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Ramelteon

A Novel Hypnotic Lacking Abuse Liability and Sedative Adverse Effects

Matthew W. Johnson, PhD; Patricia E. Suess, PhD; Roland R. Griffiths, PhD

Context: Ramelteon is a novel MT1 and MT2 melatonin
receptor selective agonist recently approved for insom-
nia treatment. Most approved insomnia medications have
potential for abuse and cause motor and cognitive im-
pairment.

Objective: To evaluate the potential for abuse, subjec-
tive effects, and motor and cognitive–impairing effects
of ramelteon compared with triazolam, a classic benzo-
diazepine sedative-hypnotic drug.

Design: In this double-blind crossover study, each par-
ticipant received oral doses of ramelteon (16, 80, or 160
mg), triazolam (0.25, 0.5, or 0.75 mg), and placebo dur-
ing approximately 18 days. All participants received each
treatment on different days. Most outcome measures were
assessed at 0.5 hours before drug administration and re-
peatedly up to 24 hours after drug administration.

Setting: Residential research facility.

Participants: Fourteen adults with histories of seda-
tive abuse.

Main Outcome Measures: Subject-rated measures in-
cluded items relevant to potential for abuse (eg, drug lik-
ing, street value, and pharmacological classification), as

well as assessments of a broad range of stimulant and
sedative subjective effects. Observer-rated measures in-
cluded assessments of sedation and impairment. Motor
and cognitive performance measures included psycho-
motor and memory tasks and a standing balance task.

Results: Compared with placebo, ramelteon (16, 80, and
160 mg) showed no significant effect on any of the sub-
jective effect measures, including those related to poten-
tial for abuse. In the pharmacological classification, 79%
(11/14) of subjects identified the highest dose of ramelt-
eon as placebo. Similarly, compared with placebo, ra-
melteon had no effect at any dose on any observer-rated
or motor and cognitive performance measure. In con-
trast, triazolam showed dose-related effects on a wide
range of subject-rated, observer-rated, and motor and cog-
nitive performance measures, consistent with its profile
as a sedative drug with abuse liability.

Conclusion: Ramelteon demonstrated no significant ef-
fects indicative of potential for abuse or motor and cog-
nitive impairment at up to 20 times the recommended
therapeutic dose and may represent a useful alternative
to existing insomnia medications.
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I NSOMNIA IS THE INABILITY TO FALL

or remain asleep or the experi-
ence of nonrestorative sleep, re-
sulting in clinically significant dis-
tress or adverse consequences on

daytime functioning.1 This disorder is preva-
lent, with 10% to 15% of adults having
chronic insomnia and another 25% to 35%
experiencing occasional insomnia.2,3 The
most common pharmacological agents used
in the treatment of insomnia are �-amino-
butyric acid typeA(GABAA)modulators act-
ing at the benzodiazepine recognition site
(ie, benzodiazepine receptor agonists) (eg,
zolpidem tartrate, eszopiclone, temaze-
pam, and triazolam).4,5 These compounds
produce several problematic effects that in-
crease the risk of inappropriate use and re-
strict the populations in which they may be
safely prescribed.5

First, benzodiazepine receptor ago-
nists are known to be used nonmedically
(ie, abused), particularly by individuals
with a history of substance abuse.6-9 Sec-
ond, these compounds can engender
cognitive impairments, most promi-
nently anterograde amnesia.10-14 Third,
these agents can produce motor impair-
ments (eg, poor driving performance15,16

and falls in older persons17,18). Fourth,
benzodiazepine receptor agonists can
produce a withdrawal syndrome on dis-
continuation of long-term use of thera-
peutic or higher doses.8,15,19 Withdrawal
symptoms include rebound insomnia,
anxiety, irritability, headache, gastroin-
testinal disturbance, depersonalization,
perceptual changes, and, in severe cases,
seizures and delirium.6 Pharmacological
agents without such problematic effects
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could provide a valuable alternative for the treatment of
insomnia.

