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Abstract

The muscarinic cholinergic receptor system has been implicated in the pathophysiology of

depression, with physiological evidence indicating this system is overactive or hyperresponsive in

depression and with genetic evidence showing that variation in genes coding for receptors within

this system are associated with higher risk for depression. In studies aimed at assessing whether a

reduction in muscarinic cholinergic receptor function would improve depressive symptoms, the

muscarinic receptor antagonist scopolamine manifested antidepressant effects that were robust and

rapid relative to conventional pharmacotherapies. Here, we review the data from a series of

randomized, double-blind, placebo-controlled studies involving subjects with unipolar or bipolar

depression treated with parenteral doses of scopolamine. The onset and duration of the

antidepressant response are considered in light of scopolamine's pharmacokinetic properties and

an emerging literature that characterizes scopolamine's effects on neurobiological systems beyond

the cholinergic system that appear relevant to the neurobiology of mood disorders. Scopolamine

infused at 4.0 μg/kg intravenously produced robust antidepressant effects versus placebo, which

were evident within 3 days after the initial infusion. Placebo-adjusted remission rates were 56%

and 45% for the initial and subsequent replication studies, respectively. While effective in male

and female subjects, the change in depression ratings was greater in female subjects. Clinical

improvement persisted more than 2 weeks following the final infusion. The timing and persistence

of the antidepressant response to scopolamine suggest a mechanism beyond that of direct

muscarinic cholinergic antagonism. These temporal relationships suggest that scopolamine-

induced changes in gene expression and synaptic plasticity may confer the therapeutic mechanism.
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In the management of patients suffering from mood disorders, a great need persists for the

availability of rapid antidepressant therapies. A series of studies has demonstrated the ability

of novel approaches—including the N-methyl-D-aspartate antagonist, ketamine (1,2), and

sleep deprivation therapy (3–5)—to provide significant symptom improvement within hours,

with symptoms typically returning within a period of days after discontinuation of the acute

intervention. Here, we review a series of randomized, controlled, clinical trials conducted in

the National Institute of Mental Health Intramural Research Program, indicating that

intravenous administration of the muscarinic cholinergic receptor antagonist, scopolamine

(4.0 μg/kg), exerts relatively rapid antidepressant effects. We review these data within the

context of an earlier literature that implicated the muscarinic system in the pathophysiology

of depression.

Muscarinic Cholinergic Antagonists in the Treatment of Mood Disorders

Interest in the muscarinic cholinergic system in mood disorders stemmed initially from

evidence suggesting that hyper-sensitivity of the cholinergic system plays a role in the

pathophysiology of depression (6). Researchers showed that increasing cholinergic activity

using the anticholinesterase inhibitor, physostigmine, provided a challenge uniquely capable

both of exacerbating depressive symptoms in currently depressed subjects with major

depressive disorder (MDD) and inducing depressive symptoms and reversing manic

symptoms in manic subjects with bipolar disorder (BD) (6–10). The neuroendocrine and

pupillary responses to physostigmine (11–13) also were abnormally increased in depressed

individuals. The muscarinic cholinergic receptor system specifically was implicated by

evidence showing that polysomnographic responses to selective muscarinic agonists (14–16)

were exaggerated in depressed versus control samples, suggesting that muscarinic receptor

supersensitivity exists in depressed individuals. Furthermore, within the muscarinic receptor

system, variation in the type 2 muscarinic (M2) cholinergic receptor gene (CHRM2) was

associated with an elevated incidence or severity of unipolar depression and with abnormal

reductions in M2 receptor binding in bipolar depression (17–19).

Some abnormalities in cholinergic receptor function in mood disorders showed sex effects.

