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ABSTRACT
The Involvement of the Mesolimbic Dopamine System in the Sexual Behavior of
the Male Rat
John B. Mitchell, Ph.D. . g
Concordia University, 1988. : T
:\ b ’ * s

Data from a variety of sources indicate that the neurotransmitter dopamine is
involved.in sexua) behaviors, and suggest that the mesolimbic dopamine system is

involved in mediating sexual arousal. Castration results in an immediate and progressive

1id

decline in sexual arousability. Therefore, it was-prediCtE'a'mat castration would influence

activity within the mesolimbic dofaamine system, and furthermore, that activation of this -
system would facilitate sexual arousability in both gonadally intact and castrated males.
Experiments 1-3 investigated the effeéts of cas;tration, steroid ieplacemcnt,_'gbd ™~ .
post-castration sexual experience upon sexual behaviors and the concc*ntratiohs of amine
and amine metabolites in the mesolimbic and nigrostriatal dopamine systems. Castration
produced a significant decrease in the concentrations of dopaminé ;md a dopamine |
metabolite in a terminal field of the mesolimbic dopamine syétetri, the nucleus ac;:u{qbcns.
This decrease was prt';vcnted by post-cas&ation treat;n;an} with testosterone or estradiol.
Changes in éopamihe and dopamine metabolite concentrations jn the nucleus accumbens

N v ' . . -

coincided with changes in measures of sexual arousal. Sexual experience did not affect

dopamine concentrations, but did increase dopamine metabolism in the nucleus

accumbens, and also increased the frequency of fernale-directed behaviors.in castrated
- 1 . \‘ N b

ar

- -

Morphine is known to mﬂucnce the activity of dopammcrglc cells; -Expenmcnt 4 .
mvestxgatcd the effects of mtmcramal ‘opiate-and opioid mfuswns on sexual behaviors.
Morphme and the opioid pepnde, dynorphin, was apphcd directly to the rcglon of. thc
mesohmbu; dopamine cell bOdlCS, thc ventral tcgmenia] area,’in castréted malcs -

-
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malmamed on behavxorally subthreshold doses of testosterone and ammals were tested

Y

for sexual behavmrs. Both morphme and dynorphln produced a dose- dependcnt increase

in the number of males that mounted, and dynorphin also increased the display of

’ -'female-dlrected behawors. In Expenments 5and 6, ammals were given repeated systemi,c

injections of morphme in a distinctive environment; treatment thought to produce a

’

conditioned increasé in activity within the'mesolimbic dopamine system. Both gonadally

intact and castrated males showed an increase in n‘reasu'res of sexual arousal when
prcsented with a sexually receptlvc female in, an environment previously pau’ed with

P

, repeated 1nJect10ns of morphme ' ‘ o

T Taken as a- whole these expenments support the hypotheses that castratlon

T mﬂuences the mesollmbxc dopamine system and'that this system is involved ifr mcdlatmg

. sexual arousability. Ao . '

-
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Dissection of the NAS and caudate-putanien for Experiments
1-3. Circles respresent the tistue samples removed for HPLC- ’ .
EC analysis. Each tissue section was 300 pt thick, and tissue o
samnples for both the NAS and caudate-putamen had a diameter .

_of 1 mm. Abbreviations: AC: anterior commisure; CC: corpus .- h
callosum; CP: caudate-putamen; Is: lateral septum; NAS: nucleus .

* accumbens. Numbers to the left of each section represent the

section number according to Palkovits (1980). Adapted from
Palkovits (1980) . . ....cvovivinnennnn. e ieene e, o 30

Dissection of the mPOA for Experiments 1-3. ‘Circles represent

the tissue sample removed for HPLC-EC analysis of the mPOA.

Sections were 300 | thick, and each tissue sample had a diqmeg;\
s

" of 0.5 mm. Abbreviations: AC: anteriér commisure; CC: corpu

Figure 3

callosurn; CP: caudate putamen; IPOA: lateral preoptic area; .
MFB: medial forebrain bundle. Numbers to the left of ¢ach X
section represent the section number according ta Palkovits

(1980). Adapted from Palkovits (1980). ...................... 31

Dissection of the VTA and substantia nigra for Experiments 1-3. .
Circles represent the tissue.removed for analysis by HPLC-EC. “
Tissue sections were 300 p thick, and tissue samples for both

the VTA and substantia nigra had a diarheter of 0.5 mm. ,
Abbreviations: LM: medial lemniscus; H: hippocampus; IP:.

interpeduncular nucleus; SN: substantia nigra; VTA: ventral

‘tegmental area. Numbers to the left of each section represent the

section number according to Palkovits (1980). Adapted from

Palkovits (1980). .. vivv ittt iienreennanennesaannas 32

The mean (+ 1 S.E.M.) DOPAC/DA ratio for each group in
Experiment 1. Subjects were either gonadally intact (INTACT), : ;
or had been castrated 2, 4, or 8 weeks:pfior to testing and y {
sacrifice for amine determination. * significantly different from

the INTACT group (p <.05). Each column represents the mean

of 8 determinations, except 2Wk (n=7).........cc00vuunn Voons 36"

Mean (+ 1 S.E.M.) percent of observations during which «

female- directed behaviors were observed as a function of time /S
during the test for sexual -behavior in Experiment 1. Subjects

were gonadally intact INTACT), or had been-castrated for 2, 4, I

or 8 weeks at the time of testing. . . . . e, oo BT~

The propo‘nion of animals in each éroup in Experimeﬁt .1 that

. displayed mounts (top panel), intromissions (middle panel) or

therejaculatory pattern (bottom panel)-in the test for sexual

el
. £ * A
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behaviors. Subjects were gonadally intact INTACT) or had
been castrated 2, 4, pr 8 weeks prior to testing. . . .. P L 39

Mean (+ 1 S.E.M.) percent of observations during which
female- directed behaviors were observed during the test for
sexual behavior in Experiment 2.’ Four weeks prior to testing . - *
subjects in different groups had been sham-castrated (INTACT),

or castrated and implanted with silastic capsu)es containing

cholesterol (CHOL), testosterone m, Sa-dihydrotestosterone

(DHT), estradiol (E2), or capsules of both Sa-dihydro-
testosterone and estradiol (DHT+E2). n = 8 for each group. *
significantly different from the INTACT group (< .05)........... 46

The proportion of animals in each group that mounted (top

panel), intromitted (middle panel), or displayed the &aculatory

pattern (lower panel) during the test for sexual behaviorin -
Experiment 2. Four weeks prior to testing subjects in different ’
groups had been sham-castrated (INTACT), or castrated and

implanted witly'silastic capsules containing cholesterol (CHOg. \_

testosterone (T), Sa-dihydrotestosterone (DHT), estradiol (E2),

or capsules of both Sa-dihydrotestosterone'and estradiol |
(DHT+E2). n=8fdreachgroup.. ...............coiiinen,, 47

Mean (+ 1 S.E.M:) mount latengy‘for each group in Expcrimcgf/
2 during the test for sexual behavior. Four weeks prior to w
testing subjects in different groups had been sham-castrated

(INTACT), or castrated and implanted with silastic capsules

containing chol- esterol (CHOL), testosterone (T), Sa-dihydro-
testosterone (DHT), csir;?'al—(EZ), or capsules of both K

. Sa-dihydrotestosterone afid estradiol (DHT+E2). The number at

the base of each column tepresents the number of animals

ix

contributingtothemean. ..............coiiiiiiiiiiiane, 49

® " - <
Mean (+ 1 S.E.M.) number of mounts for each gr%duﬁng the
test for sexual behavior-in Experiment 2. Four w prior to
testing subjects in different groups had been sham-castrated
(INTACT), or castrated and implanted with silastic capsules

containing cholesterol (CHOL), testosterone (T, Sa-dihydro-

testosterone (DHT), esgradiol (E2), or capsules of both Sa-
dihydrotestosterone and estradiol (DHT+E2). * significanty
different from the INTACT group (p <.05). The number at the

base of each column represents the numbgr of animals —_—-

contributingtothemean. ........... .00 oieiiinenennvannn. - 50

Mean (+ 1 S.E.M,) concentrations of DA in the NAS (top pahel),

mPOA (middle panel), and capdate-putamen (lower panel) for the-
three groups in Experiment 2b. Subjects were gonadally intact -
and injected with 0.1 ml of oil 1 h prior to sacrifice (INTACT), :

or had been castrated 4 weeks previously and injected with 0.1

ml oil (CAST. OIL) or 250 ug testosterone propionate (CAST.

L]
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Figure 12

’
TP) 1 h prior to sacrifice. Each column represents the mean of ' t
8 AEterMUNAtONS. .« « v ve e e eeeessneeeeeeenanies - 54

[+]
Mean (+ 1 SE.M.) concentrations of DA (upper panel) and

DOPAC (lower panel) for the groups in Experiment 3. Subjects

werg either gonadally intact (I) or castrated (C), and had been
allowed to copulatc twice a week for 4 weeks (E), or had no
copulatory expefience between castration and the final test for
sexual behavior (N). Each column represents the mean of 8
determinations. * significantly dlf{ercnt from the corresponding -

% Tgoup <.05). .ot 58

Figure 13"~

Figure 14

Figure 15

~—

S;igurc 16

Figure 17

~ filled triangles (n=7). Abbreviations: LM: medial lemniscus;

Mean (£ 1 S.E.M.) percent of observations during which ‘

female- directed behaviors were observed as a function of time
, during the€ test for sexual behavior in Experiment 3. Subjects

were either gonadally intact (I) or castrated (C), and were then

allowed to copulate twice a week for 4 weeks (E), no ,
copulatory experience between castration and the for .
sexual behavior (N).n=8foreach gropp............. PP 60

The propomon of animals in each group in Experiment 3 that -

mounted (top panel), intromitted (middle panel), or displayed te

ejaculatory pattern (lower panel) during the test for sexual

behavior in Experiment 3. Subjects were either gonadally intact

(D) or castrated (C), and were then allowed to copulate twice a

week for 4 weeks (E), or had no copulatory experience bctwecn

castration and the final test for sexual behavior (N).«.............. 61

Mean (+ 1'S.E. M) mount latency for the groups in Expenment

3. Subject$.were either gonadally “4intact (I) or castrated (C), and

had been allowed to copulate twice a week for 4 weeks (E), or

had no copulatory expetience between castration and the final

test for sexual behavior (N). The number at the base of each

column represents the number of ammals contributing to the

ICAN. . ¢t eeeeeeeeroeeeeeesoaionnsnnnnnnneneenannas 63

Injector cannulae tip placements for the subjects in Experiment 4

that received injections of morphine (filled circles; n = 8), and
dynorphin(1-13] (open circles; n = 8). Subjects that received. .
injections of saline, morphine and (dynorphin[1-13] had . \
cannulae aimed at the substantia nigra, and are represented by -

PAG: periaqueductal gray; IP: interpeduncular nucleus.
-Numbers to the leftof the sections represent the distance from
l()reggma Adapted from Pelligrino, Pcllignno and Cushman
1979). o heeiereereeree s E)

Mean (£ 1 | SEM. ) percent of observations during which femalé -
directed behaviors were observed after infusions of saline, )
different doses of morphine (filled symbols) and -

dynorphin[1-13] (open symbols), and after an infusion of

morphine or dynorphin{1-13] preceded by 1 mg/kg naloxone
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Figure 19
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(Nal). n=8foreachgroup................ovievnnnn. .. 75

Mean pepéent Of observations during which female-directed
behaviglrs were gbserved after saline infusions as a function of
the trial on wHicCh thie saline infusion was given. During drug
trials, subjects received infusions of either morphine (MOR) or

xi

dynorphin[1-13] (DYN). . . cai ittt et i e e 76

Mean (z 1 S:E.M.) percent of observations during which

female-directed behaviors were observed as a function of time

after different doses of morphine (upper panel) and .
dynorphin[1-13] (logver panel). n =8 foreachgroup. ............ 77

Proprotion of animals in each group that mounted, intromitted, or
displayed the'ejaculatory pattern after different doses of morphine
(upper pa{yl) and dynorphin[1-13] (lower panel) in Experiment 4. . . .. 79

Mean(t 1 S.E.M.) number of center crossing during the S min ~
prior to the introduction ofvthe female andthe tests for sexual
behaviors in Experiment 4.. Subjects ini different groups

received infusions of saline and different doses of morphine

(filled symbols), or saline and different doses of dynorphin-

[1-13] (open symbols). The mean number of center-crossings

after pre-treatment with naloxone are also show’ for eéich

- group. n = 8 for each group....... e ne et e, . 80

Mean (£ 1 S.E.M.) percent of observations during which
female- dirpcted behaviors were observed as a function of time
for groups'with previous experiencé with morphine in the
mating arenas (COND, filled squares), or iff the animal colony
(PSEUDO, filled circles), or that had received injections of

. saline in both the mating arenas and animal colony (CONTROL,

Figure 23

[

open circles). n=9 foreachgroup....,..2................. 92

Mean (+ 1 S.EM.) mountlaiency for groups with previous

- experience with morphine in the mating arenas (COND), or in

. the animal colony (PSEUDQ), or that had received injections gf~.

saline in both the mating arenas and animal ¢Slony . e

’ (CONTROL). * significantly different from Control and Ce
" Pseudo groups (p <.05). n=9 for each group.......... e .95

Mean (+ 1 S.E.M.) percent of observations during which

female- directed behaviors were observed collapsed across time

and test, for Experiment 6. Groups (n=9) were,gonadally intact

(INTACT, filled symbpI%) or had been castrated ford weeks at

the time of the first teSt (CAST; open symbols), and had

previously received morphirie in the mating areans{COND;

squares) or the animal colony (PSEUDO; circles) * significantly —
different from the corresponding Pseudo group (p <.05).. .. .. e 100
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’ Figure 25 -Mean (+ 1 S.E.M.) percent of observations during which
' female- directed behaviors were observed during each test as a
function of time. Groups (n=9) were gonadally intact :
(INTACT; filled symbols) or had been castrated for 4 weeks at
-the tifhe of the first gest (CAST; open symbols), and had
previously received morphine in the mating areans (COND;
squares) or the animal colony (PSEUDO; circles). . ... ... e 101

\
Figure 26 Proportion of animals in each group in Experiment 6 that
mounted, intromitted and displayed the ejaculatory pattern
during the first (upper panel) and second (lower panel) test for
séxual behaviors. Groups (n=9) were gonadally intact
(INTACT) or had been castrated for 4 weeks at the time of the
'first test (CAST), and had previously received morphine in the
\ mating areans (COND) or the animal colony (PSEUDO). .......... 102
- . Figure 27 Median mount latency during the first and second test of sexual
behaviors for gonadally intact subjects that had previously
received morphine in the mating arénas (COND, shaded
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In 1849 Professor A. A, Berthold of Gottingen described the results of a stidy in
which he transplanted testes into the‘ abdominal cavities of two castrated cocks. He o
noted that both the appearance and the sexual behavior of these two birds developed
normally, and concluded that testicular secretions were carried by the bl(;od to act on the
nervous system (Berthold, 1849). Since that time, research has been conducted to
determineswhere gonadal stéroid hor;;'ones act in the brain and which néugotransnﬁttcr
sysfcms and brain areas control male sexual behavior. Accruing evidence suggests th‘at
one of the ffcumu_ansmiucmcritically involved is dopamipc’: (DA); DA has been
implicated in the control of both the performance of copulation and the arousal or
motivation that underlies sexual behaviors.

‘ "I'hc present mcsis,concgntratcs on evidence for dopamincrgic‘ involvement in the)
control of male sexual bchavic;r, and especially sexual arousability. It includes a |
description of copulation and the hypothegic,al mechanisms that have beerr used to explain
copulation, the cffcci of hormone removal by gonadectomy, the evider:ce.ﬂ.)r h
dopaminergic inv“o]vemént_ig male sexua] behavior, the role of d'i\ffe'rént DA systems,
and, ﬁnally, evidenéé for honnonallyfmcdjated i:haqges in DA concentrations and
utilization. . N

Mal;_ggp_ulammb;hanm Tests of ma]c copulatory bchavmr are usually

. conducted by placmg a sexually receptive female rat in a matmg arena contammg a

sexually active male rat. The male rat will pursue the female, climb over or under the

. female, W‘Qc_q:smff the female's gemtals and manipulate the female's flanks Thc

fmqucricy of these prcc0pulatory behaviors depends on the sexual experience of the- -

' malc, cxpcncnccd vigorous copulators typically display lmle, if any, precopulatory
) behavwr (Beach, 1956), while less expcncnced males may continue to dlsplay,Qfse’

bchavxors even after copulanon has begun (Pottier & Baran, 1973) The female W111

dnsplay ear wxgglmg, hoppmg and darttng (Ball 1937), and these sohcxtanon or

o’
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proceptive behaviors (Beach, 1976a) potentiatc’mounting by the-male.

| When the female stops in a crouching position, the male mounts.\hc_:.vfcmale from
the rear, grasping her flankn with his forelimbs, and then displays a series of: mnid.
sha}lo’W pelvic thrusts. In.rcsponsc to stimulation of the flanks, the fcmalc_adopt§ a
characteristic sway-backed nosturc, lordosis. If the male then dismounts from the - _
female, the encounter is termed an incomplete monn£ (ie., withont‘penﬁé i‘nsérti'on). or '

simply a mount.

A mount may be terminated by an intmmission' a longer, slower and dccpcr thrust,

often accompamed by a rapld kick ;v:th one hmdleg, and a characteristic rapld

_ back-stepping dlsmount Normally, penile insertion accompames the ﬁnal dcep thrust

but an intromission is 1dent1ﬁed\,by the body movemcms of thc male and not ber vaginal

penetration (Sachs-& Barfield, 1976). Verification of pemlc insertion is 1mposs1blc duc o ‘
to the positioning of the malc and female, and funhennorc, performance of tms motor

pattern does not rcqmrc a pems fcmales for cxamplc can dxsplay the full i 1ntronnss10n / ,
pattern althou gh {herc is obviously no pcmle insertiah (Emery & Sachs, 1975)

Autogemtal grooming follows some mounts and almost all intromissions. '

After a number of intromissions the male will mount the female and display a third -
'distinct behavior, ejaculation. Ejaculation is characterized by a final pelvxc thrust that is . '
slower and deeper than that accompanying an 1ntromxssxon a rcducnon in the elevation
" of the hmdlcg, and removal of the forelimbs from the fcmalc thatis slower than fora -
\,n_iount or intromission and that is held momentarily at the apex. A scncs of brief,

spasmodic muscle contractions in the malc s hindquarters may be YlSlblc. Theére i§ s also.
an absence of back-stlepping before gonital grooming. Although the ejaculatory pattern is .
commonly associated with seminal emission, it can be observed in animals that are not

capable of ejaculating, such as castrates (e.g. Blbch& Davidson, 1968; Davidson, ‘
1966a, Davidson & Bloch 1969) or perinatally unitreated females on long -term estradiol ' "
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trstment (Emery & Sachs, 1972) <t ' )

; NP
N After cjaculanon therg is a refracwty pcnbd of 4 to 8 min dunng which there is no

Pl

scxual acuwty and the male is quiescent. Thé male vocahzes uluasomcally (221023

g kHz) duting the ﬁrst few mmutes of the poswjaculatory mterval The postejaculatory
' peqod appears to encompass both an absolutc réfractoryfphase, during whrch the male 1s

. mcapable of bemg arosed fo renewed c()pulanon, and a relative refractory phaSe durmg -

which supranormal levels of sttmulauon arc requrred to bring about the resumpuon of
copulatxon (Beach & Holz-Tucker, 1949; Sachs & Barﬁeld,\’l 976). The entire sequence

repeats until the niale becomes se)iually exhausted usually after six to ten ejaculations.

" The period between ejaculation and the i mmauon of the next copulatory sequence is

termed the postejaculatory interval. Each of the three copulatory behavmrs, mounts,

intromissions and the ejaculatory pattern, are easﬂy ;‘dxsungmshed by an experienced

-

observer o - _

Qqnm]hngmeghanmms Evidence from studies of sexual behavmr led Frank X

' Beach to reject the notion of a unitary sex drive and to propose, instead, that two
mechamsms are mvolvcd in the control of male sexual behawor (Beach 1956; Beach &

" . Jordan, 1956). Beach had noted, for example, that the number of intromissions

- %

. preceding successive ejaculations declined while the latency tp resume copulation after

each e_]aculatlon increased.. The different slopes of these two functions  suggested control

by two d1fferent mechamsms (Beach, 1956 and see Sachs & Barfield, 1976 fcx a,

.detailed review). The effects of a variety, of mampulatlons are consistent with the view

that different aspegts of copulation can vary independently (see below). .
Beach t195;' Beach & Jordan, 1956 ) proposecl that the sexual arousal mechanism

(SAM, or AM) controlled the period pnor to the i mmauon of COpulatron, and functioned

to bring the male to the threshold necessary for the initiation of copulanon The AM is,

therefore, pnmanly concerned with sexual motivation. The state of the ‘AMis- "

«
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: ined both by the male's intrinsfc arousability and by extrinsic sources-of arousal.

- The AMis susceptible to habituation; the likelihood of initiating copUIat}or:Qdecmases

-with time, and the male beeomes less attentive to the receptive female (B'éach 1956). |
Disrupting habltuauon to: sexually relevant cues by changrng the stimulus female can

elicit copu!anon ( Bermant Lott & Anderson, 1968, Stone & Ferguson, 1940).

~ /
Because the AM controls behavror up to the mmanonof c%ulatron, mount and

intromission latencres reffect the sta‘te of the AM. Factor analysis of a vanety of
measures of male copulation found that mount and introrhission latencres contributed to a
factor similatr_to the AM.(Sachs, 1978), supporting the use oi; these measures ds.indices
of the state of the AM. The ac'tivity prior to the initiation of copulation (precopulatory/

. . . . a . ’
: behaviors) and the mount latency, however, have been considered 'purer’ measures of

P

L]

. . - Y ’ \ . -
motivation; both motivational and performance factors determine the intromismon latency

(Chemey & Bermant, 1970 Pfaff & Zigmond; 1971) Although the length of the ‘

N

postejaeulatory interval has also been used to mdlcate the state of the AM (Beach, 1956)
* initiation latencies and the rate of recov.ery fro_m, postejaculatory refractoriness do not
. heeessariiy covary ('Beach"& Whailen 1959). The absolute refractory phase is thoughtto
: derive from acnvrty inan. 1nh1b1tory system, and the relative refractory phase from ’ |
mactmty in an arousal system; only the relative refractory phase, which represénts the ‘
- last25- 35% of the postejaculatory interval, would be expected to vary with the state of
| the AM (Sachs & Barﬁeld, 1976). Factor analysis has 1nd1cated ihat only a measure of -
- the relative refractory phase (the postejaculatory interval minus the duration of ultrasonic
_ vocalization) loads into a factor analogous to the AM (Sachs, 1978) ‘

: The pacirig of copulat:on, although occurring during COpulatxon 1tse1f may alss .
reflect the state of the AM. In general, treatments that serve to increase arousal such as:
amphetarmne ( Bptcher, Butcher, & Larsson,1969) or changmg the strmu}us female )
(Bermant, et al., 1968) reduce the mean time.between intromissions, the * )
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mtenntront'rssxon interval, There are, however, mampulauons that would be expected to
affect amusal such as electncal bt‘aln stimulation (Etbet‘gen & Caggtula 1973)or

hypothalarmc lesion (Caggtul,a, Antelman, & ngmond, 1973), that do not affect the )

mtenntrormssxon mterval “The mtenntromlssmn mtewal also neglects the temporal |

. clustenng of mounts and intromissions (Sachs & Barﬁeld, 1976) FoI these reasons, the

"mtennn'ormssron‘mterva] may be a some*wm less reltable measure of sexual arousal than -

tnmauon latencies and precopu]atoxy or’ female—drremed behaviors.

