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DE CATANZARO, D., R. P. KNIPPING AND S. W. WIGMORE. Facilitation of estrogen-induced receptivity through 
metyrapone administration in ovariectomized rats. PHARMACOL BIOCHEM BEHAV 18(4) 535-539, 1983.--Previously 
it has been established that adrenalectomy facilitates lordosis in estrogen-primed ovariectomized female rats and that 
corticosterone administration restores lordosis to preadrenalectomy levels. The present study examined the effects of an 
inhibitor of the synthesis of corticosterone, metyrapone, upon lordosis in ovariectomized females. In Experiment 1, 
chronic administration of moderate doses of metyrapone was found to facilitate lordosis. In Experiment 2, a single 
metyrapone administration at various doses and time intervals before testing had a mild facilitatory effect on lordosis. 
Experiment 3 compared the effects of metyrapone on ovariectomized and adrenalectomized-ovariectomized females. The 
absence of a facilitatory effect in adrenalectomized females suggests that the drug's effect on lordosis is mediated by its 
established inhibitory effects on 1 lfl-hydroxylation in the adrenal. These data are consistent with indications that cortico- 
sterone titer modulates female receptivity. 
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THERE is growing evidence that activity of  the pituitary- 
adrenal system can influence estrogen-induced sexual re- 
ceptivity in female rodents. Several studies [9, 10, 11, 14, 15] 
have indicated that adrenalectomized-ovariectomized 
females show higher lordosis quotients in response to estro- 
gen administration than do adrenally-intact ovariectomized 
females. Chronic peripheral cort icosterone or dex- 
amethasone administration, but not administration of  
progesterone or desoxycort icosterone,  inhibits estrogen- 
induced lordosis in adrenalectomized-ovariectomized 
females [I0,12]. Despite the fact that adrenaicorticotrophic 
hormone (ACTH) levels rise following adrenalectomy and 
are lowered by corticosterone administration [8,17] and evi- 
dence that peripheral ACTH administration can facilitate 
lordosis [10,11], the effects of  corticosterone and adrenaiec- 
tomy on lordosis do not appear  to be mediated by ACTH 
[11]. However ,  under a variety of  dosage regimens cortico- 
sterone level consistently influences female receptivity 
through some unknown mechanism [12]. 

The drug metyrapone is reported to be a potent inhibitor 
of  adrenal synthesis of  corticosterone, blocking action of  the 
enzyme 1 lf l-hydroxylase that produces this hormone from 
its precursor,  11-desoxycorticosterone [6, 13, 21, 31]. There 
appears to have been very little study of  the behavioral ef- 
fects of  this substance. I f  cort icosterone does indeed play a 
specific inhibitory role in the control of  female sexual receptiv- 
ity, it should be possible to facilitate lordosis by administering 
metyrapone to adrenally-intact females. Previously [12], the 
inference that cort icosterone may have an inhibitory effect 
on lordosis was based primarily upon comparison of  
adrenalectomized-ovariectomized rats given various re- 

placement doses of  corticosterone. In the present study, 
ovariectomized but adrenally-intact animals were examined 
under varied acute and chronic regimens of  metyrapone 
administration. This accordingly tests the generality of  find- 
ings across physiological preparations,  which should help to 
confirm or disconfirm a specific role of  corticosterone in 
modulating female receptivity. The first two experiments 
demonstrate that metyrapone does indeed influence lordosis 
in manners consistent with such a modulatory role of  corti- 
costerone. The third experiment verifies the involvement of  
the adrenal gland in these effects of metyrapone by compar- 
ing its action in adrenalectomized-ovariectomized and 
ovariectomized females. 

EXPERIMENT 1 

In the first experiment,  the effect of chronic administra- 
tion of  various doses of  metyrapone was studied in ovariec- 
tomized females given either of  two doses of  estrogen. A 
chronic regimen was employed first because previous data 
have indicated that sustained variations in corticosterone 
titer most reliably influence estrogen-induced female recep- 
tivity [10,12]. The dose range was based upon dosages ad- 
ministered in vivo to adult rats in studies demonstrating al- 
teration of  adrenal functioning by this drug. For  example, 
Malendowicz [22] administered 30 mg/animal daily for 5 
days,  demonstrating marked changes in adrenal histology, 
whereas Parvez and Parvez [24] administered 75 mg/animal 
daily for 1, 7; or 10 days, demonstrating a number of 
biochemical effects consistent with glucocorticoid suppres- 
sion. 
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METHOD 

Sprague-Dawley female rats were obtained from Blue 
Spruce Farms,  Altamont,  New York at about 225 grams. 
These were housed in groups of two or three in triple wire- 
mesh cages in a room maintained at 21+-I°C. About 2 weeks 
after their arrival all animals were bilaterally ovariectomized 
under ,'40 mg/kg sodium pentobarbitol (Somnitol, MTC 
Pharmaceuticals) supplemented with ether where necessary. 

