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Summary

Aims: Exogenous progesterone has been shown to attenuate the rewarding effects of cocaine.
However, its effects on provoked drug craving, stress arousal and cognitive performance has not
been systematically investigated in cocaine dependent men and women. Thus, we conducted a
double-blind placebo-controlled study assessing the efficacy of progesterone in reducing pro-
voked drug craving, stress system arousal and improving cognitive performance in cocaine
dependent men and women.
Methods: Forty-two early abstinent treatment-seeking cocaine dependent individuals were
randomly assigned to either daily doses of placebo (12M/9F) or micronized progesterone
(12M/9F) (400 mg/day), for 7 days. Under experimental conditions, all subjects were exposed
to three 5-min personalized guided imagery conditions (stress, cocaine cue, relaxing), one per
day, consecutively in a random, counterbalanced order. Subjective craving, mood, hypothalamic-
pituitary-adrenal (HPA) and cardiovascular output, and a cognitive measure of inhibitory control
(Stroop Color Word Task) were assessed pre- and post imagery.
Results: Progesterone relative to placebo significantly decreased cue-induced craving and
cortisol responses and increased cue-induced ACTH. In addition, women but not men receiving
progesterone reported lower ratings of negative emotion and higher ratings of relaxed mood
following stress exposure. Improved Stroop performance was observed in all participants
receiving progesterone, across all conditions.
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1. Introduction

Cocaine dependence is one of the most common and pre-
ventable health care problems in the US, with an estimated
1700 initiates per day (SAMHSA, 2010). Moreover, due to
changing socioeconomic environments, the number of
women dependent on cocaine is rapidly increasing to simi-
lar levels as men (SAMHSA, 2006). Coupled with the fact
that women also display greater vulnerability in terms of
treatment outcome (Quinones-Jenab, 2006; Anker and Car-
roll, 2011), the need for an FDA approved medication is
critical. In view of this, clinical and preclinical studies have
shown that the administration of micronized progesterone
mediates the acute subjective and physiological reinfor-
cing effects of cocaine more robustly in females compared
with males (Evans et al., 2002; Sofuoglu et al., 1999; Russo
et al., 2008, 2010 Feltenstein et al., 2009; Evans and Foltin,
2006, 2010; Hudson and Stamp, 2011; Reed et al., 2011; de
Wit, 2011). While progesterone demonstrates some effi-
cacy in male rodents by decreasing locomotor activity
(Rupprecht, 2003) and in both healthy (Childs et al.,
2010) and substance using males (Sofuoglu et al., 2004,
2007) by attenuating negative mood and cardiovascular
response, these changes are relatively minimal compared
to those observed in females (Quinones-Jenab and Jenab,
2010). Similarly, with regard to motivation for cocaine use,
preclinical studies have indicated that both progesterone
and its metabolite allopregnanolone inhibit cocaine-
primed reinstatement in female, but not male rats (Anker
et al., 2007, 2009). Additionally, outpatient treatment
studies in humans have shown that exogenous progesterone
is not efficacious in reducing consumption in cocaine
dependent methadone-maintained men (Sofuoglu et al.,
2007).

Although micronized progesterone shows some potential
as a pharmacological treatment for cocaine-abusing women
(Reed et al., 2011), previous research has typically assessed
either the acute subjective and physiological responses to
cocaine at different phases of the menstrual cycle (MC)
(Evans et al., 2002; Sofuoglu et al., 2002) or the acute effects
of exogenous progesterone administration during the early
follicular phase (Justice and de Wit, 1999, 2000; Kouri et al.,
2002). Moreover, only a few studies employing these para-
digms have compared findings to cocaine dependent men
(Sofuoglu et al., 1999, 2004; Mendelson et al., 1999; Evans
and Foltin, 2006; Collins et al., 2007). In the current study
therefore, we aim to examine whether exogenous micronized
progesterone is also able to mediate stress system adapta-
tions known to be related to cocaine craving and relapse (Fox
and Sinha, 2009), in both men and women following an
abstinence period of four weeks.

During early protracted abstinence from cocaine, dysre-
gulated basal and stress-induced physiological, HPA and emo-
tional changes are strongly associated with increased cocaine

craving, cocaine use and relapse (Back et al., 2005; Sinha
et al., 2006; Fox et al., 2008a; Fox and Sinha, 2009). These
changes include a tonic up-regulation in cortisol and ACTH
(Sarnyai et al., 2001; Fox et al., 2008b, 2009) as well as
sensitized negative mood, craving, cardiovascular and corti-
sol output in response to stress and cue (Sinha et al., 2003,
2006; Fox et al., 2005, 2008a, b). As cocaine dependence is a
chronic stress state and sex hormones modulate stress system
function (Lindheim et al., 1994) exogenous progesterone may
mediate components of stress dysregulation during early
abstinence.

In support of this hypothesis, previous findings from our
own laboratory have highlighted a role for endogenous
progesterone in reducing some of the chronic stress system
adaptations during early abstinence in women. Findings
from one study showed that early abstinent women in the
mid luteal phase of their MC (high progesterone) demon-
strated significant reductions in stress and cue-induced
craving as well as cue-induced anxiety and blood pressure
compared with women in the early follicular phase (low
progesterone) (Sinha et al., 2007). Similarly, cocaine depen-
dent women in their first month of abstinence demonstrated
significantly up-regulated salivary cortisol and negative
affect along-side enhanced levels of progesterone across
the entire MC, suggesting a potentially compensatory role
for endogenous progesterone in response to an enhanced
distressed state (Fox et al., 2008b).

In addition to having potent anxiolytic and vascular
effects on the peripheral nervous system (Sita and Miller,
1996), progesterone may also strengthen prefrontal regula-
tory mechanisms. This may be due to the actions of its
metabolite allopregnanolone on GABA-activated inhibition
of neural firing in dopaminergic regions of the striatum,
nucleus accumbens (NAc), hippocampus and pre-frontal cor-
tex (PFC) (Becker, 1999; Becker and Hu, 2008; Russo et al.,
2008). As optimal levels of dopamine within these mesocor-
ticolimbic systems reduce ‘‘noise’’ in the PFC by suppressing
neuronal processing of irrelevant information (Brennan and
Arnsten, 2008), progesterone may be a suitable agent for
strengthening regulatory processes integral to treatment
outcome (Witkiewitz and Marlatt, 2005).

We therefore investigated the subjective, physiological,
HPA and cognitive effects of 400 mg/day of exogenous micro-
nized progesterone versus placebo in early abstinent men and
women (p.o, b.i.d) for seven days. Dependent measures were
assessed at baseline and following exposure to personalized
stress and cocaine cue-related imagery. We hypothesized
that the progesterone group would demonstrate reduced
cocaine craving, negative mood, and cardiovascular output,
as well as normalized HPA axis function and improved Stroop
performance following stress and cue, compared with pla-
cebos. In view of previous research, we also hypothesized
that gender would moderate the effects of exogenous pro-
gesterone.

Conclusions: Progesterone was selectively effective in reducing cocaine cue-induced but not
stress-related cocaine craving as well as specific measures of the provoked arousal state.
Findings suggest that progesterone’s effects on drug craving and arousal are moderated by
both the type of environmental cue exposure and gender.
# 2013 Elsevier Ltd. All rights reserved.
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