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MOREINES, J. AND J. B. POWERS. Effects of acute ovariectomy on the lordosis response of female rats. PHYSIOL. 
BEHAV. 19(2) 277-283, 1977. - The sexual receptivity of intact females with 4- or 5-day estrous cycles was compared to 
that of other females which had been ovariectomized at particular times during their cycles. The quality and frequency of 
lordosis responding were more degraded the earlier during the cycle ovariectomy was performed. This effect was more 
pronounced in 4-day than in 5-day cyclic females. Because exogenous progesterone was administered to all ovariectomized 
females, these behavioral deficits were attributed to removal of ovarian estradiol. Ovariectomy 6 hr before the critical 
period for luteinizing hormone release significantly shortened the duration of behavioral estrus, even though it had no 
effect when lordosis was tested at the time intact estrous females are maximally receptive. These findings are consistent 
with the hypothesis that the continual availability of estradiol throughout the 18-24 hr interval prior to the onset of 
behavioral estrus is essential for optimal conditioning of sexual receptivity to occur under physiological conditions. The 
relevance of triggering and maintenance functions of estradiol to these results is discussed. 
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MANY F E M A L E  rodents  become sexually receptive follo- 
wing the synergistic act ion of  estrogen and progesterone.  
This has been demons t ra ted  bo th  in females undergoing 
normal  estrous cycles and in ovar iec tomized animals after 
exogenous  ho rmone  adminis t ra t ion [17 ,26] .  The mecha- 
nisms by which ovarian steroids interact  to init iate and 
sustain sexual recept ivi ty  are poor ly  unders tood.  Some 
insight in to  the nature of  these mechanisms has been gained 
by testing the effects  on lordosis of  various pharmacological  
agents which can disrupt potent ia l ly  relevant neurochemica l  
processes. These studies have suggested that  estradiol  
interact ions with brain cell nuclei,  resulting in altered 
protein synthet ic  activities, are necessary for the eventual  
expression of  lordosis [35, 37, 41, 45] .  Because approxi-  
mate ly  1 8 - 2 4  hr  must  elapse after  estradiol  adminis t ra t ion 
before  progesterone can facilitate sexual recept ivi ty  [13, 
18, 38] ,  it is reasonable to suppose that  this la tent  period 
represents the t ime during which relevant metabol ic  pro- 
cesses occur.  There is some disagreement concerning whe- 
ther  or  no t  estradiol must  cont inue  to be available once 
these neurochemica l  processes have been init iated.  For  
example,  lordosis can be elicited approx imate ly  24 hr  af ter  
an inject ion of  estradiol  when none of  the injected steroid 
remains in the brain [29] .  This evidence favors the view 
that  estradiol  funct ions  primari ly to trigger, or turn on, 
relevant brain mechanisms.  On the o ther  hand, some 

investigators have suggested that  estradiol  subserves not  
only a triggering but also a main tenance  funct ion [5, 13, 
15, 16].  Al though the precise nature of  this hypothe t ica l  
maintenance funct ion  has not  been clearly specified, it 
draws a t ten t ion  to the possibil i ty that  estradiol  may have to 
be available systemically or retained intracellularly [25] 
over relatively long durat ions in order  for opt imal  beha- 
vioral effects  to be achieved. 

Exper iments  concerned with possible funct ions  of  estra- 
diol in mediat ing sexual recept ivi ty  have been based for the 
most  part  on the behavior  of  ovar iec tomized females 
receiving exogenous  hormone  t reatment .  It is difficult  to 
assess the relevance that  such exper imenta l  approaches 
might  have to unders tanding the act ion of  estradiol during 
the estrous cycle. Two factors are part icularly germane. 
One is that af ter  ovar iec tomy,  behavioral  responsiveness to 
ovarian ho rmones  declines [4, 12, 19]. This most  l ikely 
reflects an altered sensitivity to exogenous  steroid treat- 
ment ,  but  the relevant causal mechanisms have not  been 
established. However,  this lowered sensitivity is probably  
not  due to r educed  numbers  of  brain estradiol receptors  
fol lowing ovar iec tomy [1 1]. A second point  to be con- 
sidered is that  the pat tern of  ho rmone  availability fol lowing 
exogenous  administrat ion is different  from the pat tern that 
occurs during the estrous cycle. In the lat ter  case, peri- 
pheral levels o f  estradiol rise gradually, reaching a peak just  
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a few hours before the onset of receptivity [9, 23, 24, 42, 
43]. Following exogenous treatment, peak estradiol levels 
are reached within minutes after injection which then fall at 
a rate depending on the form of estrogen administered 
[44]. 

