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CALDWELL, J D AND L G CLEMENS Norepmephrme infusions into the medtal preopt~c area mh~ba lordosis 
behavmr PHARMACOL BIOCHEM BEHAV 24~4) 1015-1023, 1986.--Neurotransm~tters, including norepmephnne, have 
been imphcated m the medmt~on of ovarian steroid induced lordosis behavmr m ovanectomtzed rats. In this study we have 
found that norepmephnne (NE) infusions into the medial preoptlc area (MPOA) reduced lordosis frequenoes of estrogen- 
progesterone treated (0 5 ~.g estradtol benzoate for three days followed by 500 t~g progesterone 4-5 hours before testing) 
receptive rats Norepmephnne doses of 2 p.g or more per animal infused into the MPOA significantly reduced lordosis 
levels w~thm five minutes Infusions of 10 and 20txg doses of NE suppressed lordosis levels for 15 minutes after infusion At 
the lowest inhibitory dose (2 t~g/ammal) simultaneous infusion of 5 #g/~.l of the noradrener~c antagomst yoh~mbme, but not 
of phentolamme or propranolol, blocked the reduction m lordosis resulting from NE mfusmn. Prooptic infusions of 
el~me0hnne and clomdme were also effective m reducing lordosis quotients, while methoxamine, phenylephnne and 
isoproterenol d~d not alter receptivity These findings are consistent with the conclusion that the dtrect effect of norepl- 
nephnne infusions into the MPOA is inhibition of lordosis responding There ~s some evtdence that this mhtbltory influence 
~s mediated by alpha2-noradrenerglc receptors 

Norep~nephnne Lordosis Clomd~ne Yoh~mb~ne Medtal preopuc area 

SEXUAL receptivity tn female rats ~s controlled by the ovar- 
ian sterotd hormones, estrogen and progesterone. In the ab- 
sence of estrogen and progesterone, ovanectom~zed rats do 
not become sexually receptive and demonstrate the lordosis 
posture to the male's mount [7,17]. Estrogen and 
progesterone are sequestered by brain regmns such as the 
medial preoptic area (MPOA) and medial basal hypothala- 
mus [32, 37, 39, 48]. Implanting estrogen into these areas wdl 
enhance female sexual behavior [6, 42, 56] Implanting 
progesterone into the hypothalamus of estrogen-treated 
ammals also facdltates lordosis behavior [41,56]. These 
steroids may influence sexual recept~wty by altering the ac- 
tivity m these areas of central neurotransm~tters such as 
serotomn, acetylcholine and norepmephrine [2, 10, 13, 16, 
33, 35]. 

After reviewing several studies using peripherally ad- 
ministered agents to alter norepinephnne (NE) actlwty, we 
concluded that NE ~nh~b~ted sexual receptivity Peripheral 
adm~mstraaon of amphetamines, whtch release 5-hy- 
droxytryptam~ne (5-HT) as well as catecholammes [14], 
resulted ~n reductions m lordosis levels [10, 18, 34, 361 which 

were interpreted as due mmnly to heightened 5-HT activity. 
Interestingly when the anterior hypothalamus was lesmned, 
amphetamines facihtated recept~vlty [27]. Another study 
more selectively increased catecholamine levels by giving 
the precursor L-DOPA along w~th the monoamme oxldase 
inhibitor pargyhne and reduced sexual receptiwty [35]. Nor- 
epinephrine was more definitely implicated as the inhibitory 
agent when Meyerson found that the reduction m lordosis 
frequencies resulting from L-DOPA treatment was reversed 
by blocking the conversion of dopamme to NE [33]. Con- 
versely, agents which reduced NE activity increased sexual 
receptivity m rats. Reducing NE activity e~ther by blocking 
tyroxme hydroxylase actlv~ty w~th alpha-methyl-para- 
tyrosme (a-MPT) or by the destruction of catecholamine 
neurons w~th 6-hydroxydopamine (6-OHDA) separately or 
together increased lordosis responding [2, 21, 26]. In con- 
trast, electrolytic destruction of catecholammerg~c axonal 
pathways resulted in the opposite effect on receptivity [25]. 
Administration of selective alpha-noradrenergic antagonists 
yohimbine and piperoxane increased lordosis frequency, du- 
ration and intensity [21]. The alpha-antagonist yohimbine 
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also blocked the significant reductions ~n lordosis levels after 
injections of the alpha2-agomst ciomd~ne [15] 