For example, sex differences manifested in the baseline and cholinergically stimulated

plasma hormone measures that differed between depressed and control samples, suggesting

that heightened cholinergic sensitivity exists preferentially in premenopausal females with

MDD (13,20,21). Comings et al. (18) found that genetic variation in CHRM2 gene (A/T

1890) was associated with MDD specifically in female subjects. In rodents, estrogen

enhanced choline acetyltransferase activity and acetylcholine release (22,23), and M2

receptor stimulation mediated the estrogen-induced enhancement of N-methyl-D-aspartate

receptor (NMDAR) function (24). These observations complement evidence reviewed

below that women are more likely than men to show an antidepressant response to

scopolamine.
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Putative animal models of depression also supported a role for elevated muscarinic

cholinergic function. Flinders Sensitive Line rats, bred selectively for increased sensitivity

of muscarinic receptors, showed putative behavioral analogs of depression such as lethargy,

reductions in self-stimulation, and increased behavioral despair in the forced swim test in

response to agents that increase central cholinergic function (25). Moreover, antimuscarinic

agents (including scopolamine) produced antidepressant-like effects by reducing the

behavioral despair induced via this test (26,27).

Collectively, these data suggested the hypothesis that antimuscarinic drugs produce

antidepressant effects and, based upon the rapidity of the depressogenic effects of

physostigmine, raised expectations that mood improvements may manifest rapidly.

Nevertheless, early studies exploring effects of antimuscarinic agents reported modest and

inconsistent antidepressant responses (reviewed in [28]), although these were primarily

uncontrolled studies. In one open-label study, significant antidepressant effects were

observed the day following the administration of scopolamine .4 mg intramuscular (29), but

the magnitude of this effect was small. Based upon the lower bioavailability during

intramuscular administration, this dose approximates 2 μg/kg intravenous (IV) in a 100 kg

individual (30). The results of the studies presented below suggest that a higher scopolamine

dose may be required to obtain an antidepressant effect size of sufficient magnitude to

encourage further development. In another study, scopolamine was administered in

depressed subjects at doses up to .5 mg IV, and no change in mood ratings (assessed using

Profile of Mood States [POMS] depression factor scores) was observed by 120 minutes

postinfusion (28). The highest dose used in that study was comparable with the dose used in

our studies (4.0 μg/kg), and the clinical result also was similar, insofar as we observed no

significant change in POMS depression factor ratings up to 150 minutes after scopolamine

administration. As the clinical effects were assessed only acutely (120 minutes postinfusion)

(28), the robust antidepressant effects described below were established 3 to 5 days

following drug administration.

Pilot Dose-Finding Study Suggests Rapid Antidepressant Response to

Scopolamine

In a pilot study designed to evaluate the role of the muscarinic system in the cognitive

symptoms associated with depression, Furey and Drevets (31) observed a rapid and robust

antidepressant response to scopolamine. We specifically aimed to investigate whether the

impairments of selective attention manifest in depressed subjects would improve under

antimuscarinic challenge. Muscarinic cholinergic mechanisms facilitate the processing of

sensory information and play a major role in selective attention processing, such that

deviations from an optimal range of cholinergic function in either direction can impair

attention (32– 36). Based upon the evidence that muscarinic receptors are hypersensitive in

depressed patients, we hypothesized that selective attention would improve under

antimuscarinic challenge.

To test this hypothesis, we selected scopolamine because of its selectivity for muscarinic

receptors, high potency for all five muscarinic receptor subtypes (KD ranges from .4 to 2.1

nmol/L for M1 through M5), slow dissociation rate from central muscarinic cholinergic

Drevets et al. Page 3

Biol Psychiatry. Author manuscript; available in PMC 2014 August 13.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



receptors, and advantageous pharmacokinetic profile for rapidly entering brain (37–39). We

designed a dose-finding study using a scopolamine dose range that previously was

associated with cognitive effects but without toxic effects such as delirium (e.g., [40,41]).

Eight MDD patients participated in four testing sessions performed in random order under

double-blind conditions, in which participants received a 15-minute IV infusion of saline

placebo and each of three doses of scopolamine: 2.0, 3.0, and 4.0 μg/kg.

The mean Montgomery-Åsberg Depression Rating Scale (MADRS) scores differed across

assessments (p = .005), and the MADRS scores obtained following 4.0 μg/kg of

scopolamine were lower than both the baseline (p = .0015) and the pre-4.0 μg/kg measures

(p = .018). Moreover, there was a larger reduction in MADRS scores pre-4.0 μg/kg versus

post-4.0 μg/kg of scopolamine than preplacebo versus postplacebo (p = .01), where

postassessments were obtained at the subsequent session, 3 to 5 days later. No other

difference was significant. The mean change in MADRS score between the pretreatment

baseline and the evaluation following session 4 was −13.8 ± 7.7 (p < .002). Five subjects

showed a >50% reduction in the MADRS score, and three remitted (MADRS < 10).