Because of concern about abuse, dependence, and
withdrawal, physicians are frequently discouraged from
prescribing benzodiazepine receptor agonists to patients
with a history of substance abuse or dependence.8,20,21

The 2005 Physicians’ Desk Reference, for example, pro-
vides the following caution to physicians when pre-
scribing the benzodiazepine receptor agonist zolpidem:
“Because persons with a history of addiction to, or
abuse of, drugs or alcohol are at increased risk of
habituation and dependence, they should be under
careful surveillance when receiving zolpidem or any
[italics added] other hypnotic.”22(p2982) Compliance with
such recommendations is difficult considering that 46%
of the US population reports some use of illicit drugs
during their lifetimes and 9% meet criteria for past-year
abuse of or dependence on any illicit drug or alcohol.23

Furthermore, patients may not disclose such histories
of nonmedical use.

Ramelteon, an agent recently approved for the treat-
ment of insomnia characterized by difficulty with sleep
onset, is a novel MT1 and MT2 melatonin receptor selec-
tive agonist and has minimal affinity for other sites im-
plicated in potential for abuse and impairment, such as
benzodiazepine receptors, dopamine receptors, opiate re-
ceptors, ion channels, and various receptor transport-
ers.24 The MT1 and MT2 receptors are located in the su-
prachiasmatic nucleus of the hypothalamus and are
involved in maintaining the circadian sleep-wake cycle.25

In double-blind studies26-29 analyzing doses from 4 to 64
mg, ramelteon was efficacious in reducing latency to per-
sistent sleep and, although less consistently, in increas-
ing total sleep time in individuals with and without
chronic insomnia.

Evidence to date suggests that ramelteon administra-
tion may lack several of the problematic effects associ-
ated with benzodiazepine receptor agonists used in treat-
ing insomnia. In preclinical studies of rhesus monkeys,
ramelteon was found to have no reinforcing effect in an
intravenous drug self-administration procedure,30 was
similar to the vehicle in a benzodiazepine vs vehicle drug
discrimination procedure,31 and showed no evidence of
withdrawal symptoms during intermittent abstinence pe-
riods throughout 1 year of administration.32 In clinical
trials in subjects with chronic insomnia, ramelteon treat-
ment was not associated with rebound insomnia or with
withdrawal symptoms after 5 weeks of treatment.27,29 Fur-
thermore, in studies26,28 of subjects with and without
chronic insomnia, ramelteon did not produce cognitive
or memory impairment when assessed about 9 hours af-
ter administration.

The potential for abuse and motor- and cognitive-
impairing effects of ramelteon at supratherapeutic doses has
not been evaluated in humans. The present study used well-
developed methods for assessing potential for abuse and
impairing effects of novel agents at supratherapeutic doses
in persons with histories of substance abuse.33 Specifi-
cally, subjects who abused sedative drugs were studied us-
ing a double-blind, placebo-controlled, dose-effect, cross-
over design, with triazolam as a positive control.

METHODS

SUBJECTS

Healthy men and nonpregnant and nonlactating women be-
tween 18 and 60 years of age without a current clinically sig-
nificant medical or psychiatric condition other than substance
abuse or dependence were eligible to participate in this study.
Subjects fulfilled criteria for DSM-IV current or past psycho-
active substance abuse or dependence and reported nonmedi-
cal use of a sedative drug within the last year. On enrollment,
subjects were required to have a negative urine drug screen,
demonstrate negative test results for breath ethanol, and show
no signs or symptoms of drug withdrawal. Subjects with ab-
normal findings on physical or clinical laboratory evaluations
were excluded. Subjects gave their written informed consent
before beginning the study and were paid for their participa-
tion. The Western Institutional Review Board of Olympia, Wash,
approved this study.

PROCEDURES

This study was conducted following general procedures simi-
lar to those described previously.34,35 Research subjects re-
sided on a 14-bed research unit for approximately 18 days. For
a few days before and throughout the study, subjects were given
a caffeine-free diet but were allowed to smoke tobacco ciga-
rettes except when engaged in experimental procedures. Sub-
jects and research staff were instructed that possible drugs to
be tested included sedatives, anesthetics, muscle relaxants, anti-
psychotics, antianxiety drugs, antihistamines, analgesics, stimu-
lants, weight loss medications, and placebo. Subjects were also
told that they would receive ramelteon (identified as TAK-
375), an investigational drug being evaluated for treatment of
sleep disorders. Subjects were told that the objective of the study
was to learn more about the effects of drugs on mood and per-
formance during various tasks. No instructions were provided
as to what outcomes might be expected.