For these reasons, it seems quite probable that estradiol, 
when administered exogenously to ovariectomized females, 
affects brain mechanisms controlling lordosis in ways that 
may be different from those which occur under physio- 
logical conditions. In the experiments reported here we 
assessed the relevance of the estradiol secreted during 
varying portions of the estrous cycle to the regulation of 
behavioral estrus as it normally occurs in intact females. 

GENERAL PROCEDURES 

Sprague-Dawley female rats (Holtzman; Madison, WI) 
were housed individually under a 14 hr light: 10 hr dark 
illumination schedule (lights off between 11 a.m. and 
9 p.m.). Estrous cycles were monitored by palpating the 
flanks and perineum once each day during the 10 hr dark 
period and noting the appearance of a lordosis response. 
This technique constitutes a reliable check of estrous cycle 
length [47]. A minimum of 3 consecutive four (4D) or five 
day (5D) cycles was observed before any female was 
accepted for use. 

All experimental treatments and behavioral tests were 
conducted with respect to an arbitrary reference time 
during the estrous cycle (0 hr = 6 a.m.) which coincided 
with the beginning of the critical period for luteinizing 
hormone (LH) release [30].  This reference point and other 
relevant experimental times are indicated in Fig. 1 which 
schematically presents the temporal patterns of estradiol 
and progesterone secretion during the 5D estrous cycle. It is 
intended to emphasize simply that peripheral blood levels 
of estradiol rise gradually over a 1 -2  day period prior to 
0 hr, whereas enhanced secretion of progesterone occurs 
subsequent to 0 hr. 

Acute ovariectomies (OVX) were performed in different 
groups at various times as shown in Fig. 2. Females were 
OVX under methoxyflurane anesthesia (Penthrane, Abbott  
Laboratories) by making a single ventral midline incision, 
cutting the abdominal musculature, ligating the uterine 
horns, and removing the ovaries. These animals, anesthe- 
tized for approximately 10rain, were fully abulatory 
15-20  rain after surgery. 

The effects of acute OVX were assessed by scoring the 
number and quality of lordosis responses elicited by 
sexually active Long-Evans male rats previously adapted to 
semicircular mating chambers (76 cm dia. and 40 cm in 
height and width). The intensity of each lordosis response 
was assigned a value of 0 - 3 ,  representing gradations from 
no concave arching of the back to maximal lordosis. 
Responses to 10 adequate mounts were obtained, and the 
mean lordosis rating was used as the receptivity score (RS). 
Lordosis quotients (LQ's) were also obtained by counting 
all non-zero responses and expressing them as a percentage 
of the total number possible [10l in each test. Because 
analysis of LQ's provided information essentially identical 
to that derived from analysis of receptivity scores, only the 
latter are presented. When progesterone (P) was adminis- 
tered to experimental females, 0.5 mg/animal in 0.1 ml 
sesame oil was injected subcutaneously. 