Accordlng to Beach s model (Beach 1956 Beach & Jordan, 1956) coritrol over '
behavxor passed from thé AMtoa second mechanism, the mtrormssxon and eJaculatory

. mechamsm (later sunp]y the copulatory mechamsm or CM) ‘after copulauon was

mmated The CM controlled copulatmn once 1t had begun and functioned to brmg the

ammal to the threshold for ejacu]anon Measures of- copulatlon itself were consxdered ‘

- functions of the CM (Beach & Jbrdan I956) Facrhtanon of the CM would bring the o

. male to the threshold for eJaculauon more quxckly, the number of i lntromrsstons and the

ejaculanon Iatency, therefore, vary mversely with the siate of the CM. ¢

These two- mechamsms however dld not accomodate all of the data, and a

- separate e;acuiatory mechamsm (EM) was proposed ( Beach Westbrook, & Clemens

1966 Mcthl 1965) When excxtauon ‘reached the threshbld for ejaculatton control

passed fnom the CM to the EM, ej’aculaﬂon accompamed the next mtron‘nssxon, and the o

EM dtseharged, delaymg xe~act1vat1qn of the AM. ‘A recent factor analysrs has suggested
that & minimum of four mechanisms: ‘may be requued to explam contml of mascuhne
sexual behavxor (Sachs, 1978) Three of thesc factors are smular tq the prevtously
proposed AM CM and“ EM and the fourth appears to be pnmanly concemed wrth the

’ * hd

efﬁctcncyofcopulanon A T

4

The drvtsxon between the AM and CM is similar to a drssocxauon between arousal

énd performance .Arousal refers to the:animal's level of exc:tauon or readmess to

o
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; wrespond (Beach, 1956; Sachs & Barfield, 1976). Bdause copulatory behavior and

. / general locomotor activity can vary indép%ndcmiy (c.g., Foreman & Hall, 1987,

action is to remove tlT'c source of endogenous hormone and méasure behavior with or

Malmnas 1973) the mbdifyihg word sexual willibc retéined when discussing the
arousal that undcrhes the 1ﬂ1t1auon of copulanon rather than assuming it ncccssanly

) reﬂects some forsrof general nonspccnﬁc arousal. Although pcrformancc presupposcs

adequate arousa.], amusaLdocs not ncccssanly lead to performance. A failure to copulatc_ ,

could reflect an mablhty to perform the necessary motor sequences, inadequate sexual

arousal or an mablhty to channcl adequatc sexual arousal into the performance of

-~

copulation. *

The distinction between mofivation and performance, or between hypothetical

COntrolling mechanisms, such as the AM and CM, is useful in assessing the role of

I

gonadal steroxd horniones i in scxual behavior. A common strategy iq assessing steroid

-

without cxogenous hprmone. The following section will describe the bchayloral effects

’

of castranon

n

Ii_:gts_mmal_g_on_mna_bcham The copulatory pcrformani:c ofa ”

mammahan male is well known to be dcpendem on testicular androgcns. Male castrates

‘,show a gradual dpchnc in sexual behawor and sexual behawor can be maintained or *

\ rcsto?d by trcatmcnt with 1estosterone (D) (e. g Bloch & Dav1dson 1968 Bhocmx,

Slob & Goy, 1973) Many of T's acuons are mediated by its conversion to estradlol

\

) '(Ez) and Sa-dx.hydrotespostcronc (DHT) Both aromatized (E,) and Sa-reduced (DHT)

-

‘ mctabohtes of T are prcscnt in the rat bram (Jaffe 1969; Mainwaring, 1977 Mamm,

1982 Naftolm Ryai‘i ‘& Petro 1972) E2 will maintain most aspccts of scxual bchavxor

- in castrates, but is lcss cffecuvc than Tin maintaining intromissions and thc ¢ejaculatory

" pattcxp (Davidson, 1969; Panp, Mennin, & quskx, 1975; Pfaff, 1970; Sodersten,

A%
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| 1973). Concurrcnt tfeatmc'nt \‘vith Epand DHT is as effcctivé as‘T in maintaining all
. aspccts of sexual behavmr in castrates (Sodcmtcn, Hansen, Eneroth, Wilson, & ‘
: Gustafsson, 1980) and there i$ evidence that the syncrglsm bctwccn the T mctabohtcs is.
. central (Baqm, Sodersten, & Vreeburg, 1974; Baum, Tobet, Starr, & Bradshaw, 1982).

(Snc of the oldest problel:ns of behaviorﬁ e‘ngbcrinology is the reason fc;r the

pctz‘sistcnce of copulation in male cas\.rﬁs despite the disabpcarance of tcs;ﬁcuiar
andrdgens’ witlrin hours of castration (Gupta, Zaraycki, & Rodger, 1976). ‘Many males
continue to mouit and.intromit foryseveral wecks after castration, and it has been

 reportedithat an occassional male will show.the ejaculatory pattern as long as 10 weeks

after castpatton(Davidson, 1966a).

‘male sexual behavior after castration shows a characteristic pattern. »
Intromission andthe ejaculatory pattern are the first to disjppear. Some 1nvcsﬂgators
at intromissions disappear before the ejaculatory pattcm (Beach, 1942
Stone, 1939), but the ocCurrcncc of intromission without the eJaculatory pattern is rare .~
(Beach & Nucci, 1970; Bloch & Dav1dson 1968; Davxdson 1966a; Madlafousek
' Hlinka & Bcran 1976; Whalen Beach, & Kuehn, 1961). Mounts persist gongcr than
ngtrormssxon agd eJaculatmn and precopulatory and female-directed bchavxors persist the
longest (Maglafousck et al 1976). When sexual behavior is restored b_yT
administration, the behavxol.'s reappear in the reverse order; female-directed behaviors are
réstogcd first, then mounts, inUpnﬁssions and the 9jaéulat§ry pattern (Singexj,l 1972,
Larsson & Sodersten, 1973). t x
\ 'f'he post-castration dc_clinc in sexual behaviors cannot be explained by
morphological changes at androgen sensitive peripheral sites, such as the penis. A
’ changc ”m"pcnilc sensi&'vity cannot explain a decline in scxual behavior; male rats will
oontmue to mount after complete denervation of the pems (Lodder & Zeﬂmakcf“l%%), .

‘and male castrates may contmuc ‘to mount and intromit even thougﬁ the number of
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. “epidcrmal papillae or spines covering the penis decline after castration (Beach &- --

Levinson, 19550) Furthermore, it has been rcported that erection is locally evocable in
castratcd males after all mount attempts have stoppcd (Rodgers & Alheid, 1972) The T
‘mctabohte DHT and the androgen fluoxymesterone are capablc of maintaining

. andx’ogen-sensmvc élssue, but not sexual bchawor (Beach & Wcstbrook 1968‘ Butera
‘& Czaja,-1985; Feder, 1971). Slmllarly, DHT maintains spmally mediated pcmle
reflexes (Hart, 1979) but not copulation.

A more detailed analy51s of sexual behavior after castmnon indicates that thc

. proposed controlhng mcchamsms the AM and CM, are defcrenualy affoctcd Among

males that contmpc to copulate after castratlon the number of mounts- mcrcascs, the
number of intromissions decreases, and gjaculaugn latency shows an initial dccreasc ’
followed by an increase (Bloch‘& Davidson,1968; Dévidson, 1966a). Bcca_‘]use, ‘
‘theoretically, the number of intromissions to ejaculation and ejaculation latency vary
mverscly with the statc of the CM, these data imply, perhaps surprisingly, an mmal
potentiation of thie M aftcr castration. Despite this apparent facilitation there is a steady
increase in 1nuomssan latency, a measure of sexual arousal (mount latency was not
rip§n§d): This led Davidson to conclude that . while the éfﬁcicncy of the
"icopglatory mechanism" appears enhanced for some time after castration, mcasurés
related to se;cual "arousal” _show immediate and continuing deterioration’ (Davidson,
1966a, p. 271). Thus, a castration-induced decrease in sexual arqxgsability appears to .
precipitate the decline and cve;,/ntual cessation of copulanon

< In free choice tests that do.not involve copulation, a scxuallycxpcncnccd malc wxﬁ

n
spend s:gmﬁcantly more time in the vwmfiy of a sexually reccptxvc female than in the

vicinity of a non-receptive female or an intact male. This difference is abolished by *

castration and reinstated by T (Hetta & Mcycrson, 1978). Thus, .even without d

copulation, the castratc has diminished interest in thegually receptive female that may
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be related to sexual motivation or arousal.

Exmnﬂs;s_o_ur_cgs_gﬁmnal_amnsnl If the post-castration decline in copt{lation

L) ——

[

arises from decreased arousablhty, extrinsic sources of arousal may be. pamcuTarly
unportant for the display of sexual bchavxor by castrates; it has been found that the
numbcr of castrates that mount and intromit is mcreascd by mildly painful flank shock

-
(Barfield & Sachs, 1970). An obviously 1mportant source of arousal in copulanon tests

is thc mccpnve female. -Madlafousek, et al. (1976)\tcsted castrated mdeglm femnales
that had been primed, using different estrogen and progesterone treatments, to display
djffcrent levels of proceptive or solicitation behaviors. The intensity of the female's
ﬁ@cpﬁvc behavior was an important factor in dctcxlmining the rate at which the male's

sexual behavior declined. The typical sequence of behavioral changes was observed, but

“all components persisted longer if the male was paired with a hig}@r_proccpﬁve female;

that is, the sexual bcﬂavior of the male varied with the incentive qualities of the female.
Extrinsic sources of arousal are important in the sexual behavior of gonadally intact

males, a’s v\vcll as castrates. More males will mate on theit first exposure to a receptive
female if tl';cy are paircd with a highly procc.ptivc female (Ma'dlaféusck & Hlinak, 1983),
or ifintermittent tail shock i is applied (Cagguila, 1972; Caggiula & Eibergen, 1969).
Furthermore, when apphcd at regular intervals, pcnpheral shock can pace copulation;
that is, most shocks are followed by a copulation attempt (Barﬂel'd & Sachs, 1968;\
Sachs & Barfield, 1§74). Other rr_xanpulatiéns%?at incréa§e arousal,'such as repeated
handling (Larsson, 1963), flashing lights and intgrmiticnt tones (Fisher, 1962), or
changin_g the stimuluscfcmz;lc (Bermiant et al., 1968), also facilitate male copulation.

* Examination of gonadally intact non-copﬁ]ating arﬁmals-i: gcrmz{ne to the question
of the mechanisms uﬂdcrlyiné sexual arousal. A iarge percentag'; of males ‘(20ftc; 40 %)

fail to copulate despite repeated exposure to sexually receptive females (Whalen, 1964).

-Among at least some noncopflitors, failure to mate cannot be atributed to abnormalities
/a F) ¢ -




% in androgen érgct organs (Whalen et al., 1961), inadequate androgen ‘lcvgls. or -
3 — . :]/ v
androgen insensitivity (Whalen et al.,, 196*1;’Wha132, 1964). These spontancous

e — w—non;;opulatorsinitially spend Jess.time in fcmale-dircctcd behaviors than copulators, but

ek

.Ancrease to hxgher than normal ley2ls after three or four tests (Pottier & Baran 1973).
-
Noncopulators appear to be mtmiaieally less arousable; in tests of nonsexual behavior,

w

. ’ they are less active, less responsive to novel stimuli, and habituate to sumuh more
-slowly (Pottier & Baran, 1973). Sexual actmty can be induced in persxstent
noncopulators by penpheral shock (Cagglula & Elbcrgen 1969; Malsbury & Pfaff,
1974), and a stimulus prcylously paired with sh{90k will itself induée copulation in
persistent noncopulatars (Crowley, Popolm:', & Ward, 1973). ‘
' “ One of the man};;ulaﬁons t{xat incrcz}ses sexual activity, tail pinch, has receiyed .
extensive study. Tail pinch can induce feeding andidrinking, as well as copulatior:
'S (Antellman, Rowland & Fisher, 1976; Antelman, Szechtfnan, Chin & Fisiwr 1975'
Rowland & Antelman 1976). The effect of tail pinch can be attesuated by prctreatmcnt

with the DA receptor blockers haloperidol, spiroperidol, or pimozide, but not by

it a-adrenergic (phentolamine) or B-adrenergic (so@ol) antagonists (Antelman, Szzchtfnan.

" Chin & Fxshcr 1975). Similarly, tail shoclé.:bnduced facilitation of copulation'is ,
unpalrcd by a vancty of DA reccptor blockcrs whereas even extremely hlgh doses of @
noradrenergi¢ blockers have little effect (Antelman, Hemdon Caggiula, & Shaw, 1975)
The r;:sults of these studie€ suggest doparmncrgnc medxatxo;l of sexual arousabxlxty The ..
role of DA in sexual behavior will be more fully explored in the following section.

D&mm_n_c_and_m_as,c_ﬁm_mal_f&hgm. When castrated males, maintained on

behaviorally subtheshold doses’of T, are treated thh the DA agonist apomorphine
(Malmgias, 1973) or with the DA precuréor L-DOPA (Malmnas, 1976) the numbcr of

" males 1mt1ann‘g,copulanon increases. L-DOPA will also increase the display of

female-directed behaviors and the DA receptor blocker pimozide will-antagonize this

&> . .', L)
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effect. In castrates without exogenous T, Malmnas (1977) found that apomorphine
increased the number of castrated, or castrated and adrcnalcctomlzed animals that

-- --displayed mounts, mtromxssnons and-the ejaculatory reflex, and thl&effect was again -
Iglockcd by pimozide. The timé allowed for the initiation of copulation in thes¢ studies
was unusually short (3-5-min) and more con_xrb! animals might have initiated copulation
if allowed more time. Noncthcles;, increases in fcMc—&mmd behaviors and in the
percentage of castrates that initiate copulation indicate that DA h‘as arole in mediating
sexual arousal. ‘

Accruing evidence suggests that DA also facilitates the sexual behavior of

gonadally intact animals, regardlcss of their level of sexual activity. Moderatc doses of
apom;)rphine and amphetarﬁine reduce the intcrin&nrnission interval and ejﬂculation

latency (Butcher et al. 1969) Dallo, LeKka and Knoll (1986) tested sexually slugglsh

week)dncrease in the bemengage of aqin]als that ejaculated. Tagliamonte, Fratta, Del

Fiacco and Gessa (1974) found that among males that had not ejaculhted in three of four
.-~ prestests, treatment with either apomorphine or L-DOPA increased the number of
_mQunts, intromissions and ejaculations. Animals selected as good copulators €jaculated
sooner, méuired fewer mounts and intromissions to cjaculatc,‘and had shorter
post“‘é;jgculatory inter:als after treatment with L-DOPA, The effects of agomorphiné and
L-DOPA were blocked by haloperidol, suggesting that the important consequence of
each treatment was increased ﬁctivit;r at DA receptors. Urffortunatcly, mount and

\\‘\_
mtrormssxon latencies, measures of sexual arousal, wefe not reportcd Inu% ss1on

latency was repoxted by Pagllcm Pellegrini Quarantom Mcreu and Gessa (1978), and _

treatment wnh both apomorphine and L-DOPA mgmﬁcamly reduced i mtromlssmn .

H
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latency, as well as facilitating several other measu‘rcs of &Qpulation. The
apomorphine-induced facilitation was blocked by pimozide. Thus, this set of
. pharmacologlcal studJcs lend support to the vxcw that DA is important for both sexual
arousal and the performance of copulanon.
sl:&?:m ‘reports do not support an excitatory role for DA in‘sexual behavior.

Treatment with L-DOPA, for example, has been found by some investigators to inhibit

male copulation (Gray, Davis & Dewsbury, 1975; Hyyppa, Lehtinen, & Rinne, 1971);

Malmnas (1976), however, ?as argued thatin his stuc{i;s high doses of L-DOPA
inhibited tfl;a display of copulatory behaviors by causing motor disturbances. A putative
DA autoreceptor agonist (RDS-127), whiclﬁnight be expected to decrease DA
geurotransmission, has been rqported to facilitate mounting and ejaculating in gonadally
intact male rats (Clark & Smith, 1986; Clark et al., 1982). Pimozide, however, did no:l
aff;cct the agonist-induced facilitation (‘Clax:k & Smith, 1986), making it unlikely that DA
ﬁ,re;:eptor activation was involved. There are, however, several other reports that
autoreceptor activation facilitates male sexual behavior (Alhenius & i,axsspn, 1984;

Gower, Berendson, Pincen, & Broekkamp, 1984; Napoli-Farris, Fratta & Gessa,

X , I4
1984). A very narro j'a.nge of doses, and dose and treatment schedules different from
[ . .

those used in those studies reporting dopamincrgic facilitation of sexual behavior have

* been employed in these experiments. Funhcrmorc the specxﬁcxty for DA autorcccptors ’

» * of the agonists employed, eritical for interpretation of these findings, has bccn
questioned (Hull, et al., 1986).

Foreman and Hall (1987) appear to have resolved some of these conflicting
ﬁf{dir;gs in.a recently reported series of experiments. ’I‘h::y administered the specific D2
receptor agonist LY 163502 to persistent noncopulators, animals that had copulated
without ejaculating in four pretests, and to good copulators. Moderate doses, of

LY163502 produced a dose-dependent facilitation of copulation in all groups of males.

{
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‘dose range. Selective activation of high affinity autoreceptors by the lowest doses (25

" produce changes Yn general locomotor activity.,

" The D2 agonist, in doses between 25 ng/kg and 25 pg/kg; increased the number of

Y

( . N
noncopulators that mounted and ejaculated, incréased the number of previous
non-ejaculators that ejaculated, and decreased ejaculation latency and the number of
mounts to cjacdaﬁon in good copulators. ;

The effect of D2 receptorsstimulation, however, was not uniform across a wider
ptorss u

pg to 1(')/:,1 g) inhibited sexual behavior. Moderate doses (25 ng to 2.5 mg), wl?ich would
stixf‘fﬁglﬁ;c post-synaptic receptors as well, facilitated sexual behavior.  The highest dose
(25 tig) led to the emergence bf stcfcotypyqthat interfered with the performance of
copulation. The fz;cilatory‘effect of the D2 agonist was blocked by prior treatment ﬁm
the DA receptor blockers Ro 221319 and sulpiride, but not by the peripherally acting
antagonist domperidone. It is interesting to note, also, that lower doses of(the b2
agonist were reqmrcd to demonstrate a Sngﬁcant facilitation of sexual behavior than to

“

N_eyml_su_b,‘smgs. Systemically applicd DA agonists would be expected to affecta
number of différént Di\ systems and there have been few attempts to localize the neuron
group(s) critical for the facilitation of male sexual behavior by dopaminergic receptor
s'tifnulation. Most-of the relcvarft studies involve either lesions or clectn'cai brain
stimulation; there are enly two ref)orts of intracerebrally applied DA agonists %

~ \ . .
anjagonists. These studies have concentrated on“the preoptic area-anterior hypothalamus

‘ continuun;, specifically the medial preoptic area (mPOA).
. ,

Ms;dml.nréqnngm The mPOA is a principle binding site for gonadal‘l steroids

(Sar & Stﬁmpf, 1975),and T implanfe& in the mPOA will restore sexual behavior in
“ ) o)

castrated males (Lisk, 1967; Davidson, 1966b). Furthermore, the mPOA is a terminal
field of the rostal incertohypothalamic DA system that has cell bodies in the‘rostral :

perivenu'iculgr hypothalamus. (A14 géll gxoup) (Bjorklund & Lindvall, 1984). The
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effects of mPOA lesions on sexual behavior are dramatic. Heimc; and Larsson _
(1?66/67) lesioned the mPOA-anterior hypom‘thalamus region and found that mounts,
intromissions and ejaculation were eliminated in sexually experienced males. They a}so'

.reported that these animals, although sexually inactive, did approach and pursuc the
female and engaged in gcmtal exploration. Similarly, Giantonio, Lund and Gerall
(1970) found that lesionin g the mPOA-anterior hypothalamus completely abolished
copillation, in most males whﬁg leaving female-directed behavior intact. The lesioned
animals pursued and sniffed the fernale, and engaged in partial mounts with shoulder
palp;iﬁon but without copulatory thrusting. Thus, mPOA lesions appear to abolish the
performance of copulation leaving sexual arousal relatively intact. N:

The abadlition of copulation after mPOA lesion is well established (Chen & Bliss,

1974, Hendricks,& Scheetz, 197:3; Van de Poll & Van Dis, 1979). mPOA lcs‘ions do

not indi:cc gonadal atrophy (Heimer & Larsson, 1966/67), affect basal lutcir}ising w

" hormone (LH), T, or prolacti) levcls‘, nor do they interfere with the releasp of LH

in“(‘iuceci by exposure to a sexually receptive female, although they dc; block the release of

prolactin and T normall);'induced by such exposure (Kamel & Frarkel, 1978). The

absence of cxposure-in&ucéd T and prolgctin release could tic the result of the mPOA

lesion, per se, or to the absence of copulation. , }

The prefércncc ’of male rats for a sexually receptive female over a non-receptive P -

fexr}ale is significantly reduced by lcsionsogf the mPOA (Edward;v» &\Einhom, 1986'),

suggesting, unlike what was said pi'cviousl;', a deficit in motivation. ‘Interp{ctation of =

these Elata, however, is complicted by the fact that males had access to the females and

could copulate with them, as the intact males were mmM todo. The mPOA lesion |

' may, therefore, have resulted in rclanvely less ume m the v1c1mty of the female because -

gherc was no time devoted to copulation. In support of this mtcrprctauan is the finding - .

of Szechtman Caggiula, a'xfchulkcn (1978) that if copulanon is not allowcd, 1solanon

d ’
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of the mPOA by sagittal knife cits does not affect the male's preference )for the odor of a

s;e;cually receptive female over the odor of a non-receptive féemalé’
' Lesions induced by the DA neurotoxin N—mctliyl-4-phcnyl-1,2,3,6—
tetrahydropyridine (MPTP) suggest that a diéruption of meA DA is responsible for

some of the effects of electrolytic lesion. MPTP infused into the third cerebral ventricle i

of sexually experienced thales resulted in-a dosc-mlated.suppmgsion o¥ se:vcuaq behavior
(Sirinathsinghi, 1987). The effects of MPTP were all on the pcr}‘ormancc of .copulation
(mounts, intromissions, and ejaculation); it did not affcc; mc’asu‘res.of sexual arousal
(mount and intromission latencies and th;: number of @mal's that ini;iated‘copulaﬁon).

. Thq effects of the infusion were not localized, but mcdiatic;n by the periventricular
hypothalamus, the location,of l?A cell bodies that project to the mP'GA, is probable; the
periventricular hypothalamus has access to the ventricular circulation, has the highest
density of MPTP bindin g sites in the rat brain (Javitch, Uhl, & Snyder, lQ§4; cited in
Sin'natilsinghi, 1987), and is the loéation of DA cell bodies (Bj;)rklund & Lindvall,
1984; Bjorklund, Lindvall, & Nobin, 1975). ) )

Studies of electrical sfimulation of t};e mPOA have found cffccts that complement
the lesion studies. Roberts, Steinberg, and Means (1967) were able to elicit male sexual
behavior by electrical stimulation of the mPOA"in both the male and female.opossum.
Malsbury (19715 found that electrical stimulation of the mPOA decreased the number of
mounts' and intromission.s to ejaculation, and, irz some cases, reduced the intromission

’ latency and d;c length 6f the postejaculatory interval. A facilitation of male sexual

behavior by electrical stimulation of the mPOA-antefior hypothalamus has bi:come well

established (Mt:?‘ari & Ginton, 1975; Van Dis & Larsson, 1971). Interestingly,
ié/lalsbury and Pfaff (1974) have reported that electrical stirnulation of the mPOA-anterior
hypothala.mus did not elicit copulauon unless the subjccts were sexually cxpenenced,
although it did potcmlate penile responses ex copula in all males. The sexual behavior of

", . - A
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‘tract.

' number of anirials that copulate at all (Szechtman, etal., 1978) Thcse latter

. - - .
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persistent noncopulators is not affected by electrical stimulation of the mPOA-anterior {

' hypothalamus (Malsbury & Pfaff, 1974). These results suggest that electrical

stimulation of the mPOA-anterior hypothalamus cannot affect copulation if thc male és
sexually na‘ive, or suffers a deficit in arousal. o ‘
hull et al. (1986) applicd the DA agonist, apomorphine, to the mPOA, rathe;' than
nonspecifically activati;]g the mPOA yial elecm:ca{ stirpdlation. Apomorphine infused
into the rﬁPOA increased the number of éjacﬁlati S and the efﬁciency of éopulatéon (the

ratio of intromissions to allounts), and decreased the mean time between

'intromissions. The intra-mPOA infusioris of apomorphine did not affect the latency to |

’ L3}
initiate copulation. Facilitation of copulation-by intra-mPOA infusions of apomorphine

was found to be blocked by the DA receptor blocker cis- flupenthxxol (Hull, et al., 1987)

The mPOA, therefore, was 1mportant for the pcrformancc of copulat:on funcnomng

analogously to Beach's proposcd CM, but‘there was no cvnicnbc that i it was involved, m

u

the control of scx_ual arousal.

Research has extended the study of the preoptic area to_affcrcrii and efferent T

pathways. Transverse knife cuts either anterior or posterior to the mPOA have no eff;:ct
on copulation (Szechtman et'ai., 1978). Horizontal knife cuts dorsal to the mPOA do
hot change the likelihood of copulation although they do altet the p;mcm Qf copulation.

" The dorsal cats would sever several fiber systcms 1nclud1ng connections wnh the -

amy gdala via the stria terminalis and thh the hippocampus via the comcohypothalamlc

4 ' Al
.

