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Alprazolam Dose Response Studies
These studies were designed to determine the dose of alprazolam that most effectively
attenuates stress-induced anxiety and hypothalamic-pituitary-adrenal (HPA) axis activation with
minimal concomitant ataxic effects. Two studies were performed with 12 experimentally naive
juvenile squirrel monkey (N=6 males, 6 females) subjects. In each of these studies, a single
dose of alprazolam was intramuscularly (IM) administered into the monkey’s quadricep muscle
15 minutes before a 1 hour social separation period from the mother and natal group that was
similar to the 1 hour sessions of stress inoculation (Sl) described in the main text. It is well
established that such social separations induce distress calls, locomotor agitation, and acute
increases in cortisol concentrations in squirrel monkeys'.

Monkeys were randomized to different dose orders according to a Latin square design.
Tests for a given subject were spaced at least 1 week a part to provide an adequate drug “wash
out” period. The wash out period was calculated based on knowledge of the half-life for
alprazolam (11 hours; range: 6 to 26 hours) and evidence that 90% of drug clearance is
achieved in 3.3 times the drug’s half-life*. Testing occurred between 1330 and 1800 hours with
a given monkey tested at the same time of day for each drug dose received. Up to three
monkeys were tested each day (no two from the same natal group), and both studies were

conducted by trained observers without knowledge of the treatment conditions.

Study 1 Methods. Each monkey (N=12) received four different doses of alprazolam (0, 50, 100,
or 200 ug/kg) compounded for intramuscular injection in a vehicle solution as described in the
main text. Two experimenters recorded behavioral indices of anxiety (i.e., on-the-signal
locomotor activity; all occurrences of species-typical distress calls) and ataxia (i.e., all
occurrences of perch stumbles) during the 1 h test session. The monkey was then rapidly
removed from the test cage, manually restrained, and 0.8 ml of whole blood was collected via

femoral venipuncture. Prior to the beginning of this study, blood samples were also collected



from subjects under undisturbed home cage conditions to establish baseline measures of
cortisol. Blood was collected and processed, and cortisol assays were conducted as described
in the main text. The effect of drug dose on behavior and cortisol levels was assessed with
analysis of variance (ANOVA) and paired t-tests as appropriate using Systat Software (Chicago,

IL). For all analyses, test statistics were evaluated with two-tail probabilities (P< 0.05).

Study 1 Results. The highest dose of alprazolam (200 ug/kg body weight) reduced anxiety but
resulted in considerable ataxia and partial sedation, and was excluded from further
consideration. Ataxia measures did not differ significantly across the lower two alprazolam
doses (i.e., 50 and 100 pg/kg) and the vehicle control [F(2,20)=2.41, P=0.147]. The lowest dose
did not differ significantly from the vehicle control in terms of reducing behavioral measures of
anxiety or HPA axis activation (Figure S1). In the vehicle control condition, cortisol levels
immediately after the 1-hr test session were 1.7-fold greater than baseline levels measured in
undisturbed home cage conditions [paired-{(11)=8.29, P<0.001]. Pretreatment with 100 pg/kg
alprazolam significantly diminished both behavioral measures of anxiety [distress calls: omnibus
F(2,20)=4.3, P=0.04; pairwise comparison of 100 ug/kg vs. vehicle dose P=0.017; agitated
locomotor activity: omnibus F(2,20)=5.567; P=0.017; pairwise comparison of 100 ug/kg vs.
vehicle dose P=0.002; Figure S1). No alprazolam dose attenuated the adrenocortical stress

response (data not shown).
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Figure S1. Alprazolam administration attenuates behavioral responses to a 1 hour social
separation test. Dose response data are presented for (A) frequency of distress calls and (B)
agitated locomotor activity scores (mean = SEM). Asterisks depict significant differences (P <

0.05) between alprazolam (100 pg/kg) and vehicle control (0 ug/kg) treatment conditions.

Study 2 Methods. We extended the blood collection time course in Study 2 to test whether 100
Mg/kg alprazolam compared to vehicle treatment affected post-stress measures of
adrenocortical recovery after completion of the 1 hour test session. No behavioral measures
were assessed in Study 2. Six juvenile monkeys (N=3 males, 3 females) served as subjects.
Subjects closest to the mean for cortisol levels in Study 1 were selected for inclusion in Study 2.
A one month period elapsed between the end of Study 1 and the beginning of Study 2. The
injection protocol was identical to Study 1. Baseline blood samples were again collected prior to
study initiation. Following blood collection immediately after the 1 hour test session (time point
0), each subject was returned to the home cage. Thereafter, each subject was rapidly

recaptured and blood was collected 1 and 3 hours after time point 0. The blood volume for each



sample was 0.5 mlin Study 2, but otherwise, blood collection, cortisol assay procedures, and

statistical analyses were the same as described above in Study 1 or in the main text.

Study 2 Results. Significantly lower levels of cortisol were maintained for at least 3 hours after
the 1 hour test session in monkeys pretreated with 100 ug/kg alprazolam compared to the
vehicle control [omnibus F(2,8)=9.069; p=0.009; Figure S2]. As in Study 1, alprazolam treatment
did not alter the adrenocortical stress response at time point 0, but it did enhance adrenocortical
recovery 1 hour (paired-t(5)=4.09, P=0.009) and 3 hours (paired-{(5)=5.203, P=0.003) after

completion of social separation stress test compared to the vehicle control.
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Figure S2. Alprazolam administration enhances recovery of plasma cortisol levels (mean +
SEM) after completion of the 1 hour social separation stress test. This finding is in keeping with
the notion that alprazolam does not alter cortisol metabolism or clearance, but instead reflects
anxiolytic effects. Asterisks depict significant differences (P < 0.05) between alprazolam (100

Mg/kg) and vehicle control (0 pg/kg) treatment conditions.

Conclusions. These combined results indicate that a dose of 100 ug/kg alprazolam significantly

attenuates acute anxiety and HPA axis recovery during social separation, but does not



completely abolish the behavioral or hormonal response. A complete blockade of anxiety
achieved with a higher dose of alprazolam (200 ug/kg) produced the unwanted side effects of
ataxia and partial sedation, which were not evident at lower doses (i.e., 50 or 100 ug/kg). Based
on these findings, and similar dose-response data from humans?®, rhesus monkeys®, and squirrel
monkeys studied independently by other investigators’, the 100 pg/kg dose of alprazolam was

selected for use in the experiment described in the main text.
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