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GALLO, M. A. AND S. S. SMITH. Progesterone withdrawal decreases latency to and increases duration of electrified
prod burial: A possible rat model of PMS anxiety. PHARMACOL BIOCHEM BEHAV 46(4) 897-904, 1993, — The pur-
pose of this study was to determine whether withdrawal from chronic exposure to the female sex steroid progesterone (P)
alters response of female rats to an electrified prod using the defensive burying paradigm, considered a rat model of anxiety.
Withdrawal from chronic exposure to 500 g P (daily, SC, for four days) resulted in a significant decrease in the latency
(77%, P < 0.05) to prod burial and an increase in duration (75%, P < 0.05) of this reflexive response, compared with the
behavior of oil-injected controls. These results are consistent with the idea that withdrawal from chronic exposure to P
increases behaviors that accompany anxiety. At a lower dose (50 ug), withdrawal from chronically administered P produced
significant changes in response to this paradigm only when the steroid was given concomitantly with estradiol (2 ug, SC, for
two days). Prior exposure to indomethacin, which blocks the conversion of P to its metabolite 3a,5a-tetrahydroprogesterone
(3-a-hydroxy-5-a-pregnan-20-one), prevented P withdrawal from altering response in the defensive burying paradigm. This
finding suggests that it may be withdrawal from this metabolite, rather than P, which increases behaviors associated with

increased anxiety.
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WITHDRAWAL from sustained exposure to the female sex
steroid P may play a role in triggering anxiety (11) related to
the premenstrual syndrome (PMS). Dennerstein et al. (7) have
described a correlation between decreasing and lower than
normal levels of circulating P and increases in anxiety, pre-
menses. Conversely, their studies demonstrated that adminis-
tration of P reversed this symptomatology (7). Other studies
have demonstrated that P may have tranquilizing effects in
humans (5,16) and in rats (2,32).

The anxiolytic actions of P are most likely due to local
formation of the 3-a-hydroxy-5-a-reduced metabolite 3a,5-
tetrahydroprogesterone (3a,5a-THP). Local intraventricular
administration of this metabolite has been shown to decrease
anxiety in rats, using performance in the elevated plus maze
as a test of anxiety (1). In addition, the anxiolytic actions of
systemically injected P have been shown to be associated with
increased levels of 3a,5a-THP in the cortex (2). This metabo-
lite binds to a novel site (19,23,24,30,41) on the the GABA,
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receptor (25). It can then amplify GABA-mediated Cl~ con-
ductance in cultured hippocampal neurons (12,21), much in
the same manner as the anxiolytic barbiturates (20,26). These
actions may be physiologically relevant, as the parent com-
pound, P, markedly potentiates GABA-mediated inhibition
of cerebellar Purkinje cells at circulating levels similar to those
seen endogenously (34,37,38). This neuromodulatory action
of the steroid also appears to be mediated by the GABA-active
metabolite 3a,5a-THP (35,36).

Withdrawal from chronic exposure to other psychoactive
GABA-active agents, such as ethanol, benzodiazepines, and
barbiturates, can result in anxiogenic and, in extreme cases,
convulsant effects (3,14,22). The purpose of the present study
was to determine whether withdrawal from chronic exposure
to P is also anxiogenic. P was tested for withdrawal properties
rather than 3a,5a-THP because P more readily crosses the
blood-brain barrier, where it can then be rapidly converted to
the GABA-active metabolite (17). In addition, levels of P are
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known to decrease prior to PMS-related anxiety state (7). Sys-
temic levels of 3a,5¢-THP do not change prior to this re-
ported change in mood (31).

The hypothesis that P withdrawal is anxiogenic was tested
using the defensive burying (6,39,40) and the defensive with-
drawal (4) paradigms as rat models of anxiety. For the present
study, the operational definition of “anxiety” is a significant
change in response for either of these two paradigms. For the
defensive burying paradigm, a decrease in the latency and an
increase in the duration of response to an electrified prod has
been established by a number of investigators to be consistent
with an increase in “anxiety” (6,39,40). For the defensive with-
drawal paradigm, an increase in the number of crossings from
the open field to the dark compartment and an increase in the
time spent in the dark compartment have been operationally
defined as objective behaviors that accompany anxiety (4).
Changes in response to both paradigms were used in the pres-
ent study to evaluate the hypothesis that P withdrawal in-
creases “anxiety.” The results from the present study may be
useful for studying the etiology and potential treatment of
PMS-related increases in anxiety.