Few studies have injected noradrenergic agents centrally 
and those y~elded dtffenng conclusions. In one study, in- 
creases m lordosis responding were seen after medial 
preoptlc-antenor hypothalam~c infusions of the beta- 
noradrenerglc blocker LB-46 [53] supporting an inhibitory 
role for NE In another study, infusions of NE or beta- 
noradrenerg~c agomsts into the same area enhanced lordosis 
while tnfusions of the alpha-noradrenerg~c agonlst 
methoxamme and the beta-blocker propranoloi inhibited re- 
ceptivity [23] These last authors concluded that NE 
faclhtated sexual recept~vity However, our prehmmary find- 
rags that d~rect infusions of NE into the MPOA inh~b~ted 
rather than faohtated lordosis behawor [l 1,12] supported 
the postulate that noradrenerglc input into the MPOA is in- 
volved in the inhibition of lordosis behavior 

METHOD 

Ammals and Surgery 

Sherman strata female rats were bdaterally ovanec- 
tomlzed under ketamme (Vetalar, Parke-Davls, Detroit) 
anesthesm 3-5 days after they were received from a com- 
meroal  suppher (Carom, Wayne, N J) After recovery from 
ovanectomy, all ammals were g~ven a screemng test for sex- 
ual recept~v,~ty after estrogen and progesterone mject~ons 
(see below). Those animals that were recepttve were then 
implanted under ketamme anesthesia w~th bilateral can- 
nulae Implant cannulae were made of 23 gauge stainless 
steel tubing (Small Parts, Inc , Mmmi, FL). Two of these 
cannulae were preset 1.6-1 8 mm apart w~th dental acryhc 
Th~s cannula assembly was lowered to I mm above the target 
s~te using a stereotaxtc instrument. Medmi preopt~c area 
s~tes were determined to be d~rectly under the bregma, 
eqmd~stant on either side of the m~dhne suture and 3 4-4 0 
mm above vertical zero [29] The two 23 gauge cannulae 
were then fitted w~th 27 gauge stainless steel inserts which 
had been premeasured to extend 1 mm beyond the outer 
cannulae and into the target s~te In order to secure the can- 
nula assembly to the skull, four set screws were drilled ~nto 
the skull and Kadon dental acrylic apphed around the screws 
and assembly 

Testing Pro~ edures 

In all sexual behavior tests, females received ten mounts 
by sexually experienced Long-Evans males. Males were 
allowed to adapt to the testing arena (45 × 50× 58 cm Piextglas 
cage floored w~th 4-7 cm of Sanicel) for several minutes 
before the introductmn of a female. If a male fa,led to mount 
a female 10 t~mes, the female was placed with another male 
in a separate arena A mount was counted when the male 
palpated the female's flank with h~s forepaws and exhibited 
pelvic thrusting The female was recorded as having shown 
or not shown lordosis during each mount. Lordosis behavior 
was then measured as a Iordosm quotient (LQ) which is de- 
fined as the frequency of lordosis postures to ten mounts 
d~v~ded by ten mounts and mullaplied by 1130 All females 
were injected intramuscularly with 0.5 ~g of estradml ben- 
zoate (EB) in 0.1 cc sesame od 72, 48, 24 hours before testing 
and 500 ~g of progesterone 4-5 hours before all behavioral 
tests All ammals were subjected to a screemng test to these 
doses of EB and progesterone following ovanectomy. Any 
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FIG 1 infusion of 10 or 20 ~g doses of norep~nephnne (N E) s~gnlfi- 
cantly mh~b~ted lordosis in estrogen-progesterone treated ovanec- 
tom~zed rats Maximal inhibition (M I =lowest post-infusion LQ 
minus pre-lnfuslon LQ) was seen at 15 minutes after NE ~nfus~on at 
both doses The inhibition of lordosis was s~gmficant (p<0 01) and 
transient at both NE doses (Dunnett's t =6 46 and 5 33 for 10 and 20 
~g respectively) 

ammal not achiev~ng a screemng test LQ of 70 or more was 
ehmlnated from the experiment 

Drugs and Infusion 

Noradrenerg~c agents used m these experiments include 
the agomsts: noreplnephnne (Arterenol, Sigma, St Lores, 
MO), eplnephnne (S~gma, St Lores, MO), clomd~ne 
(Catapres ~, Burroughs Wellcome, Research Triangle Park, 
NC), phenylephnne and ~soproterenol (Sigma) There were 
also three noradrenerg~c antagomsts phenotolamlne 
(CIBA-Ge~gy, Summit, N J), yoh~mbme and propranolol 
(Sigma). 