All statistical evaluations were performed using the 
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FIG. 1. Schematic'depiction of estradiol and progesterone secretory 
patterns during 5-day estrous cycles with indicated hours represen- 
ting times of either acute ovariectomy, progesterone treatment or 
behavior testing (see text). The arbitrary origin (0 hr) corresponds 
with the onset of the critical period for luteinizing hormone release 
and precedes the time during which sexual receptivity is maximally 
displayed in intact females. Cycle days begin and end at the 
mid-points of successive dark periods. The indicated hours cor- 
respond to the following clock times in the 14L: 10D cycle (lights 
on between 0500 and 1900) commonly used in neuroendocrine 
research: -18 hr is 2000 Diestrus II; -12 hr is 0200 Proestrus (Pro); 
-6 hr is 0800 Pro; 0 hr is 1400 Pro; +3 hr is 1700 Pro; 4-9 hr is 2300 

Pro; +18 hr is 0800 Estrus. 
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FIG. 2. Treatment paradigms used in Experiments 1-3. Cycle days, 
illumination conditions, and the time of maximal sexual receptivity 
in intact females are shown with reference to 0 hr. OVX - 
ovariectomy; P 0.5 mg progesterone/animal; B - mating behavior 

tests. 

Kruskal-Wallis, Mann-Whitney, or nonparametric paired- 
contrast tests where appropriate. 

E X P E R I M E N T  1 

The general strategy of this experiment was to assess the 
extent to which the sexual responsiveness of female rats 
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would be affected by removing endogenous estradiol at 
varying times prior to the expected period of maximal 
behavioral estrus. If estrogen conditioning in the intact 
female depends primarily upon an early triggering action of 
estradiol, it should be expected that ovariectomy within the 
1 2 - 1 8 h r  prior to LH release would not significantly 
degrade the quality of lordosis subsequently displayed 
because elevated estradiol levels would already have been 
present for approximately 24 hr. However, if long-term 
exposure of the brain to estradiol is an essential feature of 
the estrogen conditioning process, behavioral deficits would 
be expected following acute ovariectomy during this 
period. 

Experiments by Nequin and Schwartz [33] demon- 
strated that OVX earlier than -6 hr in 4D or -8 hr in 5D 
(Fig. 1) estrous cycles interfered with the display of 
lordosis. However, these results were based on the appea- 
rance of the first lordosis response rather than on a 
qualitative assessment of sexual responsiveness. In addition, 
exogenous progesterone was not provided which raises 
serious problems because the normal expression of lordosis 
during the estrous cycle requires the action of this steroid 
[3,34]. Thus lowered sexual responsiveness following acute 
OVX during the estrous cycle can be jointly influenced by 
deficiencies in both estradiol and progesterone secretion. In 
the present experiments, progesterone was administered to 
all acutely OVX females so that altered behavioral respon- 
siveness could not be attributed to a lack of this hormone. 

Method 

Thirty females exhibiting 5D estrous cycles were 
assigned in equal numbers to 1 of 5 different experimental 
conditions depicted in Fig. 2. The ovaries of these animals 
either remained intact or were removed at one of 4 time 
points during the estrous cycle. These were 18, 12, 6, or 
0 hr prior to the beginning of the critical period for LH 
release. Twenty-four females exhibiting 4D estrous cycles 
were given comparable treatments except that a group 
receiving -18 hr OVX was not included. All OVX females 
were administered P at +3 hr. The dose used (0.5 rag/ 
animal) has been previously demonstrated to facilitate 
receptivity in 0 hr OVX females [34],  and the injection 
time was chosen to correspond with the LH-induced 
progesterone surge under physiological conditions [ 14]. All 
OVX females were given a single mating behavior test at + 9 
hr; for comparison, intact females were tested at the same 
time during the evening of their behavioral estrus periods. 

Results 

Receptivity scores of intact and acutely OVX females 
are shown in Fig. 3. Both intact and 0 hr OVX females 
display uniformly high levels of sexual responsiveness. This 
establishes that the stress of surgery does not interfere with 
the expression of lordosis 9 hr later, and that by 0hr ,  
ovarian secretions are sufficient to induce behavioral estrus 
when supplemented by progesterone. Time of OVX has a 
significant overall effect on RS in both 4D (H3) = 8.0, 
p<0.05,  and 5D cycles, H(4)=  12.3, p<0.02.  Following 
-12 hr OVX in 4D or -18 hr OVX in 5D cycles, a minimal 
quality of lordosis is displayed. Paired contrast tests 
indicate that among 4D females, those OVX at -12 hr are 
significantly less receptive than intacts (p<0.05). RS's of 
5D females OVX at -18 hr are significantly lower than the 
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FIG. 3. Receptive behavior following acute OVX in females with 
previously established 4-day or 5-day estrous cycles. Separate groups 
were OVX at the varying times indicated but all females received P 
at +3 hr and were tested for sexual receptivity at +9 hr. Intact 
females were also tested at +9 hr but were otherwise untreated (see 

Fig. 2). 

