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Abstract
Rationale—Gender plays a critical role in the effects of drugs and drug abuse liability.
Biological factors, including ovarian hormones, may contribute to gender differences in drug
abuse. Preclinical and some clinical research suggests that progesterone and its metabolites have
activity at the GABAA receptor and may enhance the effect of GABAergic compounds (e.g.,
benzodiazepines). Because women are exposed to varying levels of progesterone from puberty
until menopause, and appear more sensitive to the negative consequences of benzodiazepine use, it
is important to understand the impact of progesterone on GABAergic drug effects.

Objectives—The purpose of this experiment was to characterize the behavioral effects of
progesterone, alone and in combination with the short-acting benzodiazepine, triazolam, to
determine if progesterone potentiates the behavioral effects of triazolam.

Methods—Oral micronized progesterone (0, 100, and 200 mg) and oral triazolam (0.00, 0.12,
and 0.25 mg/70 kg) were administered to healthy, premenopausal women (n=11) under conditions
of low circulating sex hormones. The subjective, performance and physiological effects of
progesterone, alone and in combination with triazolam, were assessed.

Results—Triazolam alone produced prototypical sedative-like effects. Progesterone alone also
engendered some sedative effects, although the time course of the effects was more limited than
that of triazolam. Progesterone increased and extended the duration of triazolam effects and
delayed the onset of triazolam peak effects, most notably at the 0.12 mg/70 kg dose.

Conclusions—Progesterone potentiates the behavioral effects of benzodiazepines and may
contribute to benzodiazepine use and abuse among women.
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Introduction
Gender differences in drug use and abuse are notable, with greater numbers of men reporting
non-medical use of drugs than women (Substance Abuse and Mental Health Services
Administration 2009). However, the relative risk of developing dependence on sedative-
hypnotic drugs (e.g., benzodiazepines) appears to be greater for women. After initiating
sedative-hypnotic drug use, women are significantly more likely to develop problematic use
patterns relative to their male counterparts, such that women may be nearly twice as likely to
develop dependence on these compounds (Anthony et al. 1994; Kandel et al. 1998). In
addition, women are prescribed sedative-hypnotic compounds at higher rates than men
(Wysowski and Baum 1991; van der Waals et al. 1993; Howes et al. 1996; Nomura et al.
2006), take the medications longer once prescribed (Geiselmann and Linden 1991), and are
more likely to use the medications for non-medical purposes (Simoni-Wastila et al. 2004).

Multiple sources of evidence suggest the neurosteroid progesterone and its metabolites
might contribute to gender differences in sedative-hypnotic drug abuse. Progesterone is
abundantly present in premenopausal women, with plasma concentrations varying as a
function of menstrual cycle phase. Progesterone and its primary and derivative metabolites,
allopregnanolone and tetrahydrodeoxycorticosterone (TH-DOC), modulate the GABAA
receptor complex, which is also the primary mechanism of benzodiazepine effects (Lena et
al. 1993; Pluchino et al. 2006). Allopregnanolone and TH-DOC are ligands at extracellular,
steroid-specific recognition sites on GABAA receptors, with affinities that are comparable to
those of many benzodiazepines (Paul and Purdy 1992). In addition, these neurosteroids
dose-dependently increase the effects of benzodiazepines on GABA-induced Cl− currents,
indicating that there is a non-genomic, receptor-level interaction between benzodiazepines
and neurosteroids (Paul and Purdy 1992; Bertz et al. 1995). The behavioral effects of these
neurosteroids also overlap with those engendered by benzodiazepines and include sedation,
memory impairment, anxiolysis, depression, stress reduction, and anti-seizure effects
(Schumacher et al. 1989; Schumacher and Robert 2002; Rupprecht 2003; Pisu and Serra
2004; Rhodes and Frye 2004). Finally, the behavioral effects of GABAergic drugs are
enhanced during menstrual cycle phases in which progesterone levels are elevated. For
example, the discriminative stimulus effects of ethanol in nonhuman primates (Grant et al.
1997; Green et al. 1999) and triazolam in humans (Babalonis et al. 2008) are enhanced
during the mid-luteal phase of the menstrual cycle when progesterone levels surge.
However, menstrual cycle modulation of GABAergic drug effects have not been replicated
across all studies (Rukstalis and de Wit 1999; Holdstock and de Wit 2000) and may depend
on the experimental conditions (e.g., behavioral measures, drugs, and/or doses that are
tested).