After determining their pre-mfus~on receptiv~ty levels, all 
ammals achmvmg test criteria (LQ not less than 70) were then 
refused by a m~cromfus~on pump (Harvard Apparatus, Md- 
hs, MA). Doses of each agent were premeasured and stored 
in parafilm-covered culture tubes at appropriate storage 
temperatures Immedmtely before mfusmns, art~ficml cere- 
brospmal fluid (aCSF, 16) or ~sotomc sahne vehicle (0 9%) 
was added w~th a 1000 ~1 m~crop~pette to the appropriate 
culture tube Th~s infusion fired, or mfusate, was then drawn 
into an infusion cannula (28 gauge) which was attached to a 
veh~cle-filled syringe by polyethylene tubing (20 gauge). The 
infusion cannula was measured to extend to I mm beyond 
the end of the guide cannula After removing insert cannulae 
from the ammal's cannula assembly, the mfusmn cannula 
was inserted and ammals were refused for 30 seconds per 
side at 1 ~zl/mmute during which time animals were allowed 
freedom of movement After infusmn, all ~nsert cannulae 
were replaced 

Histology 

Following compleuon of all tests, ammals were perfused 
w~th ~ntracardml injections of 0 9% sahne followed by 10% 
phosphate-buffered formahn whale they were under pen- 
tobarb~tal anesthesia Brains were then blocked and set m 
10% gelatin These blocks were then frozen and sectioned 
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FIG 2 Norep]nephnne m.lected tnto the medml preopt~c area of estrogen-progesterone treated ammals resulted tn a 
transmnt reduction m Iordoms behavior Ovanectomtzed ammals were g~ven 0 5 V-g EB for three days followed by 500/zg 
progesterone on the fourth ~mmedtately before testing All ammals were asstgned (see text for destgn) to recewe medtai 
preoptic :nfusmns of a single dose between 0 5 and 10 ~g NE w~th or w~thout 5 g.g/v.! yoMmbme or 5/zg/v.I phentolamme. 
All agents were d~ssolved m sahne vehtcle Infustons of 2, 5 and 10 ~g but not 0 5 or i v.g NE resulted m stgmficant 
(p<0 05) reductions m LQ scores five minutes later (Mann-Whttney U or Dunn's non-parametric compartson) At the 5 
and 10 V-g NE doses neither alpha-antagomst attenuated the reductmn m lordosis frequencies resulting from NE mfumon 
At the lowest effective NE dose (2 g.g/ammal) there was no stgmficant drop m LQs when yohtmbtne was added to the 
,nfusate Although 1 g.g NE ~n combination wtth yoMmbme resulted m Iordoms frequency reducttons stgnlficantly 
(p<0 05) below levels for sahne-vehtcle controls (Dunn's non-parametric compartson), thetr 5 minute mean LQ scores 
were not s~gmficantly dtfferent from those of ammals getting I tzg NE alone (Dunn's non-parametrm compartson), thetr 5 
minute mean LQ scores were not mgmficantly d~fferent from those of ammals gettmg I v.g NE alone (t-test on ranks=0 9, 
d./= 13. p>0 05) lnfuston groups contained between 5 and 14 ammals each 

coronal ly  to a 50 p.m thickness.  Representa t tve  sections 
were  mounted  on a lbumtmzed shdes and stained with neutral  
red stare. Implant  sites were  determined by an obse rve r  
without  access  to an animal ' s  behavioral  performance.  Data 
from animals that did not  have  implants m the medial preop- 
ttc area were  ehminated  from stattst~cal analysts 

E X P E R I M E N T  I 

Experimental Destgn 

A prehmmary  exper iment  in our  laboratory indicated that 
infusions of  10 and 20 ~g  doses  o f  N E  into the MPOA would 
reduce recept ivt ty  m es t rogen-proges terone  treated female 
rats. Twe lve  animals were  randomly assigned to a three-dose 
series (one t rea tment /week)  in a Latin Square  design. The 
three doses were  10 t~g/animal and 20/~gtanimal o f  N E  and 
an a C S F  control  dose.  Animals  were  tested before and 15, 
45, and 90 minutes after infusion. As in all of  these expert-  

merits, at least two d~fferent doses  were  refused every  day tn 
order  not to confound t rea tment  effects  wtth effects  of  test- 
ing days 

Statistical compar isons  were  done  on log-transformed 
data Analysts consis ted of  a four-factor  analysis of  var iance 
(time x dose × week  x animal). Fur ther  analysts was done 
w~th Dunnet t ' s  t- tests.  

Results 

Both doses o f  N E sigmficantly mMbited Iordosts behavior  
15 minutes after infusion (aCSF versus  10 tzg, Dunne t t ' s  
t(2,14)=6.36, p<0 .01 ,  a C S F  versus  20 txg, Dunne t t ' s  
t(2,11)=5.33, p<0.01) .  The inMbttory effect o f  norepmeph-  
nne  was transtent as lordosis re turned to pre-mfusion test 
levels for the 45 and 90 minute tests (see F~g. 1). 