RS's of intacts or of females OVX at either -6 hr or 0 hr 
(p<0.05). The remaining comparisons within 4D or 5D 
cycles are not significant. 

The effects of acute OVX depend to some extent on 
estrous cycle duration. At each time of OVX prior to 0 hr, 
females with 4D cycles show greater behavioral deficits 
than do those with 5D cycles; however, because of the large 
variability in RS's, these differences only approach signifi- 
cance. Thus in both 4D and 5D cycles, ovarian hormones 
secreted early during the estrous cycle are insufficient to 
condition receptive behavior mechanisms so that lordosis 
can be displayed at a time when intact females are 
maximally responsive. 

EXPERIMENT 2 

Experiment 1 demonstrates that the terminal 12 to 
18 hr period of ovarian secretory activity preceding the LH 
surge is important for the subsequent expression of 
lordosis. It is not clear from these findings, however, to 
what extent the time imposed between acute ovariectomy 
and progesterone administration might contribute to the 
attenuated sexual responsiveness observed. For example, by 
-18 hr in the 5D cycle, adequate estrogen conditioning may 
be achieved but this state rapidly dissipates without 
continued estradiol availability. If this is the case, it should 
be possible to elicit higher quality estrous behavior if the 
latency between P injections and acute OVX is reduced. 
Experiments demonstrating that the onset of receptive 
behavior during the estrous cycle can be advanced by 
appropriately timed progesterone injections [2,47] provide 
some support for this idea. These results suggest that the 
estrogen conditioning process has been completed some- 
time prior to the time when lordosis is normally expressed 
during the cycle. This possibility was further tested in the 
following experiment. 
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Method  

Eighteen females exhibi t ing 5D cycles were assigned to 
one of  3 condit ions.  The t iming of  acute OVX, P t r ea tment  
and behavior testing for these 3 groups is shown in Fig, 2. 
In general, OVX was done at t imes comparable  to those of  
Exper iment  1 with the omission of  0 hr, but  in each case P 
was injected immedia te ly  fol lowing OVX just  after the 
females had recovered from the anesthet ic;  recept ivi ty  
scores were obtained 6 hr later. Thus, for this exper iment  
the t iming of  OVX, P t reatment ,  and subsequent  behavior 
testing varied among groups, whereas in Exper iment  1 only 
the t ime of  OVX was varied. 

Results 

Figure 4 presents the recept ivi ty  scores of  females in this 
exper iment  and for comparison it depicts the behavioral  
effects of  OVX at comparable  t imes as tested in Experi-  
ment  1. It is apparent  that  the RS's  elicited when proge- 
sterone is given immedia te ly  after OVX are in most  cases 
lower than the RS's  observed fol lowing identical  t imes of  
OVX when progesterone is given at +3 hr (Exper iment  1). 
The earlier t imes of  P inject ion and behavior testing result 
in significantly lower recept ivi ty  scores only after -6 hr  
OVX (p = 0.03). The females in this group as well as those 
OVX earlier ( - 1 2 h r  and - 1 8 h r )  have RS's  significantly 
lower than intact 5D females tested at + 9 h r  (Fig. 3; 
p = 0.03). These data support  the findings of  Exper iment  1 
that in 5D cycles the estrogen condi t ioning process for 
lordosis has not  been comple ted  by -12 hr. They also 
suggest that regardless of  when the ovaries are removed,  
optimal  facil i tat ion of lordosis is achieved by administering 
progesterone at a time when endogenous levels are reaching 
their peak values during intact  cycles, i.e., at approximate ly  
+3 hr. The reduced effectiveness of  progesterone given 
earlier during the cycle could be related to differences in 
the ex ten t  of  estrogen condi t ioning,  in the sensitivity of  the 
brain to progesterone,  or in the responsiveness of  o ther  
mechanisms more directly related to the expression of  
lordosis. 
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FIG. 4. Receptive behavior following acute OVX and P treatment in 
females with previously established 5-day estrous cycles. Separate 
groups were OVX at the varying times indicated and administered P 
immediately after OVX (see Fig. 2). For comparison, data from 

