4 ). However,” a
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15w domparison of the m 18 reflex

scores fn antmals.chac recedved one of thi thr

dones

of substance P destgn .l ). Facllteacton

n be seen ak early as flve alnu

s post anfust
with all three doses. A< lug, n=6

= 900ng, n=2;

@ S0nyg, nté. Lines represent ¢ osta

‘ot ﬁ.” mean.

1td errors
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_\,.l *_.‘ ' ; i

Figure.6 A comparision of the mean lordosis intensity score

in animals that received one of the thrée doses of

substance P (design 1).

P
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LTARLE " )
SUBSTANCE INFUSTONS | DESICN 1 . RETWEEN GROUPS . k
. SINMARY OF THE ANARYSTS OF VARIANCE. Manual stimulatlon.

Source A Sums ol Squares Mean Squares )

CGroup 1 855.63 85561 " 25.16 ax
e Dose . 2 427 2.13 00.63

s Gxp 2 .98 249 7 ooie6 ¢
s 18 611.92 o o1.99 # . e
° . 2 "y ?, . ‘
B WITHIN CROUPS : !
i b Time 14 .1880.41" 136,32 32.86 A §

GxT .l 535.58 38.26 Q.36 4x

OxT 28 9360 3.3 00.81
4 CxDxT ~ 28 68.90 2.46 © 00.60

Txs 252 1029.90 . 409 . B

. ) . N
* & probability less than 0.05 !
4+ = probability less than 0.01 "
»
e |



TABLE 4.

SUBSTANCE I INFUSTONS, DESIGN 1, BETWEEN GROUPS.
SUMMARY OF THE ANALYSIS OF VARIANCE. Male ‘stimul.

atton.

page 44

* = probiablity less than 0.05

* * = probability less than 0.01

) 5 - :
Source ar Sums ol Squares  Mean Squares ¥
: -
Group (R 1T 'S ) 31763 5.69
Dose 2 L o290 JUR IO 0.26
oxp 2 39:5¢ 19.77 0.35
s 18 . 100363 55.76 :
" WITHIN GROUPS @ .
Tise L6 .2880.37 480.06 BETE TR
T 6 526.75 1 87.79 £.36 *x
L DXT n2 82.23 6.85 1 00.49
CxOxT 12 80.21 6.68 " 00.48
Tasi L1068 1489.29 S 13.79
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~rend of increased facilitation of lordosis was

o

rved with the largest dose of substance P

ylelding consistently higher scores from 90 minut
ehroush: 180 lnites post: Tnfusion it Hauce 5 é In
additfon to a .n;..p effect, the analysis. of
variance revealed in both manual and male
stimulation tests a -fime and a tlma by group

inurnctiyt/

_substance P, 50 ag and LHRH 50 ng at 30 minutes post

les 3 and 4 ), A comparison of

j «
. infusion with manual <stimulation revealed &
nonsignificant difference ( t=1.07, p<0.05 ). This

ts.illustrated in figs. 7 and §.

DESIGN 2 g : f .

In animals which received all three doses of .

substance '

P, each dose of the peptide led to an .
"imnediate facilitation of lordosis comparable to
‘that observed in design ‘1 ' ( figure 9 ). In

" addition, the magnitude of this effect was. similar .

to that seen 1a design 1-in both the mausl and
male tests ( figures 9.and 10 ). As tables 5 and 6
teveal, similar to 'design 1, different doses of
subscance P failed to produce - differential.
responding fn both the manual (F= 1.66, p<0.05 )

‘tn  order to

and male tests ¢ F= 3.34, 5¢0.05 ).

establish whether the response to manual or male

stimulation differed in ' animals  that recefved ' a ' i 4%

G B




| Figure 7 *

n = 13; LRI, o = 11. Lines represent + standard error

of the mearn.