Although examining drug effects across the menstrual cycle is a useful method to examine
the modulating effects of endogenous ovarian hormones, it does not permit an examination
of the direct effects of progesterone, as multiple hormone levels change simultaneously
across the cycle. An alternative strategy is to examine the direct effects of exogenous
progesterone administration. For example, pre-treatment with exogenous oral micronized
progesterone enhanced the sedative, memory, and performance effects of intravenous
triazolam in postmenopausal women (McAuley et al. 1995). In addition, combined
administration of progesterone and estradiol enhanced sensitivity to the performance
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impairing effects of alprazolam, lorazepam, and triazolam (Kroboth et al. 1985). There do
not appear to be any studies that have examined the independent effects of progesterone on
the behavioral effects of sedative-hypnotic drugs in premenopausal women. The purpose of
the present study was to determine the subjective and psychomotor effects of progesterone
and triazolam, alone and in combination, in healthy adult premenopausal women during the
early follicular phase of the menstrual cycle when ovarian hormone levels are at their nadir.

Participants
Healthy, adult premenopausal women were recruited via local newspaper advertisements
and with flyer postings on a university campus. All potential participants completed an
initial telephone or internet-based questionnaire, and selected respondents were invited for
an on-site medical evaluation that included health history and psychological questionnaires,
blood chemistry, and urinalysis. Urine samples were also screened for drugs of abuse and
pregnancy. Eligibility criteria included age (18 to 35 years), ability to speak and read
English, occasional sedative drug use (e.g., alcohol), and use of an oral, hormone-based
contraceptive that included a 7 consecutive-day placebo phase. Exclusion criteria included
significant medical history (e.g., cardiovascular, neurological, or major psychiatric illnesses,
including drug or alcohol dependence), abuse or regular use of drugs or alcohol, pregnant or
breastfeeding status, or any other condition that would increase risk for study participation.
The Institutional Review Board of the University of Kentucky Medical Center approved the
study and the informed consent document. The study was conducted in accordance with the
ethical standards of the 1964 Declaration of Helsinki (2008). All subjects provided sober,
written informed consent and the confidentiality of their personal information was
maintained throughout. Participants were compensated for their participation.

Design
A double-blind, placebo-controlled, randomized, counterbalanced repeated-measures design
was used to assess the subjective, performance and cardiovascular effects of progesterone
dose (0, 100, and 200 mg), triazolam dose (0.00, 0.12, and 0.25 mg/70 kg), and time (30, 60,
90, and 120 min after triazolam administration, which correspond to 75, 105, 135, 165, and
195 after progesterone administration) during the early follicular phase of the menstrual
cycle, when estrogen and progesterone levels are at their nadir. This study consisted of nine
experimental sessions.

Drugs
Doses of progesterone and triazolam were prepared by the University of Kentucky
Investigational Pharmacy. Progesterone (0, 100, and 200 mg; Prometrium®) and triazolam
(0.00, 0.12, and 0.25 mg/70 kg) were prepared in single size 00 and 0 distinct opaque
capsules, respectively, each with cornstarch filler. Placebo capsules contained only
cornstarch filler.

The doses of progesterone (100 and 200 mg) were selected to produce systemic
progesterone levels that are similar to those occurring during the mid-luteal phase of the
menstrual cycle (Simon et al. 1993; Stanczyk 1999). The moderate dose of triazolam (0.12
mg/70 kg) was selected because it is minimally behaviorally active when administered
alone, but is sensitive to hormonal variations (Babalonis et al. 2008). The high dose of
triazolam (0.25 mg/70 kg) was selected because it is a standard therapeutic dose that has
measurable behavioral effects in isolation.
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Session schedule
Participants completed one training session to acquaint them with the study procedures and
to establish consistent and accurate performance on computerized behavioral tasks. This
training session was conducted irrespective of menstrual cycle phase but within 1 week of
the initiation of the experimental sessions. The subsequent nine experimental sessions were
conducted during the participant’s placebo phases of their oral birth control regimen (e.g.,
early follicular phase). Each permutation of progesterone and triazolam doses was tested
once in random order. One to six experimental sessions occurred during each participant’s
placebo phase, with the study spanning across 2–4 months’ time (mean study completion
time was 3 months). Each session occurred at approximately the same time of day for each
individual participant, although start times varied across participants (e.g., ranged from 7:30
AM to 4:00 PM).