Experiment 1 are shown in which P was given at +3 hr. 

E X P E R I M E N T  3 

The results of  Exper iment  1 and 2 are consistent  with 
the hypothesis  that  cont inual  availability of  ovarian estra- 
diol th roughout  the estrous cycle is a necessary prerequisi te  
for opt imal  sexual responsiveness to occur  under  physio- 
logical condit ions.  One finding, however ,  provides an 
except ion.  In females with 5D cycles the ovaries can be 
removed at -6 hr wi thout  significant deter iorat ion in the 
lordosis response when tested at +9 hr (Fig. 3). However ,  
even in this case it remains possible that sexual respon- 
siveness is altered in ways not  de tec ted  by our  exper imenta l  
paradigm. In previous work, we have asserted that  the 
durat ion of  behavioral  estrus is control led  primarily by an 
effect  of  estrogen rather than by inhibi tory actions of  
progesterone [34,36] Thus it seems reasonable that  
l imiting the period of estradiol availability by acute OVX 
might be most  sensitively reflected in a shortened period of  
estrus. In Exper iment  3 we examined this possibility by 
testing lordosis after acute OVX but at later t imes during 
the cycle than we had in Exper iment  1. 

Method  

We initially established that  intact  5D females in 
behavioral estrus display lordosis at + 18 hr  but  not  at 
+24 hr. To assess the effects  of  acute OVX on estrous 
duration,  we chose to measure receptivi ty on a single test at 
+18 hr. Significantly lowered recept ivi ty scores at this t ime 
reflect an abbreviated durat ion of  behavioral  estrus. This 
single test was considered preferable to mult iple  tests 
th roughout  the estrous period because of  the variable 
effects which copula tory  s t imulat ion can have on subse- 
quent  sexual responsiveness [18, 20, 40 ] .  Females  e i ther  
remained intact ,  or were OVX at 0 hr(4D, n = 10/group; 
5D,, n -- 7 /group)  or at -6 hr  (5D, n = 7). Recept ivi ty  scores 
were obtained at +18 hr with OVX animals receiving 
0.5 mg P at +3 hr. 

Results 

The sexual receptivi ty of  both  4D and 5D intact  estrous 
females is high at + 18 hr and not  significantly different  
from the behavioral responsiveness of  intact  females tested 
at + 9 h r  (Exper iment  1). Ovar iec tomy at 0 h r  in 5D 
females has no detectable effect  on estrous durat ion 
(Fig. 5). Recept ivi ty  scores at + 18 hr are not  significantly 
different  from those of intact females tested at this t ime. 
Likewise, the difference between + 9 hr  (Exper iment  1 ) and 
+ 18 hr RS's of  0 hr  OVX females is not  significant. Similar 
results were obtained with 4D females O V X  at 0 hr; their 
mean RS's at +9 and + 18 hrs were 2.3 and 1.9, respec- 
tively. In contrast ,  OVX at -6 hr markedly  abbreviates 
estrous duration.  This t rea tment  totally abolishes beha- 
vioral responsiveness at + 18 hr, whereas it has little effect  
on + 9 hr recept ivi ty scores (p< 0.001). These results estab- 
lish that the temporal  limits within which lordosis can be 
expressed are significantly influenced by ovarian secret ions 
occurring up to the critical period for LH release (0 hr). 
They also indicate that subsequent  to 0 hr ovarian secre- 
tions with the except ion  of progesterone [34] are not  
required to assure a normal  durat ion of behavioral estrus in 
both 4D and 5D females. 