The improvement observed, particularly following the 4.0 μg/kg dose, suggested robust

antidepressant responses to scopolamine. The effects occurred rapidly, as depressive

symptoms were improved during the 3 to 5 days between infusions. Nonetheless, these

promising results were unexpected, and the study was not designed to evaluate an

antidepressant response. A second study was designed to test the hypothesis that the

antidepressant response to scopolamine would exceed that to placebo.

Randomized Controlled Trial Confirms Rapid Antidepressant Response to

Scopolamine

In a double-blind, placebo-controlled, crossover clinical trial (n = 18), depressed subjects

with MDD (n = 9) or BD (n = 9) underwent multiple sessions in which they received 15-

minute IV infusions of placebo (P) or scopolamine (S) (4.0 μg/kg) (31). Following a single-

blind placebo lead-in, participants entered either a P/S sequence or a S/P sequence, where P

was a series of three placebo sessions and S was a series of three scopolamine sessions. The

sessions were separated by 3 to 5 days. Clinical ratings were acquired before each infusion.

Volunteers 18 to 45 years of age were assessed for eligibility if they met DSM-IV criteria

for recurrent MDD or BD. Exclusion criteria included exposure to psychotropic drugs or

other medications likely to affect cholinergic function within 3 weeks, current smoking,

serious risk of suicide, current psychosis, lifetime history of substance dependence or

substance abuse within 1 year, major medical or neurological disorders, narrow angle

glaucoma, hypersensitivity to anticholinergic agents, hepatic dysfunction, or weight >125

kg. Pregnant or nursing female subjects were excluded. Subjects provided written informed

consent as approved by the National Institute of Mental Health Institutional Review Board.

The primary outcome measure used to assess the antidepressant response was the change in

MADRS scores. Using conventional criteria (42), patients were characterized as achieving

full response (>50% reduction in MADRS score from baseline) and/or remission
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(posttreatment MADRS score <10). Secondary outcome measures included the Hamilton

Anxiety Rating Scale, Clinical Global Impressions, and POMS. The mean area under the

curve concentrations of scopolamine did not differ significantly across the three 4.0 μg/kg

scopolamine infusions.

Following completion of the initial study block, the group receiving scopolamine first (S/P)

showed a greater reduction in MADRS scores than the group who received placebo first

(P/S) (the placebo-adjusted reduction in MADRS scores under scopolamine was 52%; p < .

0001; Cohen's d = 2.7). Similarly, within-group analyses in the P/S group showed lower

MADRS scores in block 2 as compared with both the baseline block (p < .0001; Cohen's d =

3.2) and block 1 (the placebo-adjusted reduction in MADRS scores under scopolamine was

66%; p < .0001, Cohen's d = 3.4). In both the P/S and S/P subgroups, improvement was

significant at the first evaluation that followed scopolamine administration (i.e., 3 to 4 days

following the initial administration) (Figure 1). Anxiety ratings also decreased under

scopolamine versus placebo (p < .001). Notably, the reductions in depression and anxiety

ratings that the S/P group experienced following scopolamine persisted throughout the

subsequent placebo series, well beyond the expected duration of scopolamine's direct action

at muscarinic receptors (Figure 1).

Replication in Independent Sample

These findings were replicated in an independent sample limited to depressed subjects with

recurrent MDD (43). Twenty-three depressed subjects were randomized into the study, of

whom 22 were included in the analysis (one dropped out before receiving scopolamine).

Using the double-blind, placebo-controlled, crossover design described above, subjects were

randomized into either a P/S (n = 11) or S/P (n = 11) sequence. Upon completion of the first

block, the group receiving scopolamine first (S/P) showed a 32% reduction in MADRS

scores (p < .001) that exceeded the corresponding change of 6.5% under placebo (P/S) (p = .