Daily schedule
Participants were instructed to abstain from alcohol and all medications for 24 h and
caffeine and food for 4 h prior to their scheduled sessions. At the beginning of each session,
participants were asked questions about medication use, birth control regimen and onset of
menses, sleep, food consumption, and health status for the preceding 24 h. No sessions were
cancelled due to reports of atypical activities. Participants then completed a field sobriety
test, provided a breath sample that was tested for alcohol use (Alco-Sensor III; Intoximeters,
Inc., St. Louis, MO, USA), and provided a urine sample that was tested for recent use of
amphetamine, barbiturates, benzodiazepines, cocaine, marijuana, methadone,
methamphetamine, MDMA, and opiates (E–Z Split Key Cup; ACON Laboratories, San
Diego, CA, USA), and pregnancy (hCG One Step Pregnancy Test Device; Instant
Technologies, Inc., Norfolk, VA, USA). After a baseline assessment, progesterone was
administered. Thirty minutes after progesterone administration, participants consumed a
moderate-fat snack to enhance progesterone absorption (Simon et al. 1993; Stanczyk 1999).
Triazolam was administered 15 min after snack delivery. Assessments were repeated in 30-
min intervals for 3 h after triazolam administration. Each assessment consisted of Visual
Analog (VAS) and Adjective Rating Scales (ARS), Addiction Research Center Inventory
(ARCI), Profile of Mood States (POMS), Digit Symbol Substitution Task (DSST), Balloon
Analog Risk Task (BART), and heart rate and blood pressure measurement (Sentry II; NBS
Medical, Costa Mesa, CA, USA). After all assessments were complete, participants
remained at the laboratory for a minimum of 2 h of rest to allow drug effects to dissipate.
Prior to leaving the laboratory, participants completed the field sobriety test in the same
manner as their baseline test and reported no remaining drug effects.

Assessment tasks
VAS—Participants rated 32 items presented individually on the computer by marking a
100-unit line anchored on the extremes by “Not At All” and “Extremely”. Items included
were: Stimulated, Stressed, Sedated, Anxious, Nervous, Light-headed, Sleepy, Sick to
Stomach, Thirsty, Hungry, Shaky, Jittery, Restless, Depressed, Down, High, Euphoric,
Active, Alert, Talkative, Friendly, Energetic, Racing/Irregular Heart Rate, Rush, Drug
Effect, Good Drug Effect, Bad Drug Effect, Performance Impaired, Performance Improved,
Like Drug Effect, Willing to Take Drug Again, and Pay for Drug.

ARCI—The 49-item short form of the true–false inventory (Martin et al. 1971) yielded
information on five dimensions: Lysergic Acid Diethylamide (LSD) Scale (a measure of
dysphoria and psychomimetic effects), Amphetamine (A) Scale (an amphetamine-sensitive
stimulation scale), Benzedrine Group (BG) Scale (a measure of stimulant effects),
Morphine-Benzedrine Group (MBG) Scale (a measure of euphoric effects), and the
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Pentobarbital, Chlorapromazine, Alcohol Group (PCAG) Scale (a measure of sedative
effects).

ARS—The Adjective Rating Scale consists of 32 items and contains two subscales:
Sedative and Stimulant (Oliveto et al. 1992). In the present study, only the 16 items from the
Sedative subscale were presented. Participants rated each item using a numeric keypad to
select one of five options: “Not at All”, “A Little Bit”, “Moderately”, “Quite A Bit”, and
“Extremely” (scored numerically from 0 to 4, respectively; maximum score=64).