Discussion 

Acute ovariectomy during 4- and 5-day estrous cycles 
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FIG. 5. Receptive behavior of females with previously established 
5-day estrous cycles and either left intact or acutely OVX at the 
times indicated. All OVX females received P at +3 hr; separate 

groups were tested at either +9 hr or +18 hr (see Fig. 2). 

c a n  markedly attenuate the quality of lordosis elicited by 
sexually vigorous males during the evening of proestrus 
(Fig. 3, 4, 5). Because exogenous progesterone was always 
administered following OVX, the observed behavioral 
deficits are most likely due to the removal of ovarian 
estradiol although no independent proof of this has been 
provided by the experiments described here. Tapper, et  al. 
[44],  however, have demonstrated that exogenous estradiol 
benzoate followed by progesterone is able to reinstate 
sexual receptivity in female rats ovariectomized very early 
during their estrous cycles and we have obtained similar 
results using silastic implants of estradiol (unpublished). 
Contrary evidence has recently been published by Nequin, 
e ta l .  [31].  They reported that -6 hr OVX had no signifi- 
cant effect on estradiol levels over the following 6 hr 
period. This finding most likely reflects the presence of an 
adrenal product which cross-reacted with the estradiol 
antibodies used for radioimmunoassay [46] but which is 
probably not a biologically active estrogen [39]. 

A systematic relation exists between the time of 
ovariectomy during the estrous cycle and the quality of 
sexual behavior subsequently displayed (Fig. 3 and 4). 
Although the general nature of this function is not 
unexpected, the extent to which a 6 hr period of ovarian 
secretory activity shortly before 0 hr so obviously affects 
the duration of behavioral estrus is striking (Fig. 5). It can 
be concluded from this finding that the intensity and 
duration of sexual responsiveness normally displayed by 
intact females under physiological conditions requires the 
full complement of estradiol secreted prior to the proge- 
sterone surge. 

Our experimental design did not include behavioral tests 
of females sham ovariectomized at varying times during the 
estrous cycle. The most obvious question this raises is to 
what extent the behavioral effects observed following 
removal of the ovaries might be attributable to nonspecific 
factors unrelated to the termination of estradiol secretion. 
Because it would be expected that nonspecific effects due 

to our OVX procedures should be more debilitating the 
sooner behavior was tested following the stress of surgery 
we considered 0 h r  OVX to be an adequate control 
procedure. In no case did this treatment significantly 
attenuate receptivity scores when compared to unoperated 
females. Thus it is unlikely that the behavioral deficits 
resulting from OVX at earlier times during the estrous cycle 
can be attributed to nonspecific factors. 

The findings reported here on the mating behavior of 
acutely ovariectomized females support and extend the 
work of other investigators using rats [3, 33, 34, 44],  
guinea pigs [21] and hamsters [6,10]. The most directly 
comparable results are those of Nequin and Schwartz [33] 
who showed that by -8 hr the estrogen conditioning process 
was sufficient to support lordosis in female rats with 5D 
cycles, but inadequate in females with 4D cycles. This is 
consistent with the differences we found between OVX at 
-6 hr during 4D and 5D cycles (Fig. 3). In the latter case 
sexual responsiveness was not different from intact levels 
whereas in 4D females some degradation in receptivity was 
found. Additionally, -12hr  OVX significantly lowered 
receptivity scores only in 4D females. 

These differential effects of acute ovariectomy in 
females with 4D or 5D cycles are consistent with the fact 
that under physiological conditions the onset of receptive 
behavior is earlier on the average in 5D than 4D cycles 
[33]. This is presumably related to an action of adrenal 
progesterone. At times during both 4D and 5D cycles when 
elevated levels of this hormone may synchronize the timing 
of LH release [14, 27, 28],  the estrogen conditioning 
process is sufficiently complete for progesterone to facili- 
tate early receptivity only in 5D females. Differences in 
estrogen-conditioning between 4D and 5D cycles are also in 
accord with measures of circulating estradiol which suggest 
that peripheral levels are elevated above baseline for 
approximately 24hr  longer in 5D cycles [7, 30, 32] 
although there are contradictory findings [23,24]. Thus 
after OVX at either -6 hr or -12 hr it is not surprising that 
4D females show greater behavioral deficits for they have 
been exposed to the conditioning actions of estradiol over a 
shorter interval. 