- A comparision of the effécts of substance P ( S0ng )
. “and LHRH ( 50ng ) on the Lordosis reflex score. Substance P
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" Flgure B Shous the s
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Figure 9 Mean lordoss reflex score after infustonof substincé P
In animals that received all tiircé doses of substance P
(m ="6). This corresponds to design 2. Note the

. - Increase In the control group (,n =6 ).
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i -
{
. Y . 3
4 v % : .
3 1
Figure 10 " Facilitation observed in response to the male fn animals ¥
i that recelved all three doses of substance P ( design 2 ). .
i Line represent + standard errors of the mean.
i
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‘ i B TARLE S " o :

I INFUSTC

D

GN 2, WITHIN GROUPS.
S OF VARTANCE. Manial stim

SUMLARY OF THE ANAL)

Source  df Sus of Squares - Mean Squares  F

‘ g 18 Group g o * 1294.25 129625 C 47,81 as
s 10 ‘27069 207"
4 WITHIN GROUPS ” . = v N
) Dose T2 RSEEN) " 6.54 1.66 i
| 5 Gxd s g 867 56.33 .1 .
‘ Y 20 801.95 PR [ I, 7
Tme W 218949 ; 156.39 3728 %
GxT 1 w9.69 W 29.97 IR
| ™ 1o < s87.30 w19
‘ . Lo 8 97.87; 350 - 0.82 d
: G, |- 28 149.38 e 558K .25 N
| : U oaxs 20 - 1199.05 . .28
i 4 = probabllity less than'0.05

4+ = probability less than 0.0l
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SUBSTANCE P INFUSIONS, DESIGN 2, WITHIN GROUI'S.
SIBOARY OF THE ANALYSTS OF VARTANCE. Male stimulacion.

S Sums of Squares  Mean Squares : % &
Group 1 1336.92° 1934.92 i6.32.44 . !
s 10 [TV S B 81.78 g .
IN GROUPS
Dose 2 292.68 146.3¢ 1.3 .
exp 2 237.20 118.60 n
s 20 876.51 43.83
* Time 6 2519.37 419.90 25.8) s 2
GxT 6 1226.58 20643 1258
“Txs .60 975.29 16.25
T omr 12 . 18.52 199 =
CxbxT 12 . 22666 18.89 203 »
DxTas 120 1114.69 9.30 % .
# = probability less than 0.05  ° . -

## = probabllity less than 0.01
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glven dose of peptiide on the first, secdnd, or

thied ldntnlutraclnn,\nn analysls of variancé on

\
corder was carried uu\\z. As.can be seen from table

7, whether an animal recefved a particular dose of
A J
substance P on :he\ first, second, or third

adntnistration did not| significantly change its

response to manual or msle stimulation ( F= 0.024,

p€0.05 ). |

DESIGN 3

As shown " in figute 11, in malé- tests

dntmals which received 500ng and lug of sustance P
showed a facilitation of lordosis at 30 minutes -as
;upaua to controls ( F=15.45, p<0.0l, table 8 ).
In addition, as table 8 teveals, a dose-dependent
factlitacion of lordosis was observed. This can
also be seen in Eigure 11. As can be seen from
table 9 and figure'l2, animals which received 500
and 50ng of substance P failed to  differ
significantly frod ‘controls (F= 4.85, p<0.05.).
However a time and a group by time interaction wete
observed ( table 9 ).
ANTISERUM

Infustons of undiluted antiserum ( n=B ),

failed to significantly decrease lordosis scores in

response to male stimulation ( F= 0.42, p<0.05;

table 10, fig. 13 ). Although no. overall .
B

\
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Piqu.re‘u Meari lordosis intensity score in animals that received o
. : ) lug (h=5),and 500 ng (n=5) of substance P ( design 3 ).
. . Lines represent + standard errors of the moan,
» 3
& .
o R "
' .
, L
t \
. . “
N 5 ]
o
7 !
1
. 5 4(




LORDOSIS INTENSITY SCORE

aSP1y
o SP500ng
@ control

1 & It

TIME POST

1
90 150 210 270

INFUSION (MINUTES)

page 59



o il w . .
LI - ’ . -
. : R ’ page 60 v
' : - (
. \ '
ot :

i 500n% of substance P ( n = 4 ). Filled circles represent control
! group vhich recelved a vehicle infuslon ( n =4 ). Lines
represent +

o -y
‘Represents mean lordosis scores in animals that received 50 and

tindard errors of the mean.
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TARLE B /

SUBSTANCE I INFUSTONS, DESTCN 4, WITHIN CROUPS, S00ng and 1 ug.

SIBARY OF THE ANALYSIS OF VARIANCE.  Male stimulatton.