During the days in which sessions were conducted, sub-
jects were required to remain in the dayroom of the residen-
tial unit from 6:45 AM until 5 PM. Subjects ate a small, low-fat
breakfast, which was finished at least 1.5 hours before drug ad-
ministration. No additional food was allowed until after 12:45
PM. Subjects ingested study medications orally at approxi-
mately 8:45 AM. As described in more detail herein, various mea-
sures were assessed 0.5 hours before drug administration and
repeatedly up to 24 hours after drug administration.

Sessions were conducted every day except weekends and
holidays. Before the first experimental session, subjects com-
pleted practice sessions for the purpose of training and adap-
tation to procedures; no placebo or drug was administered
during practice sessions. Next, subjects completed 2 single-
blind session days to determine if they liked alprazolam, a
commonly abused sedative drug, more than placebo. On the
first and second days, subjects received 3 mg of alprazolam
and placebo, respectively, in a cherry-flavored solution. All
prospective subjects had to report higher ratings of drug lik-
ing (Next-Day Questionnaire, described herein) after taking
alprazolam than placebo. Subjects then participated in 7 ses-
sion days during which they were exposed to each of the fol-
lowing 7 double-blind drug conditions (1 condition per ses-
sion) in random order: (1) placebo, (2) 16 mg of ramelteon,
(3) 80 mg of ramelteon, (4) 160 mg of ramelteon, (5) 0.25
mg of triazolam, (6) 0.5 mg of triazolam, and (7) 0.75 mg of
triazolam. A final session was designated as the reinforce-
ment session from the Drug vs Money Choice Procedure
(described herein).
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Five tablets, 3 capsules, and 180 mL of solution were
administered in each experimental session. Drugs and place-
bos were identical in appearance and were supplied by Tak-
eda Pharmaceuticals North America, Lincolnshire, Ill.
Ramelteon was supplied as 16-mg and 32-mg tablets (identi-
cal in appearance). Placebo tablets contained lactose mono-
hydrate. Triazolam (manufactured by Greenstone, Ltd,
Kalamazoo, Mich) was supplied in capsules (size 0) contain-
ing 0.25 mg of triazolam each. Placebo capsules contained
microcrystalline cellulose. Alprazolam (1 mg/mL) (manufac-
tured by Roxane Laboratories, Inc, Columbus, Ohio) was
supplied as a colorless, oral solution. Cherry-flavored water
was added to the alprazolam solution. The placebo solution
was cherry-flavored water.

Except as indicated herein, subject-rated, observer-rated, and
motor and cognitive performance measures were assessed at
0.5 hours before drug administration and at 1, 2, 3, 4, 6, 8, 12,
and 24 hours after drug administration. Subject-rated and ob-
server-rated measures were also obtained at 0.5 hours after drug
administration. The following measures were assessed at a single
time point after drug administration: Addiction Research Cen-
ter Inventory, Word Recall and Recognition Task, Next-Day
Questionnaire, and Drug vs Money Choice Procedure.

SUBJECT-RATED
AND OBSERVER-RATED MEASURES

Unless otherwise stated, all questionnaires regarding subject-
rated and observer-rated measures were administered on a desk-
top computer. The subject or staff member used a computer
mouse to point to and select one of the various response op-
tions displayed on the screen.

Subjective Effect Questionnaire
and Pharmacological Class Questionnaire

The Subjective Effect Questionnaire consisted of 2 parts. The
first part asked subjects to rate their present level of alertness
or sleepiness on a visual analog scale. The second part asked
subjects to rate 34 subjective effect items using a 5-point scale.36

The Pharmacological Class Questionnaire asked subjects to cat-
egorize the drug effect as being most similar to 1 of 14 classes
of psychoactive drugs.12

Next-Day Questionnaire

The 7-item Next-Day Questionnaire, completed approxi-
mately 24 hours after drug administration, asked subjects to
rate the overall effects of yesterday’s drug.36 One item was a phar-
macological class question similar to the Pharmacological Class
Questionnaire.

Drug Effect Questionnaire
and Addiction Research Center Inventory

The Drug Effect Questionnaire asked subjects to rate drug
strength on a 5-point scale and drug liking on a 9-point bidi-
rectional scale.37 The Addiction Research Center Inventory (short
form) questionnaire, completed 2 hours after drug adminis-
tration, asked subjects 49 true-or-false questions and resulted
in 5 scales of drug effects.38,39

Drug vs Money Choice Procedure
and Observer-Rated Questionnaire

The Drug vs Money Choice Procedure, a contingency-based
paper questionnaire, assessed the monetary value of each

drug condition.40,41 The Observer-Rated Questionnaire36

asked a trained research staff member to rate 7 aspects of a
subject’s gross behavior on a 5-point scale. The observer also
estimated the number of minutes the subject slept during
the past hour. The research staff member making the rating
generally observed the subject for the entire time frame
being rated, although for brief periods the participant was
not observed.