"™ "On the other hand, sagittal knife cuts lateral to the mPOA, which would disconnect
et s . :

" the mPOA from the thedial forebrairi bunidle (MFB), have been reported to decrease the

number of animals that ejaculate (Paxinos & Bindra .,1972). and grcatly rcducc' the ™

y

- mvcstxgators found, howcvcr, that if copulation did occur the lcs1oncd male was as hkcly
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to ejaculate as an-intact.male. Interestingly, it has been found that although knifé cuts
sagittal to the mPOA reduce the llkchhood of copulation, they do not affect the fmquency
of female-directed behaviors or the male's prcfbrencc for the pdor of a sexually receptive
female over a non-rcccptlvc female (Szechtman etal., 1978) i Thus, even if copulation -
does not occur, animals with the mPOA isolated from the MFB maintain interest in the
sexually receptive female. If unilateral mPOA lesmn or saya.l knife cuts are combined
wnh contralatcral MFB lesion copulation is abolished or greatly reduced (Hendricks &
Scheetz 1973; Paxmos, 1974) Interestingly, Hendricks and Scheetz (1973) noted that
pursuit of the fémale and partial mounts were common among animals with bilateral
mPOA lesions, but were ml;clg less common among males with unilateral mPOA lesion
;

and contralteral MFB lesion
Mgdml_fq:gmmn_hun_dm The MFB, a ma_]or fiber uact connecting telencephalon

and mxdbram via' both a&cndmg and dcscendmg fibers, is necessary for sexual bchavxor
bilateral lesxops of the MFB reduce or abolish copulation in sexually experienced males -
(Caggiula, Antelman, & Zigmond, 1973; Hendricks & Scheetz, 1973; Hitt, Hendricks,

Ginsberg, & Lewis, 1970). Unlike animals with mPOA lesions, animals with MFB

lesions do not pursue‘ghq, female, or display partial mounts'(andricks ‘& Scheetz, 1973) ’
| After MFB lesior males cannot be induced to copulate by.peripheral shock, handling, or

the mtroducuon ‘of new females (Caggiula, Antelman & ngmond 1974) mdxcatmg that

thcse lesions intérrupt a set of fibers necessary for increases in sexual arousal by

peripheral stimulation. o . L

Whereas MFB iesions interfere with copu]ation, 'electricmﬁmMaﬁoh of' the MFB
in the reglon of the lateral hypothalamus or postenor hypothalamus results in
st:mulapon-bound copulation’ (Caggﬂxla, 1970; Caggiula & Hoeber 1966; Vaughan &
Fisher, 1962), and a rcducnon in the number of intromissions to ejaculauon (Cagglula &

Szcchtman; 1972, V§ughan & Fisher, 1962) The MFB is 1mportant for the display of

*



sexual behavior, but mPOA and other desccndmg and asccndmg pathways camot be—- -

differentiated on the basis of MFB lesion or electrical stimulation. Two of the systcms
that would be affected by MFB lesion are major dopammerglc systems; the mgrosmatal
DA system, that has cell bodies in the substantna nigra (A9 cell group) and tcrmmals in
;13? caudate putamen, and the rpcsohmblc DA system, that has cell bodies in the VTA
(AlQ cell group) and an‘impoﬁant terminal field in the nucleus accumbens (NAS) .
(Bjorklund & Lindvall, 1984; Dahlstrom & Fuxe 1964).
Mﬁ&hmm_m_d_n_gmmaml_dmamm:ﬂﬂm In ordcr to selccUVery impair

. catecholamincrgic systems, incl}xd'mg the mesolimbic and nigrostriatal DA systems, '
Caggiula and co-workers (Caggiula, Shaw, Antelman, &.Ed_wards, 1.976) ‘injected: the ’
r;cumtoxin 6-hydmxydopMe (6-OHDA) into the lateral cerebral ventricles. An.imals

. ,

did copulate after subtotal 6-OHDA lesions (less than 85 % catecholamine depletion).’

Catccﬁb]ziminergic activity was further challenged in these animals by treatmerit with the
tyrosirie hydroxylase inhibitor a-mcthyltyrosine (a-MT or u-MPT) Véry few
6-OHDA lesioned ammals copulated after a-MT mcatment those that did copulate had a
greatly lengthencd mtmmlssmn latency and most stopped copulating after achlevm ga
fewi mtrormssxons The lesioned animals could, however, be induced to resume

-

copulanon and to ejaculatady tail pinch. Although non-lesioned ammals did copulaxc
. after a-MT treatment, measures of sexual arousal were affected intromission latency
| increased, the rate of intromitting decreased, and the length of the postcjaculatorx interval
increased. i - :

To further examine the effect of 6-OHPA esion on arousability, Caggiula et al.
) (1976) eliminated solicitation by the female. Female rats treated with hafmrri;.lol will

remain receptive (1 e. reliably dlsplay lordosxs) but wxll not dxsplay proceptive bchawors

When tested with non-proccpuvc femnales, mount, intromission, and ¢jaculation latencies

o

and the length of the postejaculatory interval all increased in 6-OHDA lesioned subjects.
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: Thus, inuaventncular &OPﬂ)A dccx‘cased the sexual arousablllty of the malev, an cﬁ'eCt

<
L N ,:’ s e+

N that could be cxaccrbatcd by u-MT treatment or by non-proceptwe fcmalcs, and that

RS

(X1

* could bc rcvcrsed by tail pmch ,
oo Intracerebral 6-OHDA affects catecholarmncrglc systems in gcneral and docs not
dxfferenuate betwcen noradenergic and dopammerglc systems. Althou gh noradrenergic
systcms ‘may have a role i ina bchavmr as complex as male copulauon the data are
eqmvocal Mampulatlon of noradrenergxc act]vny has been reported to produce no
cffcct, facﬂltauon and inhibition of scxual behaviors (Caggiula et al,, 1973; Malmnas, -
1973; Clark, Caggiula, McConneli, & AVtexman 1975). On the other hand, the '
pharmacologlcal data con51stently mdxcates an 1mportant role-for DA, suggesting that the .
effects of mtraventncular 6-OHDA were medxatcd by lchomng doparmncrglc cclls.o

Although mtravcntncular 6-OHDA lesions, and clcctrolytlc MFB and mPOA ‘
lcsmns all result ina rpductxon in the number of animals that copulate, there are
dxffcrcnccs in thcxr effects on sexual behaviors. Animals with mPOA les1ons w1ll ’
copulate to ejaculation if copulation is begun, and mmauon latencies are not consxstcr;tly
affected. In contrast, 6<OHDA lesioned animals s(p intromitting beforc reachmg
cjaculauon and initiation latencies are lengthened. Furthermore, mPOA but not MEB,
lcsxoned malcs will pursue thc fcmalc, and display partial mounts. These data suggest-
‘that one of the ascending doparmncrglc systems is responsible for mediating sexual
arousabxhty, relatively little tesearch, however, has l?csn déYoted to.trying to specify
whiether it is the mesolimibic or nigrosiriatal DA system that is involved. -

Mclntosh and Barficld"(l984) assessed the role of nigrostriatal DA in male '
oopulatién by ptoduci'n'g(clecuolytic“ or chemical lesions of tht: substantia nigra, the -

Iocatipn of the DA cell bodies. Unilateral chemical (6-OHDA) lesions len&thened the.

. postejaculatory interval. Ul&eral electrolytic lesions both lengthened the : \\
%

postejaculatQry interval and increased initiation latencies and decreased the number of
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®  Taken togcther these data suggest that DA is cnucally involved in male sexual *

~ T 20
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- introthissions toejaculation. Because the only consistent effect of unilateral substantia -

nigra leéidq was an ;ncxease‘iﬁ the length of the postejaculatory interval, McIntosh ah’d
quﬁeldeconc,lutdcd&liai the nigrostriatal system w‘as important for the control of the
postejaculatory refractory period.

Eibergen and Caggmla (1973) have investigated the cffcct of electrical stimulation

_ 'of the VTA; the locauon ofmesohmbxc DA cell bodies, on ma,b copulanon Elecmcal ' ®

stimulation of the VTA efRits stimulation-bound copulation, and reduces the number of

intromissions to ejaculation, ejacﬁlatién latency, and the length of the postejaculatory

mterval. Unfortunately, initiation latencies were not reported, though they might not

o~ '
-have been meaningful in this paradigm without an investigation of thresholds. Thereare

no published reports of the effects of VTA lesions on male sexual behaviors.
Terminal fields of the mesolimbic and nigrostriatal DA systems were included in
the stucgy by Hull et al. (1986) that tested male sexual behavior aftc;‘ intracerebral
apomorphine infusions and found that intra- mPOA apomorphiné fac;ilitated only the
pcrformance of copulanon Apomorphine mfused into a terminal field of the mgmstna‘gl

DA system, the caudate-putamen, had no cffect on sexual behavior. Apomorphine

infusions into a terminal field of the mqsolimbic DA system, the NAS; produced a

dose-related decrease in int@mission’ latency, but the effect was small (p = .058); mount
latency was not reported. The subjects in this study were very expen'c/nccd copul;ltors, "
having copulated cxght to ten times, and all tests were performed in the same

cnvuonmc‘m. Bceause repeated testing of gonadally mtactMcs in the same -
environment results in a decrease in the latency to initiate copulation (Dewstluiyl 1969),

greater facilitation of intromission latenCy by apemorphine may have been difficult to

»

{

K bchawor and that dopannncrgxc agonists facilitate pcrformancc at the mPOA and scxual

1

¢



b hypothalamus 2 weeks after castration.
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arousability at another site. The effects of MFB lesions, muavqmncular 6-OHDA, VTA
stimulation, and NA S*apomorphine infusions all 1mply an unportant contribution of the

mesolimbic DA system in mediating sexual arousability.

Castration effects on dopamine. Castration could affect dopaminergic ' -

» neurotransmission by changing either the availability or utilization of DA. The

dopan}incrgic systems most studied for steroid effects on DA content and turmover ht;vc
been the ir‘lcertohlypothilamic DA system, the source of most, if not all, prcc;p‘tis\gfea DA
(Bjorklund & Nobin, 1973; B_]Brklund & Lindvall, 1984), and the tubcromfundxbu]ar
DA system. The tuberomfundlbular DA system has cell bodies in the arcuate nucleus
ahd the adjacent part of the periventricular nucleus (A12 cell group), anc} terminals in the
median cn;incncé near the primary capillary plexus of the hypophysial portal system ‘
(Bjorklund, Moore, Nobin & Stenevi, 1973; Bjorklund & iiqdval, ’1_984).

Neuroendocrine function$ have been suggested for both the inE:_ertohypothalamic and

“ tubcromfundlbular DA systems (Bjorklund et al., 1973).

Bcrnard and Paolino (1974) evaluated hypothalamic DA concentrations and DA -
* s
turnover in male rats after a-MPT injection. They reported an increase 1n hypothalamic

A

DA content and utilization 3 Wweeks, but not 6 weeks, after c;astrau'on. Their dissection

would have i?cludcd incertohypothalamic as well as tuberoinfundibular DA (Bjorklund
& Lindvall, 1984). Incertohypothalamic DA concentrations have been studied using {D
more specific dissections. Donoso, Stéfano, Biscardi, and Cukier (1967L;c$oned that |
DA concentrations.in the anterior region of the hypothalamus were reduced 10 and 20

days after castration. Simpkins, Kalra, and Kalra (1980a, 1980b, 1983), on the other

~ hand, have reported no changc in DA concentrations in the mPOA or,anterior

Gunnet, Lookingland and Moore ( 1986) found that DA turnover in the medial

- . -

preoptic area Wagduced 2 wéeks after c;as;u'ation; an effect that was prevented by T

Y

(g S
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" administration. Simpkins et al. (19804, 1980b), however, found that DA turnover in
combiried preoptic 4rea-anterior hypothalan;us was higher in castrates than in castrates
treated with either preoptic area DHT implant§ or systemic T. ’ Sirr;pkins et al. (1983)
used ;1 more specific tissue dissection and found that DA tumnover in both the mPOA and
the anterior hypom‘alamus was higher in castrates than in castrates treated with @dpgcn;
T administration msult;din an apparent total cessation of DA turnofef. DA ,
concentrations and mmo;lcrin the periventricular nuclei, the location of the rostral - ‘
incenohypotha]amic DA cell bodies, did no£ differ between castrates and castrates treated
with T Thc finding that T decreased DA turnover in castrates (Simpkins et al. 1980a |
1980b, 1983) is in the opposite direction tq what would be predicted from the cffccts of
DA agonists and antagomsts on sexual behawors a castranon-mduced decrcasc and
T-induced incredsé would be expected. )

Cast;'atic;n also influences the tubcroinfundibular DA system. - Castration increases
the rate of DA synthesis and turnover in the median eminence of male rats (Demarest; * *
Moore & Rxcgle, 1985‘ G[mnct et al.,1986; Kizer, Humm Nicholson, Greely, &
Youngblood, 1978). Sirsppkins etal., (1983), however, have rcportcd that DA tuover
in the median eminence was lower in castrates than in castrates given T.

A number of studies have found evidence that the preséncc or absence of T s
influences DA turnover and content in several terminal regions of the
incertohypothalamic and tuberoinfundibulaz DA sys’terrgs. Biochemical studies of these
systcxfxs have, however, ‘)yielded inconsistent resultf, and som;: ‘(-)f the discrepancies may
arise from important differences in tissue disséction, time\'a}tcr castration selected for
sacrifice, and the/: methods used to evaluate DA content and turnover. |

Very little attention has been difected to the mesolimbic or nigrostriatal DA: )
systéms, despite evidence that they are involved in male sexual behavior.and might, ¢
therefore, be;ffcctcd by gonadal steroids. The NAS has beenzeported to conccnn'a;c s

!



the neural metabolites o& T, DHT and E,, althougl? the amount of steroid, binding is

* small, whereas no steroid binding has been reported for the caudate-putamen (Pfaff &

-

Keiner, 1973; Sar & Sgumpf 1975). p
Gunnet et al. (1986) found only a small, not statistically significant decrease in t?:c
DA conmm.of the NAS 2 weeks after castration. Alderson and Baum (1981) measured
the conceftrations of DA and the DA metabohtes thydroxyphcnylaceug acid (DOPAC)
angl homovanillic acid (HV A') 30 days after castration in tcm}inal regions of the
mesolimbic and nigrostriatal systems. They founci that DA c:)r;tcm was sighificantly .
lower in the NAS and septum 30 ciays after castration; the DA metabolites exhibited a
§inﬁlar trend. The castration-induced decreases in DA: content were prevented by steroid
administration. Castration and steroid admiinistration had no effect on DA concentrations

el 9

in the caudate-putamen. - , .

It is not known if,any of the castration-induced changcs'i;l DA content or turnover
coincided with changes in sexual behiavior. Ina numb;:r of studies animals were
sacriﬁcéd 2 weeks or less after casu‘ation"( unnet et al., 1986; Klzer 1978; Simpkins et
. al, 1980a 1980b, 1983), and, dependmg on sexual experience and stram many males

could still be sexually active. Alderson and Baum (1981), off the other hand, sacrificed

.
]

their subjects at a tirne when v;try few subjects would be expected to engage in Sexual . -

bchavxé;j In nong of these studies, however, was sexual be}1av10r measured.
/Baum—-Mclamcd and Globus did measure sexual behavior as well as DA

wpccnuanons after castration in a more recent srudy~(l986), but found no changés in

DA DOPAC, or HVA concentrations in the NAS, caudatc-putamcn, preoptic . |

» arca/antcnor hypethalamus, or septum. In both studies by Baum and co-workers | ,

(Ald'crson & Baum, 1981; Baum et al., 1986) bram areas were dissected from 2 mm

thick coronal sections, and differences in tissue dissection combined with highly .

localized neurochemical changes could have accounted for the different results.

3
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The present experiments.” Analysis of evidence from a wide variety of cxpcn'tﬁcnts
leads to the hypotheses that DA is important for sexual arousal in the male rat, that
castration of the male leads to a deficit in sexual aroysability mediated by dccrcascd
dopammerglc neurotransmission, and that changes in‘the mesolimbic DA system, in
particular, are crmca]ly involved. \

The first series of experiments to bc reported in this thesis was conductcd to assess
'the effects of castration and steroid replaccmént on biochemical changcs in the
mesolimbic DA system and on concommltcnt changes in s¢xual bdﬁ%.vxor If steroid

» vhormones do act, directly or mdxrcctly, on this system, then castratlon might be expected

9\%0 produce a steroid-reversible chan gein the concentration of DA or its metabolites. In
order to make any statements about the relation between activity in the mesolimbic DA
system and sexual behavigr, it was important to demonstrate that changes within the
system are systematically related to some aspect of'change in sexual behavior. “

In a second series of experiments, thé influence of the mesolifnbic DA system on
sexual arousal .in the male rat was assessed by directly activating this system in the
presence of a sexually receptiveiemale. In these cxperimc"ms, advantag;: was taken of
the fa;:t that opiate compounds applieﬁ directly to the cell body reéion of the mesolimbic
DA-neuroﬁs in the VTA activate DA neurons (Gysling & Wang, 1983). It was

hypothesized that activation of mesolimbic DA neurons would faciliate sexual arousal in - |

the malerat. . e
A final set of experiments was concerned with assessing the'e;’fccts onsexual
r behavior of presenting the male rat with copc}itioped stimuli that could be expected to
* bring about cdnditioncd increases in DA activity. In ;hcsé' experiments, male-sexual
behavior was studied when animals were presented with a sexually receptive female in ’
an environment where the male'.had previously experienced repeated injcctioqs‘of ;hc

Yopiate drug morphine,.a treatment known to sensitize animals to the behavioral effects of

*
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opiates and to other inducing stimuli (Vezina, Kalivas, & Stewart, 1987). It was
hypothesized that if increases in DA activity within the mesolimbic ycm were

r

important in sexual arousal, then stimuli that have been shown to ledd to sensitization of

B

this system or to conditioned activation of it sHould facilitate sexual behavior in the male

Ve

rat.



Studies of the Effects of Castration and Hormone Replacement on Dopaminergic

Activity and Male Sexual Behavior
* .

. In the following experiments the effects of castration and steroid replacement on

‘the mesolimbic and nigrocétriatal DA systems were investigated. In all of the work, brain
tissue was prepared using the microdissection technique of Palkavits (Palkovits &
Brownstein, 1983), and a;nine concentrations were estimated using high performance
liquid chromatography with electrochemical detection (HPLC-EC). In the neurochemical
assays, special attention was Paid to the concentrations of DA and DOPAC. DOPAC\
concentrations provide an estimaté of DA utilization or release because it is thought to be

('moétly formed from DA after reuptake int? the presynaptic terminal (Korf, Grasdgk, &
Westerink, 1976; Lz}viellc et al., 1978; Melamed, Hefti, & Wurtman, 1980; Roth,
Murrin, & Walters, 1976, but see Commissiong, 1985).

In the measurement of sexual behavior special attention was paid to indices of
sexual aréusal. These included the latency to initiate copulation aﬁd female-directed
beilaviors (Madlafousek et al., 1976; Michal, 1973; Stewart & Kaczender-Henrik,
1971). Female-directed behaviors provide a mca;{lre of interest in, or attention to,
sexually relevant cues. Both gonadally intact'and castrated male rats display
fcmale-dircctcd°behavi6rs, and they are u.:sually the last sexual behaviors to disappear
after castration (Madlafousek cg,a.; 1976).

o
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EXPERIMIéNT 1

\ In Experiment 1, animals were tested for scxu;I behaviors 2, 4, or 8 weeks after

castration and then sacrificed for amine determination. These time intervals were chosen

to include the time at which Gunnet et al., (198}3) failed to find an effect of castration (2

chks), and the time at which Alderson and Baum (1981) reported a decrease in N{XS

DA content (4 weel.cs). The use of arange of times allowed for the detection of any

temporary neurochemical changes, such as that reportéd for hypothalamic DA (Bernard

& Paoli‘no, 1974). These times also encompass the period during which most ;:asuates
_ decline form displayin g relatively corn_plétc sexual behavior to\‘cxhibiting little, if ani',

copulation (Davidson, 1966a).

Method . L
Subjects. Long-Evans male hooded rats (Charles River Canada) were used 1?1 the
experiment. The males weighed 250-275 g at the start of the experiment, and were
selected from a larger group on the basis of a"sin gle test of copufatory behavior.
Initially, 42’ males were screened for sexual behayg)r, and only those males that mounteg
Within 20 min and ejaculated within 30 min of the first intromission were included as N
subjects. After pretesting, 24 males were bilaterally castrated via a single incision along
the midline of the scrotum. Sham cast.ratcs (n=i2) received only tl;e scrotal incision. In
this, and all silbscqucnt experiments, surgery was bcrformed under a methoxyﬂurané
anesthetic (Metofane, Pitman-Moore Ltd./M.T..C'. ‘I,’hdnnaceuti‘cals, Mississauga, Ont.):
Female Long-Evans rats were used, in this and subsequent experimc\nts, as target

fémqlcs. The females had been ovaﬁectqmi;éd under Metofane anesthesia. Sexual
receptivi;y was induced-by sﬁb’cu;aneous (s.c.) injpctions\of 10 pg estradiol benzoate
(Sigma, St.‘Loius, Mo.) in 0.1 ml peanut oil 72 and 24 h before ugc, and 0.5 mg_
progesterone (éigma) in 0.2 ml peanut oil 4 to 6 h before Wiy, Female sexual receptivity

was verified by placing a female with a vigorous copulator just prior to use with an

27
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experimental male.
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. \‘ ) 5
All arumals were housed i in standard wire mesh/agcs with Purina Rat Chow and .

watcr available ad libitum. Thc animal colony was mamtamed onal2h hght 12 h dark
reverse light cycle with lights off at 930 h, <

-y Apparatus. A bank of six sermcmcular mating arenas (61 cm diameter x 36 cm

deep) were used for tests of sexual behavxor. Each mating arena had a plywood floor

covered by 1-2 cm of bedding, a Plexiglas front and a curved tin bick. The arenas were
m aroom dimly lit by four, 40 watt red light bulbs A red-light sensitive camera

(Panasomc CCTV camera, model WV-1460), and a vxdeg cassette recorder (Sony

Betamax VCR, model SLO-420 or SL-HFR30) was used to record the sessions for

.'future scoring. The mating arena$ and video equipment were.used 1& subsequent

experiments. ' . ‘ =
Behavioral tests. Groups of castrated males (n=8) were tested for sexual behavior
2, 4, or 8 weeks after castration. To control for the time since surgery;six. ’
sham-castrated males were tested 2 weeks after sugery, and six after 8 w\ec\ks. Surgery \
was timeg so that all animals were the same age at the time of tesging, For each test, a ‘

mgle was placed into the mating arena for 5 min and then a sexu Ay reccpuvc female was

' introduced. Tests lasted 30 min from the time of the introduction of the female, and all
- . , .

behavioral testing was conducted between 1200 and 1700 h.

The behavioral categories scored included the following:

Mounts. Identified by the male n;ounting the female from the rear and displaying a “
number of rapid, shallow pelvic thrusts. v

Intrormssmns Similar to a mount, but included a lorig, deeputhrust after the rapid &
shallow thrusts, a rapld kick with one hmdleg, and a rapid short-stepped w1thdra\;za\)‘ g
from the female.

Ejaculatory pattern. Identiﬁpd by a final pelvic thrust that was slower and deeper



)

than of an intromission, a lateral removal of the fdrélimbs from the female that was held
m(?mcntarilym the apex, and an absence of back-stepping before genital grooming.

The vxdeotapes were then scored for femalc—dlrected behavxoxs using a time
samphng proccdure Female—dlrectcd behavwrs were defined as activities directed
*toward the femalc. pursuing, sniffing, grooming, anogeénital exploration, climbing over,
‘ and manipuiating the flanks (Mad_lafousck ct'al., 1976; Michal, 1973). During the 30
‘min test, each male was observed for 2-3 s every 30 s and the predominant behavior
noted. Thus,-there were 60 observations per animal in each test. An animal's overall
score was exﬁr‘i'z'sédd as the percent ‘bf observations in which female-directed beha\"iors
occurred. o

After removal from the mating arenas, the males were taken to a nearby room and

" sacrificed for amine determination. AVEE .
Brain dissection and amine assay. Rats were sacrificed by decapitation and the

brains rapidly removed and placed on dry‘ice. Whole brains were sto_rcd at -70°C until, -
processing. The b@ns were gccﬁoncd into 300 p slices at -10°C us;n g arefrigerated ’
cryostat (Ames), and the sections thaw-mounted o;l gcl-coatéd glass slides. Specific
brain areas were dissected using the brain microdissection technigt_xé gf Palkovits

‘(Palkovits & Brownstein, 1983) and the atlas of Palkovits (1980). The NAS and -
caudate-putarr;cn were dissected using a 1 mm diamctcr ﬁésue punch (Figure l) and a

. 0.5 mm diameter punch was used for the mPOA (Flgurc 2) and for thc VTA and

substantxa nigra (Figure 3). A numbcr of other areas were assayed for the sake of

- clarity, howcvcr, only the data from the areas mentioned above will be included in this

§

thesis. . . o

.
,
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Figure 1. Dissection of the NAS and caudate-putamen for Experiments 1-3. Circles
" respresent t‘hc tissue samples removed for MPLC-EC analysis. Each ti§§uc section was -
30(-)'9 thick, and tissue samples for both the NAS and caudate-};utamcn had a ‘
e diameter of 1 mm. Abbreviations: AC: anterior commisure; CC: corpus callosum, CP:
.caudatc-}‘mtamen; Is: lateral septum; NAS: nucleus accumbens. Numbers to the left of:
each sectiokn represent the_section annber according to, Palkosits (1980). Adaptcd from
. . _ > ' .

oo

Palkovits (1980). . | , ]
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. Figure 2. Dissection of the mPOA for Expenmcnts 1-3. Circles represcnt the tissue
sampﬁxremoved for HPLC-EC analysis of the mPOA. Sections were 300 p thick, and
each tissue sample had a diameter of 0.5 mm, Abbreviations: AC: anterior ccirnrmsure;
CC: czrpus callosum; CP: caudate-putamen; IPOA.: lat-cral pr?gﬁma: MFB medial
forcbram bundle. Numbers to the left of each section rcprescnt the section number

af'cordmg to Palkovnts ( k980) Adapted from Palkovus (198
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Figure 3."Dissection of the VTA and substantia nigra for Experiments 1-3. Circles
répnésent the-tissue removed for analysis by HPLC-EC. Tissue sections were 300 ji
thick, and tissue samples for both the VTA and substantia mgra had a diameter of 05
mm. Abbreviations: LM: medial lemni'scus; H: hippocampus; IP: intcrpeduncu‘llar
nuclcuS' LM mcdxal lemniscus; SN: substanna nigra; VTA: ventral tegmental arca.