METHODS
Subjects

Naive female rats (Long Evans), 200-225 g, served as sub-
jects. The rats were housed in groups of three under a reverse
light/dark cycle (14 h light, 10 h dark). Food and water were
available continuously in an environmentally controlled ani-
mal facility (23°C). Rats were tested during the dark part of
the circadian cycle.

Defensive Burying Paradigm

Apparatus. All testing was performed using a Plexiglas test
chamber (46 X 26 X 25 cm) evenly filled with 5 cm Bed
O’Cobs, a commercial bedding material made of ground corn
cob. An electrified prod (20 x 3.5 cm) was placed on top of
the bedding approximately 10 cm from the back wall of the
chamber. Electric current (350 V) was administered through
two wires that were attached to one end of the prod. The
intensity of the current administered from the power source
was measured by a voltage meter that was connected to a
10-KQ resistor in series. Rats received electrical shocks ranging
from 0.05 to 1.0 mA in intensity. The behavior of each rat
was monitored for 20 min from a separate acoustically iso-
lated room via a closed circuit television, and events were
recorded on a videocassette recorder.

Protocol. On the day of testing, rats were habituated in
the Plexiglas test chamber in groups of two or three for a
60-min period several hours before the experiment. General
activity level of each rat was also assessed during this time in
terms of locomotion, grooming, and wall rears. Prior to test-
ing of each animal, the chamber was cleaned with 70% etha-
nol and the bedding replaced. Rats were tested individually.
Contact with the electrified prod typically elicited a flinch
away from the prod and withdrawal to the back of the cham-
ber, followed by a burying response after a variable latency.
Immediately after shock administration the power supply was
turned off. Times for both the latency to and the duration of
the burying response were assessed.

Analysis and Interpretation of Data

Increases in anxiety in this model are thought to be re-
flected by a decrease in the latency and an increase in the
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duration of prod burial compared with oil vehicle-injected
controls (6,29). The statistical significance of the data was
evaluated using the Mann-Whitney U test for nonparametric
data, since these data did not follow a normal distribution.

In a few cases, rats failed to bury the prod. Failure to bury
the prod could result from 1) a decrease in anxiety state or 2)
an increase in the fear response, exhibited as immobilization.
Thus, due to the difficulty in interpreting this response, these
data were not figured into the statistical analysis.

Drug Administration

Animals received four or five consecutive days of drug or
vehicle (sesame oil) injections SC (Fig. 1). Animals tested for
steroid withdrawal were tested 24 h following the last injection
of the steroid or vehicle. In some cases (nonwithdrawal or
replacement conditions), rats were tested 20-30 min following
the last dose of steroid or vehicle. One group of animals served
as controls for Experiments 1-4. All injections were admin-
istered while the animals were anesthetized with halo-
thane fluothane (2-bromo-2-chloro-1,1,1-trifluoroethane, 2.5%
in oxygen), which aided in reducing stress and pain prior to
testing.

Prior to each experiment, vaginal smears were performed
on each rat using the lavage technique (34) to determine the
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FIG. 1. Drug injection schedule for Experiments 1-5. Animals were
injected for four to six days with steroid and/or indomethacin or
vehicle (oil), as indicated. Specific comments regarding these injection
paradigms are described in the Methods section.
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stage of the estrous cycle. Rats were tested during all phases
of the cycle and no difference was observed (data not shown),
probably due to the exogenous hormone treatment which reset
their normal cycles. Thus the data presented are representative
of all estrous stages.

The study was divided into five groups of experiments:

1. Diazepam validation study. Diazepam (5 mg/kg, SC) or
oil vehicle was administered for five consecutive days (Fig.
1, schedule B). Testing was performed on the fifth day.
Diazepam is a known anxiolytic agent (8), and this study
was performed to validate the defensive burying protocol
as a model of anxiety.

2. P withdrawal—500 ug. Rats received either P (500 ug),
estradiol (2 ug), or both steroids over a four-day period as
illustrated in Fig. 1 (schedule A or C). In some cases, rats
were injected with vehicle alone. Testing was then per-
formed on day 5, 24 h after the last steroid injection (with-
drawal conditions). A separate group of rats received a
fifth steroid injection (estradiol and P) on day §, 20-30
min prior to testing (steroid replacement group—Fig. 1,
schedule D). The addition of estradiol has been shown to
facilitate the anxiolytic properties of P (32).