The results presented here are to some extent in conflict 
with findings from other experiments; these studies attemp- 
ted to advance the onset of behavioral estrus in intact 
females by injections of progesterone. In both 4D [2] and 
5D cycles [47],  sexual receptivity could be induced at 
approximately -15 hr to -10hr,  3 to 5 hours after proge- 
sterone treatment. Based on these findings it was concluded 
that the estrogen conditioning process for lordosis was 
completed prior to the time that this behavior normally 
began. In our experiments, the earliest we tested females 
was at -12 hr, 6 hr after OVX at -18 hr in Experiment 2 
(5-day cycles). Under these conditions females were un- 
receptive (Fig. 4). Even when the ovaries remained in situ 
for an additional 6 hr (OVX at -12 hr), subsequent recep- 
tivity was not intense and was characterized by extreme 
variability among females. This was true regardless of 
whether exogenous progesterone was given immediately 
after the OVX (Experiment 2), or later when the endo- 
genous surge would normally occur (+3 hr) (Experi- 
ment 1). In 4-day cycles, OVX at -12 hr resulted in very 
low receptivity scores (Fig. 3). Thus, our evidence does not 
suggest that estrogen conditioning in either 4D or 5D cycles 
is complete by -12 hr. 

There are a number of important factors to consider in 
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a t t e m p t i n g  to  reconci le  our  f indings  wi th  those  derived 
f rom e n d o g e n o u s  p roges te rone  admin i s t r a t i on  to in t ac t  
females.  First ,  the  p rocedures  used to assess the  presence  of  
recept ive behav io r  were d i f fe ren t  a m o n g  the  three  labora-  
tories;  in our  case var ia t ions  in the  qual i ty  of  behav io r  in 
response  to a male  were t aken  in to  cons idera t ion .  Secondly ,  
the  q u a n t i t y  of p roges te rone  used to faci l i ta te  behaviora l  
estrus was 4 t imes  h igher  in the  expe r i m en t s  using 
in tac t  females  than  it  was in our  studies.  Possibly had  we 
used larger doses, the resu l t an t  behav io r  would  have been  of  
h igher  qual i ty .  Thi rd ly ,  i t  c a n n o t  be over looked  t ha t  
exogenous  p roges te rone  admin i s t e red  to i n t ac t  females  
modif ies  gonadal  and  p i tu i t a ry  h o r m o n e  secre t ion  [ 8 , 2 4 ] .  
The e x t e n t  to  which  these factors ,  par t icu lar ly  a change  in 
the availabil i ty of  gonadal  s teroids,  m igh t  in f luence  the 
subsequen t  display of  sexual  recept iv i ty ,  has  no t  been  
establ ished.  

It is in te res t ing  to no te  t ha t  Jos lyn ,  et  al. [21]  observed 
a similar d i f ference  be tween  the  faci l i ta t ing effects  of  
p roges te rone  admin i s t e red  to  in t ac t  or acute ly  ovar iecto-  
mized guinea  pigs p r io r  to  the onse t  of  s p o n t a n e o u s  
behaviora l  estrus.  The percen tage  of  females  showing  
lordosis  fo l lowing acute  OVX and P t r e a t m e n t  on  Day 15 
( s p o n t a n e o u s  es t rus  occurs  on Day 16) was s ignif icant ly  
lower  t han  the  percen tage  of  in t ac t  females  which  became  
recept ive on Day 15 fo l lowing comparab l e  P inject ions.  
A l though  a n u m b e r  of  fac tors  were tes ted  which  migh t  have 
a c c o u n t e d  for  this  d i f ferent ia l  effect ,  none  was found .  