DSST—Participants completed a 2-min computerized version of the DSST adopted from
McLeod et al. 1982. Performance on this task is consistently sensitive to both stimulant and
sedative effects of drugs (Higgins et al. 1993; Foltin et al. 1993; Greenblatt et al. 2005).
Subjects earned $0.02 for each correct trial completed (mean correct trials per
assessment=75; mean task earnings per session=$9.00). The dependent measures for this
psychomotor task were trial completion rate and accuracy.

BART—During each assessment, participants were presented with 20 individual balloons in
succession on a computer screen, as adapted from Lejuez et al. (2002). Participants clicked a
mouse to inflate each balloon. Each inflation increased the balloon earnings counter by
$0.01 and increased the probability of the next inflation to pop the balloon. Each balloon
would pop after a random, unpredictable number of inflations. Participants could collect
their balloon earnings prior to a balloon popping by clicking on a “Collect Money” option.
However, if a balloon popped, earnings from the balloon were permanently lost. Earnings
from each of the six assessments per session were recorded, and participants received
earnings from one of the six assessments, based on a random drawing (mean=$5.78). The
dependent measures were number of inflation responses per un-popped balloon and number
of balloons popped.

Data analysis
Due to the quantity of individual self-report measures, data reduction using a Principal
Component Analysis (PCA) was conducted in order to reduce the number of dependent
measures. The PCA identified several principal components in the data via extraction with
Promax rotation and Kaiser normalization. Each component used in the final analysis was
required to have an Eigenvalue greater than 2. Variables that comprised each component,
along with their loading scores, are presented in Table 1. Component standard scores were
analyzed using repeated measures ANOVA with progesterone, triazolam, and time as
factors. Results of this analysis are presented in Table 2. Further analyses were conducted on
individual measures that demonstrated the time course of the component’s main effect of
progesterone or a progesterone×triazolam interaction. These representative measures, along
with cardiovascular and task performance measures, were analyzed using ANCOVA, with
progesterone, triazolam, and time as repeated factors, and baseline performance (i.e.,
performance prior to drug administration) as a covariate. Significant interactions were
analyzed as simple effects. Because baseline measures were used as covariates, drug effects
were identified either as main effects of drug or drug×time interactions, depending on the
time course of the interaction.

Results
Participants

Sixteen participants were enrolled in the study. Five participants did not complete the study
for reasons unrelated to the protocol, and their data are not included in the analyses. Eleven
women (10 Caucasian, one African American) completed the study. The participants ranged
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in age from 21 to 26 years (median=22 years) and in weight from 51 to 72.4 kg (median=63
kg) (BMI range=19.2 to 26.3, median=22.2). All participants were non-smokers. Alcohol
use ranged from less than 1 to 7.5 alcohol drinks per week (median=3 drinks) and caffeine
use ranged from 0 to 185 mg of caffeine per day (median=80 mg). One participant reported
nonmedical use of Adderall® on two occasions in the month prior to study participation.
Participants reported no additional psychoactive drug use in the month prior to study
participation, and no drug use was detected during the study with daily urinalysis testing.

Self-report measures
The PCA identified five components (Table 1). Results of the ANOVA with these
components are presented in Table 2. One component included measures of positive drug
effects (Table 1). Main effects of triazolam and time as well as a progesterone×triazolam
interaction were detected on this component. Follow-up testing indicated that the high dose
of triazolam increased ratings relative to placebo and the low dose of triazolam (p<0.05).
Simple-effects testing of the progesterone×triazolam interaction indicated that 100 mg
progesterone increased ratings at placebo and the moderate dose of triazolam, while 200 mg
progesterone increased ratings at the high dose of triazolam (p<0.05).