Source Al Sums of Squares Mean Squares 3
.
|

BETWEEN CROUPS ___

Group 1 584.26 584.26 15.45
s 8 302.34 37.19

WITHIN GROUPS _

ose IR 7Y 276,40 6.78 +

GxD 1 206.43 06,0 5.10

xS 8 323,31 40.41

Time 6 1803.67. 300.61 20.98 *+

FXT 6 785 44 130.91 9.14 *

G ;o 4B 687.45 16.32 5
OxT 6 .o 18.65 2.21 0
GxDxT 6 107.67 17.96 2.1

DxTxs 8 .29 * 8.41

* = probability less than 0.05
#* = probabtl{ty less than 0.01
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o~ TANLE 9

SUBSTANCE I INFUSION, DESIGN 3, WITHIN CROUPS, 50 and SO0 nj.

SIMMARY OF TIIL ANALYSIS OF VARTANCF. Male stimulatlon.

" Source df Sums of Squares Mean Squares E
'
Group 1 211,75 211,75 - 6.85
s 6 261.82 43.64
. — .
bose 1 0.32 0.32 0.59
cxp ! 17.26 17.26 0.31
oxs 6 126.25, 56.38 !
Time 6" 102575 179.29 16.38_ 4
xT 6 51375 88.96 a2 s
™S - 36 193.93 10,9
DxT 6 105.18 17.53 1.26
% . GxDxT 6 143.96 2399 1.0
BxTxs 36 498.00 T13.83

+ = probabtlity less than 0.05

#* = probabllity less than 0.01




Figue 13

—
Illustrates mean lordosis intensity score in animls

that received a midbrain central gray infusion of

antiserum to substance P (n=8 ), or normil rabbit -
serum( n=8 ). Lincs represent + standard errors of

the n\':\nAr N
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v i
v .
s & iy
TAME 10 N
3 . s \
N N
SISAKY OF THF ANALYSIS OF VARIANCE FOR ANTI-SUBSTANCE
Male stimulation, R
- . -
Source ar Sums of Squares Mean Squares F
Group "y 25.08 25.08 0.62
Gx§ 1 s 412.70 58.96
‘ Time 6 225.30 37.55 355 #
Txs w2 443.55 10.56 : :
CxT- 6 142.48 2.0 . 2.64 # %
q OxTxs 42 . 8.98
.
i * = probability less than 0.05
% = probability less than 0.01
B
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significant effect was observed , the substance P
antiserum was not without effect, A;. that three out
of the etght animals displayed a lordosis -deficit
when ctested with the male while  none of the
controls showed any such defigits (flgure 14).

Table 10 also shows that although no group effect

vas observed, there vas a significant tlme effect

and a group by time interaction ('F= 3.55, p€0.05;

F=2.64, p =<€0705 Y. =
\
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‘Figure 14 Shows the disnptive effect of midbrain infusions of
B anti-SP on the mean lordosis intensity score for
three individual females ( no.'s 1, 2, and 4 ) .
A ¢
‘e
1 .
i S5
P 2
w
. <
- 8
,




LORDOSIS INTENSITY SCORE

N

-

page 69

L L

e control

-60

o 30

TIME POST

1
90 150 210 270

INFUSION (MINUTES)



page 70
DISCUSSION
Infusions of 50ng of LHRH bilaterally into
the - midbrain central gray were effective 1in
augmenting lotdosis in response to male and nanual
.stimulation In ovariectomized * estrbgen-treated
female rats.. Following midbrain infusions of LHRH,
the lordosis reflex lc‘u.‘r’!‘( sivaL, FELEULIELEH O]
incregsed within 5 minutes, reached a peak at 90
minutes, and cerueRed 5 baseline levels by 180
" minutes post infusion. In response to the male,
LHRH _resulted in significant facilitatlod of
Tordbats at, 30, 90, and 150 winutes post. Cntietons
These data lend. further support to the rode of LHRH
in the regulation of lordosis in female rats (
Sakuma and Pfaff, 1983 ). Inycomtrast to cresults
published by Sakuma and PEaff ( 1983 ) however, was
the finding that {infusions of LHRH through cannulae
that were located| more ventrally .in the midbrain
central gray weke also effective in facilitating’
lordosts: Rfskiid and Moss ( 1979 ) have also
found that LHRH infusions #ngo the ventral central
gray of the midbratn facilitated lordosis.
In additton to the Cfacilitation observed
after LHRM infustons, infusion of the different
doses of substance P all led ~to ‘a  prompt