009; Cohen's d = 1.38). Improvement was significant at the first evaluation that followed

scopolamine administration (p = .011). In the second block, the P/S group showed a 53%

reduction in MADRS scores (p = .001) following scopolamine versus baseline, while the

reduction seen in S/P subjects who received scopolamine first persisted, as they received

placebo in block 2 (i.e., the MADRS scores in the S/P group decreased nonsignificantly

[7.0%] by the end of block 2 versus the end of block 1 [t = .65; p = .53], such that at the end

of the placebo phase, their mean reduction in MADRS scores relative to baseline was 38%).

Sex Effects in the Response to Scopolamine

In a third study, we assessed sex differences in antidepressant response to scopolamine (44).

A total of 52 (male [n = 21] and female [n = 31]) outpatients meeting criteria for recurrent

MDD or BD participated using the same experimental design. The sample included the 18

subjects from our initial study, the 22 subjects from the replication study, and 12 newly

studied subjects. The treatment group × block interaction was significant in male subjects (p

= .043) and female subjects (p < .001) separately, although a block × gender interaction (p

= .009) indicated that the response magnitude was larger in women. The Hamilton Anxiety

Rating Scale scores similarly showed a block × gender interaction indicating a greater
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antianxiety response to scopolamine in women (p = .001). Neither the area under the curve

plasma concentration for scopolamine nor the drug-induced reductions in heart rate and

blood pressure (BP) (which putatively are centrally mediated) differed significantly between

male and female subjects (44).

These data add to other literature reporting sex differences in the response to some

antidepressant classes. Although disagreement remains (45), when such differences are

reported, women show an enhanced response to selective serotonin reuptake inhibitors

(SSRIs) versus either the selective norepinephrine reuptake inhibitor, reboxetine, or the

tricyclic antidepressants (TCA) imipramine and maprotiline (which predominantly inhibit

norepinephrine transporters), while men show a better response to imipramine versus SSRI

and no difference in their response to reboxetine or maprotiline versus SSRI (46–48).

Adverse and Side Effects

Compared with placebo, scopolamine administration resulted in higher rates of drowsiness,

blurred vision, dry mouth, and light-headedness, but these effects were sufficiently transient

(resolving within 2 to 4 hours) and well tolerated that no subject dropped out due to a side

effect. No medically serious adverse event was encountered; in particular, no subject

developed delirium, psychosis, overt confusion, clinically significant cardiovascular effects,

or treatment-emergent suicidal ideation. The heart rate, systolic BP, and diastolic BP

decreased following scopolamine relative to placebo, consistent with scopolamine's central

effects on parasympathetic autonomic function, although no subject developed symptoms of

hypotension or evidence of cardiovascular insufficiency (Figure 2).

No subject developed hypomania during the study. The mean Young Mania Rating Scale

score decreased (p < .006) between baseline and study end. If confirmed in a larger sample

of BD subjects, the lack of switching in the bipolar group as they received a putatively

effective antidepressant would be of particular interest to the clinical psychopharmacology

field.

With respect to neuropsychological testing, scopolamine's effects on performance on

selective attention tasks were neither generalized nor unidirectional (34).

Timing of Onset of Scopolamine's Antidepressant Effects

Although we established that scopolamine's antidepressant action was evident by 3 days

after administration, no ratings were obtained between the initial infusion and the first

follow-up evaluation (days 3–5). Nevertheless, those participants who observed an

improvement in their depression severity generally reported relief from their depressive

symptoms on the first morning after scopolamine infusion (i.e., within 24 hours of drug

exposure). In contrast, no improvement in mood was evident within 150 minutes of

scopolamine infusion based upon the POMS (43). Further studies are needed to characterize

more precisely the timing of the onset of scopolamine's antidepressant effect (Supplement

1).

Drevets et al. Page 6

Biol Psychiatry. Author manuscript; available in PMC 2014 August 13.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Effect Size of the Antidepressant Response

The Cohen's d values for the within-group comparisons of scopolamine versus placebo for

blocks 1 and 2 were 2.2 and 3.4 in our first study and 1.2 and 1.7 in our replication study,

respectively. These effect sizes compared favorably with those typically observed in

antidepressant treatment studies, which ranged from .5 to 1.1 in moderately and severely

depressed cases, respectively (49) (the participants in our studies manifested depression

severity in the moderate-to-severe range).