Figure 1 presents VAS Good Drug Effect as a representative measure from this component.
A main effect of progesterone was observed on this measure (panel a) with peak effects of
progesterone alone occurring at 30 through 90 min (i.e., 75 through 135 min post-
progesterone administration). A main effect of triazolam was detected, with the high dose of
triazolam increasing subjective ratings 90 through 150 min after dose administration (open
squares across panels). A significant interaction between progesterone and triazolam was
also detected on this measure, with simple-effects analyses indicating increases when 200
mg was combined with the high dose of triazolam (circles, panel c) (p<0.05). In addition,
increases in ratings occurred when 100 mg progesterone was combined with the moderate
dose of triazolam (triangles, panel b). Overall, the high dose of progesterone in combination
with the high dose of triazolam increased the duration of effect and both delayed and
enhanced the peak ratings of VAS Good Drug Effect (circles, panel c) relative to the same
dose of progesterone (circles, panel a) or triazolam alone (squares, panel c).

A second PCA component included negative measures of sedative drug effects (Table 1).
Main effects of progesterone, triazolam and time, and interaction effects of triazolam by
time and progesterone by triazolam were identified (Table 2). Follow-up testing indicated
both active doses of triazolam alone and both active doses of progesterone alone increased
ratings relative to placebo (p<0.05). Simple-effects analysis of the progesterone× triazolam
interaction indicated that both active doses of progesterone increased ratings at the moderate
dose of triazolam and the 200 mg dose of progesterone increased ratings at the high dose of
triazolam (p<0.05).

Figure 2 presents VAS Drug Effect (top row) and Bad Drug Effect (bottom row) ratings as
representative measures of this component. Progesterone increased ratings on both measures
(p<0.05), with peak effects occurring at 30 through 90 min (i.e., 75 through 135 min after
progesterone administration, panels a and d). Triazo-lam also increased subjective ratings on
both measures, as evidenced by main effects of triazolam and triazolam× time interactions
(p<0.05). The 0.25 mg/70 kg dose increased ratings 90 through 150 min post-dose (open
squares across panels). A significant interaction between progesterone and triazolam was
also detected on each measure. Simple-effects analyses indicated that increases occurred
when active doses of progesterone were combined with the moderate dose of triazolam
(circles and triangles, panel b, panel e) and when 200 mg of progesterone was combined
with high dose of triazolam (circles, panel c, panel f) (p<0.05). Compared to progesterone
alone (panel a, panel d), the combination of progesterone and triazolam increased the
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duration of effect and both delayed and enhanced the peak effects relative to either drug
alone (panels b, c, e, and f).

The third PCA component included measures of sedation and fatigue (Table 1). Main effects
of progesterone and time were identified (Table 2). Follow-up analyses indicated that both
active doses of progesterone increased ratings relative to placebo progesterone (p<0.05).

The fourth PCA component consisted of stimulant-type measures (Table 1). Main effects of
progesterone, triazolam, and time were identified (Table 2). Follow-up testing indicated that
both active doses of progesterone and both active doses of triazolam decreased ratings
(p<0.05). No triazolam×progesterone interactions were observed.

The fifth PCA component included both euphoric and dysphoric effects measures (Table 1).
A main effect of triazolam and a progesterone×triazolam interaction were identified (Table
2). Follow-up testing indicated that the high dose of triazolam increased ratings relative to
placebo (p<0.05), and the 100 mg progesterone increased ratings at the high dose of
triazolam (p<0.05).

Task performance measures
Separate and combined effects of progesterone and triazolam were also observed on
measures of psychomotor task performance (Table 2). Figure 3 presents drug effects on
DSST trial completions. Triazolam and triazolam×time interaction effects were observed
(p<0.05), with decreases in performance occurring at highest dose of triazolam (0.25 mg/70
kg) 90 through 120 min after dose administration (panel c, p<0.05). A main effect of
progesterone was also detected (Table 2); however, minimal effects of progesterone were
observed in combination with placebo triazolam (panel a). A significant interaction between
progesterone and triazolam was also detected, with simple effects analyses indicating that
200 mg progesterone combined with 0.12 mg/70 kg triazolam significantly decreased trial
completion (circles, panel b) (p<0.05). Similar to other measures, progesterone increased the
duration of effect and both delayed and enhanced triazolam peak effects.