3. P withdrawal—50 pg. One group of rats received P (50
ug) for four days. Performance in the defensive burying
paradigm was then assessed on day 5, 24 h after the last
steroid injection (Fig. 1, schedule A). In a second group of
rats, estradiol (2 ug) was injected for two days beginning
on the day before the first P injection (estrogen-primed —
Fig. 1, schedule E). This was followed by the combination
of P and estradiol on day 2. Rats were reexposed to P (50
ug) for days 3, 4, and 5; anxiety state was then tested on
day 6. In a third group of estradiol-primed animals, P plus
estradiol was injected on day 6 (replacement group), 20-30
min prior to testing (Fig. 1, schedule F). Finally, oil-
injected animals served as controls. Both estrogen priming
and the use of the lower dose of P more closely approxi-
mate physiological conditions compared to those described
in Experiment 2.

4. Indomethacin effects on P withdrawal. Indomethacin (0.1
mg/kg, SC, in castor oil) was administered in combination
with P (500 ng) for four consecutive days to two groups of
rats. Withdrawal or replacement of both indomethacin and
P occurred on day 5 of the injection schedule (Fig. 1, sched-
ule A or B). Indomethacin alone was injected as a control.
Indomethacin blocks formation of 3«,5¢-THP from P (27).
Thus this study was conducted to determine the role of this
metabolite in mediating the ability of P withdrawal to alter
response in the defensive burying paradigm.

5. P withdrawal— defensive withdrawal paradigm. The defen-
sive withdrawal paradigm has also been shown to be a
sensitive test of anxiety in the rat (4). This paradigm was
implemented in our study to confirm results obtained using
the defensive burying paradigm (Experiments 1-4). Testing
was conducted in a clear Plexiglas open field (38 x 20 x
41 cm) illuminated by an incandescent lamp and cleaned
with ethanol after each individual test. A narrow opening
(4 x 4 cm) .connected the open field to a dark Plexiglas
chamber (24 x 21.5 x 21 cm). The day before testing,
rats were habituated to the open field containing the dark
chamber for 10 min. During the test, the time spent in
the dark chamber and number of crossings into the dark
chamber were monitored for 20 min. Results from steroid-
treated animals were then compared to similar values from
oil-injected controls, and the statistical significance deter-

mined using Student’s ¢ test. Increases in anxiety are
thought to be accompanied by an increase in the time in
the dark chamber versus the time for exploration of the
open field. To determine the general activity level, the
number of wall rears and grooming sessions were moni-
tored during the experimental protocol. Rats tested using
the defensive withdrawal paradigm were injected for four
days with either P (500 ug) or vehicle (sesame oil) and
tested on day 5, 24 h after the last injection of the steroid
(Fig. 1, schedule A).
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FIG. 2. Effects of diazepam on response to the defensive burying
paradigm. In this and the following figures, changes in the latency
(upper panel) and duration (lower panel) of prod burial are presented.
These values were determined for various treatment, hormone or drug
withdrawal, and hormone replacement groups, as indicated. Signifi-
cant decreases in the latency and increases in the duration of prod
burial compared with control values are thought to reflect behaviors
which accompany anxiety. In all cases, the injection schedule is indi-
cated in the Methods section. Diazepam (5 mg/kg) administration
produced a 528% (P < 0.001) increase in latency and a 97% (P <
0.001) decrease in duration as compared to control values. n = 7
animals per group; n = 10 for control group. *P < 0.001 vs. control.



RESULTS

Experiment 1

Chronic administration of diazepam (5.0 mg/kg) for five
days increases behaviors associated with a decrease in “anxi-
ety” as previously demonstrated by other investigators (6,8,
39). This was reflected in the present study by a significant
increase in latency (528%, P < 0.001; see Fig. 2) and decrease
in the duration of prod burial (by 97%, P < 0.001) exhibited
by diazepam-treated rats, compared to controls. These results
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FIG. 3. Withdrawal from chronic administration of progesterone at
a dose of 500 g significantly alters response to the defensive burying
paradigm. Withdrawal from the higher dose of P (500 ug) adminis-
tered without estradiol (2 ug) decreased the latency and increased the
duration of prod burial, as compared to control values (P < 0.05).
The addition of estradiol did not enhance the withdrawal potential of
P at this dose, in terms of the parameters assessed. Combination
replacement of P (500 ug) plus estradiol (2 ug) prevented this response
to the paradigm. In contrast, withdrawal from chronic exposure to
estradiol (2 pg) alone did not significantly alter either behavioral
parameter. n = 5-10 animals per group. *P < 0.05 vs. control (n
= 10).
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FIG. 4, Withdrawal from 50 ug progesterone alters response to the
defensive burying paradigm only in the presence of estradiol. With-
drawal from combined administration of P (50 ug) plus estradiol (2
ug, Combo w/d) produced significant decreases in the latency (P <
0.05) and increases in the duration (P < 0.001) of prod burial, as
compared to control values. Estradiol was administered for two days,
beginning one day prior to the onset of the P injection schedule.
Replacement with P (50 ug) plus estradiol (2 pg) on the fifth day
(Combo Replcmnt) completely prevented the response to this para-
digm observed after withdrawal from P. n = 6 animals per group.
*p < 0.05 vs. control.