Most of the subjects who responded to scopolamine also achieved remission (MADRS score

<10), irrespective of whether they had MDD or BD (Table 1). The placebo-adjusted

remission rates (rate under scopolamine minus rate under placebo) were 56% and 45% in

our first and second studies, respectively. These results compare favorably with the 10% to

20% placebo-adjusted remission rates reported for SSRIs (50). Nevertheless, no study has

compared directly the efficacy of scopolamine with that for SSRIs.

Duration of Antidepressant Effect: Potential Benefits of Repeated

Administration

The antidepressant response persisted beyond the final scopolamine administration by at

least several weeks. In individuals who received scopolamine during block 1, the

improvement seen during drug administration persisted, as they received placebo during

block 2, indicating the antidepressant effects persisted at least 10 to 14 days after the final

scopolamine administration (31,43). This carryover effect was confirmed by demonstrating

that depression ratings did not differ between the S/P and P/S groups in the final study

block, when both groups showed improvement relative to the pretreatment baseline.

Subjects showed further improvement across the scopolamine block (which consisted of

three scopolamine infusions each separated by 3 to 5 days), suggesting that repeated

administrations provided additional benefit. Nevertheless, whether the persistence in the

antidepressant response depends on repeated administrations of scopolamine remains

unclear.

Preliminary Observations Using Scopolamine in Treatment-Resistant

Depression

Within the study samples described above, 11 participants met criteria for treatment-

resistant depression (Supplement 1). Preliminary data suggest that previous nonresponse to

conventional antidepressants may not predict nonresponse to scopolamine. While

confirmation in a larger sample of treatment-resistant subjects is critical, these observations

are compatible with pharmacological and gene expression data indicating that the

therapeutic mechanism of scopolamine differs from that of SSRIs.

Previous Literature Using Other Antimuscarinics in Depression

Of treatments reported to produce antidepressant responses within 1 week, namely

electroconvulsive therapy (ECT), high-dose tricyclic antidepressant administration, total
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sleep deprivation, and ketamine, both ECT and high-dose tricyclic antidepressants are

associated with potent antimuscarinic effects. Electroconvulsive therapy is routinely

preceded by administration of the antimuscarinic agent, atropine, to reduce salivation and

stabilize autonomic responses. Whether atropine contributes to the antidepressant efficacy of

ECT is unclear, particularly since atropine has poor penetration across the blood brain

barrier. In contrast, scopolamine rapidly enters the brain (37).

In the case of the TCAs, the IV administration of amitriptyline (AMT) and clomipramine

resulted in antidepressant effects within 1 week (52,53), although the extent to which

antimuscarinic effects contribute to the efficacy of TCAs has not been established. While

several TCAs have sufficient muscarinic receptor affinity to produce peripheral

anticholinergic side effects, putatively these effects are mediated at peripheral,

parasympathetic neuroeffector junctions in various organs, which have much higher

sensitivity to antimuscarinic drugs than central muscarinic receptors (54). Among the TCAs,

AMT has the highest potency for muscarinic receptors and is one of the only TCAs with an

affinity for muscarinic receptors that is similar in magnitude to its affinity for monoamine

transporters (55,56). Thus, at therapeutic doses of AMT, where most of the serotonin

transporter sites should be occupied, a large proportion of muscarinic sites also would be

occupied (57). Because the scopolamine-induced antidepressant effect appeared dose-

dependent in our pilot study, this difference in muscarinic receptor affinity across TCAs

may hold relevance for the finding that AMT was the only nonselective antidepressant drug

that proved more effective than more selective agents (e.g., SSRI) (58). In clinical practice,

however, the AMT dose is gradually titrated upward because of side effects, so potentially

rapid responses to full therapeutic AMT doses may not have been detected using oral

dosing. In contrast, the more rapid antidepressant effects observed during IV administration

of AMT may have depended, at least partly, on the rapid antimuscarinic action achieved

(52).