Significant main effects of both progesterone and triazolam, as well as a significant
interaction between progesterone and triazolam, were observed on number of responses per
un-popped balloon on the BART (Table 2). Follow-up testing of the progesterone×triazolam
interaction indicated an effect of progesterone at each dose of triazolam and an effect of
triazolam only at the 100 mg dose of progesterone (p<0.05). During baseline sessions,
variable numbers of responses per balloon were observed, with small magnitude increases in
the number of responses per balloon occurring across time following placebo progesterone
administration and a small magnitude decrease following either 100 or 200 mg progesterone.
This effect was particularly evident at the 0.12 mg/70 kg dose of triazolam. No differences
in number of responses per balloon were observed at any assessment, indicating that
progesterone and triazolam effects are related to variability in performance as opposed to
any reliable pharmacological effects of either compound.

Cardiovascular measures
Separate and combined effects of progesterone and triazolam were also observed on
cardiovascular measures (Table 2). Follow-up analyses indicated small magnitude increases
in each cardiovascular measure across time, but no systematic changes due to administration
of either drug were observed at any assessment. These trends indicate variability at baseline
measurements as well as across assessments, as opposed to systematic pharmacological
modulation of cardiovascular measures.
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Discussion
The present study examined the subjective, performance and cardiovascular effects of
exogenous progesterone, alone and in combination with triazolam, in healthy,
premenopausal women. The results of this study demonstrated that the effects of both
progesterone and triazolam were potentiated when given in combination. In addition, the
drug combination extended the duration and delayed the onset of the peak effects of
triazolam.

Sedative-like effects of oral progesterone are typically limited to higher oral doses than were
used in this study, with peak effects occurring between 2 and 2.5 h after drug administration
(Chakmakjian and Zachariah 1987; de Wit et al. 2001; Sofuoglu et al. 2001, 2002). In the
present study, 100 and 200 mg oral doses of progesterone engendered significant sedative-
like subjective and performance effects, with peak effects occurring between 1.25 and 1.75 h
after dose administration (30 and 60 min post-triazolam administration). The most likely
factor contributing to the more rapid onset and increased magnitude of sedative-like effects
in the present study was the administration of a moderate-fat snack 30 min after
progesterone administration, as the administration of a moderate-fat meal has been reported
to increase progesterone bioavailability (Simon et al. 1993; Stanczyk 1999). However, other
factors, such as participant characteristics (i.e., participants in this study were light drinkers,
had limited or no previous benzodiazepine exposure, and were taking oral birth control),
could also have contributed to the enhanced pharmacodynamic effects of progesterone
observed in the present study.

Triazolam, when administered alone, engendered prototypical sedative-like subjective and
performance effects, most consistently at the highest dose (0.25 mg/70 kg), which included
increases in sedative, both euphoric and dysphoric, and positive drug effects and decreases
in stimulant drugs effects, as well as psychomotor impairment. Peak behavioral effects of
0.25 mg/70 kg triazolam occurred between 1.5 and 2.5 h post-dose, which is consistent with
previous reports (e.g., Simpson and Rush 2002; Rush et al. 2003).

The combined effect of progesterone and triazolam enhanced subjective and performance
impairment effects, compared to those of triazolam or progesterone in isolation. The
combination of progesterone and triazolam also extended the duration of effects and both
delayed and enhanced peak effects. In isolation, progesterone effects occurred 75 to 105 min
after progesterone administration. However, when progesterone was combined with either
active dose of triazolam, the peak effects were enhanced and shifted to time points in the
latter portion of the session (135 through 195 min after progesterone administration, or 90
through 150 min after triazolam administration). In addition, peak effects of progesterone in
combination with the 0.12 and 0.25 mg/70 kg dose of triazolam occurred at times in which
progesterone, alone, had minimal subjective or performance effects.