The results  of  the  p resen t  e x p e r i m e n t  clearly suggest 
tha t  all of  the  es t radiol  secre ted pr ior  to  the  LH surge is 
essential  to  the  physiological  regula t ion  of behaviora l  
estrus.  It is no t  apparen t ,  however ,  to  wha t  e x t e n t  this  
represents  a m a i n t e n a n c e  f u n c t i o n  of  estradiol .  The dis- 
t inc t ions  w h i c h  have been  made  be t w een  triggering and 
m a i n t e n a n c e  func t i ons  imply  t ha t  they involve di f fer ing 
m e c h a n i s m s  of  ac t ion .  It has  been suggested tha t  a 
m a i n t e n a n c e  func t ion  migh t  be subserved by  a m e c h a n i s m  

act ing to p ro long  the  t ime over which  es t rad io l - recep tor  
complexes  are r e t a ined  in re levant  b ra in  cell nuclei  [ 2 5 ] .  
There  is some evidence tha t  the  biological  ef fec t iveness  of  
es t radiol  in u te r ine  tissue is m o d u l a t e d  by the t ime 
h o r m o n e - r e c e p t o r  complexes  are held  in the  nuc leus  [ 1] ;  
w h e t h e r  this  is also t rue in the  cent ra l  ne rvous  sys tem is no t  
known .  

Based on  our  f indings  it seems clear t ha t  the  es t radiol  
available and  t aken  up by  bra in  cells p r io r  to  -18 h r  is no t  
suff ic ient  to adequa te ly  c o n d i t i o n  lordosis  m e c h a n i s m s  
(Fig. 3). What  becomes  available s u b s e q u e n t  to - 1 8 h r  
obviously  provides  an essential  i npu t  to this  behaviora l  
sys tem.  This was par t icular ly  ev iden t  in E x p e r i m e n t  3 in 
which  the  du ra t ion  of  es t rus  was s h o r t e n e d  by  OVX at 
-6 hr.  Because -6 hr  OVX e l imina ted  recept iv i ty  at  + 18 hr  
(Fig. 5), it is a p p a r e n t  t ha t  the  ovar ian h o r m o n e s  secre ted 
be tween  -6 h r  and  0 hr  are necessary  for  lordosis  to  be 
expressed 1 8 - 2 4  hr  later.  

We do no t  wish to imply  tha t  the  only  es t rogenic  
r e q u i r e m e n t  for  an adequa te  lordosis  response  is t ha t  
es t radiol  be available 1 8 - 2 4  h r  pr ior  to  the  t ime the  
behav io r  is el ici ted.  Fo r  ins tance ,  the  es t radiol  secreted 
pr ior  to -18 hr  is clearly no t  suff ic ient  to  induce  sexual  
responsiveness  at + 9 hr  ( E x p e r i m e n t  1) yet  it still may  be 
necessary for  this  behav ior  to  occur.  In this  regard,  it is 
in te res t ing  to no te  t ha t  the posi t ive f eedback  effects  of 
es t radiol  on LH release can be e l imina ted  by  OVX at -15 hr ,  
bu t  no t  at -11 h r  or la ter  t imes,  in 4D females  [ 2 2 ] .  It was 
add i t iona l ly  d e m o n s t r a t e d  t ha t  exogenous  es t rad io l  t reat-  
m e n t  immedia te ly  fo l lowing OVX at -15 h r  r e ins ta ted  the  
LH surge, bu t  tha t  es t radiol  given at -15 hr  was ineffect ive  
fo l lowing -30 h r  OVX. It was conc luded  tha t  the  high levels 
of  es t radiol  secre ted af te r  -15 h r  cause an LH surge on ly  if 
the  lower  es t radiol  levels available earl ier  in the  cycle are 
p e r m i t t e d  to act. Whe the r  this  m a y  also be true of  
es t radiol ' s  regula t ion  of lordosis  remains  to  be de t e rmined .  
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