facilitation of lordosis Lin response to malé and
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manual stimulation. This facilitation was -also
evident within the first five alnutes post
infusion, and depending on the dose, lasted for. as

long two and a half hours. Although three

different doses of substance P were used ( 50 ng,

500 6B £ A G5 ) -, & dosesteinie Feration Eevid
hot be demonstrated statistically, despite an
apparent trend. For example, the scores of animals
that recefved:l ug of substance P did not differ
overall statistically fromqthe scores gf anisals
recelving the other two doses. However, i |ug did
yleld _ comsistently higher ‘lorjolis “scored)
particularly during the latter half of the te.nin‘g
sessions in both male and manual tests ( figs. &
and 5 ). This was not restricted to animals that
received the different doses of substance P
independently ( design 1 ), but was also apparent

1% animals ‘that were given all three ( design 2,

figs 8 and 9 ) or only two doses of sufstance P (
design 3, Fig. 11 ).~
«The results of these experiments suggest
? -

that, 4n 7 addition to' LHRH, substance P, plays a

role in the modulation of receptivity in female
rats. o

What Is the Role of Substance P ?|

a/ The VMH.
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N
The ventromedial nucleus of the hypothalamus
( VMH ), sends projections to the midbrain central
gray via i medfal projection, periventricular, and
2 lateral one which first projects antero-laterally
in the area of the supraoptic comamissures and then
descends to the midbrain ( Krieger et al., 1979 ).
The integrity of these pathwiys seems important in
that 4f the lateral pathway is disrupted, deficits

ters and rats (

in lordosis occur  in both h
Malsbury and Daood, 1978; Manogue et al., 1980 ).

In addition, althodgh perhaps not taportant, . a

disruption of

lal pathway resules
temporary deficits
Manoque et al.,

axoplasmic flow frjoa the VMH to the MCG by the use

of colchicine produces deficits 1in lordesis in
female rats ( Harlan et al., 1982 ). ~-Alchough
lending further pupport to the fmportance of VMH
srfevents to KN whabEELS central gray, the latter
study must - be | interpreted with caution as
fntrahypothalamic JMH administration of éolchicine
does not selectively, reduce axoplasaic flow only fn
the aforementioned| efferent path.
The VHH confalns numerous substance P-like

immunoreactive cell bodies ( Ljungdahl etal., 1978

in. lordotic  responsiveness ( .

1980 ). 'Moreover, inhibition of’

Yois
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In addition, it has been shown that substance P can
be released from hypothalamic teraminals ( Xverl.alln
Jessell, and Kanazawa, 1979,). - In that study they
report that endogenous substance P-like
1inuno‘ra.cl1vity could  be released fron
hypothalamic tissue in vitro, 1in rtesponse to a
depolarizing” stimulus. 1In addition, -ui:u.:,u:e ®°

1

has also been shown to influence midbrain cen

gray neurons. For example, in a study done-by Del

Rto, Naranjo, Yang, and Costa ( 1983.), substance P
celeased Bet-enkephalin from aidbraih central gray
sltces fu s calétup dependant, Cauhivn: Alghough
;the origin of aidbrain central gray substance P has R

not ‘been determined, it is reasonable to postulate

:n;: VMH e{‘fetnnl:..irln-pon:\ Qubiz-nge P to the
midbrain central gray ‘Where Lt s celeased from
nerve rtersinals to affect uidbrain central gray
neprons . "
b/ EBndogenous Optates, Analgesia, and lecap;ivity-
,x;' The Vlnvo‘l'tltn( ofr endogenous _oplates in
Pesale [oexuid THRIGVIOE Nids) Bean documented. For
example, S{rinathsinghjt et al.,” ( 1983 ), reported
that _when naloxome  vas iafused Lnto the midbrain’
central gray, an famedlate factlitatlon of lordosis
Was observed: Furthormore, in that same study they
vers. able fo demonstrate tfdt  central “gray
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5 :

infusions of B-endorphin suppressed lordosis, and

that infusion of met-enkephalin had no effect.