The enhanced magnitude of triazolam effects occurred at times in which progesterone,
alone, had minimal effects. As such, the change in time course of triazolam effects may be
associated with circulating levels of the neuroactive progesterone metabolites
allopregnanolone and tetrahydro-deoxycorticosterone (TH-DOC), rather than progesterone,
per se. These progesterone metabolites are GABAA ligands and can produce behavioral
effects similar to alcohol and benzodiazepines (Lambert et al. 1995, 2009; Grant et al.
2008). After oral progesterone administration, peak progesterone and allopregnanolone
levels occur at 2 h, with levels remaining elevated above baseline for a total of 5 and 8 h,
respectively (Nahoul et al. 1993; Andreen et al. 2006). Although TH-DOC levels rise after
progesterone administration, the clinical time course of this hormone derivative has not been
established. In the absence of blood levels of progesterone and its metabolites, the relative
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impact of each neurosteroid in the present study is not clear. However, that the enhanced
effect of the combination of progesterone and triazolam occurred during times when
progesterone alone engendered minimal subjective or performance effects suggests that
progesterone metabolites could be responsible, which merits further investigation.

Although activity at the GABAA receptor complex is the most well-characterized effect of
progesterone and its metabolites, other neurotransmitter systems may be involved when
progesterone is combined with triazolam. Progesterone and its metabolites may also
engender effects via modulation of other neurotransmitter systems, including dopamine,
serotonin, opioid, glutamate, and nicotinic acetylcholine (Lena et al. 1993; Pluchino et al.
2006). Further research is necessary to determine the specificity of progesterone modulation
of benzodiazepines.

The reinforcing effects of triazolam and other benzodiazepines appear to vary in the general
population based on individual difference variables, such as prior sedative use. Progesterone
and triazolam yielded similar effects on the positive drug effect component, and ratings were
enhanced when the drugs were tested in combination. However, both drugs also increased
ratings on the negative measures of sedative drug effect component and the euphoric and
dysphoric drug effect component. Many drugs of abuse engender simultaneous positive and
negative drug effects, and it has been proposed that the balance between these opposing
effects may determine how readily a drug is self-administered (Foltin and Fischman 1991).
This profile of results suggests that progesterone may enhance the reinforcing effects of
triazolam, but additional research incorporating measures of drug-taking behavior is
necessary to more directly determine if the abuse liability of triazolam or other
benzodiazepines is modulated by progesterone.

Several limitations to the present study are noted. First, blood levels of triazolam,
progesterone, and progesterone metabolites were not obtained during the study. Information
on triazolam, progesterone, progesterone metabolites, and other ovarian hormone levels
would have allowed further insight into the interactions observed between progesterone and
triazolam. Second, both active doses of progesterone engendered some sedative-like effects
in isolation and only the highest dose of triazolam produced statistically significant effects
compared to placebo; moreover, the interaction between progesterone and triazolam was not
always dependent on triazolam dose. Future studies should examine progesterone and
benzodiazepine interactions with a wider range of doses that include progesterone doses that
engender minimal measureable effects when administered in isolation. A third limitation of
this study was the unexpected discordance of the onset of peak effects of progesterone and
triazolam, with peak progesterone effects occurring approximately 1 h prior to the peak
effects of triazolam. Although the study was designed to examine concomitant peak effects,
the separate peak of effects of each compound allowed for the examination of the separate
and combined effects of progesterone and triazolam and allowed for interesting interactions
to emerge. Fourth, experimental sessions were conducted only during the 7-day placebo
phase of participants’ oral contraceptive regimen. While this design allowed for sessions to
occur when progesterone and estradiol were at nadir levels, it was not possible to complete
the study during one 7-day placebo phase, and sessions were conducted across two to four
consecutive months (two to four phases of oral birth control medication). Fifth, although
each participant’s sessions were conducted during the same time of day across the study, the
starting time of sessions varied across participants, which may have introduced variability in
the drug effects. The sample size in the current study was also limited. Although within-
subjects design allows for detection of drug effects with relatively few participants and
significant effects of both progesterone and triazolam were observed in this study, a larger
sample size may have increased the ability to detect subtle drug interactions and/or
individual differences in the sensitivity to progesterone and/or triazolam. Another limitation
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is this study did not include male participants. Although the sedative-like effects of
progesterone have been reported in men (Soderpalm et al. 2004; Evans and Foltin 2006), it
is unclear if similar interactions between progesterone and benzodiazepines would occur.
Lastly, the acute dosing regimen used in this study does not specifically model the hormone
exposure that occurs during the mid-luteal phase. During the mid-luteal phase, levels of
progesterone and its metabolites are elevated for several days, which causes changes in
GABAA receptor sensitivity (Smith et al. 1998; Grobin and Morrow 2000; Rupprecht 2003).
Future studies should model this duration of hormone exposure with repeated exogenous
hormone administration.