MOTOR AND COGNITIVE
PERFORMANCE MEASURES

Digit Symbol Substitution Test, Balance Task,
and Circular Lights Task

A computerized version of the Digit Symbol Substitution
Test (DSST) assessed subjects’ ability to use a numeric key-
pad to enter a geometric pattern associated with 1 of 9 digits
displayed on a video screen.36,42 The Balance Task, a motor
task, assessed subjects’ ability to stand upright on 1 foot
with the eyes closed and arms extended to the side at shoul-
der height.36 The Circular Lights Task, a motor task,
assessed subjects’ ability to make hand-eye coordinated
movements. Subjects pressed a series of 16 buttons as rap-
idly as possible in response to a randomly sequenced illumi-
nation of lights.36

Enter and Recall Task
and Word Recall and Recognition Task

The Enter and Recall Task short-term memory task assessed
subjects’ recall of 8 randomly selected digits.36 The Word Re-
call and Recognition Task explicit memory task assessed re-
call and recognition 6 hours after drug administration of words
presented 2 hours after drug administration.43

STATISTICAL ANALYSIS

Motor and cognitive performance measures were analyzed as
a percentage of the predrug score, except for the Word
Recall and Recognition Task, which was measured at a
single time point. Subject-rated and observer-rated mea-
sures, as well as the Word Recall and Recognition Task
items, were analyzed as absolute scores (ie, not as percent-
ages of the predrug scores). For each measure assessed at
multiple time points, peak effect data were determined for
each participant by selecting the highest postdrug score
among all postdrug time points. For motor and cognitive
performance measures, the lowest score served as the peak
effect score. For the Subjective Effect Questionnaire and the
Next-Day Questionnaire, separate drug-liking and drug-
disliking scores were analyzed as described previously.36

Time-course data were analyzed by repeated-measures
2-factor analysis of variance with condition (7 drug condi-
tions) and time (postdrug time points) as factors. Tukey
honestly significant difference tests were used to compare
each active drug condition with placebo at each time point.
Other analyses consisted of 1-factor analyses of variance
using drug condition as a factor. These analyses were per-
formed on Addiction Research Center Inventory scales,
Next-Day Questionnaire items, Word Recall and Recogni-
tion Task measures, Drug vs Money Choice Procedure, and
peak effects for other measures. Tukey honestly significant
difference tests were then used to compare each of the 7
drug conditions with each other. For all statistical tests,
P�.05 was considered significant.
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Figure 1. Time-course and dose-response functions for triazolam and ramelteon for representative measures. Representative subject-rated measures are ratings
on the Drug Effect Questionnaire items drug strength and drug liking. Representative motor and cognitive performance measures are Digit Symbol Substitution
Test (DSST) number correct and Circular Lights Task score, expressed as percentage of predrug score. 0 Indicates predrug rating. Data are presented as means.
Solid symbols indicate a significant difference from the corresponding placebo value at the same time point (P�.05, Tukey post hoc test).
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RESULTS

The subjects enrolled were 14 adult volunteers (1 wom-
an; 2 black and 12 white), with a mean age of 28 years
(age range, 19-50 years) and a mean weight of 77 kg
(range, 56-109 kg). Subjects reported a history of recre-
ational use of a wide range of substances, including seda-
tives, during the previous year. Eleven subjects re-
ported regular use of tobacco cigarettes.

TIME COURSE OF DRUG EFFECTS

Triazolam, but not ramelteon, produced orderly dose-
related and time-related effects. Figure 1 shows time-
course data for the following 4 representative measures:
drug strength (from the Drug Effect Questionnaire), drug
liking (from the Drug Effect Questionnaire), the DSST,
and the Circular Lights Task. For most measures signifi-
cantly affected by triazolam, the highest dose (0.75 mg)
resulted in scores that were significantly different from
placebo at the first time point measured (0.5 or 1 hour
after drug administration). The mean maximal effects for
measures significantly affected by triazolam usually oc-
curred at 1 hour after drug administration, although the
maximal effects were observed at 2 hours after drug ad-
ministration for some measures. Measures significantly
affected by triazolam typically returned to baseline (ie,
were not significantly different from placebo) at 3 or 4
hours after drug administration, although some mea-
sures returned to baseline at 6 hours after drug admin-
istration. In contrast, for no measure did any dose of ra-
melteon result in scores significantly different from
placebo at any time point.