Whether the mechanism of action underlying scopolamine's antidepressant effect depends

upon a specific muscarinic receptor subtype or some combination of subtypes remains

unclear. The only controlled study of a selective antimuscarinic agent other than

scopolamine found no significant difference in the antidepressant response to biperiden

relative to glycopyrrolate (an antimuscarinic agent that only weakly crosses the blood brain

barrier) (59). Biperiden is relatively selective for M1 muscarinic receptors, whereas

scopolamine has high potency at all five muscarinic subtypes (60), suggesting the hypothesis

that the antidepressant response at least partly involves muscarinic receptors other than M1.

Possible Mechanisms of Action Underlying Scopolamine's Antidepressant

Effect

Although scopolamine's antidepressant efficacy appears consistent with the hypothesis that

hypersensitivity of the cholinergic system plays a central role in the pathophysiology of

mood disorders (6), the latency of the antidepressant response and its persistence well after

scopolamine's clearance from plasma (elimination half-life = 2–4 hours) suggests a

mechanism beyond the direct pharmacological actions on muscarinic receptors. The delayed
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onset and persistence of response until well beyond the resolution of anticholinergic side

effects appear compatible with an effect on gene transcription or synaptic plasticity.

Scopolamine conceivably may alter synaptic plasticity or gene expression through a variety

of direct or indirect mechanisms. In addition to producing antagonist effects at muscarinic

receptors, scopolamine acutely increases acetylcholine release (via inhibi tion of release-

controlling muscarinic autoreceptors) and thereby increases cholinergic effects on nicotinic

receptor systems to an extent that conceivably may contribute to antidepressant or anti-

inflammatory effects (61,62). In addition, changes in muscarinic tone specifically have been

shown to affect other depression relevant systems, including the central dopamine,

serotonin, and neuropeptide Y transmitter systems and the innate immune system (63). Thus,

the antidepressant mechanism(s) of scopolamine potentially may involve a variety of

systems.

One effect of scopolamine that is shared by some other somatic antidepressant treatments

involves modulation of NMDAR function. The NMDAR gene expression is enhanced by

muscarinic receptor stimulation in at least some brain structures (64), and thus, the elevated

muscarinic receptor sensitivity identified in mood disorders (65) may contribute to an

elevation in NMDAR transmission. Blocking muscarinic receptors via scopolamine

administration reduces messenger RNA concentrations for NMDAR types 1A and 2A in the

rat brain in vivo and protects hippocampal neurons from glutamate-mediated neurotoxicity

in vitro (64,66). Chronic administration of TCAs and repeated electroconvulsive shock

reduce cortical NMDAR function, and treatments associated with a rapid onset of

antidepressant effects exert direct NMDAR antagonist effects (ketamine) or induce

NMDAR internalization (sleep deprivation) (67). Given evidence that abnormal

glutamatergic transmission is involved in the pathophysiology of depression, these data

suggest that scopolamine's effect on reducing NMDAR gene expression may play a role in

its antidepressant action.

Notably, an effect of ketamine on synaptic plasticity that is hypothesized to underlie its rapid

antidepressant effects is at least partly shared by scopolamine. Li et al. (68) reported that

ketamine administration rapidly activates the mammalian target of rapamycin (mTOR)

pathway, leading to increased synaptic signaling protein expression and increased number

and function of new spine synapses in the rodent prefrontal cortex. The blockade of mTOR

signaling interrupted ketamine's induction of synaptogenesis and the associated

antidepressant-like, behavioral responses in rodent models (68). The same group

demonstrated that scopolamine also induces the mTOR pathway at a timing and magnitude

similar to ketamine (69). Ketamine's enhancement of mTOR signaling appeared to depend

upon the ketamine-induced elevation of extracellular glutamate concentrations and the

associated increase in glutamate-alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic

acid receptor activation (70,71). Similarly, scopolamine administration acutely increases

extracellular glutamate concentrations in the rodent striatum (72). These data suggest the

hypothesis that the rapid antidepressant effects of ketamine and scopolamine involve effects

on synaptic plasticity (69).
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Limitations of the Extant Data

The antidepressant efficacy of scopolamine (4.0 μg/kg IV) awaits replication by an

independent laboratory. The generalizability of our findings is limited by the relatively small

sample size studied to date (n = 52), the inclusion of both unipolar and bipolar depressives,

and the exclusion of cigarette smokers and individuals under age 18 or over age 55. Our

studies also were limited to outpatients and included a disproportionately high number of

subjects who were naïve to antidepressant pharmacotherapy. Scopolamine's clinical utility in

emergency room or inpatient settings has not been assessed.