Because  this effect was transient and only appeared dur- 
ing the first post-mfuston test there was no smgnificant effect  
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FIG 3 Yoh~mbme was the only noradrenerg~c antagomst used that 
blocked the inhibitory effect of noreplnephnne All antagonists were 
infused simultaneously with 2 ~.g NE into the MPOA Maximum 
inlubition was the mean 5 minute LQ minus the mean pretest (PT) 
LQ Maximum intubttlon of lordosis was significant (**=p<0 01) after 
2 ~.g NE alone or with 5 t.tg/~.i phentolamme or propranolol (paired 
t =5 4, 3 4 and 4 50 df= 13 6 and 5 respectively) Only the addition of 
yoh~mb~ne s~gn~ficantly ('t=p<0 05) blocked the drop ~n LQs five 
nunutes after 2 tzg NE infusions (t test on ranked five minute LQs for 
ammals receiving yoh~mblne versus those getUng 2 ~g NE 
alone=2 5, df=20) 

of NE dose across three post-infusion tests, F(2,4)=5 34, 
p>0.10 Whde a few ammals moved slowly after receiving 
NE, most of the ammals showed no locomotor dysfunction 

E X P E R I M E N T  2 

Although ammals d~d not demonstrate any behavioral 
debilitation in Experiment 1, the possib|ltty existed that 10 
and 20 tzg doses had pharmacological rather than physiolog- 
ical effects. In an attempt to avoid th~s, Experiment 2 was 
conducted with four lower doses of NE (0 5, I, 2 and 5 big) as 
well as with a 10 gig dose Because the 15 minute observation 
was the only post-mfus~on test where a sigmficant decrease 
m receptivity was seen, the possibd~ty existed that the point 
of maximal tntubition occurred at some time earlier than 15 
minutes after infusion. In order to test this posstbdlty 
animals were first tested 3-5 minutes after infus~on and then 
again 20 m~nutes after tnfumon 

Norepmephrine ~s beheved to act on several different 
classes of receptors [4] If the ~nhibttory effect of norepi- 
nephrine ts exclusive to one set of these receptors then it 
ought to be possible to block the effect with the appropriate 
noradrenergtc antagomst D~fferent noradrenerg~c an- 
tagonists were given simultaneously with NE to determine 
which receptors NE might be acting on to inhibit lordosis 
The antagomsts used were phentolamlne, yohtmbme, and 
propranolol; alphas, alpha2 and beta-antagonists respectively 
[8, 24, 49, 50]. 

Experimental Design 

E~ghteen female rats were randomly assigned to three 
groups Each group was refused with a different dose of NE 
(2, 5 and 10 ~g per animal) Within each group each animal 
was assigned to a three-treatment series (one treat- 
ment/week) as used m Experiment I. These three treatments 

consisted of an ~nfusate solution of 5 /.tg/td/ammal yoh~m- 
btne, 5/~g//~l/anlmal phentolamlne or sahne vehicle added to 
the NE dose just prior to infusion Saline was used as a 
vehicle because of difficulty In d~ssolvlng yohlmbme ~n the 
aCSF solution This design was repeated for three lower 
doses (0 5, I and 2 gg/anlmal) of NE using eighteen different 
animals Using a simple two-week crossover design, eight 
other animals were treated with 2/zg NE w~th either aCSF 
alone or w~th 5/~g//zl/ammal propranolol added Recepuvtty 
tests were conducted before ~nfuslon and 5 and 20 m~nutes 
after ~nfuslon Inhibition was measured as a change in Ior- 
dosm quotient between the pre-lnfus~on and the 5 minute 
post-infusion tests Pmred t-tests were done on these d~ffer- 
ences for each group Kruskal-Wallls tests were used to 
compare lordosis quotients both across the various NE 
doses and to compare NE treatment alone w~th NE plus 
antagonists at all doses Further comparisons were done, 
where appropriate, w~th a non-parametric Dunn's  multiple 
comparisons procedure [28] and Mann-Whitney U tests [45] 
Student 's t-tests on ranked data were used to compare LQs 
of ammals rece|vmg a NE dose to animals getting the same 
NE dose plus an antagonist 

Results 

Norep~nephrtne significantly reduced lordosis responding 
five minutes after its mfuslon at three doses, 2, 5 and 10/~g 
(see Fig 2; test of NE versus sahne vehicle-induced reduc- 
tions with the Mann-Whitney U=29, 4 and 11 for 2, 5 and 10 
/zg doses respect ively,p<0 01 for 2 and 5 #g a n d p < 0  05 for 
10 ~g dose) 