SUBJECT-RATED MEASURES

The Table summarizes significant subject-rated mea-
sures based on post hoc comparisons. For 19 of 20 subject-
rated measures, at least 1 triazolam dose resulted in sig-
nificant differences from placebo in the direction of greater
drug strength, potential for abuse, or typical sedative drug
effects. An exception was that the 0.5-mg dose signifi-
cantly decreased ratings for the Subjective Effect Ques-
tionnaire item regarding headache. No dose of ramelt-
eon resulted in scores that were significantly different from
placebo for any subject-rated measure. Furthermore, for
14 of the subject-rated measures in the Table, the high-
est dose of triazolam (0.75 mg) resulted in significantly
greater ratings of drug strength, potential for abuse, or
typical sedative drug effects compared with the highest
dose of ramelteon (160 mg). The top 4 graphs in Figure2
show that triazolam, but not ramelteon, resulted in dose-
related peak effects for the 2 representative subject-
rated measures (drug strength and drug liking) in Figure 1.

The pharmacological class question in the Next-Day
Questionnaire revealed that subjects generally classi-
fied ramelteon as placebo at all doses, whereas classifi-
cations of triazolam as placebo decreased with increas-
ing dose. The highest dose of ramelteon (160 mg) was
classified by 11 (79%) of 14 subjects as placebo, whereas
the highest dose of triazolam (0.75 mg) was rated as pla-

cebo by only 2 (14%) of 14 subjects. Placebo was clas-
sified as placebo by 12 (86%) of 14 subjects. When not
rated as placebo, triazolam and ramelteon were most of-
ten classified as a muscle relaxant, benzodiazepine, or bar-
biturate or sleeping drug. Single–time point assess-

Table. Summary of Significant Triazolam
and Ramelteon Effects*

Measure

Triazolam
vs

Placebo†

Ramelteon
vs

Placebo†

Triazolam
vs

Ramelteon‡

Subject-rated measures
Drug Effect Questionnaire

Drug strength � NS T�R
Drug liking � NS T�R

Subjective Effect Questionnaire
Feel a drug effect � NS T�R
Arousing or stimulating NS NS T�R
Depressant or sedating � NS T�R
Like the drug effect � NS T�R
Good effects � NS T�R
Headache − NS NS
Confused or disoriented � NS NS
Blurred vision � NS T�R
Unsteady � NS NS
Difficulty concentrating � NS T�R
Mentally slowed � NS T�R
Forgetful � NS NS

Addiction Research Center Inventory
Pentobarbital Chlorpromazine

Alcohol Group Scale
� NS T�R

Benzedrine − NS NS
Next-Day Questionnaire

Drug strength � NS T�R
Drug liking � NS NS
Good � NS T�R
Street value � NS T�R

Observer-rated measures
Sleep time duration � NS NS
Sedation or sleepiness � NS NS
Muscle relaxation locomotor � NS T�R
Impaired posture � NS T�R
Muscle relaxation nonlocomotor � NS T�R
Impaired speech � NS T�R
Confusion or disorientation � NS T�R
Drug strength � NS T�R

Motor and cognitive performance
measures

Balance Task − NS R�T
Enter and Recall Task,

% predrug correct
− NS R�T

Circular Lights Task − NS R�T
Digit Symbol Substitution Test

Total attempted − NS R�T
Total correct − NS R�T

Word Recall and Recognition Task
Recall correct − NS R�T
Recognition discrimination − NS R�T

*Data represent peak effects except for Addiction Research Center
Inventory, Next-Day Questionnaire, and Word Recall and Recognition Task.
The table includes only those measures that were significantly different
(Tukey honestly significant difference test) from placebo at any dose for
either drug, as well as measures for which the highest doses of each drug
(0.75 mg of triazolam and 160 mg of ramelteon) were significantly different
from each other.

†Comparing effects of the drug with placebo. Plus or minus sign
(representing the direction of drug effect relative to placebo) indicates that at
least 1 dose of the drug was significantly different (P�.05) from placebo.
NS indicates that no dose was significantly different from placebo.