Numbcrs to thc left of each scctlon rcprcscm the section number according to Palkovits -
( 1980). Adapted from Palkovits (1980).
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Tissue was expeli;d into 100 ! of ice-cold medium containing 0.15 M sodium
acetate (Fisher, Fairlawn, NJ), 0.1 mM EDTA (Fisher), and 4.3 ml/1 glaclar accnc dcid
_ (Fisher), pH 5 0. Tissue punches were disrupted by freeze thawing, and 5 pg
ascorbat-oxidase (Bochringer Mannheim, W. Germany) was added upon thawing,
Samples were then vortexed and centrifuged at 1'3,000 x g for 5min. The supematant
was analysed for amine content using HPLC-EC. Pellct§ were dissolved in 0.1 N
NaOH (Fisher) for pnotcm dctermmatlon (Bradford, 1976). *

The chromatograph1c system consisted of a 15cm x 3.9 mm Bondapak C18
column (Watcrs Scientific Ltd., Mississauga, Ont.) with 4 p packing, arid a
prograrnmablc sample proccssor (Waters 710-B WISP). An amperometric !
electrochcmlcal dctector (onanalyncal Systems Inc., Lafayette, IN, model LC4B) with a
glassy carbon elcctrodc (Bioanalytical Systems, model TL-5A) was used for

electrochemical detection. The electrode potential was set at +0.76 V versus a Ag/AgCl

4 42 *

reference electrode. (
Samples were eluted with a 0.15 M sodium acetate mobile phase contaihi'n/g_o.l

mM EDTA, 80 mg/1 octyl sodium sulfate (Kodak; Rechester, NY), and 3.3 % 7
acetylnitrile (Fisher), pH of 3.8 (adapted from Renner &,Luim;:, 1984). The ‘mobile )
phase was pumped at 1.3 ml/min (2060~psi back pressure) by a Waters model 510
pump. | - ' '
Sample catecholamine*and mctabolite concentrations were estimated from the peak’
heights by companson with mjecnons of known amotifits of pure standards (Sigma).
The detcc%on limit, as dc/ﬁncdrby a minumum sxg\hal to noise ratio of 3:1, was : DA 22_.

pg (0.15 pmol), DOPAC 16 pg (0.1 pmol), norepinephrine (NE) 24 pg (0.14 pmol),
T serotonin (5 -HT) 34 pg (0.19 pmol); S-hydroxymdolcacctxc acid (5-HIAA) 28 pg (0 15
pmol). Dihydroxybenzylamine (DHBA; Sigma) was used as an 1'1.1tcrnal standard. Thc,

- 33

response of the chromatographic system was linear between amine concentrations of 100

Q
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pg and 1000 Pg ('s 2 .98). _Intra-assay variability was < 5%.

S_mnsngs In this and subsequent experiments, the amount of femalc-duected \
behavior and the neurochcrmcal assay data were analysed by analysis of variance, and
subscqucnt post hoc comparisons were made using Tukey's HSD. The propomo\n of

ammals m each group mounting, mtmrmtung, or displaying thé ejaculatory pattcm were

/ e

analyscd by x tests. , : L,
Results . ‘ ( |
Table 1 presents the pséay Tesults for tﬁe threc. castrated groups and the -
» sham-operated animals. Bccau'sc the two sham-castrated g?oups. did not ('h'ffer on any ' \
mcasurg their data were combined to form_a single gonadally intact gfodp. ‘Data for each
brain area were analysed using a one factor 'betwccn-'groups analysis of va;tiancc. The
analysis of \'/ariancc yielded a significant group effect for NAS DA concentrations, c
EG, 30) 3.8, p <.05. Post hoc compansons showed that the 4 weck group had
31gmﬁcant1y lower DA lcvels than the gonadally intact group (p < .05). NClthCI' of the
other castrated groups dlffcred sxgmﬁczgn]y from the intact group (p's > .1).
: 'fhc analysis of ;hc:l DOPAC concénuﬁtic'ms in the NAS also yielded a s’igniﬁcan't . »
group cffcct,’E(3,31) =6.36, p < .01. Post hoc comparisons showed that the'4 week
group had significantly lower DOPAC conc;ntiations than the intact control group
_ (p <.05). Although the 8 week group appeared to have lower DOPAC éonccntrations
than the mtact group, this comparison did not quxte ‘aftain statistical significance. Figure ¢
'4 shows the NAS DOPACJDA ratios for the three castrated groups and the intact
’ controls The statistical analysxs yielded a s:gmficant group cffcct E(3,30)=6.08, p <
.01, and post hoc compansons showed that the DOPAC/DA rano was lowcr both4” 4 N

weeks and 8 wccks after casuanon (ps < 05), suggesting lower DA metabohsm in

. / ,,/"
these two groups.

DA con_ccn&ations in the mPOA were higher after castration, and the analysis of :
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2 . ‘ 7
. Table1. Monoamine and amine metabolite cohcentrations for groups sacrificed at
different times after castration. Animals were either sham-castrated (Intact), or castrated
and sacrificed for amine determination 2, 4, or 8 weeks post-castration. Values shown
the mean * the S.E.M. and are expressed as pg/ig protein.

. , P
Areal Group DA ' DOPAC NE °~  S-HT 5-HIAA
’ 1%
- B . ' ] s
~ NAS  Intagy 1283155 = 54.9433 8.241.2 5413 14.840.9
"2Wks . 1252484 569454  ° 88%12 . 9.140.8 12410.9
4 Wks 1039434%  37413.1* 8.810.8 11.740.9 139409
8 Wks 1175540  41.9429* 77409 8.641.5 13.0+1.2
VTA  Intact 164122 /-, 42103 13.040.7 16.141.2 20.5£0.9 -
- T 2Wks 13.143.7 48116 12.7£1.0 14.6t1.4 19.3£1.0
- 4 Wks 178432 - 44107 12.741.0 16.9+1.4 218423 ,
8 Wks 199£55 - 5413 12.3KT 17.6£2.1 °  21442.1 /
' : - 3
CP Intact 1672462 29.612.6 1410.1 26101 61102
: « 2 Wks 157.5¢60° 33317 1.940.3 25402 6704
4Wks 7 1423150 24.8£1.5 1.240.1 2.410.2 6.0+0.2
8 Wks 154.47‘6.3 30.0£1.9 - 16102 2.410.2 6.540.4
SN Intact 135812 33104 " 23103 19.5£0.8 15906
2 Wks 10.5¢16 29106 2.110.4- 17.0£0.8 13.410.4*
. . 4Wks 12.740.6 2.610.1 24202 19.7406  1580.5 N
L 8Wks  .129+18 33105 ., 22104 17.841,2 15.610.7 .
/ - .
.mPOA  Intactr 3.740.4 n.d. 30.412.8 14.9+12 . 150£12
2Wks _ 5.640.5% n.d. 37.842.3 15.3£1.0° 189+10 -
. 4 Wks 5.410.6* nd. © 406442 17519 163¢1.2
\ © B Wk 6.10.5* nd. * . 40.544.0 14.1£1.4 17.310.7
. : N e R

1 Abbreviations: NAS: nucleus accumbens; VTA: ventral tegmental area; CP: caudate- -
putamen; SN: substantia nigra; mPOA: medial preoptic area.
v * signifcantly different from Intact, p <.05.

n.d.: not detectable. ‘ ' .

if
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Figure 4. The mean (+ 1 S.EM.) DOPAC/DA ratio for cach group in Experiment 1.
. Subjects were either gonadally intact INTACT), or had been castrated 2, 4, or 8 weeks
prior to testing and sacrifice for amine determination. * significantly different from

INTACT, p < .05. Each colum;/m represents the mean of § determinations, except 2 Wk \

-

(i=7).
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var.ianec yielded a significant group effecs, F(3,28) =‘\6.?9,‘p é .01. All castrated
groups had higher DA levels than the intact control group (p's <.05). Castration |
appeared to lower DA concentrations in the caudate-putamen but the change was not
staustlcally sxgmﬁcant F(3,30)=2.73,.05<p<.l. The only other stanstlcally
significant change after castration was in the concentration of 5-HIAA in the substfnﬁa
nigra, F(3,31) =4.55,p < .01.

Figure 5 shows the percent of observations in whic?; female-directed behaviors Q

\ t
occurred during the 30 min test for sexual behaviors. A two factor analysis.of variance

_ (group x time) yielded significant group, E (3\\2) =10.36, p <.001, and time,
E(3,32) = 43.73, p < .001, effects. It can be seen that the group effect can b& attnbuted
primarily to the 8 week and 4 week groups' low levels of female-directed behaviors,_

especially in the lattcf art of the session. Bccausc, howe?:r, female-directed behaviors

i tdecreascd across time for all groups, $#€ group x time interaction was not statistically ,

© significant ( >.1). ) _ : <

Fi g@e 6 presents the proportion of animals i m each group that engaged in the three

measures of copulatory behavior: mounts, mtromlssmns, and the ejaculatory pattem, it

can be seen that after castmnon there was a progressive decline in the number of ammals )

that copulated. Groups dlffercd in the number of animals dlsplaymg mounts, x2(3) =,
A : . . -

1673, p <.001, intromissions, x2(3) = 22.88, p < 001, and the ejaculatory pattern, . “
X%3)=1529,p< OL. . _ BT <
’ Y Dliscussion : . )
In the presentoexpeﬁment, it w;s found that castration significantly reduce;i .DA and
. DOPAC concentrations and a measure of DA metaboﬁ:m the DOPA A f%uo, in the
NAS. The decrease in NAS' DA“ 'was slow to emerge after castration; 1% wasnot |

statistically significant until 4 weeks after surgery. Furtherpore, the decrease in DA,

d

DOPAC, and the DOPAC/DA ratio, was restricted.to a terminal field of the mesolimbic °
/A
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Figqrc 5. Mean (+ 1 S.E.M.) percent of observations during-which female- directed”
behaviors were observed as a function of time durirg the test for sexual behavior in
Expg.riment 1. Subjects were gonadally intact (INTACT), or had been castrated for 2: 4,

or 8 weeks at the‘time of testing. ) / -~
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Figure 6. The proportion of animals in each group in Experiment 1 that displayed

- .
mounts (top panel), intromissions (middle panel) or the ejaculatory pattern (bottom

panel) in the test for sexual behaviors. Subjects were gonadally ixxmét(MAi?l’) or had

gbeen castrated 2, 4, or 8 weeks prior to testing. -
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DA/ system; nigrostriatal DA and DOPAC levels were not significantly affec;cct by
castration. The results of this gxperimcnt replicate those of Alderson and Baum (1§81) .
who showed & castration-induced decrease in DA and DOPAC concentrations in the
NAS. L.

-

In tests of copulatory behaviors, it was found, as in previous studies ( Beach’'&

) Nucci, 1970; Davidson, 1966a; Madlafousek et al., 1976; Whalen ~ct al,, 1961), that the
-intromission and ejaculatory patterns disappeared simultaneously after castration, and
that some castrates continued to mount after ;IU‘O ission and ejaculation had stopped.
Mo?e importznt fo the ﬁx"escnt experiments, however, was'the fact that the display of
female-directed behaviors dgtcreaééd after castration, indicating that the castrates were
less responsive to a se;cually n;ceptivc fcmaié and apparently less scxualfy aroused.

The finding of a progressive dcclinc.in fe;nale—d_irectcd behaviors after casu'g;i.on
may appear to contradict that of Madlafousek et al. (1976) who rcport;d nochange in
fcmﬁ]c-directqd)behaviors as long as 10 w?cks after castration. They scomd, however,

) :)nly_thc occurrence or.non{o‘ccun;:r:ce of ;‘cn)izle'-dimctod behaviors using a criterion of
three female-directed acts, rather than analysing the frequency'of these behaviors within
a test session. . In the present experiment it w;as found that the frequenty of

female-directed bc'haviors decreased after castration; by the criterion of Madlafousck et
al. (1976) no change would hav’c been recorded. .

Two weeks after caguation, subjects engaged in as much female-directed izehavio;

. as did intact anhnajs, and did not diffcr from intac;t animals in mesolimbic DA levels or

metabolism. Ey 4 weeks post-castration, fcwc; animals copulated, they exhibited lov:
levels of female-directed behaviors late in the '30 min test, and were also found to have

. decreased mesolimbic DA levels and mietabolism. ‘Eight weeks after castration, subjécts

exhibited the lov;lest levels of copulatory and fcmalc-difcctcd bchaviorsf, and although

NAS DA content dld not differ significantly from the intact controls, the DOPAC/DA

¢
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ratio continued 3 differ from controls, suggesting that activity in the mesolimbic DA
system was still suppressed. The time-limited nature of the reduction in DA
concentrations suggests a slow {ejdjustment of the system toco \Exgehsate for the absence
of gonadal stcroxds. although the nature of any compensatory changes is presently
g unknown and was not reﬂected in behavior.
| The. mPOA also showed changes in DA levels after castration, but in the opposite
" direction dnd with a different time course from the changes found in the NAS. "
Unfortunately, in the present experiment mPOA DOPAC levels @ere ll)elow' detection
R limits, evenin c;mtrols, and no measures of DA metabolism were available. Simpkins et
‘ , . al, (1983) reported that DA concentrations in the mPOA did not differ between cas&ates
‘and castrates given T. Bernard and Paolino (1974), however, reported an increase in
hypothalamic DA levels, fractional rate constants, and utflization three weeks .
post_-castretion, and although their tissue dissection was not specific, some of the DA
they rncélsurcd, like that of t\ﬁe ;Txl;OA, would have been of incertohypothalamic origin.
Recall, hqwever, that pharmacological treatments that increase‘dopaminergic acti\vity, °
such as L-DOPA treatment,.increase the display of sexual behavior. The increase in

e ad

mPOA DA after castration »-therefore, would not seem to coincide with changes in sexual

~

behavmr It is possible, however, that th/7greater DA levels found in the mPOA after

castration reﬂected areduced DA release and, therefore, less receptor stimulation.
>

The decrease in amine levels that coincided wnh the castranon-mduged decline in
sexual behaviors L as both chemically specific, being resmcted to DA and a DA % |
metabolite within the NAS. and anatomically specific, occurring within the mesolimbic,

¢

but not the nigrostriatal, DA syster.

W)
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, EXPERIMENT 2 - _ o

LA . .
The previous experiment demonstrated a castration-induced decrease in both DA

L

content and a measure of DA metabolism in the mesolimbic, but not the nigrostriatal, DA
system If this change was due to the loss of gonadal steroids, then such dccrcascs .
should be prevcntablc by post-castrauon stcmxd replacement. The present cxpcnmcnt

was undertaken to dctcmune whether the effect of castration on the mesolimbic DA 5

system could be prevented 'by testosterone replaccment. It also offered an opportunity to

compare thc effects of T and its metabolites, E, and DHT on amine content. T, E, and

4

DHT differ in their effectiveness in maintaining or restoring sexual behavior in éastratcs,
and, therefore, might be expected to differ in their effectiveness in maintai}ung

mesolimbic DA levels. ‘ \

L%

The steroid treatment selected was similar to that used by Alderson and Baum
¢

(1981). The post-castration interval selected for testing and sacrifice was 4 weeks; the

X

time at which NAS DA content had.been the lowest in Experiment 1.
. - Method - o S

S
Subjects. Forty-eight male Long-Evans rats{Charle River Canada), screened for ~

*

, sexual behavior, were randomly assigned to one of six groups. l;ivc groups were s,
castrated and, at the time of castration, had silastic capsules implanted s.c. via anincision

‘in the dorsal flanks. The sixth group was sham-castrated and served as an intact control

group. N ‘ # : .

S;_gp_dj_ﬂc;mg_t_a_g_tgsn_g Groups of 8 animals each rccclved unplants

contammg clther cholestcrol (Chol), T, DH’E. or Ez or received both DHT and By

implants (DHT+EQ. The T group was implanted w1£h a 43 mxu,lcngth of silastic tubin g

(1.57 mmid. x'3.18 mm o.d.) filled with testosterone; an impiant previously shown to

produ::c circulating T levels of : approximately 2.5 ng/ml (Damassa, Smith, Tennent, &’



Dav'fd'son, 1977). A sitmilar 45 mm len gth of silastic tubing filled with cholesterol was

implanted in the Chol group. Crystalline E, was diluted 10:1 with cholesterol and

packed into 30 mm lengths of silastic tubing (1.47 mm i.d. x 1.96 mm o.d.); these

implants were shown by Damassa et al. (1977) to produce circulating levels of E,

between 90 and 120 pg/ml. The DHT implants were 60 mm long (1.57 mmi.d. x 3,18

mm o0.d.), and were similar to those used by Alderson and Baum (1981). Subjects in

the DHT+E, group received one DHT and one E, implant. All'silastic capsules were,

sealed with silastic elastomer (Dow Coﬁxing, I\:Iidland, Mich.), and incubated in sterile .
0:9 % saline for 24 h and 70 % ethanol for 1 h prior touse. All compounds, except T
(Stcraloids, Wilton, NJ), worc obtained"from Sigma. .
Four weeks after castration and silastic capsule implémtaﬁon, all subj';ctsxwem(

observed during a 30 min test. for sexual behavior, and then sacrificed for amine.
determination. In addition to.the behavioral measures outlined in Expenmcnt 1, mount
latcncy (the lat;ncy fror the introduction of the female to-the first mount) intromission
latency (thc latency from the introduction of Q‘: female to the first intromissiod), and
ejaculation latency (the length of time from the first i intromission to the-first c_1aculauon)

were recorded )

"y

" Brain dissection and HPLC EC analysis was conducted accordmg to the protocol

outliried in Experiment 1. -
Results
2
- The results of the neurochemical assay are presented in Table 2. No data for the
1
mPOA were avaxlablc because of technical difficulties. The analysxs of vananoc of NAS
DA concentrations yiclded a significant group effect, F(5,41) = 5.09, p <.01. It can be .
seen that both the ‘Chol and DHT groups had lower DA levels than the intad¥ group (p's

< .05), whereas none of the other groups differed significantly from the intact group or ¢

34 -
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Table-2. Monoamine and amine metabolite concentrations after castration and steroid
replacement. Groups were either sham-castrated (Intact), or castrated and implanted
with silastic capsules containing cholesterol (Chol), testosterone (T),
Sa-dihydrotestosterone (DHT), estradiol (E2), or both estradiol and dihydrotestosterone
(DHT+E2). Values shown are the mean't the S.E.M. and are expressed as pg/ug
protein. ‘ : -
° I .
Areal Group DA~ . DOPAC NE 5-HT 5-HIAA
NAS  Intact 75.744.7 22.111.6 5.240.8 48406 53106
Chol 53244 .3* 14.110.8* 3.240.5 35106 54103 I
T 734128 244+1.8 3.910.7 52404 6.610.5
DHT . . 63.142.7* 24.5+1.7 n.m. 3.74+04 4.740.3
E2 71.5£39 24.1+24 4.642.7 37404 5.410.5
DHT+E2 68.3i1.8 ’ 20.81+0.9 n.m, 5.310.3 54104
VTA  Intact 11719 35107 109144  227+44 109344
s €hol 72412 2.3+0.3 9.8£1.3 | 18331 8.6x1.5 .
T 11.7£).5 3.010.3 9.5:0.9 21.3+23 9.740.7
DHT - 13.0£1.6 3.110.2v 10910.8 25.5+14 9.2404
E2 10.7£1.0 31104 108+1.7 249+27 °  9.1tl1.1
DHT+E2 9.8+1.3 }3.510.4 , 11919 . 25.8134 10,114
CpP Intact 185.8+14.2 72.548.9 3.1:04 nd. 4.310.5
\ Cnal 201.0£213 68954 2.540.5 nd. 42405
T 182.9+14.1 70.746.7 723102 n.d. 36403 - .
DHT . 168.3£112 743155 - 3.040.3 nd. 3.810.3 -
E2 1694194 - 66.514.6. 3.3104 nd. 34404
DHT+E2 . 138.0+8.7* 53.3154 2.620.5 ° nd. 34104
SN Intact .26.512.2 ,4.010.5 6.8+1.4 60.0+7.8 19.112.8
' Chol - 25.5%3.7 34404 5.7¢1.9 60.4+103 28.5¢3.6
T 28.91+2.5 - 37403 6.7+0.9 52.017,7 18.4+7.7
.DHT 21.1£13 3.240.2 5.410.7 46.645.1. 16.3t1.5 -
E2° 6826 - 29405 4.540.6 39.3+5.8 13.742.4 -
DHT+E2 2.842.0 3.9+0.5 5.0£0.6 41.6+5.6 12.8+1.3
1 Abbreviations: NAS: nucleus Accumbens; VTA: ventral tegmental area; CP: caudate-
putamen; SN: substantia nigra.  ~ -
* signifcantly different from Intact, ﬁ <.0S. %
n.m.? not measureable. ) ] i . .
n.d.: not detectable. / .t
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from each other (p's > .05). The statistical analysis of NAS DOPAC conccntrations also

yiclded a group effect, E(5,40) = 5.4, p <.01. In this case, all steroid treatments were
~ ]

effective in maintaining DQPAC levels; only the group that was castrated and implanted

-

45

with Chol differed from the intact control group (p <.05). The DOPAC/DA ratio d1d not -

dlffcr significantly between groups
There was a statistically sngmﬁcant gmup effect for DA concentrations in the

caudatc-putamen, E(5,40) = 2. 59 p <.05. In this case, however, the only group that

diffcrcd signiﬁ?antly from the intact control group was the DHT+E, group (2 < .05),
. ‘ : . (
wl}ose levels were extremely low relative 1o the other groups. The reason for this effect

is not clear. Thcre were no other statistically significant differences in amine '

p
concentrations (all othcrps >.1, except NAS 5-HT, p = .07, and substantia mgra p

=.06).
ysis of variance of female-directed behaviors yielded group; E(5,42) = -

2.73, p <.05, 'and time, F(2,84) = 216.6, p < 001, effects. As shown in Figure 7, the
group effect can be attributed to lewJavels of fcmale-dlrectcd behaviors in the Chol and

DHT groups Scores in these groups differed si gmﬁcantly from those in the intact group
& Ve
(@'s <.05); the T, E,, DHT+E,, and intact groups all displayed similar levels of ‘

femal_e-directod behaviors. S .
Castration rediiced the“number of animals that exhibited the different copulatory

*behaviors. Groups differed in the number of animals that exhibited mounts, 2(5) =

f 16.0, p <.0T; intromissions, ) (5),-25 33, p< .01; and the ejaculatory pattcrn,(xz(S)

=25.03,p< .01. It can be seen from Figure 8 that replacement treatment with T,
/

E, and DHT+E, were equally ¢ffective in maintaining mounts and intromissions. but

thatonly T successfully mamtamed the cJaculatory pattern. Potentlal differences between

- e
steroid treatments were further explored by analysmg fmount,’i intromission and
>
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Figure 7. Mean (+ 1 S.E.M.) percent of observations during which female-directed
behaviors were observcd during the test for scxual behavior i in Expenment 2. Four
weeks prior to testing suchcts in different groups had been sham-castrated (INTACT),

or castrated and implanted with silastic capsules containing cholesterol (CHOL),
. . .
testostaronc M), Sa-dihydrotestos roncADHT), estradiol (E2), or capsules of both

5u—d1hydrotestosterone and estradxol (DHT+E2) n*= 8 for each group. * sxgmﬁcantly

i dlfferent from thc INTACT group (p < .05). A
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Figure 8. The proportion of animals in each group that mounted (tnp panel), intromitted
(middlc panel), or displayed the ejaculatory pattern (lower péncl),durin g the test for(\_
sexual behav1or in Experiment 2. Four wecks prior to testing sub]ccts in different groups

had becn sham-castrated (INTACT) or casu‘ated and 1mplanted wnh silastic capsules

containing cholesterol (CHOL), testosterone (T), Su-dihydrotcstostcrone (DHT),

7

estradiol (E2),or capsules of both S5a-dihydrotestosterons and estradiol (DHT+E2). n= ’
* tor each group. L _
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' howé\ier, were highly variable and an analysis of variance carried fut on the

steroid treatments were effective in maintaining mtrormssmn, groups did not dxffcr

S

o

cjaculatory latencies, and the numbet of mounts and mtrormssxons
oIt can be seen from Figure 9 that animals in both she Chol and DHT groups were .7

slower than the other groups to initiate mounting., Mount latenclcs within groups,

]oganthrmcally transformed scores (Myers, 1979) showed that the group effect only
approached statlsncal s1gn1ﬁcance E(5,33) =2 .05, 05<p<.l. The numbcr of

mounts for each group is shown in Figue 10. The analysm of variance yxcldcd a

) s1gmﬁcant group effcct E(S 33)=2.77,p< .05, and post hoc comparisons showed that

both thc Chol and DHT groups exhibited fewer mounts than the intact control group(p's
< 05) - u;

L]

..The Chol grqup was excluded fl’bm funher analyses because 0o few anirpals

i mtromltted to allow meaningful compapsons Among ammals that intromitted, all

l

significantl}yjn either intromission latency, or the number of intromissions (n's; >.1).
T was the only stéroid tredtment that maintained the ejaculatory pattern, and.a t-test

comparing the T-treated group and the intact control group found that they did not differ

significantly in ejaculation latency (p > .1). ‘s p

¥ . stcussxon

G

Administration of T, Ez or the combmanon of DHT andnE”z after castration

prevented t‘u\, dccreasc in DA and DOPAC lcvels and also maintained female- dlrcctcd

bchav1ors mount latency, and the number of mounts On the othcr hand, the

z . performance 6f intromissions and the c;aculatory pattern did not coincide thh sterold

effects on the mesolimbic DA system, only T maintained cjaculatmn and none of the
) ' o
steroid treated groups di_ffered significantly in th(; number of intromissions or

/ intromission latency. Thus, there was a good correspdndence bétween steroid effects on

mesolimbic DA and several measures of sexual arousal. )

4
7/

48 -



Figure 9. Mean (+ 1 S.E.M.) mount latency for each group in Experiment 2-in the test
for sexual behavior. Four weeks prior to testing subjects in different groups had been

sham-castrated (INTACT), or castrated and implanted with silastic capsules containing

* []

~ = «<holesterol (CHQL), testosterone (T), Sa-dihydrotestosterone (DH'I'), cstradiol (E2), or

[ 4

. capsulesyof both Sa-dlhydrotestosterone and estradiol (DHT+E2) Thé numbcr at the

" base of each column rcprescnts the numbcr of ammals conmbutmg to the mean.