confirm previous reports and thus validate the use of the de-
fensive burying paradigm as a test of “anxiety” in our study.

Experiment 2

Withdrawal from chronic administration of the higher dose
of P (500 ug) produced a 77% (P < 0.05) decrease in latency
and a 75% increase (P < 0.05) in duration of prod burial,
compared to control values (see Fig. 3). Replacement therapy
with P (500 ug) and estradiol (2 ug) administered to rats on
the day of testing (Fig. 3, Combo Replcmt) prevented this
effect. This was reflected by a 33% increase in latency and a
61% decrease (P < 0.05) in the duration of prod burial as
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compared to control values. Administration of 500 ug P alone
on day 5 also prevented the change in response to this para-
digm observed after P withdrawal (data not shown). With-
drawal from combined administration of both P (500 ug) and
estradiol (2 ug, Combo w/d 24h) resulted in a 75% (P < 0.01)
decrease in latency, but an insignificant increase in duration as
compared to control values. Withdrawal from administration
of estradiol (2 ug) alone produced insignificant changes in
both the latency (55% decrease) and duration (40% decrease)
of prod burial.
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FIG. 5. Indomethacin administration prevents the observed effect of
P withdrawal on response to the electrified prod. Withdrawal from
combined administration of P (500 ug) with indomethacin (0.1 mg/
kg) produced insignificant changes in the latency and duration of
prod burial compared to control values. As indomethacin blocks for-
mation of the 3a,5«-THP metabolite from P, these data suggest that
it is actually withdrawal from the metabolite and not P which pro-
duces a change in burial response to this paradigm. Withdrawal from
indomethacin alone produced a 39% decrease in duration of prod
burial, an effect not significantly different from control values. n =
5 animals per group.
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FIG. 6. Effects of P withdrawal on response to the defensive with-
drawal paradigm. Changes in the 1) frequency of crossings from light
to dark compartments (upper panel) and 2) time spent in the dark
compartment (lower panel) are depicted for control and P-treated
rats. Twenty-four hours after withdrawal from chronic administration
of P (500 xg), injected SC for four days, significant increases in both
parameters were observed, compared with control values. These data
confirm results obtained using the defensive burying paradigm. n =
10 animals per group. *P < 0.001 vs. control.

Experiment 3

Withdrawal from P (50 ug) chronically administered to an
estrogen-primed animal (Combo w/d, Fig. 4) produced a 44%
(P < 0.05) decrease in latency and a 95% (P < 0.001) in-
crease in duration of prod burial, compared with controls. In
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this case, rats were tested 24 h after the last injection of the
steroid. Replacement with P (50 u) in combination with estra-
diol (2 ug) on day 5 (Fig. 4, Combo Replcmt) prevented this
increase in anxiety, suggesting that withdrawal from these ste-
roids, and not chronic exposure to these agents, alters re-
sponse to this paradigm. In contrast, withdrawal from chronic
administration of P (50 ug) alone did not alter response to the
electrified prod: These rats exhibited increases in latency and
decreases in duration of prod burial which were not signifi-
cantly different from control values.

Experiment 4

Indomethacin blocks formation of the 3a,5a-THP metab-
olite from P by inhibiting the enzyme 3-a-hydroxysteroid oxi-
doreductase (27). No significant changes in latency or dura-
tion of prod burial were seen after withdrawal from the
combined administration of both indomethacin and P (500
ug) as compared to control values (see Fig. 5). Indomethacin
and P (500 ug) replacement on day 5 of the injection schedule
also failed to significantly alter latency and duration of prod
burial as compared to indomethacin control and untreated
control values.