All animals were administered estradiol benzoate 7 days,  
48 hr, and 24 hr before behavioral testing, with the first in- 
jection being about 1 week after surgery. Approximately half 
received l0 /zg at each of  these times whereas the remainder 
received 50/zg at each time. These estradiol injections were 
SC in 0.05 cc propylene glycol. Animals were also each given 
5 daily injections of metyrapone (2-methyl-l,2-di-3- 
pyridyl- l -propanone,  Sigma) beginning 48 hr after the first 
estradiol injection (5 days before behavioral testing). These 
were given in one of  5 doses,  0, 4, 12, 36, 108 mg/kg daily, to 
animals from both estrogen dose conditions, making a 2 (es- 
trogen dose) × 5 (metyrapone dose) between-subjects exper- 
imental design. There were 12 animals in each treatment 
combination, except for the low estrogen dose 108 mg/kg 
metyrapone condition where there were 10 animals. The 
metyrapone injections were given IP in 2.64 ml/kg of  20% 
propylene g lycol /8 l~  physiological saline vehicle. Animals 
ranged from 240 to 325 g during the metyrapone injections. 

Measurement of lordosis occurred in a dimly illuminated 
room separate from the animal colony and also maintained at 
21+ I°C. This involved presentation of females to stud male 
rats in Plexiglas arenas measuring 33x33x60 (height) cm. 
Stud males were given brief exposure to fully receptive 
females (each given 10/ ,g estradiol benzoate 48 hr and 500 
/xg progesterone 6 hr before presentation) just  prior to ses- 
sions with experimental females. These males were em- 
ployed during the dark phase of their reversed 12 hr light/12 
hr dark cycle. Each female was placed with a male until ten 
mounts accompanied by pelvic thrusting had occurred. I f  a 
male did not mount, the female was placed in another arena 
containing a different male. The female 's  response to a 
mount was categorized as either a lordosis response, consist- 
ing of a full arching of the back [18,26], or no lordosis, con- 
sisting of any other response or no response. The experi- 
menter measuring behavior was blind to each animal 's  
treatment condition, with animals labelled by a second ex- 
perimenter who transferred them to the observer.  A lordosis 
quotient was calculated as the percentage of mounts result- 
ing in a lordosis response. 

RESULTS 

Figure 1 presents mean lordosis quotients and standard 
errors of  all conditions. At either dose of  estrogen there was 
higher lordosis in the 12 mg/kg conditions than in all other 
conditions including the 0 mg/kg (vehicle control) conditions. 
This apparent facilitatory effect was not evident with higher 
doses; indeed, among the high estrogen dose animals, those 
given 108 mg/kg metyrapone showed lordosis quotients sub- 
stantially lower than those of  the vehicle control animals. A 
2 x 5 analysis of variance was conducted on an arcsin trans- 
formation of  the scores, which is appropriate for percentage 
data [19]. This analysis revealed significant main effects of  
estrogen dose, F(1,108)=26.82, p<0.0001, and of 
metyrapone dose, F(4,108)-4.39, p<0.0025, but no signifi- 
cant interaction. Multiple comparisons (Duncan's test) indi- 
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FIG. 1. Lordosis quotients (+_SE) for ovariectomized females given 
one of two estrogen dose regimens (10 or 50 ttg 7,2 and 1 days before 
testing) and one of 5 doses of metyrapone daily for five days prior to 
testing in Experiment 1. Closed squares represent animals given 10 
p.g estrogen; open squares represent those given 50/zg estrogen. 

cated that among high-estrogen animals, the 12 mg/kg group 
differed from the 0, 36, and 108 mg/kg groups; among low 
estrogen animals, the 12 mg/kg group differed from the 4 
mg/kg group. 