‡Comparing effects of the highest dose of triazolam (0.75 mg) (T) with the
highest dose of ramelteon (160 mg) (R). The direction of drug effect is
shown for each measure that showed a significant difference between the
2 drugs (P�.05).
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ments based on the Pharmacological Class Questionnaire
during peak drug effects yielded similar results.

OBSERVER-RATED MEASURES

The Table provides a summary of significant observer-
rated effects based on post hoc comparisons. For all 8 of
the observer-rated measures, at least 1 triazolam dose
showed significantly greater drug effect than placebo. Fur-
thermore, in 6 of 8 measures, the highest dose of tria-
zolam (0.75 mg) resulted in significantly greater in-

creases in observer-rated measures than the highest dose
of ramelteon (160 mg).

MOTOR AND COGNITIVE
PERFORMANCE MEASURES

The Table provides a summary of significant motor and
cognitive performance effects based on post hoc com-
parisons. For all 7 motor and cognitive performance mea-
sures, at least 1 triazolam dose resulted in significantly
lower scores (ie, greater drug effect) than placebo. More-
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(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, OCT 2006 WWW.ARCHGENPSYCHIATRY.COM
1154

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



over, the highest dose of triazolam (0.75 mg) resulted
in significantly lower scores than the highest dose of ra-
melteon (160 mg) for all of these performance mea-
sures. The bottom 4 graphs in Figure 2 show that tria-
zolam, but not ramelteon, resulted in dose-related peak
effects for the 2 representative motor and cognitive per-
formance measures (DSST and Circular Lights Task) in
Figure 1.

COMMENT

The objective of this study was to provide information rel-
evant to the potential for abuse and the impairing effects
of ramelteon at supratherapeutic doses relative to those of
triazolam, a classic benzodiazepine sedative-hypnotic drug
with known potential for abuse and impairing effects. A
range of ramelteon doses (16, 80, and 160 mg) resulted in
no statistically significant effects on several measures. These
doses were up to 20 times the recommended therapeutic
dose (8 mg) that has been shown to be efficacious for im-
proving sleep outcomes in adult and older adult subjects
with chronic insomnia.26,27,29 In contrast, triazolam re-
sulted in significant dose-related changes indicative of po-
tential for abuse and motor and cognitive impairment, con-
sistent with the findings of previous studies35,37,43-45 in
subjects with histories of sedative drug abuse and healthy
volunteers, demonstrating the dose-dependent sensitivity
and validity of the procedures used.

The apparent lack of potential for abuse of ramelteon
stands in contrast to the abuse liability of existing hyp-
notic agents that are benzodiazepine receptor agonists. Stud-
ies similar in design to the present study have docu-
mented potential for abuse for many of these compounds
(eg, zolpidem,44 lorazepam,46 triazolam,35 oxazepam,47 and
zaleplon12). Abuse liability is an important consideration
for physicians that may sometimes be overlooked.20,21 Rec-
reational abuse of benzodiazepine receptor agonists oc-
curs most frequently among polydrug abusers and is gen-
erally characterized by the motivation to “get high,” use
of supratherapeutic doses, ingestion in combination with
otherdrugs (eg,opioidsandalcohol), andprocurement from
illicit sources.6,48-53 Associated problems include the legal
and health risks associated with involvement in the illicit
drug culture, as well as motor and cognitive impairment
and withdrawal syndrome.6,49-51,53 Findings from the pres-
ent study suggest that recreational abuse and associated ad-
verse consequences are unlikely with ramelteon.

The absence of motor and cognitive impairment af-
ter ramelteon ingestion in the present study contrasts with
findings from previous studies demonstrating impair-
ing effects after administration of a range of hypnotic
drugs, including benzodiazepine receptor agonists (eg,
zolpidem,44 lorazepam,46 triazolam,35 oxazepam,47 and za-
leplon12) and other compounds (eg, pentobarbital so-
dium,35 diphenhydramine hydrochloride,54 and traz-
odone hydrochloride55). Previous results of sleep efficacy
investigations of ramelteon are consistent with the pres-
ent study in finding no motor or cognitive–impairing ef-
fects. One study28 that investigated the effects of up to
64 mg of ramelteon found no effect on next-morning (9
hours after drug administration) DSST scores; an unex-

plained finding is that next-morning subjective ratings
of alertness and ability to concentrate were significantly
reduced at the highest dose (64 mg). Another study,26

which investigated the effects of up to 32 mg of ramelt-
eon, found no effect on next-morning (about 9 hours af-
ter drug administration) DSST scores, memory recall, and
subjective ratings of alertness and ability to concen-
trate. The apparent absence of potential for abuse and
the lack of impairing effects of ramelteon compared with
other hypnotic agents likely relate to differences in mecha-
nisms of action. The localized effect of ramelteon on MT1

and MT2 receptors24 contrasts with the widespread ef-
fects throughout the central nervous system of GABA–
mediated hypnotic agents.56