The side effects experienced during scopolamine infusion conceivably may compromise the

blind to drug versus placebo assignment. Nevertheless, the transient nature of the side

effects aided the preservation of the double-blind, since the primary outcome measure was

obtained at the beginning of each session when subjects were side-effect free (i.e., before

they received the infusion for that day) and thus reflected the treatment received during the

session that occurred 3 to 5 days previously. Another design feature that mitigated the

likelihood of unblinding by side effects was that the placebo challenge, which involved IV

infusion while sitting in a reclining hospital chair or bed, was associated with sedative side

effects in 59% of subjects.

Whether scopolamine's utility as an antidepressant treatment can be achieved using other

routes of administration remains unclear. Scopolamine is poorly and inconsistently absorbed

via the oral route (73). While scopolamine is well absorbed transdermally, the gene

expression changes observed in the mTOR pathway are concentration dependent (74), and it

is unclear whether the maximum concentrations achieved under the IV route can be

achieved under routes characterized by slower absorption, such as the transdermal route

(75). Finally, scopolamine is well absorbed during intranasal administration (73), but it

remains unclear whether the greater variability in absorption under the intranasal route will

unacceptably increase the rate of adverse events (40). Nevertheless, parenteral routes other

than the IV route ultimately may prove effective for obtaining antidepressant efficacy using

scopolamine (e.g., [30]).

Conclusions

The studies reviewed here provide evidence that scopolamine (4.0 μg/kg IV) exerts rapid

and robust antidepressant effects. Scopolamine was well tolerated at this dose, particularly

since it was pulsed at semiweekly intervals so that the problematical antimuscarinic effects

associated with daily use (e.g., constipation, urinary retention) were rare. Future studies are

needed to independently replicate these findings and to examine whether a comparable

antidepressant response can be achieved when scopolamine is delivered via other routes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean change in Montgomery-Åsberg Depression Rating Scale (MADRS) over sessions

relative to the first baseline session is shown for the group who received placebo (P) in

block 1 and scopolamine (S) in block 2 (P/S; red bars) and the group receiving scopolamine

in block 1 and placebo in block 2 (S/P; blue bars). The 52 participants whose data are

represented in this graph were pooled from the randomized controlled trials described in the

text (31,43,44). Errors bars reflect standard error.
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Figure 2.
In the dose range studied, scopolamine administration reduced heart rate and blood pressure,

putatively reflecting enhancement of the central parasympathetic autonomic outflow (50–

52). (A) Mean heart rate (± SE) is shown for the placebo (blue) and the scopolamine (red)

sessions averaged over all subjects. Bars reflect baseline, as well as heart rate, at each time

point indicated, relative to infusion start time. (B) Mean systolic blood pressure (± SE) is

shown for the placebo (blue) and the scopolamine (red) sessions averaged over all subjects.

Bars reflect baseline, as well as systolic pressure, at each time point indicated, relative to

infusion start time. (C) Diastolic blood pressure (± SE) is shown for the placebo (blue) and

the scopolamine (red) sessions averaged over all subjects. Bars reflect baseline, as well as

diastolic pressure, at each time point indicated, relative to infusion start time.
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Table 1

Scopolamine Response vs. Remission (Rates Based on MADRS)a

Diagnosis Response (≥50% Improvement) Remission (Mean of Final Two Sessions ≤10)

MDD

 n/ntotal (%) 26/38 (68) 18/38 (47)

BD

 n/ntotal (%) 10/15 (67) 9/15 (60)

BD, bipolar disorder; MADRS, Montgomery-Åsberg Depression Rating Scale; MDD, major depressive disorder.

a
One BD and no MDD subjects met response criteria to placebo.
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