EXPERIMENT 2 

Knowledge of temporal parameters of  corticosterone ele- 
vation necessary to inhibit estrogen-induced receptivity may 
shed light on mechanisms underlying this effect. Previously 
[12], it was found that chronic corticosterone administration 
most reliably antagonized lordosis, whereas more acute ad- 
ministration was only effective when occurring prior to es- 
trogen injections. The present experiment examined the ef- 
fects of a single or acute administration of metyrapone in 
various temporal relationships to estrogen administration 
and behavioral measurement. 

METHOD 

Females were obtained, prepared,  and maintained as in 
Experiment 1. All females received SC injections of  estradiol 
benzoate,  50/~g at 7 days and 100/xg at 48 hr before behav- 
ioral testing. Females were also each given a single injection 
of  one of  four doses of  metyrapone (0, 12, 36, 108 mg/kg), 
according to the procedures of Experiment 1, at one of three 
time intervals (24, 48, and 72 hr) prior to behavioral testing. 
Behavioral testing was conducted as in Experiment 1. 

RESULTS 

Table 1 presents the data from this experiment. Although 
lordosis quotients were well below full receptivity in all 
conditions, there was a trend toward higher levels of  lordosis 
in animals receiving metyrapone than in those receiving only 
vehicle injections. There was no clear trend across 
metyrapone doses and times of administration. A 4 
(metyrapone dose) by 3 (administration time) analysis of 
variance was conducted on the arcsin transformation of  the 
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TABLE 1 
MEAN (-+SE) LORDOSIS QUOTIENTS FOR ESTROGEN-PRIMED 
OVARIECTOMIZED RATS WITH A SINGLE ADMINISTRATION OF 

METYRAPONE AT VARIOUS INTERVALS BEFORE TESTING 

Hours 
before 
Testing 

Dose (mg/kg) 

0 12 36 108 

24 9.0 6.0 6.2 24.0 
-+5.4 -+ 4.0 -+ 4.9 -+ 9.1 

n 10 10 8 10 

48 5.0 23.3 17.0 14.4 
-+3.4 -+11.4 -+ 6.5 -+ 8.6 

n 10 9 10 9 

72 5.5 32.2 12.0 23.0 
-+2.9 -+13.9 -+ 6.6 -+ 5.5 

n 9 9 10 10 

scores, revealing a significant effect of  metyrapone dose,  
F(3,102)=2.75, p<0.0475, but no significant effect of  admin- 
istration time nor any significant interaction. Subsequent 
multiple comparisons failed to identify the source of  the sig- 
nificant effect, although data in Table 1 suggest that average 
lordosis quotients exceed those of  vehicle conditions in all 
metyrapone conditions except those involving administra- 
tion of  lower doses at the 24 hr drug-test interval. 

EXPERIMENT 3 

It is possible that the facilitatory effects of  metyrapone on 
lordosis observed with some chronic doses in Experiment 1 
and with acute administration in Experiment 2 are due to a 
nonadrenal action of  the drug. To investigate this possibility, 
the present experiment involved comparison of  effects of  
metyrapone and vehicle control groups of  both ovariec- 
tomized and adrenalectomized-ovariectomized females. In 
addition, two other variables were changed from previous 
experiments;  metyrapone was obtained from a different 
supplier and chronic administration was accomplished 
through implanted osmotic pumps to ensure fairly constant 
release of  the substance. 

METHOD 

Sprague-Dawley females were obtained and maintained 
as in the previous experiments.  About  half of  those were 
bilaterally adrenalectomized, whereas all animals were 
ovariectomized through bilateral lumbar incisions. Ad- 
renalectomized females were given continuous access to 
0.9% saline solution in lieu of  water immediately following 
surgery and throughout the course of the experiment.  Es- 
tradiol benzoate was given to all females in SC doses of  50/zg 
at 7 days and 100/~g at 48 hr before behavioral testing, with 
the first estradiol injection occurring at least 2 weeks follow- 
ing surgery. Two days after this first injection, osmotic 
minipumps (Model 2001, Alza Corp, Palo Alto, CA) were 
implanted SC under ether anaesthetic in all animals. These 
were filled either with metyrapone (CIBA) in 20:80 
propylene glycol: saline vehicle or with vehicle alone. The 
pump rate as specified by the manufacturer was 0.925/zl/hr, 
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FIG. 2. Mean lordosis quotients (-+SE) for adrenalectomized- 
ovariectomized and ovariectomized females receiving metyrapone 
or vehicle through subcutaneous osmotic minipumps in Experiment 
3. The shaded bars represent scores from the first test whereas the 
open bars represent scores from the second test after additional 
estrogen administration. 