This suppression could be overcome by pretreatment

with an Iintraperitoneal injection of naloxone, or
by subsequent {nfusions of LHRH into the midbrain

ed on

e cannula. B

central gray through the s

they concluded that B-endorphin

controls sexual receptivity in female rats -by
presynaptic inhibition of LHRH release. However
since B-endorphin has been reported to inhibit
substance P release from the rat trigeminal nucleus
( Jessell and Iversen, 1977 ), the fact1teation
observed after naloxone treatsent may be the result

of a distahibition of substance P release.

Moreover, since substance P has been shown to

release met-enkephalin from sidbrain central gray
in vitro ( Del Rio et al., 1983 ), during the
unreceptive phase of tie ru"- e;xroul. cycle,
l—a‘ndnrphln by inhibiting substance P release could
keep met-enkephalin levels .low ‘ln the aidbrain

central gray ( a area known to be involved in

analgesia ), thereby making nounting attempts by
* M
the male f(ntolerable to ‘the female during the

unreceptive pha The corollary of thif vould be

that during the receptive phase, when catrogen

levels are comparatively high, fncreased  VHMH
.




page 75

neuronal activity could result in greater release
of substance P in* the midbraln central gray,
resulting in local met-enkephalin release and
making the mounting and wultiple intromissfons by
the male tolerable. Substance P when infused into
the midbrain central gray has been shown to fnduce
analgesia fin rats ( Malick and Goldstein, 1978;
Mohrland and Gebhart, 1979 ). In the Malick and

Goldstein study ( 1978 ) they reported

dose
dependent substance P-induced analgesia, which was
naloxone reversible. More interestingly, closer

examination of their data reveals similarities

‘ between the analgesia observed in their study and

the facilitation of lordosis obtained fn this one.
For example, substance P {infusions Into the
sidbrain central gray led to l‘pro-&f facilitation
of .lordosis that was evidént as early as five
minutes post infusfon, and fn some animals- vas
observed to peak between 5 and 15 minutes (

although overall the peak responsiveness occurred

later ). 1In the Malick and Goldstein study the

peak analgesic effect also occurred within this

time frame. Furthermore, Naranjo, Fernandez-Tome,

and Del Rio ( 1982 ) have shoun that analgesta
induced by {ntraventricular infusion of substance P

can be blocked by a met-enkephalin antiserun. In
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that ~study they wlsé reported a dose-dependent

substance P-induced analgesia. This could .be-

completely elfminated, however, if substance P and
an  antiserus h-gnlnst met-enkephalin = were
administered at the same time. The analgesic
effect of substance P could not be blocked ,

however, with a B-endorphin antiseru

. suggesting
that the s bstance P-induced analgesla was mediated
by. det-enkephalin release, and not B-endorphin.
Although the above hypothesis e‘oncernlng the

interaction of Met-enkephalin and substance P for

lordosis 1s an fnteresting one, there ls oné major’

inconsistency *with ft.  For example, 1f
mect-enkephalin is lnv})lv:d in lordosis control, why
doesn't infusion of met-eckephalin into the central
gray potentiate lordosis ? Perhaps the best

explanation for this 1is as follow alghough

met-enkephalin when {nfused alone into the HCC does
not “acilitate lordosis, that does not necessarily
mean it is not fmportant. L Y. enkephalin could

Plnteratt vith substance P to facilitate lordosls.

For example, ' met-cnkephalin could during .the,

receptive . phase of the estrous cycle produce
analgesia which cnables the male to approach the
female, then, after tactile stimulatfon from the

male substance P could then fa&ilitate lordotic
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responsiveness. . Therefore, 1f one only infused
_met-enkephalin alone one would not be surprised Lf
faztlivacios of Toedoats: did 'Wot SEee. 0F¢ way £
test this hypothests,would be ‘to first infuse e
nec-enkephalin antiseran followed by substance P
and compare these  animils to animals that Just
received substance P infusfons. In fact, this
'proj;cl is being .considered.