For all norepmephrme doses, lordosis levels returned to 
pre-lnfuslon levels by the 20 minute test The two lowest 
doses of NE (0 5 and 1 /~g) did not significantly attenuate 
recepUvlty. Although i /.tg N E m  combmatton w~th yoh~m- 
b~ne resulted in lordosm frequency reductions s~gntficantly 
(p<0.05) below levels for sahne-veh~cle controls (Dunn's 
non-parametric comparison), their 5 mmute mean LQ scores 
were not significantly different from those of ammals gettmg 
I/xg NE alone (t-test on rank=0.9, df= 13, p > 0  05) At the 5 
and I0 /zg doses none of the noradrenerg~c antagomsts 
blocked the inhibition of lordosis (see Fig. 2) For the 5 and 
10/zg doses of NE all ~nfusate combinations showed s~gnlfi- 
cant Inhibition of lordosis at 5 minutes At 2 /zg NE, the 
lowest effective inhibitory dose, the alphas-antagonist 
yohtmblne appeared to block the reduction in receptivity 
effected by noreptnephnne (see F~g 3) There was no s|gntfi- 
cant reduction ~n lordosis after 5 minutes when yohtmblne 
was added to the lnfusate (salme vehicle alone versus 2/xg 
NE with yohtmbtne, Dunn's  comparison q=7 06, p > 0  05) 
Lordosis levels, were significantly (p<0 05) h~gher 5 m~nutes 
after Infusion of 2 ~.g NE and yohlmb~ne than ~n ammals 
receiving 2 /~g NE alone (t-test on ranked LQs=2 52, 
df= 20) The addition of 5/.tg/~tl propranolol or phentolamlne 
had no effect on the 2 ~g noreplnephnne-lnduced decrease ~n 
lordosis (F~g 3, saline vehicle alone versus 2 /xg NE w~th 
phentolamtne, q= 14.7, p<0.01,  versus 2 ~g NE w~th pro- 
pranolol q = 13.5, p <0.05) because LQs of ammals 5 minutes 
after receiving 2 ~g NE were not sigmficantly different from 
LQs of those receiving 2/zg NE with e~ther phenotolamlne or 
propranolol (t-tests ranks= 1.39 and I 89. df= 19 and 18 re- 
spectively) Thus only the alphaz-antagonlst yoh~mblne 
showed any capacity to block the reduction in lordosis seen 
at 5 minutes after NE ~nfuslon and this was restricted to the 2 
/.tg NE dose 
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FIG 4 Analysis of these representative implant sites demonstrates that the inhibitory effect of NE infusion is localized m the medial 
preoptlc area (pore above, coronal sections adapted from [29] by J Kammskl) Receptive females from experiments I and 2 were used 
in this h~stologlcal analysis Ammals in which NE infusions resulted in a reduction of lordosis quotmnt of 40 or more are designated as 
responders (sohd circles) All others were non-responders (solid triangles) 

Location of 
implant #responders #non-responders 

MPOA sites 30* 9# 
Non-MPOA 12 22 

sites 

*Fisher's test F= I I 24, p < 0  001 
#Chl-squar¢ versus responders for MPOA, ~(z= I I 3, p<0 001 

Analysis of the implant sites of the animals m Experi- 
ments I and 2 indicated that ammals with implants located in 
the MPOA showed inhibition of lordosis after NE infusion 
significantly more often than those with ~mplants m other 
brain sites (Fig 4) 

EXPERIMENT 3 

In Experiment 2 noreplnephnne induced a short-latency, 
transient reduction m lordosis frequency. In this next exper- 
iment, noradrenergic agomsts were used in an attempt to 
mimic the inhibitory effect of NE and determine which re- 
ceptors mediated the inhibitory influence of NE. Three 
agents with high affinity for alpha-receptors and one with 
higher affinity for beta-receptors were used. The first two 
alpha-agonists, methoxamine and phenylephrine, have re- 

ponedly greater affinity for alphal-receptors than for alphas- 
receptors [8,5 I]. The third agent, clonidine, is widely used as 
an agonist of alphat-receptors [8, 24, 31, 51]. The beta- 
agomst, isoproterenol, was used to test if the inhibitory ef- 
fect of norepinephrine might be mediated via beta-receptors. 
The fourth agent was epinephrine, a metabolite of norepi- 
nephrine. Like norepinephrine, epinephnne acts on both 
alpha- and beta-receptors. There is some evidence that epi- 
nephrine has a slightly greater affinity for alpha~ than 
alpha,-receptors [8, 49, 50] 

Exper~rnental Design 
Sixty animals were randomly assigned to agomst lnfusate 

groups All animals were infused with vehicle and two doses 
of an agomst. Due to difficulties in dissolving epinephnne in 
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TABLE 1 