Py . o .,
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Figure 10. Mean (+:1 S.E.M.) number of mounts for eagh group during the test for -
sexual behavior in Experiment 2. Four weeks prior to festing subjects in different |

groups had been sham-castrated (INTACT), or castrated and implanted with silastic
, v° ‘ ; /
capsules con'taining cholesterol (CHOL), testosterone (T), Sa-diherotestosterone

< Y

(DHT), cstmdiol (E2), or capsules of both Sa-dihydrotestosterorie and estradiol .
(DHT+E2). *‘signiﬁcanﬂy different from the INTACT group (p <.05). The number at

he base of @ach colunin represents the number of animals contributing to the mean.
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' In'this experiment, replacement T and E, were more effective than DHT in
# preventing the decrease in NAS DA concentrations after castration. Alderson and Baum

{(1981), however, reported that E, and DHT were fnore cffective’toha;l T in maintaining

- NAS DA after castration. The reason for this difference is.not‘clear; similar steroid
replacement regimens and time éourscs were used in both studies. 'ﬁw results of ghe
present cx;ierirncn’t, howcvgr, are in agreement with the arpmatizationﬁhypothesis
J(McDonald ét a( 1 976), and offer a good, correspondence with behavior. DHT does
not pre\}_cnt the decline of copulation after castration, and it did not maintain either indiécs:
of sexual arousal or NAS DA concentrations. T, on the other hand, does maintain

\ ,
" copulation after castratjon, and it maintained both sexual arousal and NAS DA _

concentrations.

/

In‘tests of copulation, it was found, as in a previous stidy (Chambers & Phoenix,

1986), that replacement with both E, and DHT was not as effective as T-in maintainimg

the ejaculatory pattern. "A number of studies, however, have found-that concurrent E,

and DﬁT is as effective as T in maintaining the ejaculatory paitem in castrates (Baum &

Vreeburg, 1973; Larsson & Sodersten, 1973; Sodersten et dl., 1980). it is unlikely that
the bHT.irnplants provided too little steroid to effectively synergize with E,; similar
implants have been found to mamtam ejaculation (Damassa et al., 1977). The
differences in the maintenance o% cjaculz;ﬁon could reflect strain, subject selection, or
testing procedure differences. There is also the possibility that T's effects '.are not

mediated solely by the interaction of aromatized metabolites with estrogen receptors and

 5a-reduced metabolites with androgen receptors. Whalen, Battie, and Luttge (1972)

found that an anti-estrogen did not block the effects of T on male sexual behavior in male |

rats. Furthermore, there is evidence (reviewed by Sheridan, 1983) for at least two

v . ————

o1



androgen mcéptors one that preferentially binds T and one that p;tfcmntihlly binds
DHT. Although the behavioral effects of T and its mctabohtes have been mvesugatcd

L]
o

further rescarch is needed to determine if T has a unique actxonw .
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— ‘ r . EXPERIMENT 2b ' .

In Experiinent 2, steroids were administered by silastic implants and would be ‘
present throughott the post-castration interval, including the time of testing and sacrifice.
DA and DOPAC cohgentrations in the NAS did not decrease until 4 weeks after
castration, however (Experiment 1), suggcstfng that thc' avajlzﬁ:ility of steroids must be
long-term, not acx:t’e, in order to maintain mesolimbic DA. The following experiment ' ‘
. assessed the effect of acute T treatment in long-term castrates to verify this interpretation.
'I.'hc amount of T administered was well above the threshold necessary to maintain or
‘ rc‘storc sexual behavior after castration (Davidson & Bloch, 1969).

Method ]

Subjects. Twcnty-oné Loné-Evaps male rats, screened for sexual beh\avior, were
randomly assigned to one of three grol;f)s. Two grBups were castrated via a scrotal g
incision, and the third group was sham-castrated. |

Procedure. Four wécks after castration, males in one group received an injection
of 250 pg testosterone-propionate (TP; Si gma) in 0.1 ml peanut oil. The other group o
castrates and the in'tact control group received 0.1 ml injections of the oil vehicle. All
injection were administered s.c. One hour after injection, the males ivere exposed to a 4
sexually rgcepﬁvc female for 30 min, and then sacrificed for amine determination using
the protocol outlined above. '

T , Results and Discussion -

The DA concentrations in the NAS, caudate-putamen, and mPOA are shown in

Figure 11. Castration reduced DA concentrations in the NAS, and the analysis of

33

t

) variance yielded'a significant group effect, F(2,17) = 4.05, p < .05. TP injection did not )

increase DA concentrations; oil and TP injected castrates did not differ significantly in

. DAlevels (p>.1). Nigrostriatal DA, as measured.in the caudate-putamen, did not differ

between gtoups (p > .1). The DA content of the mPOA was increased by castration,



Y

.

Figure 11. Mean (+ 1 S.E.M.) conicentrations of DA in the NAS (top pancl). mPOA

(mlddlc pancl) and caudatc-putamcn (lower panel) for the thrce groups in Expcnment
. 2b. Subjects were gonadally intact'and injected with 0. 1 ml of oil 1'h prior to sacrifice
(INTACT) or had been castrated 4 weeks previously and m]ectcd withO.1 mloil -
(CAST OIL) or 250 g testosterone proplonatc (CAST TP) 1 h prior to sacrifice.
Each colurnn represents the mean of 8 deterrmnatmns h

de
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F(2,18) = 4.06, p < .05, and acute TP administration was withbut effect. 7
As suggested by the time ¢ourse of the decrease in mesolimbic ISA after castration . .

(Experiment 1), the effectiveness of the steroid replacement in Experiment 2 appears to

be due to the long-term presence of the steroid. .
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Cats the most thoroughly mvcstlgatcd species, will not engage in sexual behavior if they

are scxually naive at the time of castration, and, funhcrmoxe, T is effective in eliciting
1

sexual behavior only if stcrofa treatment coincides with exposure to a receptive fgmale
(Rosenblatt & Aronson, 1958a, 1958b; Rosenblatt, 1965). S/imilarly, sexually
experienced rats will cppulatc for some tjme after castration while sexually naive
castrates are less likely to copulate (Larsson, 197’8; but se¢ Bloch & Davidsor, 1968 for
a conflicting report). The amount of pre-castraiion sexual experience does not appear to

3

be importam. Davidson (1966a) found no czmelation' bctwcen the amount of

™~
pre-castration sexual experience and the persistence of sexual behavmr

" Although Beach (1976b) has reported that copulation persxsts the lohgest in male
dogs that have periodic post-castratioR exposuré to a female in heat, very little is known
about the effect of post-castration sexual experience on the maintenance of sexual

. Ve .
behaviors. The following experiment assessedthe effect of repeated exposure to a

-

receptive fcrrplc on the sexual behaviors of castrates. ‘ ’ y

L4

Sexual experience may affect the mesolimbic DA system as well as sexual
- 3

behaviors, and differences in sexual experié%cc may account for differences in the results

~ ——— -—ofstudies that have measured mesolimbic DA concentrations in casuz;tes. A . <
c_a.lsu'atiop-imriuced dccreascfin NA(S DA concentrations has been foﬁnq in subjects with
.no sexual experience (Alderson & Baum, 1981), and in subjects with only one pre- and
one ’l’,ost-castration opportunity to copulate (Experiments 1and2); in contrast, no change
was reported for subjects with two pre- and four, weekly post-castration opﬁortunities to
copulate (Baum et al., 1986), suggesting that repeated_post—caét_ration exposufe to a

‘ . sexually receptive female and the opportunity to engage in sexual bchavi;rs'might
mginmin~mf:soﬁmbic DA levels. The following experiment explored this possibility.

2 h <
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Method

<

Subjects. “After screening for sexual activity, 32 Long-Evans male rats were
randomly assigned to one of four groups. T\t(o groups of animals were bilaterally
castrated, and two sham-castrated as described in f?.xpérimcnt 1. . o "

™

Procedure. Beginning on the fourth day after s,;.xrge'lv’, one group of castrates and-

‘one group of intact males were given opportunities to copulate twice wccklr. On each

occassion, the male was placed in the mating arena ahd 5 min later a sexually receptive ~
fernale was introduced. Thirty min later, the male was returned to the animal colony. To
control for familiarity with handling, tmnsportatiqp, and the —ma'ting arenas, the other two
groups were i)laéed in the mating arenas, with no female present, for 30 min twice

weeklyn The four groups were: castrated with post-castration sexual experience (C-E),

gonadally intact with experience (-E), castrated without c#pcricncc (C-N), and intact

" without eiperiepce (1-N). Ijour weeks after surgery, the animals were placed .

individually in mating arenas; 5 minlater a sexually receptive female was introduced, and

animals were allowed to copulate llor 30 min. Behavibral measures were obtained as
7 (

~

A}

described in Experiments 1 and 2. After the behavioral test, animals were sacrificed for
/ - ‘

amine determination using HPLC-EC. ,
¢ G

Results ‘ ' M

,T'he mean concengatiogs of DA and DOPAC in the NAS for each of the groups are

a

.. presented in Figure 12. Two-factor analyses of variance (experience x castration) were

carried out on the DA and DOPAC concentrations and the DOPAC/DA ratio. It canbe
seen that castration reduced the concentrations of both DA and DOPAC in(thc NAS, and
the statistical analysis yielded a signiﬁcﬁn‘i' castration effect for DA, F(1,28) = 34.05,p <
001, and for DOPAC, F(1,28) = 956, § < .01. Although sexual experience did not -
have a statistically significant effect c;n cither DA ()r DOPAC cc;nccnn'atiox{s (p's>.1),

the analysis of variance of the DOPAC/DA ratio yielded a small, but significant effect of
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experience; F(1,28) =4.}1,p= OS The subjects with post-castration sexual
experience had a higher DOPAC/DA ratio than the subjei:ts without sexual experience; /7
the means were: with experience 0.41, and without expérience 0.37. —
The only other brain area in which DA content differed significantly between
groups was the mPOA. Castrated animals had higher DA concentrations than did
sham-castrated controls, and the effect of castration was statistically significant, F(1,28)
= 5.43, p < .05; the means were: intact 4.02 pg/ug protein, and castrate‘s 5.14 pg/ug
protei;l. Sexual experience did not affect DA concentrations in the mPOA (p>.1). ) A
Sexual e)&penence had a sxgmflcant effect on female»dnected behaviors. It can be
seen from Flgure 13 that, overall, expencnced animals exhlblted hxgher levels of
fernale-directed behaviors, and the analysis of variance yielded a significant experience
effect, F(1,28) = 6.85, p <.05. The experience x castration interaction was also
significant, F(1,28) = 5.35, p < .05; only castrated animals showed an effect of the
- additional sexual experience. . Castrated animals w1thout addigional copulatory experience
engaged in low levels oﬁemale-dxrected behaviors compared to the other three groups
(@'s < .05). The occurrence of female-directed behaviors decreased with time for all
groups, E(2,56) =453, < 001, |
The proportion of animals in each group that mounted, intromitted, or deplayed

the ejacu’latory panem is shown in Figure 14, ‘and it can be seen that groups differed in
the number of animals dlsp'Iang each of these behaviors (mount: x2(3) =64, .05 <p<

A

.1; intromission: x2(3) =18. 94 P <.01; ejaculatory patter‘n' x2(3) =9.6, p <.05).
The addmonal sexual expenence increased the proportion of castrates that mounted ( Sto _
.75) and the progoruon of intact animals that eJaculated (Sto 7ﬁther differences

between groups were attnbutable to the effect of castrauon

— -
- -—

Among animals that dﬁd mount the fcmale sexual cxpenence decrcased mount

latency. An analysis of variance of logarithmically tmnsf.ormed latency scores yielded a

/



Figure 13. Mean (£ 1 S.E.M.) percent of observations during which female- directed
behaviors were observed as a function of time during the test for sexual bchavic;r in
Experiment 3. Subjects were either gonadally intact Mor casuatéd (C), and were then
allowed to copulate twice a week for 4 wecks (E), or had no copulatory experience

between castration and the final té?for sexual behavior (N).n =8 for each group.,
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Figure 14. The proportion of animals in each grou}p in Experiment 3 that mounted (top

‘panel), intromitted (middle panel), or displayed te ejaculatory pattern (lowér pancl)

durmg the test for sexual behavior in Bxpenmem 3. Subjwts were either gonadal!y

intact (I) or castrated (C), and were then allowed to copulate tw1cc a wcek for 4 weeks
(E), or had no copu‘iatory cxpencnce betwecn castration aﬁd the final test for scxual
behavior (N).
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statistically significant experience effect, F(1,21) =>9, p <.05. Although, as can be
seén from Figure 15, the C-E group had a shorter mean mount latency than the C-N ’
group, post hoc cdmparisons between individual groups did not attain statistical
significance. Groups did not differ significantly in the total number of mounts (p's>
o B '

The two sham-castrated groups were compared on the intromission and ejaculation .
measures; too few castrates performed thésc behaviors to be included in the analyses.
Among gonadally intact animals that intromitted, the experienced group had éiowcr
intromission latency than the inexperienced group (47.1 s versus 137.2 s), and this

difference was statistically significant, :(13)‘= 4.19,p < .05. The two iﬁtact groixps did

. s . . . 4 . ' Py
. not differ significantly in the number of intromissions, or in ejaculation latency (p's >

" 05).

 effect on copulation once it had begun. Thus, the additional sexual experience appe

v

Discussion
in this experiment, it was fouﬁd that the repeatéd presentation of a receptive female
anq the opportunity to copulate after s'urgery facilitated sexual behavior.
Gonadectomized animals given\post-castration experience maintained a higher level of

1 . :
female-directed behaviors, and were somewlrat more likely to mount the female than

‘-

/
thdse without post-castration experience. Among sham-castrated animals, mount and

intromission latencies were shorter when there had been repeated sexual expegience in_

that environment. Among all of the groups, the additional sexual experience had ligtle

to affect measurees of sexual arousal while having little effect on the performance of

Fi

copulation.

'I‘he two mtact groups differed in both the total amount of sexual cxpencncc and in-

-~ - e - -
r-

the amount of expenence in the mating arena. Although po attempt was made to

. explicitly measure the conditioning of sexual arousal, it is interesting to note that'the

Y

¢

~o
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Figure 15. Mean (+ 1 S.E.M.) mount latency for the groups in Experiment 3, Subjects
were cither g(;nadally intact (I) or castrated (C), and had been allowed to  copulate twice a
‘week for 4 weeks (E), or had no copulatory cxpcnence between castration and the final

" test for sexual beha¥ior (N) The number at the base of éach column represents the

number of animals contributing to the mean.
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differences bgtwcen the two intact groups are similar to those reponéd by Zamble,
‘Hadad, Mitchell, and Cutmore (1985) for tests“of conditioned sexual arousal.
~  Asmentioned earlier, pre-castration sexual experience has been reported to agifect ,

<

the maintenance of sexual behaviors, and in the present experiment it was found 4t’hat
post-castration ;cxual experience also helped maintain some aspects of scxgal behavior.
This happened in spitc of the fact that female-directed behaviors were not maintained by
copulation during the final test; castrates with post-castration sexual experience were no
more likely to intromit or ejaculate than castrates wi‘thc‘mt additional squal experience.
Furthermore, it is interesting to note that castrates given post-castration exposure to a
scxdally receptive female continued to er.lgage in female-directed behaviors even while
their sexual performance during the experieqce trials was declining. That is, rath& than
lqa&ing to & more rapid loss of interest in the female because of repeated failure to
copulate successfully, post-castration cxf)osure to the female appeared to maintain
attention to sexually relevant stimuli and sexual axmisabiiity. It is possible that exposure
toa réécptive female after castration reinstated, or perhaps even p;'omotcd the
devclopmcni of conditioned sexual arousal to the test environment. Although the present

-

ekpefimcnt was not designed to dlre&ﬂy assess conditioned factc;rs, it might be profitable

. to explore the conditioning of sexual arousal among recent and long-term castrates in

future studies. ‘

| The results of the neurochemical analyses replicate the previous finding of a
cajtration-induced decrease in NAS DA and DOPAC concentrations and increase in
mPOA DA concentrations. The absence of an experience x castration interaction for |
NAS DA levels, however, suggests that scxt;al experience cannot account for the .
ciifferencc béi\yceg the present results together with those of Alderson and Baum (1981),
and those reported by Baum et al. (1986). Sexual experience, although it did not
éigniﬂcantly affect the amount of bA available, did affect a measure of DA meétabolism,

- \,
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t -

the DOPAC/DA ratio. Repeated exposure to a sexually receptive female increased ’

.activity in the mesolimbic DA system, whether the animal was castrated or gonadally

intact. i

!

In summary, castration reduced mesolimbic DA and DOPAC congentrations and
sexual behaviors; repeated exposure to a receptive female increased mesolimbic DA
metabolism and increased sexual arousal. The behavioral and neurochemical data are

consistent with the hypothesis that the mesolimbi\g DA system mediates sexual
{

‘{)

arousability.

’



‘ r~ General Discussion

In these experiments it was found that a terminaj field of the mesolimbic DA
syster;l was affected by castration, and the biochemical ch:;ngcs were systematically 'l
related to some changes in sexual behavior. The behaviors that consistently coincided h
with the biochemical data were all measures of sexual arousal or motivation:
female- dlrccted behaviors, and thc likelihood of mounting and mtrormtnng Changes in
the performance of copuiation did not vary with changes in the mesolimbic DA system.

.+ Relatively few studies of male scxuaj behayior have measu/rcd fémalc-d_irccted
bf:haviors. Consistent with the current hyp9th;sis, Malmnas (1976) reporttd an increase
in fcmale-dirccted behaviors after L-DOPA treatment that was blocked by pimozide.
Madlafousek et al. (1976) reported thaf femnale-directed bghaviors did not decrease aftcr°
castration, but they used a very lenient criterion. The present experiments found that the
amount of female-directed behaviors decreased after castration, ahd/thc natuﬁ of this
decline is interesting. All males displayed high levels of female-directed behaviors
during the initial part of the test, and all showed a decline during the 30 min test. For
, mtact animals, this dechne coincided with the initiation and performance of copulation.
Long-tcrm castrates showcd a greater decrease in fcmalc—dlrcctcd behaviors, and
female-directed behaviors were replaced by exploration of the general énvironment and-
ina;.:ﬁvity. That is, long-term castrites, without steroid replacement, appeared to be
aroused by the f%/male, but this arousal was not sufficient to support copulation and was
not maintained for the duration of exposure-to the female. '

The decrease in DA concentrations after castration most likely reflected a decrease
in the amount of DA present, and not increased utilization. If the decrease in DA |
concentrations-were duc to:ncreascd unhzanon then DO'ﬁAC concemrauons should -

havc been mcneased DOPAC concentrations, and the DOPAC/DA ratio, however,
were, like DA, lower 4 weeks after castration. Thu&s, these findings suggest that there

[ 4
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, were two effects of castration on tie mesolim/bic DA system; DA concentrations
M declined, and, in addition to this, dopaminergic activity in the NAS decreased.
The un_derl):in g mechanism(s) responsible for the change in DA concentrations was
not explored, but research on othér steroid effects ol'fers several poss'ibﬁ%. The

°
/ f ’

changes in DA concentrations may have been miediated by steroid effects'on metabolizing *

enzymes; E, affects type A'MAO and acetylcholine esterase (AChE) in female rat ‘brain

J

(Luine & Rhodes, 1983), as well as catechol-O-metl)yluansfemse (COMT) (lBreuer, ;
Schneideer, Wandschoer, & Ladosky, 1978). Steroid hormones may also act to - 3
modulate the am;unt or activity of synthesizing enzymes. Casu‘aﬁlon affects the activity 3
(anax) of €yrosine hydroxylase lﬁ the median eminence of male t‘s"»gi_thomcllanging
" the afﬁmty of the enzyrne for either substrate or cofactor (Kizer et al., 1978), axzd the
amount of tyrosine hydroxylase present in the median eminence and superior cervical
. ganglion of the female'rat' changes with the estrus cycle (Porter, 198J6) ’Estrogens :lso

) affect the activity of glutamate decarboxylase a GABA synthesizing enzyme, in male rat «,

. bram (Nicoletti & Meek, 1985). The effect of castration could also be mediated
post-synaptically, and operate via feedback to the mesolimbig system; E,, for example, .

has been reported to mdg hyposensitivity of DA receptors in the male rat (Piccardi,

Bernardl Rossettx & Corsini, 1983), The reglonal and cheml al specificity of the

decrease in DA’concentrations would appear to exclude nonspec1 ¢ effects, such as

changes in precursor avmlabﬂlty, or general metabollc processes

adrmm‘ﬁinon also mamtamed DA levels, and post—casn'anon sexual expenenc :

both measures ofusexual arouysal and mesohmblc DA activity. ’l'hese expenments,

therefore, support the hypothesxs castrauon of the male [Bads to-a deficit i in sexual

"_\_AJ ‘ ! T ' -
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arousability, and that changes in the mesolimbic DA system are cr‘iztgically involved. -
N . - 1 .
These data are, of course, correlational, and it is necessary to show that specific
activation of the mesolimbic DA s'ystem activates male sexual behaviors. The followin g

4{1

experiments addressed this possibility. . .
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- Effects of Morphine and Dyfiorphin Infusions into the VTA on Male Sexual |

Behaviors

EXPERIMENT 4

-

The VTA, location of mesélimbic DA cell bodies, has a high concentfatiom of ‘both. l

cnkcphgiﬁnergfc terminals (Sar, Stumpf, Miller, Chang, & Ciatrecasas, 1978; Wamsley,
Yooung, & Kuhar, 198(5) and opiate receptors (Goodman, Snyder, Kuhar, & Youyg,
1980; Hong, Yang, Fratta, &Cbsta, 1977; Sar et al., 1978), suggesting that

endogenously released opioids might influence the activity of the DA cells. Data from a

R m———

~

variety of sources indicate that exogenously administered opiates increase activity in the
A10DA ncurons.'Pcriphcral and iontophoretic administration of morphine, a mu opioid

receptor agoinst, alters the firing frequency of DA and non-DA neurons in the VTA

(Gysling & Wang, 1983). Infusions of morphine and analogues of enkephalin peptides

into the VTA increase DA metabolism in mesolimbic terminal fields, including the NAS

. o .
(Kalivas, Widcrlov Stanley, Breese, & Prange, 1983), and produce’ a dose-dependent

" increase in locomotor acuwty that 1s<blocked by DA antagonists (Joycc & Iversen, 1979;

Kalivas et al., 1983; Vezina & Stewart 1984). Both morphmc and the endogenous
opioid peptide, dynorphin, (Goldstcm, Tachlbaqa, Lowney, Hunkapxllcr, & Hood,
1979) injected into the VTA elicit feeding in satiated rats (Hamilton & Bozarth, 1986,

* 1987), and feeding induced by VTA morphine infusion is attenuated t;y the opioid

receptor blocker naloxone (Wise, Jenck, & Raptis, 1985): Thus, the activation of opioid
* -

mccptors in the VTA increases mesolimbic DA ncurotransnnssxon and elicits appctmve .
%appmae!kbehaﬂm\ml‘wd agonists applied tp.the VTA i increase
locomonon and elicit feeding, tests for co‘uiaﬁen..have not been reportcd
In Experimeth 4, the effects of different doses of morphme and of the peptide
fragment dynorphin[1-13] upon  male sexual bchavxorwcrg cxa_mmcd. The arousability
@

~

\\
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of the males was reduced by castrating them and then maintaining them on behaviorally

) —subthreshold doses of T (Davidson & Bloch, 1969; Mitchéll, 1986, unpublished

2

observations). The doses of morphine and dynorphin[1-13] used were selected on the

% )
basis of their efficacy in eliciting feeding (Hamilton & Bozarth, 1986,-1987; Wise et al.,

1985) and from a pilot study of male sexual behavior (Mitchell, Stewart, & Vezina,

1987, unpublished observations). To demonstrate receptor mediation of any observed
effects, all malcs were afso tested for sexual behavior followin g.’infusion of a.previously
effective dose of morphine or dynorphin[1-13].together with systemic naloxone.