c/ The VMH, Midbrain Central Gray, and the Estrous
Cycle of the Female. ’
Estrogen levels fluctuate during the estrous
cycle of the female rat. Futhermore there 1s some
evidence that substance P neurons are Lnfluenced by
fluctuations 1in gonadal steroids as Antonowicz,
" Jakubovska-Nazteabo, Cannon, and Pouell ( 1982 )
have found that substance F levels within the
median eminence t'lu:r..uale‘ with the estrous cycle of
the Famale fari Esresgen increasss W esil
activity, and this rise possibly resulgs in
concoaltant relesse of substamce P from the
terminals of VMH .neurons.in the midbrain central
gray. Indeed, MHorrell and Pfaff, ( 1982 ), have
‘reported tecentlyp' that when using the combined
sterold radlography-recrograde tracing method, they
"..e}e able to identify a substantial number of

estrogen concentrating cells located in the VMR
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vhich yraje:_l ‘dlu:tly,zo the midbrain, central
gray. Moreover, they found. that most-of those
cells vere located in the Ventrsl lsteral segment
_ol' the. VP!I;, the area of the VMH with the /highest

concentration of substance P {

unoreactive cells (
_ Ljungdahl et al., 1978; “and personsl observation
). Therefore, during the estrous cycle of the
female rat when estrogen levels are high, Increased
VHH neuronal activity could ultimately result in a
hugh:efed sensitiyity of central gray neurons.
Slkum? and Pfaff ( 1979a ), found that el;ctrtul

stimulation of the dbrain central gray

facilitated lordosis in estrogen-primed

© rats. They reported that this factlitatlon was

iomediate. . Substance P {nfusion i_nlo the central
gray also produced an {mmediate fA{Mitation in the.
present study. In fact the latency dpd duration of
.this facilitation closely resembles the Lncrease.in
lordosts scores observed by Sakuss and PEaff.
Consequentdy, electrical stimulatidn. of the
sidbrain central gray could result in rvelease - of
Siduganius SVbeCERES P VALEn @onld] uedulate cantral
8ray neurons {nvolved in the control of lordotic

responsivene Substance P+ could then

theoretically facilitate lordotic responsivencas
<

directly, by post-synaptic actfon and subsequent
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release of another  substance; perhaps  an

endogenous oplate -( central gray neurons e.g.
met-enkephalin cells, Del Rio et al., 1983 ), or
tadirectly by presynsptic modulation of LHRH and/or

prolactin, both of which have been recently shown

to facilitacte lordosis when {nfused {into the

midbratn central gray ( Sakuma and Pfaff, 1983 ;
. Haclan et al., 1983b ).

" Does mubstasce P pl;y a role in mediating
vaginal-induced analgesia ?

Probing the vaginal cervix vith a gl rod

induces lamobilization and abolishes cthe _leg.
vithdraval reflex tofoot pinoh in female rats (
Komisaruk and Diakow, 1973 ). In fact; vaginal
stimulation 1s more potent than  morphine  in

suppressing a noclceptive response in rats (

Koalsaruk, Ctofalo, and Latranyt, 1976 ), and
B 4 i
recently has been shown to induce analgesia in

humans ( Whipple, M.Ed, and Kom

Tuk, 1984 ).
This cervical-induced analgesia produced in rats is
intensified after estrogen treatasent ( Crovley,
Jecobs, Rodriguez-Sierra, and Konlsaruk, 1976 ).
Since Lt has already been mencioned that substancag
E levels fluctunte with the asteous dyole of the
female rat, perhaps cervical stimulatfon activates

substance P fibers which mediate met-enkephalin
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release thereby inducing snalgesia and

immobilization, a necessary coamponent of mating.-

This vould only lead to a grester facilitation of
lordosis, and not be responsible for its
initfation.
4 d/ Nucleus Gigantocellularts
i The nidbrain central gray sends very few
direct projections fo the spinal cord ( although 1t
recelves numerous projections from the cord ). It
does,  however, send extensive projections to the
nucleus gigantocellularts of the medulla, which has
rhciprocal connections with the cord and midbrain
central gray. In fact, nucleus gigantscellularis
‘ndurons  respond = to lordosis-relevant tactfle
stimuli ( Kow, Cglll, and Pfaff, 1978 ), and
1ésions ofv the nucleus gigantocellularis produce
deficits .An lordosis in ctests with manual
stinulation ( Modlands and PEaff, 1979 ). Since
sibstance.P cell bodies and receptors have been
“found in thEs nucless ( Ljungdahl ec al., 1978;
;zui_rfon et al., 1982 ), facilitation of lordosis by
' midbratn central guy. infusions of substance P
. could be acting via the nucleus glgantocellularis
‘efferents to the apinal cord. Therefore, during
the receptive phase .of the rat's estrous cycle when

estrogen levels are high, somatosensory stimulstion

WP

o
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£xgn e} WLE SE0EL4 - EeRaLe, RUAMBECEREE 02 release
on aldbrain central gray neurons as vell as in the
nucleus gigantocellularis, théreby produc_ug'
lordosis and  possibly analgesta which makes
nulttple intromisstons possible. 3