MEAN LORDOSIS QUOTIENTS (+-SE) OF ESTROGEN-PROGESTERONE TREATED 
OVARIECTOMIZED RATS BEFORE AND AFTER INFUSIONS OF NORADRENERGIC AGENTS 

Dose Pre-mfus~on 5 mtnute 20 m~nute 
Agent g,g N = test post -~nfusmon post-mfusmon 

Sahne vehicle - -  9 94 4 _+ 0 4 73 3 _+ 8 8 87 5 -+ I 9 
Clomd~ne 0 5 19 92 5 -+ 0 4 72 I _+ 3 9 38 0 _+ 5 6t 

1 9 944_+ 10 660_+ 40 200_+ 54~" 
aCSFveh~cle - -  15 945-+ 1 6 758-+ 95 837_+ 50 
Epmephnne 2 13 91 4 -+ 0 6 48 3 -+ ll* 74 0 _+ 5 1 

5 12 916_+06 400_+ 79~ 575_+ 13 
Phenylephnne 2 9 96 6 -+ 0 5 67 7 _+ 10 85 5 _+ 3 5 

5 11 906 -+09  790-+ 88 935_+ 12 
Methoxamine 2 6 916_+ 08 7 5 0 -  7 I 950-+ 04 

5 5 920 -+ I I 720 _ 27 860-+ II 
Isoproterenol 2 9 966 -+ 05 774-+ 64 854_+ 1 0 

5 8 962__.06 872-+ 24 872 + _ 25 

Dunn's non-parametric test *=p<0 05, ~=p<0 01 

aCSF, 1 ml of  0.25 M ascorb~c actd was added to the epi- 
nephrine dose and then diluted with 3 ml aCSF. The control 
aCSF for this group contained eqmmolar ascorblc actd 
levels. Agomst doses were 2 and 5 #g for all agents except 
clonidme which, because of  tts potency, was infused at 0 5 
and l #.g doses. The vehicle for clomdine infusions was 0.9% 
normal saline. The two agonist doses and vehtcle treatments 
were counter-balanced across three weeks of  testing All 
animals were estrogen and progesterone treated as m Exper- 
iment 1 to show receptivity. Kruskal-Wallis tests were used 
to compare test scores of vehicle-refused ammals w~th LQs 
for agomst-infused ammals Further testing was done where 
appropriate w~th Dunn's non-parametric comparisons and 
Mann-Whttney U tests 

Results 

Clonidme and ep~nephnne exerted slgmficant reductions 
on Iordosts responding (see Table i). Of the five agents g~ven 
these two have the greatest affimty for alphas-receptors 
CIomdine and epmephnne infusions resulted m s~gmficantly 
greater reductions in LQ than d~d their vehicles (Kruskal- 
Wallis H=22 9, p<0.001 for clomdine, H=9.35, p<0.01 for 
epinephrine), whereas none of  the other agonists exerted 
such reductions (for methoxamine, phenylephrme and ~so- 
proterenol, H= I 76, 3 91,0 92 respectively, not s~gmflcant) 
Epmephnne infusions, at 2 and 5 ~g, resulted m s~gmficant 
(p<0.05) reductions m lordosis at 5 m~nutes (Dunn's com- 
parison vs. aCSF= 10.6 and 12 9 for 2 and 5 p.g respectively) 
Thts reduction was transient, with receptivity returning to 
control levels by the 20 minute test. This effect rephcated the 
results seen w~th norepmephrine. Cionidine's inlub~tory ef- 
fect was greatest at the 20 minute test (Dunn's compari- 
son = 13 8 and 18 2, p<0.01,  for 0.5 and 1 0 ~.g respectively). 
The beta-noradrenerg~c agomst ~soproterenol and the 
alphaj-noradrenerg~c agomsts methoxamme and phenyl- 
ephnne failed to reduce receptiwty in estrogen-progesterone 
treated ammals (see Table 1) 

GENERAL DISCUSSION 

Norep~nephrme ~nfused into the medial preopt~c area 
mh~bited lordosis behavior w~thm five m~nutes of ~ts infu- 
sion. Thts short-latency reduction m lordosis frequency re- 
sulted after infusion of doses as low as 1 ~g per cannula (2 
~g/ammal) Estrogen-progesterone treated receptive ammals 
recovered from th~s inhibition m twenty minutes H~gher 
doses of  NE (10 and 20 ~g/ammai) mh~b~ted lordosis up to 15 
minutes after bdateral infusion Attempts to counteract the 
mhtbitory effect of NE w~th specific receptor antagomsts 
were frustrated by the transient nature of the NE inhibition 
Only the alpha-antagomst yohlmbme blocked the inhibitory 
action of  the lowest effective dose of norepinephnne (2 
~g/ammal) Epmephnne refused at 2 or 5 ttg doses resulted 
~n a reduction ~n receptivity s~mdar to that seen w~th norep~- 
nephnne w~th a s~mflar rap~d recovery The alpha-agomst 
clomdme mh~b~ted lordosis to the 20 m~nute post-infusion 
test In contrast, the alpha~-noradrenerg~c agomsts, meth- 
oxamme and phenylephrme, d~d not reduce lordosis nor 
d~d the beta-agomst tsoproterenol 