It was predicted that morphir;c, and perhaps dynorphin[l-l?;], would increase
sexual activity and would especially facilitate measures c.:>f sexual arousal.

- : ' Method

p—

SJJQIQ.QIS Male Long-Evans rats (Charlcs River Canada Ltd.) weighing 280-300 g
were uged. The maléshad been screened for sexual activity, castrated, and received
daily injections of 5 g TP, s.c., in peanut oil vehicle throughout the experiment.

Surgery. Animals were injected with 0.1 ml atropine sulfate, s.c., (Glaxo .

" Laboratories, Montreal, Que.), and anesthetized with sodium pentobarbital, i.p., (0.85

ml/kg Somnotol, M.T.C. Parmaccuticals Ltd.). Subjects were stcrcotaxically implanted ~

with chronic bilateral guide cannulae (22 gauge, Plastic Products) aimed at the VTA or

substantia nigra. Blocker and i mjcctxon cannulae (28 gauge, Plastic Products) extended 1 W

mm beyond the guide cannulae.” The VTA coordinates were: A/P -3.6, L 10. 6, and D/V
-8.9 from skull (Pelhgnno Pellegrino, & Cushman, 1979). The gwdc cannulae were

70

hnﬂmwdmegrecs to the vertical to avoxehhcpenvcnmeala,pgray_(& ) and
_ penetration of the cerebral aqueduct. The- substanua nigra coordmatcs were: A/P 3 8L

+2.5, and B/V 8 9 (Pelligrino et al 1979) The substantxa nigra cannulac were

-implanted at 8 degrees to the vertical, permiting the use of Plastic Products blocker

cannulae. Guide cannulae were secureq by dental cement molded around 4-5 stainless

. ) - - *
- & Fa

3
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steel screws imbedded in the skull. Animals were allowed Y0-14 days to recover from

surgery.
Apparatus. Subjects were screened for sexual behavior in the semi-circular boxes

used in Experiments 1-3, and a different set of boxes was used for subsequent tests.
Tests for sexual behavior after drug delivery were conductcd in Plexiglas-fronted boxcs, f
36 cm x 50 cm x 28 cm dccp, individually lit by 2 #Ww red light bulb. A red- dight )

sensitivé camera and video cassetted recorder, described earrher, was used to video mpé ‘ .
th\e tcsts for future scoring. ' .
E[QQ_QQLLLQ Morphine sulfate (BDH Chemicals, Toronto Ont ) and
dynorphin[1-13] (Sigma) were dissolved in sterile 0 9% sa&nc. All injections were a S
volume of 0.5 pl/side-and were made over 45 ‘s.with 28 gaug.c inj;:ction cannulae | '
cpnnccted to 1 pl microsyringes (Hami‘lton, Reno, NV) by i’E-20 tubing. Bilateral
injections were made simultaneou.sly in ur'irestraincd animals "Sf:vcnty-ﬁvc seconds after
thc end of the injection, the injection cannulac were removed, obturators rcplaccd and
the ammal immiediately placed in a mating arcrr;a Groups of 6-8 males were tested -
concurrently. Five rrpr;utes after the last male had been placed in a matmg arena,
scxuaily reééptiv;: _fcrhale's were i.ntr'oduccc‘i. Tests of sexual behavior lasted 30 minand -,
were co'nducted during the animal's dark cycle t;:vcry 2-3 dayé. ' '
Animals with VTA cannulae were randomly assigned :tclyone‘of two groups. One -
group of 10 animals (MOR) rec‘cived 0.1, 1, 10 and 30 nmoles morphine, and the other

group (DYN) 0.03, 0. 1,0.3 and 3 pmoles of dynoiphm[l -13]; both groups also ‘

f*me!mmDosebmerwamdmmmmmmmm* -

) ‘animals in cach group received the vehicle injection on the- ﬁxst, third and fifth st. .

o >— susm— . 2

Three days after thc dose-response i 1nvesugat10n was complctcd 2 test for naloxone ' .
antagonism was conductcd each dnimal received an i .p. injection of 1 mg/kg nanxone

HCI'(Endo Laboratories Inc., Garden City, NY), and a VTA infusion of either 10 ‘

¢ L
- N L4 _
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nmoles morphme or 0.3 pmoles dynorphm[l 13] and were tedted for sexual behavror

i Aprmals with substantra nigra cannulae were tested for sexual behavror after

s

' injection with véhicle, 10 nmoles rnorphme and 0.3 pmoles dynorphlh[l-lS], in. -

randomi"zed oder.” " } - v - .

* After completion of the experiment, all subjects were deeply anesthethed and ° L or

-

perfused transcardlally with salme and 10 % formalm (Frsher), and the brams stored- for

710 days in 10 % forma.lm Hrstologrcal venﬁcatmn of cannulae tip placements were
. ‘ .

made on 40 u thionin-stained coronal sections. . . C T,

A measure of locomotor actmty was obtamed by recordmg the- number of

/

center-crossmgs during the 5 min prior to the introduction of the female After: the

“

female had been placed in the matmg arena, the occurrence of mounts, mtromrssrons,

" and the ejaculatory pattern was recorded Female- drrected behavrors were scored usmg

the time sampllng procedure descnbed in Experrment 1.

’ Results : o

N . hd

Injector cannulae tip placements are 111ustrated in thure 16. Most VTA canmilae "

C placements were lateral of the mterpeduncular nucleus and medlal of the medral

lemniscus; tlus area corresponds to t{he approximate locauon of the mesolimbic DA cell
bo_d'ics- (Bjorklund ‘& Lindvall; 1984; Dahlstrom & Fuxe, 1964). The data for two
subjects'in the DYN group and one in the MOR group were. excluded because of

2 inaccunate cannulag¢ tip plgﬁer’nents and-the data for a second MOR subjects ‘were

>

. dropped because. the dental cement securmg the guide cannulae became loose, precludrng

accufrate hrstology—%esubs&anﬂa-mgm%ectorcmmdaenpsmmlocm in the

” substantia mgra for all but one subject; the data for this subject were excluded

Smg]_bgb_a_)_o_;ﬁs An analyils of ¥ vanance (group x dose X time) of the )

) percentage of observano\ns durmg whrch female-drrected behavxors occurred was’

performed The analysm of variance yxelded significant effects f;or dosc.

”
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Figure 16. Injector cannulae tip plgccmer'fts for the subjects in Experiment 4 that
received injections of morphine (filled circles; n = 8), and dynorphin[1-13] (open circles;
n=8). Subjects that received injections of saline, morphine and dynorphin([1-13] had

, _cannulae aimed a-t the substantia nigra, and dre réprescnted by f’illcd triangles (n=7).

a Abbreviations: LM: medial leMwus; PAG: périaqueductal gray; IP: interpeduncular

nuclcus Numbers to the left of the sections represent the distance from bregma.

\»

Adapted from Pclhgnno Pelligrino and Cushman (1979).
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E(4 56) = 16. 99 B< 001 and tlmc, E(2,28) = 14192, p < 001 reflecting the‘ga:t{hat
) the amount of female- directed behaviors varied w1th drug dose and decreased a

test sessxon More importantly, there were also stausncally sngmﬁcant group x dose,
'F(4,56) = 2 87, p <.05, dose x nme, E(8 112) 4.69,p < .01, , and group x dose x
umc, E(8,112)=2.53,p < 05 interactions. Fxgure77 iHustrates the group x'dose
mtemcuon, it can be seen that the frequency of occurrence of female- directed behaviors’
mcreased with jncreasing doses o%%ynorphm[l 13], up to the highest dose at which the :
amoimt of é,:male-duected behaVior decreased. Among morphme mfused subjects,
however the frequency of femaleﬂmq@behﬁfdiwas relatively unchanged by

| mo:phme cxcept dt the hlghest dose where the behav.lors decreased si gmﬁcantly p<

[

' .05). " As can be seen from Figure 17, howevcr, female-directed bchavxors tended to bc
., more frequent in the MOR group after vehxcle and low dose infusions than for the DYN
group after correspomhng infusions. The frequency of femalc-dxrected behav1ors after
salme mfusmns was funher explored by separating sub]ects w1tlun groups on the basxs
_of the tnal durmg whach télyey received the saline infusions. As can be seen from Figure
" 18,in the MOR group, the frequency of female-directed behavrors after saline was °
higher if the sahnc mfusmn occurred dunng the {ifth tridl than if it occurred during the
firstor third mal In the DYN group, on the other. hand the frequency of- ‘

female directed behavxors afrer salme mfusmn did net vgy asa funcnon of the mal

, dunng whlch salme was infused. )

| Flgure 19 presents the amount-of fcmale-dxrec}ed behavxor for each group at each
drug dose at dlfferent umes during the copulation t tests lllustratmg the three-wa way

mteracuon #As can be seen from Figure 19, 30 nmoIes of morphme s1gmﬁcantly

ss the

N

R

' reduced the frequenty of female-dxrected behavxors relauve to all ot.her morphlne doses, ’

’ .throughout the 30 min test (p's <.05), but none of the other morphme doses dnffered
fmm, each othcr or from thc salme mjecuon at any nmc (ps > 05) On the othcr hand,
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Figure 18. Mean percent of observations during which female-directed behaviors were
%bserved after sahne mfusxons acs a function of tt;g trial on which the saline mfusxon was

gwen During drug trials, subJects recclved infusions of either morphmc (MOR) or

v [

dynorphin[1-13] (DYN). : ' .
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Figure 19. Mean (1 1 S.E.M.) percent of observations du_ririg which female-directed

behaviors were observed as a function of time after different doses of morphine (ﬁppcr

panel) and dynorphin[1-13] (lower panel). n =8 for each group. o
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- p<.01, groups. In the MOR group there was no effect of dnig on the number of

e N , \

. increasing doses of dynorphinf 1-13] increased the frequency of female-directed

behaviors; at 20 min, 0.3 pmolejs of dynorphin[1-13] increased the frequency of,
female-directed behaviors in comparison to all other doses of ciynorphin[l-lS] andthe
vehicle injection (@'s <.05); at 30 min, 0.3 pmoles resulted in more frequent female-
directed behaviors than all other ir;fusions except 0.1 pmoles (p's < .05), and th;: 0.1
pmole infusion differed from both 0.03 and 3 pmole infusions (p's < .05). The highest

dose of dynorphin[l-fB], however, suppressed female-directed behaviors during the

, first 10 min of the session in comparison to all other treatments (p's < .05), and during

the middle 10 min f the session in comparison to the 0.1 and 0.3 pmole infusions.

Figure 20 prescnts the proportion of ammals in each group that mountcd.
mtromltted ar displayed-he ejaculatory pattem after each drug and vehicle mﬁuswn
There was a dosc-rclatcd increase in the number of animals that mounted in both groups;
the highest dose of both morphine and dynorphm[l -13], howcvcr decreased the numbcr
of animals that mounted. The number of ammals that mw differed significantly

between infusions for both thé MOR, x%(5) = 14.29, p < .05, and DYN, x%(5) = 16.64,

ar‘xix{xals intromitting or displaying the ejaculatory pattern ('s > .1); in the DYN group,
only the occurrence of the ejaculatory pattern was affected, x2(5) =944, 05<p< .01;
Too few animals'. mounted afteér infusions othc'r than \1_,0 nmoles morphine or 0.3 pmeles
dynqgphin[1-13] to allow a meaningful.comparison of mount latencies between drug
‘ g

infusions. -
i

Activity. A between-within analys:s of variance (gmup x dose) of the number of »
center-crossmgs occurrmg inthe § mm prior to the introduction of the female yielded
goup, F(1,14) =13.98,p <.01, gnd dosc, F(4,56) = 10.54, p< .01, effects, and a
significant group x dose interaction, E(4,56) = 4._13, p<.0l. As can be seen from .
Figuﬁ: 21, there was a"dosé:xf(;latcd increase in activity for the MOR, but not the DYN;

Y
.

L ——
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Figure 20. Proportion of animals jn each group that mounted, intromitted, or displayed

: the ejaculatory pattern after different doses of morphine (upper pa.nel) and . .
dynorphm[ 1-13] (lowcr pancl) in Expcnmcnt 4. ' . .
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Flgure 21. Mean (2 1S. E M.) numbcr of centcr-crossmg durmg the’s mm pnor tothe » °
introduction of the fcmalc and the tests for sexual bchavmrs in Expcnmcm 4, SubJects i
in diffcrcnt groups rcceivcd infusions of s'alinc and diffcrcnt doses of morphmc (filled - o
symbols) or saline. and“dlfferent doses of dynorphm[l 13] (open symbols) The mean
_number of ccntcr-cx:ossmgs aftcr pretreatment with naloxone (NAL) are also shown for .
each \‘group. n=8 for each group. b o } . ,
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group.’ Arhong the MOR subjects, there were mdre center-cmss;inga after 1 and 10
nmoles morphihe than after vehicle, and more after 10 nmoles than after 0.1 nmoles (p's .
< 05) After the 30 nmole thusmn of morphine, actmty Kas decreased relative to all
‘other morphme doses (n_s < 05), although the comparison with the vehicle i injection )
was not stausucally 51gn1ﬁcaht (p>.05). None of the dynorphm[l -13] doses differed
- from each other, or fr%m the vehxcle infusion (p's > .05). ) e T
. Na,lgmg_challmge The total amount of fema]e—dmected behaviors after naloxone .
was compared w:th the same dru g dose without naloxone pretneatment using a ;-test for
: repeated measures (two-tailed). Naloxone sxgmﬁcantly decreased the amount of fema]e-
directed behaviors seen after 10 nmoles morphme, 1(7) = 2 67, p < .05; the means were: A
10 nmoles motphine 27.9, and 10 nmoles morphine plus naloxone 22.7 percent of R “ ﬁ
observatmns Naloxone also sxgmficantly decreased the amount of female-dtrected
behav:ors dlsplayed after 0.3 pmioles dynox‘phm[l 13], 1(7)= 341, p< 05 the means |
-~ were: 0.3 pmoles dynorphm[l -13] 369, and 0.3 pmoIes dynorhin[1- 13] plus na]oxone
27.3 percent of observatmns ' -
Naloxone blocked the faahtanon of mountmg prevmusly seen after both morphme '
and dyg)rphm[l 13}; only orie ammal in the DYN group mounted if the 0.3 pmole . .
infusion of dynorphin[1- 13] was preceded by naloxone, whereas seven had mounted - /
after the same dose of dynorphin[1-13] alone; after recelvmg 10 nmoles of morphme six ) /
animals had mounted, but none mounte%lf the same dosé of morphine was preceded by

naloxone The naloxone—blockade of opioid-induced mounting was smusncally Lo
) sxgmﬁcant for each group: MOR, xz(l) 84,p< .01, and DYN xz(l) 9. 0,p<.01.-
. Pretreatment mth‘haloxone -also reduced the amount of locomotor acnvity

othérwxse seen after mfusxon of 10 nmoles of morphme,‘;(7) =2.81, p<.05; the means

L}

were: morphine 46.4, and morphme plus naloxone 25.8 center-crossmgs Naloxonedxd ‘

\ . Lo

not affect activity after 0.3 pmoles of dynorphm[l -13] (n >.1)

r - . .
. - . -"%

.
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. S}mmunmmmmng_ns The amiount of female-du'ected behavxor dtsplayed after

' mfu70ns of vehicle, morphine or dynorphin[1-13] i into the substantia nigra was

——

aryﬁysed using a two-factor repeated rheasures analysxs of vanance (drug x time), The <

//analysm of variance yielded a s:gmfl cant tlme effect, E(Z 12) ‘64, 29 p<.01;
indicating that femalc-dtrected beha\nors became less fxequent dunng the 30 min test.

J/ l) Vutually no copulanon occurred after substantia mgra mqutons one ammal o
// .- mounted after a vehicle mfusron and no other copulatory behaviors were observed The .
/’ . number of center-crossin gs did not d1ffer between the dtfferent mfusrons into the \
/ ' . sdb;tanuanlgra(p> 1) - ’ , e - . |
y . _ ‘ Dtscussnon '
’ In this expenment, both morphmc and dynorphm[l -13] infused into the VTA "
produceéd a dose-dependent mcrease in the number of animals that mbunted and |
' dynorphm[l 13] also mcreased the dlsplay of female (hrected behawors The effet:ts of
VTA infusions were receptor medlated, naloxone antagomzed the effects of both
’ morphme and dynorphin{1-13]. The actlvauon of optoxdmceptors in the VTA.
e ' therefoxe, mcreased the display of male sexual behavior. "

/ The nkelthood of mounting mereased wrth increasing doses of both mo:phme and
.dynorphm[l 13] and this facrhtanon was blocked by pretneatment with naloxone .
-,Unfortunately, too few ammals mounted after mntrol or low dose mfus:ons to allow
companson of mount latenctes, a meaSure of sexual arousal. The mcreased hkehhood of
mounting, however, rnay be constdered to yary with sexual motrvauon Intrormssxons

and the ejaculatory pattem were not affectcd, except for a small effect of
:dynorphm]l 13} on the &jaculatory pattern, the performace of copulauon was relahvely

vy ]

n unaffected by opioid mfusnons into the arca of the VTA. ) . -
’ Although both influenced mounting, there were unportant dtfferences between the

/ ”
/ Nelther the drug effect nor the drug x time mteracnon was stansthally srgmﬁcant @s>

@



-Chang, Lee, & Loh, 1
1980; Walker, Moises, Coy, Baldrighi, & Akil, 1982), indicating only that large *

83

effects of morphine and dynOrphin[l- 131 Mc;xphinc produced a dosc-depc}xdcnt' -

mcrcasc in locomotor activity, but r not fernale-directed behaviors, whcreas

‘ dynorphm[l 13] produced adosc—dcpendent increase in female-directed behaviors, but

” not locomotor aduvxty Dynorphin mfusxons resulted in a large, dosc-depcndent increase

1n the dxsplay of femalc—du‘ected behav;ors at thﬁ most effective dose of dynorphin[1- 13]
(0.3 pmolj' males maintained intense attcnnon to the female throughout the 30 min test; -

cxéep: for the persistence of female-direc be‘ha\;io'rs, however, the behavior of these

- animals appcared normal.

Dynorphm[l -13] did not sxgmﬁcantly affcct locomotor activity, consistent with the

-7
report that dynorphin injected qgl_lgtqn}lly into thc VTA does not elicit pontravcrswe .

circling (Jcnck B“zarth & Wise 'submitted) Therc are reports that intrai'cM

mjccuons f ynorphm upprcss loecomotor actmty and cause moto:: dxsturbanccs. but ‘ .

cannot be antagoni cd by even largc (20 mg/kg) mjcctlons of naloxone ( Fncdrﬁan Jan

1; Tllson, McLamb, & Hong, 1982; Walker, Katz, &,Akll,
physwloglcal doscs ‘of dynorphm can producc non-receptor medlated effects, Thereisa -
report that systemic adrmmstratwn of the kappa‘agomsts ketazocme and uﬂuadom has a R
b’ﬁﬁfs‘xc cffect on locomotor actlvny, first decreasmg and theni mcmasmg locomotlon
(Beck & Kncglstcm, 1986), but little is:known about the cffccts of dynoxphm overa
broad range of doses. It should bc noted that cxtremely small amounts of dynorphm
were requu'cd to facilitate ;cxual .bchavxors, consistent with studlcs on' _ .
dynorphin-induced feeding (Hamilton & Bozarth, 1986, 1987); the potency of - |

dynorphm was apparent even when it was initially sequenced (Goldstem etal, 1979) ,__
The number of animals mounting and the frequcncy of fcmalc—dmccted bchavxors '
ticcreased at the hlgheSt dose of dynorphm, suggesnng a suppressxon of behavior at . —2

IA‘ .

rd



mfusmns on.their first trial, or after tw_,rfour injections of morphmc, MOR subjects "
. TR

ﬁighcr ;io§cs; future rcscarch‘vjvitrh dynorphin must, therefore, examine a very different A
q°§c range than tygically used (fmole to pmole rather thaii nmole) to avoid potentially
seciating overdoses .and non-receptor mediated effects.
It was "surprising, in view of the éffect.of morphine on mounting, that mo'rphinc
infusions had lmlc effect on femalc-dlmctcd behaviors up to t.hc dose which produced a
gcncral suppressxon of behavior. Iti is mtcrestmg to note, thcrcforc, that after both the
vehicle and low dose mfﬁsxons, the MOR group tcndcd to display higher levels of
female—dlrec@i bcha\nors than the DYN group aftcr corresponding infusions. In this

expenmcnt, the order of mfuswns was randomlzcd so that ammals received the vehicle

o that méelved the salmc\mjecuan on the ﬁfth trial displayed more female-directed “

behaviors than subjects that received thc salmc infusions on their first or thxrd trial. Thc
tendency for the morplune-trcated‘sub_]ects to display higher levels of female-directed
béhaviors a;fter Saliﬁe or low dose infusions, therefore, may have been due to
sensitization and/or. conditioning. It is known that repeated administration of morphine
into the VTA leads to scpsiﬁihﬁon of the drug effects and to conditioned activatiop in the

drug associated environment (Vezina & Stewart, 1984). Consistent with this .

ihtérprctation was the finding that naloxone decrqas’t:d-si gniﬁcantly the amount of

"+ female-directed behaviors otherwise observed after infusions of 10 nmoles of morphine.

* Furthermore, in a pilot study using gonadally intact, sexually naive subjects (Mitchell, v
" Stewart, & Vezina, 1987, unpublished obervations), 10 nmoles of morphine injected ,
"~ into the VTA increased female-directed behaviors significantly compared to a vehicle

1

injected control group.
Morphinc?nfusions i.nto the VTA resulted in a dose-dependent incrcas;c in -

locomotion, as has been reported pfcviously (Joyce & Iversen, 1979; Kalivas et al., TAEJ

, 1983; Vezina & Stewart, 1984). It is interesting to note that the MOR group was .

> -



1984), and recent observations in this laboratory suggest that repeated infusions of »

-

con‘sistcm]& % active than the DYN group, even after ififusions of drug vehicle. An
cxplanatjon of this difference in locomotor activity between the two drug groups may be .
in the fact tha}t previous infusions of morphil;c, but not dynorphin, lead to sensitization |
and/or conditioning of activity. Pairing a specific environment with intra-VTA morphine

has been demonstrated to lead to conditioned increases in activity (Vezina. & Stewart,

dynorphin do not.