These results, along with a growing body of literature, support the hypothesis that
progesterone modulates the behavioral and performance effects of GABAergic drugs (e.g.,
Kroboth et al. 1985; McAuley et al. 1995; Grant et al. 1997; Green et al. 1999). In addition,
these data suggest that progesterone may be one factor among many that contributes to the
gender differences observed in benzodiazepine misuse, whereby women are at an elevated
risk of developing dependence on benzodiazepine medications compared to men. Future
laboratory studies should include examining the role of estrogen, progesterone, and their
combination on the effects of benzodiazepines, as well as the role of acute versus chronic
progesterone administration. An additional valuable avenue of research would be to more
directly assess the influence of neurosteroids on the reinforcing effects of sedative-hypnotic
drugs using self-administration procedures. These studies would further inform the role of
neurosteroids in gender differences in benzodiazepine use and abuse.
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Fig. 1.
Mean ratings of VAS Good Drug Effect as a function of triazolam dose, progesterone dose
and time following triazolam administration. Data points represent means (±SEM denoted
by the error bars) of 11 participants. The dagger indicates the mean of the 100 mg
progesterone condition is significantly different from the corresponding placebo condition
(p<0.05); black asterisks indicate the mean of the 200 mg progesterone condition is
significantly different from corresponding placebo condition (p<0.05)
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Fig. 2.
Mean ratings of VAS Drug Effect (top row) and VAS Bad Drug Effect (bottom row) as a
function of triazolam dose, progesterone dose, and time following triazolam administration.
Data points represent means (±SEM denoted by the error bars) of 11 participants. Different
y-axis scales are used across the two measures. The daggers indicate the mean of the 100 mg
progesterone condition is significantly different from the corresponding placebo condition
(p< 0.05); black asterisks indicate the mean of the 200 mg progesterone condition is
significantly different from corresponding placebo condition (p<0.05)
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Fig. 3.
Mean number of trials completed on DSST as a function of triazolam dose, progesterone
dose, and time following triazolam administration. Data points represent means (±SEM
denoted by the error bars) of 11 participants. Asterisks indicate the mean of the 200 mg
progesterone condition is significantly different from the corresponding placebo condition
(p<0.05)
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Table 1

Measures and measure loading scores for each principal component

Positive effects (Eigenvalue 2.20)

 VAS Like Drug Effect 0.85

 VAS Good Drug Effect 0.58

 VAS Perform. Improved 0.65

 VAS Pay for Drug 0.62

Sedative/negative effects (Eigenvalue 2.71)

 VAS Sedated 0.50

 VAS Impaired 0.86

 VAS Drug Effects 0.80

 VAS Bad Effects 0.71

 VAS Rush 0.61

 ARCI LSD 0.58

Sedative/fatigue effects (Eigenvalue 4.48)

 ARS Sedation 0.85

 POMS Fatigue 0.83

 VAS Sleepy 0.78

 POMS Arousal −0.63

Stimulant effects (Eigenvalue 7.82)

 POMS Vigor 0.81

 POMS Friendly 0.90

 POMS Elation 0.70

 POMS Total Positive 0.67

 VAS Active 0.94

 VAS Alert 0.92

 VAS Talkative 0.93

 VAS Energetic 0.86

 VAS Friendly 0.89

Euphoric/dysphoric effects (Eigenvalue 11.86)

 VAS Nervous 0.83

 VAS Shaky 0.85

 VAS Jittery 0.81

 VAS High 0.80

 VAS Racing Heart Rate 0.83

 VAS Depression 0.79

 VAS Euphoric 0.72

 VAS Down 0.64

 VAS Stressed 0.62

 VAS Light-headed 0.71

 VAS Sick 0.63

 POMS Confusion 0.41
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