giving a metyrapone dose of  0.18 mg//tl continuously until 
the end of  the experiment.  Behavioral testing was conducted 
as in the previous experiments.  There were 15 metyrapone 
treated and 12 vehicle-treated ovariectomized females and 12 
metyrapone-treated and 11 vehicle-treated adrenalecto- 
mized-ovariectomized females in this behavioral test. 

Because of  the overall low level of  responding in this first 
test,  additional estrogen was subsequently given to about 
half of  these same females and they were retested while the 
pumps were still infusing metyrapone or vehicle. This in- 
volved 100 ~g estradiol benzoate injections at both 48 hr 
(immediately following the first test) and 24 hr prior to the 
second test. This additional procedure was effected with 8 
metyrapone-treated and 7 vehicle-treated ovariectomized 
females and 6 metyrapone-treated and 6 vehicle-treated 
adrenalectomized-ovariectomized females. 

RESULTS 

Lordosis quotients for all animals at both tests are pre- 
sented in Fig. 2. In both tests there apparently was 
heightened receptivity in metyrapone- t rea t~  as comparod 
to vehicle-treated ovariectomized females. While 
adrenalectomized-ovariectomized females showed higher 
levels of  responding than did ovariectomized females, there 
was no apparent  effect of  metyrapone among the 
adrenalectomized-ovariectomized animals. These data were 
analyzed statistically in three manners. A 2 
(metyrapone/vehicle) x 2 (surgery) analysis of  variance on 
data from all animals in the first test did not reveal significant 
effects. However ,  a 2 x 2 x 2  analysis of  variance on all 
animals included in both tests, with the additional factor 
being the within-subjects repeated measure, revealed signifi- 
cant effects of  surgery, F(1,23)=11.76, p=0.0023, of 
metyrapone,  F(1,23)= 18.29, p =0.0003, of the repeated test,  
F(1,23)=78.18, p<0.0001, of  the surgery by metyrapone in- 
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teraction, F(1,23)=7.02, p =0.0143, and of the three way in- 
teraction, F(1,23)= 18.45, p=0.0003. A 2×2 analysis of vari- 
ance on data from the second test only revealed significant 
effects of  surgery, F(1,23) = 14.63, p =0.0009, of  metyrapone, 
F(1,23)=27.22, p <0.0001, and of the surgery by metyrapone 
interaction, F(1,23)= 13.54,p =0.0012. Multiple comparisons 
for this last analysis revealed that the ovariectomized 
vehicle-treated females showed lower receptivity than all 
other groups, which in turn did not significantly differ from 
one another. 

GENERAL DISCUSSION 

These results indicate that administration of  metyrapone 
can facilitate lordosis behavior in estrogen-primed ovariec- 
tomized female rats. Such effects are clearly evident with 
moderate chronic doses of  the drug and also may occur 
under regimens of  acute administration. In the chronic case, 
the effect was observed both when the drug was adminis- 
tered through daily IP injections and when it was adminis- 
tered SC through an osmotic pump providing a relatively 
constant systemic infusion. High chronic doses appear to 
inhibit lordosis or at least to lack any facilitatory effect on 
the behavior. The increase in lordosis found with moderate 
chronic doses of  metyrapone is evident in ovariectomized 
females but not in adrenalectomized-ovariectomized 
females. The facilitatory effect of metyrapone on estrogen- 
induced lordosis in adrenally-intact females occurs at a 
variety of  estrogen doses. 