The differential effects of rﬁorphinc and dynorphin on activity and sexual behaviors

- n:iay rgﬁect different affinities of these ligands for different opioid receptors. The

existence of multiple opioi& receptors is well documented (Childers, Creese, Snowman,
& Snydcr 1979, Lord’b[atcrﬁcld Hughes & Kosterlitz, 1977; Martin, Eades, '
Thompson, Huppler, & Gilbert, 1976). Morphine binds prefcrenually at the mu-binding
site, whereas dynorphin binds prcferennally at the kappa site (Patcrson, Robson, &
Kosterlitz, 1984), and is thought to be the endogenous kappa~liganad (Chavkin, James, &
Goldstein, 1982). Although both mu and kappa agonists are axfalgesic.s (Iwamoto,
1981), anid when infused into the V;I‘A' both clici_t fécding (Hamilton & Bozarth, 1986,
1987) and facilitate stimulaiioh-induccd feeding (Wise, ch:ck, Gratton; & Quirion,
1986), differénces bctw;:cn them have been reported. Infusion of the prototypical miu

agonist, morphine, into the VTA elicits contraversive circling and facilitates brain

. stimulation reward, but the kappa agonist U-50,488H does not (J;nck, Bozarth, &

Wise, submitted; jcnck, Gratton, & Wise, 19_87). ‘In erestingly, morphine and’
U-50,488H have been reported to have opposite effects gn substantia nigra DA cell -
firing (Walker, Thompson, Frascella, & Friederich, 1987). Furthermore; the effects of
morphi;c on DA metabolism are antagonized by kappa agohists; sys;emic nibxphipc

increases striatal, mesolimbic and mesocortical DA"mctabolism,‘and the synthetic kappa
W : - -

agonists ethylketocyclazone, MR-2034, U-50,488H, andﬁﬂ”uador;n all block



4

morphine-induced increases in striatal and m;socomcal DA metabolism, while having
l;tﬂc effect on DA metabolism in these areas when administered alone (Kim, Iyengar, &
WO(;d, 1987;1Vood‘,’ 1983; Wood, Stotland, Richard, %hakur, 1982).

qut of the studies that have aFtcmptcd to differentiate the effects of mu and kappa
receptor activation ha\;e: used the syn,:thgt"ictz }cappa agonists ethylketocyclazone, MR-2034,
U-50,488H, or tifluadom. Itis somc&ﬁ;f Iunscttling, therefore, that synthetic kappa
agonists have ﬁeen found to antagonize mu agonist effects in the rat vas dcfgrcns, tissue
reported to lack kappa receptors (Gillan, Kosterlitz, & Magnan, 1981). Funi\cnnorc, it
has been reported that the ability of these kappa agonists to displace mu agonist binding,
in vitro, correlates with their ability to antagonize morphine effects on nigrostriatal DA

metabolism (Wood, 1981). -Wood has suggested ‘that at least some of the effects of

' synth;,tic kappa agonists are mediated by antagonism at-the mu-2 receptor, rather than-s

‘
agonism at the kappa receptor, and that mu-2 antagonism is inherent to the synthetic
kappa agonists (Kim ét al., 1987; Pasternak & Wood\,LIQSG; Wood, 1983; Wood et al.,
1982).- Indccc;, the putative endogenous kqppa agonjst, dynorphinéand the synthf:tic .:
kappa agonists may have different effects. Unlike the synthetic kappa agonists, ‘

dynorphin does not antagonize the action of morphine on nigrostriatal DA metabolism

(Wood, Kim, Cosi, & Iyengar, in press; cited in Kim et al., 1987), it has no effect on

confractions of the rat vas deferens (IC50'> 10,000 nmoles; Corbett, Paterson,

McKnight, Magnan, & Kosterlitz, 1932), and it elicits contraversive circlin g when
injected into the substantia nigra (Herrera-Marschitz, Hokfelt, Ungerstedt, Terenius, &

Goldstein, 1985). The effects of dynorphin could be mediated by agonist activity at the

- kappa receptor without concomxgi'tcnt mu-2 antagonism, or by combined agdpist activity

at both kappa and mu sitcs'; current data c4nnot discriminate between these, and other,
! ) Y \

possibilitiess '
Morphine is well known to increase DA metabolism in a number of different ¢

o
*

86

s
N



terminal fields, but no conclusion about ;he inﬁlvcrhent of DA in mcdia)ting the effects
of dynorphin can be drawn from the currently available data. Nonetheless, differences
found between the effects of morphine and dynorphin in the present experiment and
thdse discussed abt;y;:uggcs: that the neural elements in the VTA‘t};at mediate sexual
behavior and fceding\ differ from those that mediate locomotion and brain stimulation
reward.

In the present experitnent, it was found that infusion of both thehu opiate

-

receptor agonist, morphine, and the endogenous opioid peptide, dynorphin, into the
VTA increased mounting by male rats, and that dynorphin also significantly increased
the displa)} of female-directed behaviors. The opiéid effects were an?agonizéd by
naloxone pretreatment, demons;xaﬁng pharmacological specificity, and were not obtained
by infusions into thé substantia nigra, demonstrating anatomical specifity. Although__.
quéstions concerning opioid receptor type and dopamincrgic involvement r:main, these
results demonstrated that acti.vation' of opioid receptors in the region of the VTA elicited

sexual behavior. >



- (1984) dcmons;t'lfated that,

88

Enhancement of Sexual Behavior in an Environment Previously Associated with
™. Morphine ‘ \

. Systemic injections of moderate. to high doses of ;norphinc have a biphasic effect
on locomotor activity, resulting first in decreased, and the.n in increased activity (Babbini
& Davis, 197/2', Sloan, Brooks, Eisenman, & Martin, 1962; Viskq & Dom'ino, 1978).
With repeatéd ihjcctions, however, only an increase in locomotor activity is found
(I,B»abbini & Davis, 1972; Vasko & Domino, 1978), and animals show a progressively
increased, or sensitized, response (Hinson & Siegel, 1983; Mucha, Volkovskis, &
Kalant, 1981). If care is takeh to explicitly pair drug delivery with a distinctive -
environment, sensitization to the locomotor effects of morphine is manifested only in that
environment (Hinson & Siegel, 1983; Mucha et al,, 1981). Furthermore, even after

[4

igjections of saline, increased locomotor activity is found if the test environment has

) p}eviously been pairéd with morphiné administration ()?.inson & Siegel, 1983; Mucha et

al;, 1981). ' ‘ .
Injections of morphine directly into the A10 cell group result in increased

locomotor activity, and repeated administration leads to sensitization to the effects of

morphine (Joyce & Ivers h, 1979; Vezina & Stewart, 1984). Vezina and Stewart

| )injections of morphine into the area of the VTA are paired
with a distinctive environment, sensitization is environmen‘;spc’ci{x& Furthermore, even
after injcction;; of saline, animals that have previously received repeated intra-VTA
anGCUOIIS of morphine in thc test environment are more active than morphmc-nmve
animals and ammals that had received morphine in a different environment (V czlna &
Stewart, 1984) These findings suggest that the sensitized and conditioned effects of
morphine orr locomotor activity, found after repeated systemic injections, are mediated

by thc mcsohmbxc DA system. Consistent with this view is the fact that systemically and



&

loqﬁll?administcrcd opiates, as mentioned earlier, affect the {)uing frequency of a

sub-populatjon of dopaminergic cells in the VTA (Gys!ing & Wang, 1983; Matthews &
German, 1984), and lead to an incrl:asc in DA metabolism (Kalivas et al., 1983).
Furthermore, conditioned changes in DA turnover have been found in animals that had
previously received repeated morphine administtation (see Schiff, 1982). ‘
« If the mesolimbic DA system is involved in the'mgdjaﬁon of sexual arousal, then
conditioning thougin to involve activity wit‘ixin this system might be expected to increase
the display of sexual behavioss. In E);periment 4, it was found that the frequency of
fcmale-dxrcctcd behavxors after salm; infusions was greater if there had been repeated
admxmstranon of morphme in the test envifonment, suggesting a conditioned effect.of
morphine on male sexual arousal. The following experiments were f:onducted o
investigate whether male sexual behavior would be facilitated in-an environment

previously associated with injections of morphine.

I8



EXPERIMENT 5

In Experiment 5, the effect on sexual behavior of testing the animal in an

‘environment previously associated with repeated injections of morphine was assessed.

In this experiment, one can consider the environment in which morphine was

. administeéred to be the conditioning stimulus (CS), and morpﬁine the unconditioned

90

stimulus (US). Mucha et al (1981) and Hinson and Siegel (1583) have shown that after -

repeated systemic injections of morphine in a particular environment, the conditioned
response (C}l) to morphine is increased locomotor activity. Vezina and Stewart (1984)
have shown that whcn locomotor activity is the unconditioned response directly c11c1tod
by morphine administration to the VTA, the CR is increased locomotor activity. Thus, if
the effects of morphine on the mesolimbic DA system and the resulting behavioral
activation can be thoughE of as constituting the unconditioned reponse, it would be ‘
expected that the CR would mimic some a;pects of)Qis response. ot
‘ | | Method |

S_um;_c_ts Twenty-seven male Long-Evans hooded rats were used.,' Subjec.is had
been screcr;ed fox; sexual actiaty and weighed 250-275 g it the start of the experiment.
Subjects wcre randornly assxgncd to one of three groups.

Emggdm'; The cxpcnment mcludcd an initial condmomng phase followed by tests
for sexual behavior. During the condmomng phase of the experiment, injections of 10

mg/kg (1 ml/kg) of thorph'mc were given to one group of animals (Cond) immediately

before they were placed in the mating arenas, and to another grqﬁp (Pseudo) in the

“animal colpny. Conversely, the Cond groﬁp received saline injections in the animal

colony, and the Pseudo group received saline injections prior to placement m thé mating
arenas. 'ﬁlc third group (Contrdl) feccived injections of saline in both environments. In
this and the subscquent‘experimcnt, animals were placed in the mating arenas, wnh no
fem3e present, for 1 h c{rex:y other day, and m;eived their animal colony injections on

3 #

/
e

‘
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the intervening days. ' In tilis,.and the su~bscquc‘nt c);pex:imcnt, a total of four".condit'xon’ing.
trials and four ammal colony injections were administered. o

Two days after the last injection of morphine, each animal received an injection of
saline, v:ras placed in aMng arena, and 5 min later a sexually receptive female was -
introduced. The test for sexual behavior lasted 30 min: Two weeks la:t.er, a second ‘te'st
for sexual behavior was given. - - Ly

In addition to the measures dcscrib_od earlier, three other measuMs we’rc,tqken.
These included: 4 | '

, The postcjacglatory‘inter;lal: the time bot,,weehl cjacu%ion. and the first intromission

of the next copulatory scnes ‘ . . - f

The mtcnntmmxssxon interval: the average-number of intrormssx mm to the
g }5 per

-4

first ejaculation. ‘ >

The intromission ratio: the ratio of intromissions to mounts plus intrornissions. ,
" Results ‘
The mean percent of obscrvauons in which female-directed behaviors were ,
observed for the three groups on both tests is shown in Figure 22. An analysxs of *.
variance (g7up x time x test) of these scores yielded a s1grnﬁcant group effect, E2,24)

=13.85, p <.001. Overall the Cond group d1ffered froin both the Control. and "Pseudo

_gIoups (p's <.01), whercas the Control and Psendo groups did not d1ffer~from each

other (p > .1). As can be seen from Figure 22, the differences between the Cond group -
and the Control and Pseudo groups were éroater after the miﬁ;l 10 min &uring both tests.

Post hoc corixparisons of scores from the first test showed that oy 30 min the Cond '~ -

' group displayed significantly more female-directed behaviors than either the Control (p <

.01) or the Psédo (p < .05) groups. During the second test, the Cond group displayed
éigniﬁcanﬂy more female=directed behaviors'than either the Control and Pseudo groups .
at 20 min (s < .05) and moré than the Control group at 30 min (2 < .01). Overall,

»
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. —

female-directed behaviors were less frequent on the second tcst than on- thc first, E(1 24)
= 448,p< .05, but the differences between the f'ust and second test for individual
groups were not signiﬁc:;nt @'s>.1). FinaIly, the frequency of female-directed
: ,behavxors decrcased across nme in all groups. EQ, 28) = 82. 49 p_ <.001. J

-

The measures of COpulauon are shown in Table 3. Becausc not all ammals

copulated on both tests, each test was analysed separately. The analysis of vanancc of

mount latencies yielded significant | group ‘effects for. both the first, F(2,20) = 5. 25 p <
05 and second test, F(2,24) = 430, p< .05, of sexual behavxor As can be seen from
Flgure 23, the Cond group initiated tiated mounting more g more qmckly than exthcr the Comrol or

Pseudo groups during both tests (p's<.05). The mean mtromlssxon latency of the

» L

Cond group in the first test was cons1derab1y shorter than enhcr of the other two groups;. . ¢

- Pl

but due'to hlghly vanable scores, the group effect was not s1gmﬁcant (p >. 1) Durm g
the second test, however, therc was a s1gmﬁcam group effect E(2 23) 3. 64 R< 05

and post hoc compansons showcd that the mu'ormssxon latency of-the Cond group was - .

4

si gmﬁcantly shorter than that of the Pscudo group @ < 05) W

7
.

\"

v

The mtenntrormssxon ahd postejaculatory mtervals both appearcd to bc shortcr in
the Cond group, especxally during the first test, | but the’dift‘erences were small and not
stat1st1cally slgmficant @s>.1). Groups d1d not dlffer 51gn1ﬂcantly on any other ‘ BRI '

’ N a

- measure in eithier test (p_s >. 1), nor did groups dlffer sxgmﬁcantly in thenumbcr of s

ammals that mounted mtromltted or e]aculated durmg cach'test (ps > 05)

= -t . Discussion : - . S ‘ S,
A . ,’ -' ‘ st Q. o J

-

Female-directed bchavxors were mcreaScd, and mount and mtrormssxon latencxes _
t shortened in the Cond group ;mmals, suggestmg that prevnous rcpcated mjecuons of. . ©
morphme in the test envmomncnt led 0 mcreased scxual arousabﬂlty when ammals wcre e
subsequently prcscnted with 2 scxually reccpuve female in that cnvu'onmcnt A VIR

- Furthennore, thc Comrol and Pscudo groups dxd hot dlffer from cach othcr o any B o et
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. ) Figum 23. Mean (+ 1 SEM) n‘mmount latency for groups with previous experience with )
o morphine in the mating arenas (COND), or in the animal colpny (PSEUDO), or that had
received injections of saline in both the mating arenas and animal colony (CONTROL). .
- - - « ‘
* significantly different from Control and Pseudo groups (p < é95). n =9 for each .
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measure, indicating that the mcrcascd sexual arousal in the Cond group was due to

conditioning to the sumuh associated with morphme admxmstmnon. and not to the

cffects of previous morphme admxmstmuon, per se.,

Oplate agonists and antagonists are known to have a powerful effcct:on the
hypéthaianﬁc-pituitary-gonadal axis; opiates reduce serum LH and, subsequently, T
concentrations; naloxone increases LH concenuaﬁons"('an{, van 'Vugt, Marshall, &
Meites, 1977; Cicero & Badger, 1977; Cicero, Meyer, Gabriel, Bell/& Wilcox, 1986;
McConnell, Baun; & Badger, 1981; Mendelson, Elli‘ngboc, Kuehnle; & Mello, 1980; )
Mirin, Meyer, Mendelson, & Ellingboe, 1980). Cc;nsequcntly, chronic opiate
administration decreases the funtioning of the accessory sex organs in both humans-
(CICCI'O, Bell, Wiest, Allison,.Polakoski, & Robins, 1975; Mendelson, 1975), and rats
(Cicero, Mcyer, Wiest, Olney, & Bell, 1975 Cicero, Meyer, Bell, & Koch, 1976). In

96

the present experjiment, however, animals tha\f\pad received injections of morphine in the .

animal colony and morphine-naive animals djd not differ on any measue of copulation,
suggesting that morphine effects on circulating hormone titers did not influence later
sexual behaviqr. The absence of any behavioral evidence of morphine-induced - ’
suppi’e's_;ioqﬁof hormone secretion and sexual functioning may have been due to the dose
and injcction schedule used. After administration of 20 mg/kg of morphine, twice ‘thc
amount used in the present experiment, serum LH and T concentrations return tc; basal
levels within 7 hours (Cicero & Badger, 1977). Therefore, it is unlikciy that, in the
present experiment, morphinc‘-tr.cated #nkn\als had LH or T concentrations suppressed
chronically during the conditioning phase of the c:éperimcnt. | .

. The interintromission and postejaculatory intervals have been considered to be
indices of the state of the AM, bpt, as discussed earlier, the utility of these measures fof

measuring sexual arousal has been questioned. The present experiment found thgf the

interintromission and postejaculatory intervals were not affected by previous injections
) S | N
s ] '

/
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of mc;rphinc in the test cnﬁmmcnt, suggesting that they are less sensitive measures of
sexual arousal than either female-directed behaviors or initiation latencies. ‘

o These results sdgg_cﬁ[ that an environment previously paired with mo'i'phine was
able to facilitate sexual arousal. Ag discxfsscd earlier, the mesolimbic DA system has
been implicated in the mcdiati(;n of morphine-induced behavioral activation, and recall
that casgationg&; fOund to decrease DA content and mctéboliﬁm in the NAS |
(Experiments 1-3; Alderson & Baum, 1981). It was decided, therefore, to i;westi gate
whether an environment previously paired with r'noxphi:%e'might facilitate some aspects

of sexual behavior in ¢astrated male rats.

--
)
3
-y
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EXPERIMENT 6

In Experiment 6, conditioning trials were timed to take place during the period after
castration when DA content arid metabolism would be declining. The first test for sexual
behaviors was given at a time when DA concentrations and metabolism had bcen found
previously to be significantly reduced, 28 days after castration (sce Tablc( 1). Because
the pseudoconditioning and the saline control groups in Experiment 5 did not differ from

each other on any measure, only pseudoconditioning control groups were included.

\ .

\C . ) Me't.hod
Subjects. Thirty-six male Long-Evans rats, sf:reéned for sextfelxkbcl;avior, were
randomly gssigm;d to one of four groups. Two groups of animals were bilaterally
‘:’%é}’suatcd aqd two sham-castrated, as described in Experiment 1. ~ .
Procedure. beginning 20 days affer surgery, one éroup of castrates (Cast‘Cond)
and on&gonadally intact group (Intact-Cond) received i mJecuons or 10 mg/kg morphmc
nnmedlately before being placed in the empty mating arcnas and 1nJcct10ns of saline in
the animal colony. The other groups of castrates (Cast-Pseudo) and sham-castrates
(Intact-Pseudo) received 10 mg/kg injections of morghinc in the animal colony and saline
' injections prior to being placed in the mating arenas.-Conditioning trials lasted 1 h and
were given every other day; anim:l colony injections “:cnc administered on the
intervening days. Two and 16 days after the last conditioning trial (28 and 42 days after
¢ surge'ry) animals received injections of saline and were given 30 min tests for sexpal
behavior in the mating arenas. \\
; lic;ults

o ., Anoverall analysis of variance (conditioning x castration x time x test) of the

number of obervation periods during which female-directed behaviors occurred yieldeda
significant effect of conditioning, F(1,32) = 65.72, p < .OOi, and, more importantly, -

significant conciitioning x castration, F(1,32) = 7.08, p < .05, and conditioning x time, .
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E(I2,64) = 12.99, p <001, interactions. Fl gure 24 illustrates the conditionin.g X
castration interaction. As can be seen, animals in the Cond groups increased ) N
female-directed behaviors whether they were intact or castrated; female-directed
behaviors were least frequent in the Cast-Pseudo group. Both Cond®groups differed
significantly from their respective Pseudo groups (p's < .01), but the fnitact- and
Cast-Cond groups did not differ from each other (@ > .05). Although the Cast-Pseudo
group appeared to display less female-directed behavior than the Intact-Pseudo group,
this comparison was not statistically significant. . | ) \ \

Figure 25 presents the mean percent of obérvations during which female-directed
behaviors occurrcc"l for each group at th'rce different times during each test. During the
ﬁx:st test, the Cond groups tended to display more frequent female-directed behaviors
than the Pseudo groups after the first ‘IO‘min, but at 20 min only the difference between
the Cast-Cond aﬁa Qast—Pscudo groups was significant (p < .05): At 30 min, however,
both Cond groups differed from their respcf:tive controls (p's < .05). These differences
were even more pronounced during the second test; at both 20 and at 30 min, both Cond
groups diffcrcd from their Pseudo control group (;p's <.05). At 30 min in the second
ies't, the difference between the Intact-Pseudo and Cast-Pseudo groups was ‘signiﬁcant (@
<.05). L | \

The proportion of animals in each group that mounted, intromitted, or displayed
the ejaculatory pattern during eachdgest is shown in Figure 26.éGroups dllfgcr;:d
significantly in the number of anirpa}s that mounu;,d, x2(3) =26.19, p < .001,
intromitted, x2(3) = 23.84, p< .OOl,vqr showed the ejaculatory pattern, 12(3).= 11.88,
p < .01, during the first test. Groups also differed on these measures during the second

test; mount, x2(3) = 19.06, p < .001, intromissions, x2(3) = 19.54, p < .001, and the

ALY aiad

¢jaculatory pattern, x2(3) =24.0,p< .001: The group differences were attributable to
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Figure 24. Mean (+ 1 S.E.M.) percent of observations during which female-directed
. .

behaviors were observed collapsed across time and test, for Experiment 6. Groups

, (n=9) were gonadally intact INTACT; filled symbols) or had been castrated for 4 w_ccks

at the time of the first test (CAST; open symbols), and had previously received morphine
in the mating areans (COND; squares) or the animal colony (PSEUDO; circles).
* significantly different from the corresponding Pseudo group (p < .05).

> -
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Figufc 25. Mean (£ 1 S.E.M.) percent of observations durin} which female-directed-

s : Con
behaviors were observed during each test as a function of time. Groups (n=9) were
gonadally intact (INTACT filled symbols) or had been castrated for 4 weeks at the time
, of the first test (CAST; open symbols), and had prevmusly rccelved morphine in the

mating areans (COND; squares) or the animal colony (PSEUDO; circles).
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I;:igune 26. Proportion of animals in ;aach group in Experiment 6 that mounted,
intromitted add displayed the ejaculatory pattern during the first (upper panel) and-second
. (lowcr‘pa.nél) test for sexual behaviors. Groups (n=9) were gonadally intact (INTACI’)
or had been castxatcd for 4 weeks at thc time of the first test (CAST), and had prcvxously
" received morphine in the mating areans (COND) or the animal colony (PSEUDO).
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the ?ffects of° castration, except that, pcrhaps surpnsmgly. prcvmus cxpcricncc w1th
mox:phme in the matmg arena mcmased the propomon of MMS that c)aculated
durmg thc first 1,cst
. done for. thc Intact groups only. Bccause sx}mﬁcant hctcrogcncxty of vanance was
. found for thc mount latency scores (n < .05, Cochran s test for homogcncxty of -
vanal(ce), these scores were ana]yscd usmg Mann-thtncy U tests. Figure 27 shows
" the tnedian mount latcncy for each gonadally intact group in each tcst and it can be seen

that the Intact-Cond group initiated mounting more quickly than *c Pse¥do group. 'I‘hc

. “statistical analysi"s found that, althoixgh'thc diffcrcnce was not significant for the first test

-

(.05 <p<.1), it was for the second test, U(8,8) = 58,p< .05. Xone of thé othcr
» compansons made bctwccn the Intact-Cond and Intact-Pscud groups were s1gmﬁcant

(t-tests for independent groups, two-taxlcd).

Discussion : .

-

- Among i intact ammals tested for sexual behaworm the condmomng environmént

1 (Intact-COnd),‘female—duected behavxors werc more frequent and mount latency was

shortcncd, compamd to the Intact—Pseudo group. These findmgs rephcatc those of
Experiment 5., In the pr;esent cxpenmcnt it was also found that castrated animals tested

: _f0r sexual bcha\nor in the conditioning cnvuonment showcd higher frequcncn:s of &

. fcmale-dxrcctcd behavxors than castrated pseudoconditioned animals. The persistence of

_ fcmalc-dxmoted behaviors among Cast-Cond aniaals, especially during the second fest

six weeks aftef castration, was surprising. The&a]gcontinucd topursue, sniff and |

_climbon the fcmnle'despite the fact that they cngégcd in virtually no copulation. These
results suggest that conditioning ti)ought to involve activity within the mesolimbic DA
system can facilitate sexual arousal among cgsﬁ'atod male rats.

N

Because so few castrated animals copu]atcd analyses of copulauon mcasurcs were .

-
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General Discussion -
| 'In léxpcrimcnts 5 and 6, animals that received injections of morphine paired with a
distinctive environment displayed more frequcnt fcmalc-dm:cted behaviors, and, if thex'
were gonadally intact, reduced initiation latencxes when later tested for sexual behavior in
that environment. The pcrformance of copulation was not affected by prevmus repeated
injccti;)ns of morphine. - ’

These findings may appear t;a conflict with those of previous studies of opiates and
male sexual behavior. Despite the fact that heroin addicts often describe the immediate
postinjection sensations in sexual terms (Mm et al., 1980), male heroin addicts and
patients on methadone maintenance programs commonly report decreased sexual desire
or interest, impotence, and delayed ejaculation (Cushman & Dole, 1973; Mirin et al,,
1980). Systemic injections of morphine to gonadally intact or castrated, T-treated maic
rats has been reported to inhibit sexual behavior (MclIntosh, Vallano, & Barfield, 1980;
Mumford & Kumar, 1979).