“e/ Necessity of Midbrain Release of Substance P
for Lordosls.

Although the fallure of che antiserua to f
produce -a decrement in lordosis was disappointing,
subsequent re-evaluation of the circumstances has
revealed a  number of possible explanations.
Firstly, animals that were in the antiserum group
had had at least two previbus infusions of either
substance P or Vehicl;. [‘Z‘onsequently, cellular
damage around the ca‘l\null t‘ip could have resulted
fn the high vartsbility obtalned. Secondly, the |
behavioral result of lordosis disruption- might
depend on blocking substance P release bilaterally
in a large area of central gray, as substance P
terminals appear to be vxdesp}eud throughout the
central . gray. ‘As a result, facilitation with
substance P might be easier to produce | than
disruption with/a substance P antiserum. Thirdly,
the technology of using antiserum ralsed against a

particular peptide for behavioral evaluations is,

at best, W relstively new path.,  Therefore,

.
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negative results ( as well as positive ones ),
should be interpreted with . extreme caution.
Lastly, although “etattstical significance was not
obtained, a trend of decreased lordosis scores
after administration of the antiserum was apparent.
Most lmportantly, of the three animals which hhowed
a * deffcit after antiserunm infusion, twd had
previously shown a .facilitation of lordosis when
tnfused with substance P.

Perhaps the most {important point to make
concerning the necessity of substance P for
lordogts is the difficulty with extrapolations of
behavior and the subsequent locu1.1zll’.lon of 'nctlcn
of the |neurochemical substance. For example,
diffusion da;s occur after peptide infusion into
the brain. Since, 1in this study, the cerebral
aqueduer: wag  §n “several occdstens 1n close
proximity to infusion sites, dl.ff\ui.on into the
ventricle could cerctainly have occurred. However, -
Tn some instances, vhen both cannulae were
inadvertently placed in the\ cerebral aqueduct,
subsequent testing revealed very low lordosis
scores. Cona;quently, these animals could be used

as unintended controls. ; o

In conclusion, infusions of both substance P

and LHRH f{nto the midbrain central gray of female
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rats resulted in a prompt and long lasting
facilitation of lordgsis fn response to aale and
sanual stisslatfos. The facilitation obcalned with -
substance P closely resembled that of LHRH in
latency and duration. It did  not,' ~however,
reseable the facilitation observed after prolactin
{afustons fnto the midbrain central gray in the
Harlan et.® ali, ( 1983 ) scudy; the onset uas
slower but ,the Whration longer., Infusfons of
anClubion itesd agaist EBSEENEY B RALl€d o

significantly reduce 10{‘0!1. scores, although a

“trend was evident. Whether substance P modulates

receptivity via release from VHH afic'r‘;n:;_ to the
atdbratn  central gray remains unclear. In
addition, whethér -substance P acts alone or
interacts with other peptides to produce this
fsctMtatton vematns €0 Ve deresutned,

- af
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Cajnula at o 8
vergical ) ¥
pos: :mn\

* Cannula at

30 angle.

Craduated 'Arm,
This am as can

be seen from
dlagran does not
move 1ina horizotal
direccion. As a
result, the AP

e e e P s e e e et R

coordinate: » \
ad to
be adjusted.
accordingly. - .
s
> - . | 3
' | inicraural Line
C' | Anglgd Cannula enter: vertical
| i enters at

3.3mm

\J |
Incisor Bar - .

| . - Although cannulae enter at

different sreas, ultimately, they

endup in the central gray at app.
the-same place.

Apendix A Primarily this adjustment’ was doneé to enable

the investigator.to put dummy cnnmdn on the
suide cainula vithout :ouching the other.
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