Experiment 5

As a second animal model of anxiety, the defensive with-
drawal paradigm was used to confirm the results obtained
using the defensive burying paradigm. As illustrated in Fig. 6,
withdrawal from P, administered at a dose of 500 ug for four
days, resulted in significant increases in (upper panel) the
number of crossings from the light into the dark chamber (a
10-fold increase versus control values, P < 0.001) as well as
(lower panel) the amount of time spent in the dark chamber
compared with oil-injected controls (12.5 vs. 0.5 min, respec-
tively, P < 0.005). These results confirm findings from the
previous paradigm, suggesting that withdrawal from P alters
behaviors using a second established rat model of anxiety. Fur-
thermore, these changes occurred in the absence of correspond-
ing changes in general activity level, as the number of wall rears,
grooming sessions, and locomotor activity were not signifi-
cantly altered by hormone treatment (data not shown).

DISCUSSION

Results from the present study indicate that withdrawal
from chronic administration of P, at a dose of 500 ug, signifi-
cantly decreases the latency to and increases the duration of
prod burial using the defensive burying paradigm. Using the
operational definition employed by this study and previously
established by a number of other investigators (6,29,39,40),
these changes are consistent with behaviors which would ac-
company an increase in anxiety. The defensive burying para-
digm has been shown to be a sensitive and specific test for
evaluating the anxiolytic actions of drugs such as the benzodi-
azepines (6,29), drugs which increase the latency and decrease
the duration of the burying response. In contrast, drugs which
suppress GABA, receptor function and are considered to be
“anxiogenic,” such as the B-carbolines, exert the opposite ef-
fect on the response to this paradigm (40)—that is, decrease
the latency and increase the duration of the burying response.
However, treatment with analgesic doses of morphine does
not alter either parameter (39), suggesting that the defensive
burying paradigm is a selective test for anxiety and not a
measure of pain threshold. Indeed, alterations in pain thresh-
old should not be a complicating factor in the present study
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as decreases in sensory threshold have been reported tran-
siently after injections of estradiol and P (15), but not during
withdrawal from these hormones. In addition, activity level
was not altered by P withdrawal. Therefore, the present re-
sults suggest that withdrawal from chronic administration of
P results in behaviors which accompany increases in anxiety.

This anxiogenic effect of P withdrawal was further con-
firmed using a second, specific rat model of anxiety, the de-
fensive withdrawal paradigm. For this paradigm, an increase
in the number of crossings from the open field into the dark
chamber as well as an increase in the time spent in the dark
chamber have also been operationally defined as behaviors
which accompany anxiety (4). Similar pharmacological tests
using GABA-active agents such as the benzodiazepines and
B-carbolines have been used to justify the use of this paradigm
and interpret the response (4). The pharmacological specificity
of the drug-induced response in this paradigm has also con-
firmed its use as a test specific for behaviors consistent with
changes in anxiety. Again, changes in activity level did not
accompany changes in response using this paradigm following
withdrawal from P. Therefore, results from two different and
specific animal models of anxiety strongly suggest that P with-
drawal is anxiogenic.

The psychotropic actions of P or its metabolite have been
suggested by a number of earlier reports, both in humans and
rat models of anxiety (1,2,5,32,42). However, the finding that
withdrawal from chronic exposure to P is anxiogenic is novel
and has implications for mood disorders related to hormonal
fluctuations: PMS anxiety, postpartum dysphoria, and post-
menopausal dysphoria. In all cases, changes in mood follow
withdrawal from P alone or in combination with estradiol.
The present findings may be especially relevant for PMS-
related anxiety in the human, since P levels during the luteal
phase remain elevated for 12-14 days and then decline rapidly
prior to the premenstrual period. Thus the rapid withdrawal
from this anxiolytic steroid following chronic exposure may
result in a transient increase in anxiety. It may be, however,
that it is actually withdrawal from the 3a,5a- THP metabolite,
and not P per se, which is anxiogenic, as P is quickly metabo-
lized to 3«,5a-THP within the central nervous system (CNS)
(17,18). The finding that anxiolytic progestins exhibit with-
drawal properties following chronic exposure further suggests
similarities between these 3-a-hydroxy C21 steroids and other
depressant, anxiolytic agents such as ethanol, benzodiaze-
pines, and barbiturates (3,14,22).

Recent clinical studies which suggest that P does not ame-
liorate PMS symptoms (9) are not necessarily contradictory to
the present findings. First, these studies did not identify
women with PMS anxiety as the predominant symptom; P
therapy may not alleviate other dysphoric symptoms. Second,
subjective questionnaires were employed rather than a physio-
logical measure of anxiety (i.e., heart rate). Third, forms of P
which were administered may have been incompletely ab-
sorbed or were nonmetabolizable.