When injected intrayentricularly, mofpzlinc has been reported to decrease the rate of
intromitting and reduce the¥ratio of intromissions to mounts, indicating less efficient
copulation, and it was suggested that these¢ changes were primaril_y attributable to an
increase in mounting (Band et al., 1986). ‘Intravcntricular injections of b-endorphin,
however, have been reported to reduce the number of males that mount (Mcyerson &
Tcr’cnius,' f977), and intraventricular injections of the enkephalin analogue, DALA,
lengthen initiation latcnciesA(Gessa, Paglietti, & Pellegrini Quarantotti,1979; Pcilcgrini
Quarantotti, Corda, Paglietti, Biggio, & Gessa, 1978) Intraventricular injections,

although perhaps more specific than systemic injections, would be expected to affect any

. opioid sensitive site with access to vcntncular circulation, and would affcct, t'herefore a

numbcr of systems in addmon to the mcsohmblc DA system. When applied dm:ctly to
the region of the mPOA, morphine has been reported to decrease the number of
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cjaqplatigns' and increase the length of‘thc postejaculatory interval (B:ar}d ct al,, 1986).

In summary, most rescax:ch has found that systemic and intraventricular injections
of opiitcs and opioid .agonists inhibit sexual bchavi‘or. Few stugl}es using intracerebral
administration have been performed, but the available &ata suggests an inhibitory effect
of mPOA infusions of morphine on male scxa:1 behavior. "

Opiate receptor antagomsts on the other hand have been reported to decrease the
number of intromissions to ejaculation and shortcn cjaculanon latency (McConnell et al.,
1981; McIntosh et al., 1980; Myers & Baiim, 1979, 1980; Pellegrini Quarantotti,* .
Pag\lictti, Bqnz_mni, & Gessa, 1979), su ggesting facilitation of the performance of -
copulation.< There are, however, reports that naloxone does not affect copulation among .
sexually cxpencnccd vigorous cophlators (Gess et al.,1979; Miller & Baum, 1987;
Pcllegnm Quarantotti, Corda, Paglietti, Biggio, & Gessa, 1978), but that it docs increase
the number of persistent noncopulators that mount, intromit, and cjaculatc (Gessa et
al.,1979),:ugéesting facilitation of sexual arousal. In apparent contrast to these
- fmding§, naloxpne has also been repbned to lengthen the postejaculatory interval
(McConnell et al,, 1981; Myers & Baum, 1979, 1980; Sachs, Valcourt, & Flagg, 1981).
McConncll et al. (1981), however, found that naloxonc lengthened the postcjaculatory
interval by the same amoiint in animals that had tail pmch. applied after cjaculhgon as it
did in animals ‘without tail pinch, and from this they argued that naloxone lengthened the
absolute, and not the relative, postejaculatory refractory period. As discussed earlier, the
length of the absolute refractory pcnod does not vary with sexual arousal; the absolute
refraétbry period and sexual arousal are thought to be mediated by different mechanisms.

In contrast.to these findings, Miller and Baum (?987) have reported that doses of
naloxone that did not affect copulation among gonadally intact, sexualy rested male rats
abo.lished mounn'ng'and ejaculation 14 days after castration, and lengthened initiation,

latencies and inhibited copulation if the male was sexually sated. That is, low doses of

-~
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naloxone inhibitc& sexual behaviors, including measures of sexual arousal, only when *
the male's sexual amtfsabiiity was low due t; castration or sexual exhaustion.

v Thc;'e are two reports of the effects of intracerebral naloxone injections on male
sexual behavior. %cn injected into the mPOA, naloxone has been réported to shorten
cjaculation latency and the postejaculatory interval (Band et al., 1986), indicating ,
facilitation of copulation, and, in contrast, to lead to a cessation of copulation (Band &
Hull, 1987). It has been su ggested that the contradictory effects found with intra~-mPOA
injections of naloxc;nc may be related to differences in baseline sexual performaﬁcc
(Band & Hull, 1987). The results of these two studies, however, must be viewed with
caution; naloxone is somewhat lipophilic (Greenshaw, 1985), and is 'unsuitablc for

[>=}

localwcd mtmccrcbral administration (Britt & Wise, 1983). = = _

In all of the above mentioned studies, ammals were tested for scxual behavior

while the opiate agonists and antagonits were pharmacologically active. In Experiments

" Sand 6, on the otligr hand, animals were tested for sexual behévior at least 48 hours

after the last injection of morphine to investigate whether male sexual behavior would be
facilitated in an environment previously associated with injections of morphine. Thus,

although systemic injections of morphine have been reported to inhibit sexual bchavi_or'

\‘(c.g. MclIntosh, et al., 1980), the conditigned effect seen in the present cxpeﬁments was

facilitation of some aspects of scxual‘ behavior. These findings parallel those from

* studies of morphine effects on locomotor activity; although acute systemic injections of ™

.moderate to high doses of morphine initially suppress lb'&jmetion (e.g. Babbini & N

Davis, 1972), the conditioned effect is increased locomotor activity (Hinson & Siegel,

1983; Mucha et al., 1981). .

Itis important to note, fugthermore, that most studies of opiate agonist and Ve
antagonist effects on male sexual behavior have used ¢ither systemic or intraventricular

injectierifs; apart from Experiment 4 in this thesis, there are only two reports of injections




into specific brain areas (Band et al., ’1986; Band & Hull, 1987). Opiates have a number
of different effects mediated by interactions with opiate receptors at different brain,
spinal, and peripheral sites', and some of these effects may be incompatable. Injections
of morphine into the periaqueductal gray area, for example, h:avc sedative actions ..
(Broekkamp et al., 1976), whereas intra-VTA i m]cctwns of morphine increase locomotor
actmty (Joyce & Iversen, 1979; Vezma & Stewart, 1984) Thus, although morphine
may act.at VTA sites to facmtate some aspects of sexual behavior (Experiment 4), %hcn
systcxmc or intraventricular i chcuons are given concurrent incompatable actions at other
sites may mask this facilitation. ;
Pertinent to a discussin of opiate effects is the finding that castration results in an
increase in naloxone and naltrexone bingiing in rat' brain (Hahn & Fishman, 1979, 1985).
Several investigators have reported failures to replicate this ﬁnsiing (Ciceto, Newman, &
Meyer, 1983; Diez & Roberts, 1982; Wilkinson, Herdon, & Wilson, 1981), but
methodological differences may account for these discrepant results (Hahn & Fishman,
1985).. The increase in naloxone and naltrexone binding after castration appears to be
- mediated b;' a change in the concqntmtion of binding sites, and not by changes in the
conccnt:r'f\tions of competing, endogenous ligands (Hahn & Fishman, 1985). Bgsed 'on‘
these ﬁndings it might be expected that-castrates would be more sensitive to the effects
of oplatcs, and, in fact, Lxebhch et al (1985) found Lhat doses of either morphmc or
_ naloxone that did not influence the sexual behavior of gonadally intact males, decreased
mount rate and the number of animals ejaculating among castrated male rats,zlggcsting
gfcatcr sensitivity to opiates among castrates. 'l:hc results obtained by Lieblich et al.
-(1985), however, are difficult to interpret; it is somewhat paradoxical that bath morpl}inc
and naloxone had similar inhibitory effects on copulation.' ' '
'Changes in opiate rcccptors, would not appear to account for the findings of the

prcs;ent experiments; both gonadally intact and castrated males showed evidcgée for

. .
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'oonditioping at the dose of rporphinc used, indicatiné that differences in opiate receptor
“concentrations were probably not important. ‘

In summary, when anirnals were tested for sexual behavior in an environment »
previously associated with morphine, scxuai arousability was facilitated. Furthermore, '
the sexual arousability of castrates was increased when a receptive female was presented

in an environment previously paired with repeated injecﬁon's of morphine, suggesting
that conditioning thought to involve the mesolimbic DA system may have compensated

for the lower DA content and métabolism otherwise found at this time.

-
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DISCUSSION /
In the experiments reported in this thesis a systematic rjladonship was found
between changes in the mesolimbic DA system and sexual arousability. First, changes in*
DA and DOP:i\Qoncent;ations in a terminal field of the mesolimbic DA system, the
NAS, coincided with the effects of castration and steroid administration on
'femalc-dircctcd behaviors (Experiments 1-3). Second, opiate infusions into the region of
the mesolimbic' DA cell bodies, the VTA, facilitated mounting (Experiment 4), Third,
conditioning thought to involve activity within the m‘csolimbic DA-system facilitated -
measures of sexual arousal (Experiments 5 and 6). !

Systemic DA agf)nists have been reportéd to facilitate sexual arousal and copulation -
in gonadally intact and castrated male rats (e.g. Foreman & Hall, 198"1; Malmnas, 1973,
1976, 1977). Furthertnore, castration decreases sexual arousai (e.g. Dax;idﬁ% 1966a),
anci mar;ipulations that increase dopaminergic neurotransmission can increase sexual
behavior in castrates (c,g. Antelman, Hendron, Caggiula, & Shaw, 1975; Cagguila et al.,
1976; Ma]gnpas, 1973). The evidence that the mesolimbic DA system, specifically,
mediates sexual arousal has, however, been indirect. The results of the experiments
nepoq;d in this thesis are consistént with the results of these studies, and provides further
evidence that the mcsolimbjc DA system is involved in mediating sexual arousal.

There were two manipII}tions that helped maintain the sexual arousability of
castrates not treated with rcpI;ccmerft ‘s\teroids; repeated post-castration exposure to
sexually receptive femalé; (Experiment 3), and exposure to an cnyironmcnt previously
associated with morphine (Expriment 6). In neither instance dida casu,ation:induced ' <
decline in sexual arousal, as measured by fcmalc-dhcctqd behayiors, occur, and, in both,
exposure to the stimulj alone maintained female-directed bchavic’:rs. Repeated
post-caétmtion scxujl cxpe‘;icncc led to an increase in the DOPAC/DA ratio in the NAS

*\
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‘(Vezma & Stewart, 1984) might also be expectéd to artenuate the effccts of post-castration’

micasured after a final test exposure to a receptive female, suggé§ti'n§ that repeated
exposure to a female in that environment hwad inﬂuané’d lpc response of thie mesolimbic
DA system. Post-castration sexual experience may, therefore, induce a conditioned

. ! r
and/or sensitized response to a receptive female involving the mesolimbic DA system. 9

Female-directed behaviors were also maintained by conditiqnihg thought to involve
activation of the mesolimbic DA system. Repeated injections of morphine into the VTA ’
have been demonstrated to lead to both conditioned activity and to environment-specific_
sensitized activity responses to a subsequent injccgion of rhorl;hinc (Vezina & Stewart, '{3

& -
1984). Furthermore, injections of morphine increasg DA metabolism in the NAS v

(1,(‘élivas etal., 1983), and, after repeated injections, conditioned increases in DA turnover
L

are found (Schiff: 1982). Thus, it seems possible that repeated sexual cxperience and
ncpcated injections of; mog_ n€ in one environment may not only have similar effects on
subaequent sexual arousability, but the effects may be mcdxatel'by similar neural
meihamsms. It may be proﬁtable, therefore, to compare directly the development of ’ l, .
sensitization and the effects of repeated sexual experience. Experiments 5 and 6, for,
example.Eguld be considered to be demon{sq’ations of environment-specific . .
cross-sensitization bctwccn the effects of morphine and the effects of a receptive fetnale;

the converse should also occur. Furthermore, DA receptor antagonists that block the
development of cnvzronmént-speclﬁc sensmzatxon tointra-VTA mfusmns of morphmc -

~

scxua.l cxpcnencc if adrmmstcred dunng the repeated cxposure to a receptive fegaale.

Mmhamsmund;ﬂwmm Behavwra] studies of male sexual behavwr

have led to the pmposal that scvexal mdependcntly influenceable mcchams€x control the

occurrence of sexual bchawors An arousal mcchamsm ‘the AM, is thoug to control
behavior prior to the initiation of copulation and to  support copulation once 1t has begun,

whereas & copulatory mechanism, the CM, is thought to control copulanon itself (Bcach
S
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1956; Beach & Jordan, 1956; Sachs & Barfield, 1976). In the present experiments,
sexual arousal, not the performance of copulatﬁon, was found to vary with
steroid-reversible changes in NAS DA and DOPAC concentrations, post-castration sexual
experience, intra-VTA opioid and opiate admini.stratioh, and conditipning to morphine.
Thus, the rosults of the present expérimcnts, together with those of studieé of th: mPGA
(c.g. Hull et al., 1986; Malsbury & Pfaff, 1974) indicate that it is poss;blc to specify the ‘
néural mechanisms that might underlie the heretofore conceptually defined mcchanisms.
for the control of arousal and copulation. That s, accruing evidence suggests that/the '
~mPOA is critically involved in controlling the ?erformance of oopula;ion (¢.g. Gianienio
etal., 1970; Hull et al., 1986; Malsbury & Pfaff, 1974; Szechtman et al., 1978), and the
data froin the studies reported in this thesis together with those from several other sources .
(e£. Caggiula et al., 1974; Caggiula et al., 1976; Eibergen & Caggiula, 1973) indicate
that the mesolimbic DA system is critically irivol;'cd in mediat@ﬁg sexual aroual.-

It should be apparent, however, that the co.mplex-scqucncc of actiom
_iconstitutcs male'séxual bel‘lavior cannot be fully undcrstooq in terms of the separate
actions of two neural systems. Although the AM and CM are theoretically distinct,
autonomous‘mcchanisms, the full expression of sexual b;havio;' depends on their
integrated functioning. Similarly, it is obvious that fhc mesolimbic DA system, or the-
mPOA, does not functlon in 1solanon A fullér understandmg of sexual behavxor wxll
Jeyuire a consxderanon of the 1ntcracuons of these and other relevant systcmdsy in the
context of external, sexually relevant stimuli., It will be necessary to delincate the
coonccﬁvity of the relevant systems, z;nd cfctcmlinc where and how they interact.

nmmlmmgmﬂns_mmnd_bfhm Schneirla (1959) proposed a
theory of behavior based on the distinction between approach and wnhdrawal and

o (ac}ruxpg evidence, bneﬂy reviewed below, suggests that the mesolimbic DA system is a
ti

critical link in the circuitry that medigtés approach to ¢nvironmental stimuli.

&
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- and more research is needed to address this issue.

13
Infusions of morphine into the area of the VTA elicits sexual behavior if a sexually . .

receptive female is present fExpcrimcnt 4), and feeding if food is present (Hamilton &

Bozarth 1986, 1987), and, if neither food nor a fc;na_lc is prcse.nt, then increased

Jocomotion is found (Joyce & Iversen, 1979;szina & Stewart, 1984). Electrical

stimulation of the MFB indirectly activates. the mesolimbic DA systefn W ise & Bozarth,

1984), and elicits sexual behavior (Caggmla, 1970; Caggiula & Hoebel, 1966; Vaughan

& Fisher, 1962) and feeding (thkman & Schxff 1967), the bchav:or elicited 1s -

appropriate to the stimuli confronting the ammal. Electrical stimulation of the VTA, itself,

2‘1180 elicits sexual behavier (Eibergen & Caggiula, 1973). Finally, conditioning thought

to involve activity within the mesolimbic DA systerh has been found to increase sexual

arousability (Experimcms 5and 6), and general Tocomotion if no female is present

(chma & Stewart, 1984) Thus, acnvanqn of VTA cells elicits approach to

environmental stimuli, or locomotion if localized stimuli are not prcsent in the J

environment, and the ensuing behaviors are appropriate to the stimuli pre;ent.

» Recent research, however, suggests that this interpretation ;)f the function of the
VTA is incomplete. P}xtative activation of kappé ?‘cceptors in the region of the VTA elicits
sexual behaviors (Experiment 4), and feeding (Hamilton & Bozarth, 1986, 1987), and
fécilitates stimulation-induced fecding (Wise et al., 1986), but does not facilitate brain
stimulation rcward or lead to increased locomotion (Jenck Bozanh & Wise, submltted
Jenck, Gratton, & Wise, 1987), suggesting at least some separation of the neural ‘
elements in the VTA that mediate feeding and sexual arousability, on the one hw. and

locomouon and brain snmulanon teward, on the other. It will be important, therefom, to

directly compare the cffccts of injections of different opioid receptor agonists intq the

’ VTA on different behaviors, and to assess the invo}vemcm. of DA in each instance. The

VTA appears‘tg mediate arousal or motivation, but it may be functionally hetcrogeheous

At
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Several lines of cvidcncé suggest that activation of DA cells in the VTA is
reinforcing; animals will self-administer opiates mto thc VTA (Bozarth & Wlsc. 1981),
and will lever press for electrical stimulation of the VTA (Orow, 1972; Routtenberg &
Malsbury, 1969), and the MFB (Glickman & Schiff, 1967; Hoebel, 1969).. That is, not
only does activation of the mesolimbic DA system elicit approach such actwanon is-
Mvardln g. If exposure to a sexually receptive female activates this system, thcn
‘reinforcing effects of sexual behaviors would be expected to occur. Ammals will learn a-
T-maze task for the oppoftunity to copulate (Kagan, 1955). Miller and Baum (1987)
found that male rats increased the amount of time that they spent in an initiaily
non-preferred compartment in which they haa been allowed to copulate. Furthermore, if
the mesolimbic DA system mediates sexual arousal, then exposure to a sexually receptive
female and the ensuing sexual arousal, even without copula.tion, should be effective.
Several ﬁnding; suggcsf that thi\s is trye. Exposure to a sexually rcccf)ﬁvc female and the
pcrfonnan'ce of only mounts or intromissions are effective reinforccrs in tl;c aqhisiton of a
runway response (Sheffield, Wulff, & Backer, 1951) and of T-maze leaming (Kagan,

, 1955; Whalen, 1961). Conditioned sexual arousal can be developed by using exposure to
a sexually receptive female as ; UCS (Zamble, Hadad, & Mitchcll', 1985; Zamble, Hadad, .
Mitchell, & Cutmore, 1985). Further research, how;vcr, is needed to demonstrate tha.tv
conditioning supportcd‘ by cxpos\unc to a sexually receptive female involves mesolimbic
dopaminergic activity. J. : ’ ‘.

N_Qﬂ_mnal_b;haug[_and__cas_ummn Because only sc;:ual behaviors were tested in

) thcse experiments, and amine and amine metabolite conccntrauons were measumd after -
exposure to a sexually receptive female, it is not known if the current findings gcncrahzv; |
to other behaviors that involve activity within the mesolimbic' DA system. Alderson and
Baum (1981) however, used sexually naive ammals and also reported a

castration-induced decrease in NAS DA concentrations, suggcstmg that the cffects of

-
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castrauon are not restricted to tests of sexual behaviors. 95’ those studies that have
mvcsugatcd the effects of castration on non-sexual behaviors (see Beatty, 1979, for a ‘ "
rcvxcw), relatively few have tested behaviors thought to be sensitive to activity within the
: mcsohmblc DA system. . .
There are several reports that self-stimulation at some bram sites is affected by

. castration (Olds, 1958; Hcrbcfg, 1963), and that replacement trcatn_lént with T increases

the response rate of castrated male rats (éaggiula, 1970). These studies, however, have

reported the data for very few subjects, and more research is needed to explore electrical

brain stxmulanon in castratcd males. LT

Thcre is evidenee that T affects the persistence of behayior; comparcd tountreated -

controls,%mmals trcatcd wnh T continue to respond after stimulus conditions are changed
(Andrew, 1972, Archer, 1974, 1977: Thompson & Wright, 1979), and, if partial

rcinforccrgpcm was used during acquisition, responding du;jng extinction is affectcd

(Gray, Rickwood, Drewett, & Dunne, 1977). It has been proposed that T increases the
| persistence with which an animal attends to prefered stimuli (Andrew, 1972; Archer,

1974). The re.sults of studies on behavioral persisténbe are consistent with the results obf
-the experiments reported in this thesis; castration reduced attention to a sexually mcefative -
female (Experiments 1-3, 6), and this was prevented by treau'ncm with T (Exi»crimcnt 2).
) Bancroft (1980) found that replacement and withdrawal of T in castra'ted or
hypogonadal men coincided with increases and decreases in scxual thoughts, and that -
changes in scxual thoughts preceded effects on crectﬂc problems and Q_]aculauon and
concluded that androgens act on sexuality by i unprovm g mamtenanée of attention
(Bancroft, 1980; Bancroft & Wu, 1982). T!liS suggesﬁon is gonsistcnt with the effects of
Ton bchgvioral persistence (Andrew, 1972; Archer, 1974, 1977), and with the effects of
castration and steroid treatment on the persistence of female-directed behaviors found in

4

N
* the experiments reported in this thesis. Thus, castration QKrTses the attention paid to

') ] ) Q
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* relevant ‘stiTuli, and the persistence of behavior, in tests of both sexual and nonsexual
Bchavior,s. ' ° }

As discussed above, activation of the mesplimbic DA éystcm results in forward
locomotion. The finding that castration decreased NAS DA and DOPAC concentrations
may, therefore, suggest that castrates would display less locomotor activity than
‘gonadam' intact males. There is, however, no evidence that adult castration influences
locomotion; Menniti and Baum (1981) found that cas‘tratcs and castrates iplplantcd with
T-containing silastic capsules showed similar amounts of locomotor activity when tcsted\
gftcr systemic injections of amphetamine aqd when tcstgd; in a novel environment, and
Savageau and Bca&§ (1981) reported that castration did nof affect the amount of

) locomotof'actmty dxsplaycd after injections of amphetamine. Menniti and Baum (1981)
tested animals 2-3 weeks after surgery, and this may not have been sufﬁc1cnt time to
allow the development of castration-induced chdnges i in NAS DA and DOPAC
conccntxiiﬁons (see Table 1). Savageauand Beatty (1981), however; measured
locomotor activity 7 weeks aftc(x; sm'-geryb,and found that castrated and intact male rats
dlsplaycd similar levels of locomotion aftef systermc injectians of amphctammc

It is possible that amphetammc (Menniti & Baum, 1981; Savagcau & Beatty, 1981)
and a novel environment (Menniti & Baum, 1981) were sufficiently potent m,chcmng

:

locoinoti‘on thai differences between castrates and intact males resulting from differences
ir: mesolimbic dopaminergic activity wcre‘ obscured. It should be recalled that castrates
given repeated post-castrauon sexual experienée showed high levels of female-directed
behaviors despltc lower NAS DA concentrations, and that the repeated sexual cxpcncncc !
led to an increase in a measure of DA metabolism (Experiment 3). Thus, although
castration did affect the mesolimbic DA system, repeated sexual experience, as well as -
activation of the mcsplimbic DA system by other means (see Experiments 4 and 6), -

compensated for this. It might be somewhat surprfsing, therefore, to find an effect of -~
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castration on amphctamioe- or hovclty-olicifgd locomotion. Nonetheless, the results of
“the cxpcrimonts reported in this thesis and those of Alderson and Baum (1981) Qould
suggest that castrates and gonadally intact males might show subtle diff«_zrences in
locomotion, but that tﬁis may be rhanifested only in tests in which the mesolimbic D“AA‘
systcm is not strongly activated, or aftcr very low doses of DA mimetics.

Also pertinent to the prcscnt dlscussmn is thc effect of castration upon rotation after
rcpcated systemxc injections of amphetamine. Aftera systcxmc mjectxon of amphetamine,
_animals will prcfcrcnually circle in one direction when placcd in a small circular container
K(Robmson, Becker, & Pesty, 1982; Becker ‘& Beer, 1986; Robinson, Becker, &
Ram.ircz, 1980; Becker, Robinson, & Lorehz, 1982; liobinson, 1984). With sobsequent
injections of amphetamine, a sensitized, or increased, response is \f\ound. The presoncc of
testicular hormones retards the development of the sensitization of rotation to
amphetamine; gonadally intact males show significantly less sensitization than gonadally
intact females, ovariectomized females, or castrated males (Robinson et al., 1982; ‘
Robinson, 1984). The effect of castration on ~the development ot: ‘sensitization to
amphetamine, together wiﬂ1 the effect of castration on the mesolimbic DA system*
(Expcrimcnts.l -3; Alderﬁson & Béum, 1981), su'gécsts thatif T is present the mesolimbic
DA system can be toom stmr;gly activated, and that it may also be less modifiable.
Furthermore, the finding that T decreases/ﬂr modifiability of a dopaminergic system(s) is
consistent with the findings that T increases the persistence of behavior and attentiveness
%o stimuli, . i ' .

Conclusion. Castration rcsul'ts in a gradual decrease in sexual arousal tilat is
ixﬁportant for the post-castration decline in scxua} behaviors, and~ treatment with DA .
agonists increases sexual behavior in oastrate‘,s, as well as in gonadally intact males. The

results of the experiments reported in this thesis indicate that ‘hesc effects involve the

mesolimbic DA system; castration influenced the mesolimbic DA system, and, .

\
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conversely, treatments that increased-activity within this system facilitated sexual
arousability whether the animal was gonadally intact or castrated. Taken together these
findings indicate thag the mesolimbic DA system is involved in mediating sexual arousal.
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