The present findings confirm the results of Davis and 
Kohl [15] who mh~b~ted lordosis m rats by g~vmg them the 
alpha.,-agomst clomdme systemically Our central infusions 
of  clomd~ne, as well as norepmephnne and epinephnne, re- 
sulted in reductions m lordosis responding In the Davis and 
Kohl study peripheral adm~mstrat~on of  yoh~mbme blocked 
the clomd~ne-mduced inhibition, whereas m our study cen- 
tral yoh~mbme showed a capaoty  to block the inhibitory 
effects o f a  2/zg ~nfus~on of  NE. The lowest effective dose of 
cionidme reported by Davis and Kohl was 33 ttg/kg, consid- 
erably more than the 0.5 ktg dose effective w~th mtracerebral 
infusions. It may be that ammals are more sensitive to the 
inhibitory effects of clomdme when ~t ~s refused 
mtrahypothalam~cally because such m.lect~ons are closer to 
the s~te of  drug action 

Several researchers have demonstrated that mampula- 
t~ons that reduce noradrenerg~c activity increase receptivity, 
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and treatments that increase noradrenerg~c activity reduce 
lordosis behavior When tetrabenazine or alpha-methyl- 
para-tyrosme was used to decrease noradrenergic activity, 
increased lordosis levels were seen in estrogen-pretreated 
ovanectom~zed animals [2,3]. Use of  6-hydroxydopamine to 
decrease catecholam~ne activity resulted in increased lor- 
dosis behawor [26] Intracerebral infusions of the alpha- 
blockers yoh~mbme and p~peroxane [21] or the beta-blocker 
LB-46 [53] were followed by increases m lordosis behavior. 

Treatments that increased noradrenerg~c act~wty by var- 
ious methods resulted m reduced receptivity Am- 
phetamines, which release monoammes ~n general, reduced 
lordosis responding [10, 34, 36]. More specifically ~mphcat- 
mg NE, administration of the catecholamine precursor,  
L-DOPA, decreased lordosis levels; an effect which was en- 
hanced by the addition of the monoamme oxidase inh~bltor, 
pargyhne [35], and reversed by blocking conversion of 
dopamme to norepinephnne [33]. The above studies along 
w~th the data reported m this study are consistent w~th the 
conclusion that norepmephrme mh~blts lordosis behavior 

In contrast to the present findings, some studies report a 
faohtat~ve role for norepmephrine on receptivity m rats De- 
creases m receptivity were seen m ammals with electrolytic 
lesions mined at m~dbra~n dorsal and ventral noradrenerg~c 
pathways [25] These findings are somewhat d~fficult to 
interpret because of indications of some behaworal debd~ta- 
t~on m those ammals and later evidence from these same 
authors that 6-OHDA les~oned ammals demonstrated en- 
hanced lordosis responding [26] Others found enhanced re- 
cept~wty after amphetamines were g~ven to ammals with 
medial preopt~c-antenor hypothalam|c les~ons [27] This may 
indicate that the medial preopt~c-antenor hypothalamic area 
must be intact m order for catecholamine release to mh~blt 
sexual receptivity Th~s is consistent w~th evidence that elec- 
trical stimulation of the MPOA ~nhib~ted lordosis behav|or 
[40] and combined with the present study may suggest that 
noradrenerg~c input into the MPOA part|ally mediates th~s 
mh~bitory effect 

Foreman and Moss reported faohtat~ve effects on lor- 
dosis levels of NE and beta-noradrenerg~c agomsts refused 
into the MPOA [23]. The apparent contrad|ction of their re- 
sults and ours may be explained by any of  three differences 
in procedure and results" ( l)  the t~me of maximal effect, (2) 
d~fferences m steroid treatment,  and (3) the doses of NE and 
noradrenerg~c agents infused Our inhibitory effect of  NE 
occurred five minutes after infusions and was gone by 20 
minutes, whde their facilitative effects were maximal 105 
minutes after infusion. These seeming contradictions may 
actually represent a temporally biphas~c effect of  NE on lor- 
dosis behavior They gave animals doses of estrone titrated 
so that ammals demonstrated low pretest receptivity levels, 
while our ammals were treated w~th estrogen and proges- 
terone and demonstrated h~gher initial lordosis quotients 
The ~mportance of  the progesterone-norep~nephrine interac- 
tion was recently demonstrated when the dopamme-beta- 
hydroxylase inhibitor U-14624 increased hypothalam~c nu- 
clear progestin receptors in estrogen-treated guinea p~gs [9] 
Whereas their facihtative doses of NE and beta-agomsts 
were 200 and 800 ng, we saw no inhibition of lordosis levels 
at doses below 2 p.g NE and no mh~bit~on after infusion of  the 
beta-agomst ~soproterenoi. The opposite effects on lordosis 
responding at d~ffering doses may suggest that lower doses of 
NE act on d~fferent noradrenerl0c receptors (poss|bly beta- 
receptors) whde higher doses act more ~mmed~ately on other 
receptors (possibly alphas-receptors) 