At the lower dose of P tested (50 ug), estrogen priming
was required for P withdrawal to be anxiogenic. Conversely,
combined replacement therapy with P and 17-8-estradiol pre-
vented this anxiogenic action. These results are especially wor-
thy as this is a physiological means of administration of the
steroids: 1) The dose of P used (50 ug) would produce circulat-
ing levels of the steroid close to those observed endogenously,
and 2) during the estrous (and menstrual) cycles, levels of
estradiol peak prior to endogenous elevations of P. Thus es-
tradiol priming prior to P administration more closely approx-
imates a physiological steroid milieu.
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The presence of estradiol may be essential in facilitating
conversion of P to the active 3a,5a-THP metabolite, as has
been demonstrated by Karavolas et al. (17,18) in various CNS
areas. Consistent with this idea, Rodriguez-Sierra et al. (32)
demonstrated anxiolytic actions of systemic P only in estro-
gen-primed animals. That the 3-q-hydroxy-5-a-reduced me-
tabolite —and not the parent compound, P—may be active in
altering anxiety state is suggested by the finding that indo-
methacin, a drug known to block 3-a-hydroxysteroid oxidore-
ductase (27), and thus formation of 3«,5a-THP, completely
prevented the anxiogenic effect of P withdrawal in the present
study.

It is 3a,52-THP, and not P, which allosterically enhances
GABA, receptor function (10,12,21,36), an event that can
produce significant anxiolytic actions (1,2,42). It seems very
likely, therefore, that the anxiogenic actions of P withdrawal
are, in fact, due to withdrawal from the metabolite. This pos-
sibility is strengthened by the finding that anxiolytic actions
of systemically administered P have been found to be corre-
lated with elevated cortical levels of 3a,5a-THP (2). The ac-
tual brain levels of metabolite need to be assessed in our para-
digm before this can be determined conclusively. Further
support for this idea is provided by the finding that circulating
levels of P and CNS levels of 3a,5a-THP are well correlated
(31), suggesting rapid conversion of the parent compound to
its neuroactive metabolite. As 3«,5a-THP does not cross the
blood-brain barrier as readily as P due to the presence of a
hydroxy moiety at the C3 position, the withdrawal properties
of this agent following chronic administration would be more
difficult to test directly. In addition, during the luteal phase
of the menstrual cycle, it is circulating P from the corpus
luteum which most likely enters the brain, where it is then
rapidly metabolized to 3a,5«-THP. Thus studies examining
withdrawal properties of systemic increases in P may more
closely replicate physiological conditions preceding PMS anx-
iety.

Alternatively, other actions of estradiol may contribute to
the observed effects of P withdrawal in this paradigm. Estro-
gen priming is known to increase the number of cytosolic/
nuclear receptors for P (28). However, it is not clear that these

receptors mediate changes in behavior which may be relevant
for the behaviors tested in this study. In addition, estradiol
can alter the function of a number of monoamine systems
(28), an action which could alter anxiety state and thus affect
the response to the defensive burying paradigm. This latter
action of the steroid cannot be ruled out until further studies
are conducted. However, as administration of estradiol alone
did not alter the response to the electrified prod, it seems
unlikely that estradiol exerts direct effects on CNS systems to
alter mood.

Indomethacin also acts to inhibit cyclooxygenase, the en-
zyme required for prostaglandin synthesis. Although indo-
methacin treatment may ameliorate some of the physical
symptoms of PMS, this has not been demonstrated conclu-
sively (33). In addition, neither chronic administration of nor
withdrawal from this agent should be expected to alter anxiety
state. The data from the present study demonstrate that indo-
methacin administration does not in fact alter either the dura-
tion or latency parameters assessed using the defensive bury-
ing paradigm. Thus its interaction with steroid metabolic
pathways is a more likely mechanism for prevention of the
anxiogenic effect of P withdrawal observed in the present
study.

The results from the present study suggest that P, adminis-
tered with estradiol, may be an effective treatment for women
suffering from the anxiety subtype of PMS. That a GABA-
active agent would ameliorate symptoms of women suffering
from PMS anxiety is further suggested by studies demonstrat-
ing the clinical effectiveness of GABA-active drugs such as
alprazolam in treating such women (13). Alternatively, admin-
istration of indomethacin during the luteal phase would be
expected to prevent conversion of P to the metabolite, and
thus prevent the anxiogenic actions of P withdrawal during
the premenstrual period.
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