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Effects of pr ogesterone
or neur oactive steroid?

Smith et al.1 reported some interesting
results about the effects of progesterone
treatment and withdrawal on the gene
encoding the GABAA receptor a4 subunit, 
a constituent of receptors for the neuro-
transmitter GABA (g-aminobutyric acid).
However, we disagree with their conclusion
that the effects of progesterone withdrawal
are mediated by reduced levels in the brain
of the GABAA receptor active neurosteroid
3a-OH-5a-pregnan-20-one (3a,5a-THP,
or allopregnanalone). The ability of
indomethacin to reverse the effects of 
progesterone was interpreted as evidence
that the effects of progesterone were medi-
ated by 3a,5a-THP. Smith et al.1 did not
provide direct evidence that levels of
3a,5a-THP were reduced by indomethacin
(which reversed the effects of proges-
terone), or that progesterone levels were
not altered by indomethacin. In some
cases, indomethacin can increase proges-
terone levels directly2, which may explain
why indomethacin can reverse the effects of
progesterone withdrawal.

The effect of indomethacin blockade of
3a-hydroxysteroid oxidoreductase activity
is dependent on the relative levels of 3a,5a-
THP and its immediate precursor 5a-
dihydroprogesterone. When 3a,5a-THP
concentrations are raised after progesterone
infusion or stress, indomethacin would
block the oxidation of 3a,5a-THP, increas-
ing its concentration. Using the same dose
regimen as ref. 1 we find that stress-induced
elevation of 3a,5a-THP levels in the brain
are increased by pretreatment with
indomethacin (Fig. 1). Blockade of this
enzyme with fluoxetine has also been
shown to raise 3a,5a-THP levels in the rat
brain3. The omission of 3a,5a-THP and
progesterone levels in the report by Smith et
al.1 therefore raises concerns about the con-
clusion that 3a,5a-THP mediates the effects
of progesterone withdrawal.

Manipulation of progesterone levels in
female rats is likely to influence the expres-
sion of many genes as well as the levels of

numerous steroids other than 3a,5a-THP.
Therefore, even if 3a,5a-THP levels are
reduced by indomethacin, this does not
demonstrate that the effects of progesterone
withdrawal on GABAA receptors are medi-
ated by 3a,5a-THP. Correlational evidence,
although suggestive, does not establish a
causal relationship.

The effects of progesterone and ethanol
withdrawal on GABAA receptor a4 subunit
gene expression are similar. However,
cross-tolerance between ethanol and 3a,5a-
THP does not occur in vivo. Indeed, chronic
ethanol administration produces cross-tol-
erance to benzodiazepines, but also results
in sensitization to both behavioural and
neurochemical responses to 3a,5a-THP4.
Moreover, this effect is greater in female
than male rats, suggesting that the higher
progesterone levels in female rats are associ-
ated with greater sensitization to 3a,5a-
THP5. This sensitization is probably due to
intrinsic changes in GABAA receptors, as
concentrations of 3a,5a-THP are not
altered after chronic ethanol administra-
tion4. Although the effects of ethanol4,6 and
progesterone on GABAA receptor a4 gene
expression are known, there is no direct evi-
dence that 3a,5a-THP alters the expression
of this gene.
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Smith et al. reply — Morrow et al. are
incorrect to state that we did not provide
direct evidence that 3a-OH-5a-pregnan-
20-one (3a,5a-THP, or allopregnanolone)
levels were reduced by indomethacin. We
pointed out1 that our previous studies7

showed that indomethacin administration
concomitant with progesterone reduced the
level of 3a,5a-THP in the central nervous
system from 8.2 6 1.3 ng per g to 2.3 6
0.35 ng per g without altering levels of 5a-
DHP or progesterone. This treatment,
which prevented the withdrawal of 3a,5a-
THP that normally accompanies proges-
terone withdrawal, completely prevented
the withdrawal effects of progesterone we
observed1, including acceleration in the
decay of GABA-gated current and upregu-
lation of the GABAA-receptor a4 subunit.

We have shown8 that direct withdrawal of
3a,5a-THP, in the absence of progesterone
withdrawal, also results in faster decay of
GABA-gated current in association with
upregulation of the a4 subunit. In this case,
withdrawal from the GABA-modulatory
metabolite 3a,5a-THP was accomplished
with the use of a 5a-reductase inhibitor to
block 3a,5a-THP formation without alter-
ing progesterone levels. Taken together,
these results establish 3a,5a-THP as the
active agent that exhibits withdrawal prop-
erties. In contrast, Morrow et al. administer
indomethacin 20 minutes before ethanol
stress, which would prevent direct conver-
sion of 3a-DHP to 3a,5a-THP. The
indomethacin-induced increases in 3a,5a-
THP levels they report after ethanol stress
can be explained only by stress-induced
effects on the degradation of 3a,5a-THP.

We further disagree with the suggestion
by Morrow et al. that our findings are purely
correlational. Indomethacin is a highly
selective blocker of 3a-hydroxysteroid oxi-
doreductase activity9, and so reduces 3a,5a-
THP levels specifically, without altering lev-
els of other hormones such as 5a-DHP or
progesterone. This is therefore the most
definitive procedure to determine the role of
the 3a,5a-THP metabolite in the upregula-
tion of the a4 subunit we observe after prog-
esterone withdrawal. Direct administration
of 3a,5a-THP would be a less convincing
model because back-conversion to 5a-DHP
can occur9. Furthermore, systemic adminis-
tration of progesterone best mimics physio-
logical conditions in our animal model of
premenstrual syndrome, in which circulat-
ing progesterone is converted in the CNS to
3a,5a-THP10.

Earlier results from Morrow et al. indi-
cate that sensitivity to 3a,5a-THP is
increased after ethanol withdrawal4. We are
intrigued by this finding because recent data
from our laboratory indicate that withdraw-
al of 3a,5a-THP also increases ethanol
potentiation of GABA-gated current in CA1
hippocampus by 71.2 6 5.4% over control
levels. This result is consistent with reports
of increased alcohol consumption in women
during the premenstrual period. Both of
these findings clearly distinguish the effects
of ethanol from those of benzodiazepines1,8,
which exhibit reduced GABA-modulatory
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FFiigguurree  11 Indomethacin incr eases str ess-induced

3a,5a-THP levels in r at cer ebral cortex. Male

SpragueÐDawley rats w ere habituated to handling

and injection. Indomethacin (0. 1 mg per k g, intraperi -

toneal) was administer ed 20 minutes befor e ethanol

injection str ess (2 g per k g, intraperitoneal) and

3a,5a-THP levels w ere measur ed as described 4.

Indomethacin incr eased str ess-induced 3 a,5a-THP

levels b y 58.5 6 62.0 % (P, 0.01, StudentÕs t-test).