A facilitation of  lordosis by metyrapone is consistent with 
previous suggestions that corticosterone plays an inhibitory 
role in the control of  female receptivity. Earlier studies [10, 
11, 12] indicated that administration of  exogenous cortico- 
sterone suppresses lordosis in adrenalectomized- 
ovariectomized females. It was inferred from such evidence 
that corticosterone titer modulates lordosis behavior, but the 
artificiality of  the adrenalectomized-ovariectomized prep- 
aration may place limitations on inferences that can be 
drawn about the specificity of  action of  corticosterone. It 
accordingly is valuable to have convergent data from addi- 
tional physiological preparations. The present study 
demonstrates that a drug blocking the synthesis of  endoge- 
nous corticosterone increases female receptivity in 
adrenally-intact ovariectomized females. The doses and reg- 
imens of  metyrapone administration that are effective in 
facilitating lordosis are very similar to those demonstrated 
elsewhere [21, 22, 23, 24] to reduce glucocorticoid synthesis. 
This may strengthen considerably the inference that corti- 
costerone level influences female receptivity. 

At the very least, it can be concluded that metyrapone's 
action on estrogen-induced lordosis is mediated by the ad- 
renal. The absence of a facilitatory effect in 
adrenalectomized-ovariectomized females in Experiment 3 
may rule out direct extra-adrenal mechanisms. It might be 
counterargued that, because the adrenalectomized- 
ovariectomized females showed a higher baseline level of 
receptivity than the ovariectomized females, consistent with 
previous findings [9, 10, 11, 14, 15], ceiling effects prevented 
a further increase in receptivity occurring through some 
extra-adrenal action. However, the level of  receptivity in 
vehicle-treated adrenalectomized-ovariectomized females in 

either lordosis test of Experiment 3 was well below that of 
full receptivity, leaving considerable room for increases if 
metyrapone had had an effect on these females. The clearest 
explanation of  these data is that the facilitatory effects of 
metyrapone are attributable to its effects on the adrenal. 

The apparent inhibitory effect of  high chronic doses of 
metyrapone on lordosis observed in Experiment 1 may be 
attributable to nonspecific or toxicological effects of such 
doses. In addition to its well-established action on 11/3- 
hydroxylation, which markedly suppresses corticosterone 
synthesis [6, 13, 31], metyrapone also can block the con- 
version of  desoxycorticosterone into 18-hydroxy- 
desoxycorticosterone by the rat adrenal [20] and inter- 
feres with the cleavage of cholesterol into pregnenolone in 
rat adrenal mitochondria [7]. These effects produce a 
number of  shifts in the relative output of  various glucocor- 
ticoids and mineralocorticoids synthesized by the adrenal, 
which in turn are likely to affect a variety of  extra-adrenal 
metabolic processes. Evidence of  extra-adrenal effects in- 
cludes indications that metyrapone promotes hyperglycemia 
[5], stimulates the secretion of  growth hormone [28], and has 
a direct stimulatory effect on pituitary ACTH secretion [16]. 
It also is conceivable that facilitatory effects of metyrapone 
on lordosis are attributable to adrenal action other than its 
blockage of corticosterone synthesis; for example, a shift in 
the output of adrenal androgens might be responsible. How- 
ever, given that the most firmly established effect of  
metyrapone is its effect on 1 l/3-hydroxylation and cortico- 
sterone synthesis, and previous evidence implicating corti- 
costerone in the control of  lordosis [10,12], it remains most 
parsimonious at this point to attribute the substance's effects 
on behavior to its action on corticosterone synthesis. 

Previously [12] it was suggested that the inhibitory effects 
of corticosterone on lordosis might be mediated by its effects 
on brain monoamine activity. This followed from phar- 
macological evidence that both dopaminergic [1, 2, 3, 15] and 
serotonergic [2, 15, 30, 32] activity reduces lordosis, taken 
with evidence that adrenalectomy facilitates and corticoste- 
rone inhibits the activity of monoamine oxidase (MAO), an 
enzyme that metabolizes and inactivates both dopamine and 
serotonin [25, 27, 29]. Accordingly, adrenalectomy may de- 
crease and corticosterone increase serotonergic and dopa- 
minergic activity, thereby respectively increasing and de- 
creasing lordosis. Indeed, there is evidence that adrenalec- 
tomy reduces and corticosterone enhances central turnover 
of serotonin [4]. Consistent with both this hypothesis and 
data of the present study is a report that both acute and 
chronic administration of metyrapone substantially aug- 
ments MAO activity, an effect believed to be mediated by its 
action on the adrenal [24]. Accordingly, one possibility is 
that the facilitatory effects of metyrapone on lordosis ob- 
served in the present study are mediated by effects on ad- 
renal corticosteroids, which in turn modify central 
monoamine activity, which in turn affects lordosis level. 
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