Feder  and Ruf [22] were the first to suggest that periph- 
eral administration of ACTH would enhance lordosis levels 
by releasing adrenal progestms Later  others [19,38] ex- 
plained changes in sexual recept~vlty after the catechola- 
mmergic treatments as due to their effects on the p~tu~tary- 
adrenal axis. Certainly, norepinephrme is revolved m the 
control of  ACTH release (see [52]). However,  adrenal pro- 
gestins took several hours to affect recept~wty [22], whereas 
our inhibitory effects of NE occurred five minutes after ~ts 
administration Furthermore,  evidence that central admims- 
trat~on of CRF which releases ACTH mh~blted lordosis 
w~th a short latency [47], while various ACTH fragments had 
both fac~iltative and mhib~tory effects on receptiwty [55] 
suggested a complex interaction of  the hypothalamlc- 
hypophyseal-adrenal axis w~th sexual receptivity. 

Norepinephnne,  epinephnne and clonidine significantly 
reduced lordosis behavior whereas methoxamme, phenyleph- 
rme and ~soproterenol d~d not alter recepawty. These first 
three agents show much higher affimty for alpha2- 
noradrenerg~c receptors than do the last three agomsts [8, 30, 
50, 51]. Yohimbine, which ~s believed to be specific for 
alpha2-receptors [20,51], blocked the reduction m lordosis 
induced by the lowest effective NE dose (2 p.g). Phen- 
tolamme, which was not effective m antagonizing NE inhibi- 
tion, is not as specific to tntiated-clonidme binding sites as is 
yohimbme [24, 50, 51]. From the present findings we con- 
cluded that the inhibitory effects of NE infusions into the 
MPOA are mediated, at least m part, by alpha~- 
noradrenergdc receptors. 

Our ewdence that NE acts on alphas-receptors to mh~b~t 
lordosis frequencies raises questions as to the nature and 
location of these receptors Alpha2-noradrenerglc receptors 
are found m the MPOA [57] but w~thm this brmn area their 
location w~th respect to the synapse ~s unknown. In the CNS 
and m peripheral vascular tissue, alphas-receptors have been 
demonstrated both pre- and post-synapt~cally [8, 43, 49] On 
noradrenerloc cell bodies m the locus coeruleus alphas- 
receptors act as autoreceptors mh~b~ting NE release [I] 
CIomdme infusions into the MPOA potently inhibited lor- 
dosis which m~ght suggest an effect on preopt~c autorecep- 
tots reducing release of endogenous NE. However,  infusion 
of NE itself also mh~b~ted lordosis behavior. Postulating an 
inhibitory effect of exogenous N E on presynaptic autorecep- 
tots reqmres that such receptors be e~ther more accessible to 
exogenous NE or have a h~gher affinity for infused NE than 
would post-synapt~c noradrenerg~c receptors. There is no 
evidence that e~ther one of  these conditions apply m medial 
preopt~c alpha-receptors.  Thus the question of the cellular 
location of  the alpha~-noradrenergic receptors which are re- 
sponsible for the inhibition of lordosis remains unanswered. 

Extensive work has been done on the involvement of 
medial preopt~c NE innervat~on on LHRH release There ~s 
ewdence that increased medial preoptlc NE turnover ~s 
assooated  w~th elevated LHRH release (see [54]). Since cen- 
tral admimstratlon of  LHRH resulted m increased receptiv- 
ity levels [23, 44, 46], mechamsms which control ~ts release 
are of interest m the study of sexual receptivity The ques- 
tion of how preoptlc LHRH m~ght reduce lordosis has, how- 
ever, been little studied. There ~s recent evidence that 
LHRH administration wdl decrease NE turnover in the me- 
dial preoptic nucleus [5] It may be that as part of its own 
short negative feedback loop, LHRH decreases medial 
preopt~c NE turnover thus helping to dismhib~t lordosis be- 
hawor.  Th~s possible peptlde-monoammerg~c interaction 
needs further examination. 
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