In conclusion, the present results demonstrated no sig-
nificant effects indicative of potential for abuse or mo-
tor and cognitive impairment for ramelteon at doses up
to 20 times the recommended therapeutic dose of 8 mg.
In combination with findings from previous studies sup-
porting its efficacy in reducing sleep latency,26-29 increas-
ing total sleep,26,28 and limiting interference with sleep
architecture,26,28 as well as its apparent lack of rebound
insomnia and withdrawal symptoms,27,29 our study re-
sults (indicating no evidence of potential for abuse or im-
pairing effects) suggest that ramelteon may fill an un-
met need in the treatment of insomnia. Although further
clinical trials are warranted, ramelteon may be particu-
larly useful for the treatment of insomnia in individuals
with histories of substance abuse, in older subjects (who
are especially susceptible to the impairing effects of ben-
zodiazepine receptor agonists), and in persons requir-
ing minimal interference with arousal response (eg, on-
call workers and patients with chronic obstructive
pulmonary disease). Furthermore, ramelteon may be a
safe first-line medication even in individuals not report-
ing substance abuse, given that some individuals may not
admit to such misuse. Finally, the selective pharmaco-
logical action of melatonin receptor agonists represents
a novel target for a new class of hypnotic agents57 that
may be devoid of potential for abuse and impairment.

Submitted for Publication: November 7, 2005; final re-
vision received January 27, 2006; accepted January 30,
2006.
Correspondence: Roland R. Griffiths, PhD, Depart-
ment of Psychiatry and Behavioral Sciences, The Johns
Hopkins University School of Medicine, 5510 Nathan
Shock Dr, Baltimore, MD 21224 (rgriff@jhmi.edu).
Author Contributions: Dr Griffiths had full access to all
of the data in the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data analysis.
Financial Disclosure: Dr Griffiths is principal investi-
gator on grants R01 DA03889 and R01 DA03890 from
the National Institute on Drug Abuse and is coinvesti-
gator on a contract and several other grants from the Na-
tional Institute on Drug Abuse. During the past 5 years,
on issues about drug abuse liability, he has been a con-
sultant to or has received grants from the following phar-
maceutical companies: Abbott Laboratories, Forest Labo-
ratories, Merck & Co, Neurocrine, Novartis, Orphan
Medical, Pharmacia Corporation, Pfizer, Takeda Phar-
maceuticals North America, TransOral Pharmaceuti-

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, OCT 2006 WWW.ARCHGENPSYCHIATRY.COM
1155

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



cals, Somaxon Pharmaceuticals, Wyeth Pharmaceuti-
cals, and Jazz Pharmaceuticals.
Funding/Support: This study was supported by Takeda
Pharmaceuticals North America and by grant R01
DA03889 from the National Institute on Drug Abuse.
Role of the Sponsor: Takeda Pharmaceuticals North
America, a wholly owned subsidiary of Takeda Pharma-
ceutical Company Ltd, participated in the study design. Data
collection was done at the study site. Data management was
performed by a contract research organization (Covance
Inc). Data analysis was performed by Takeda Pharmaceu-
ticals North America. Takeda Pharmaceuticals North
America was not involved in the interpretation of results.
Takeda Pharmaceuticals North America was provided the
manuscript for review and commentary but had no role in
manuscript approval.
Previous Presentations: This study was presented at the
2005 American Psychiatric Association Annual Meet-
ing; May 23, 2005; Atlanta, Ga; at the Associated Pro-
fessional Sleep Societies 19th Annual Meeting; June 20,
2005; Denver, Colo; and at the 67th Annual Scientific
Meeting of the College on Problems of Drug Depen-
dence; June 21, 2005; Orlando, Fla.
Acknowledgment: Independent statistical analyses from
raw data (which confirmed the results of the analyses con-
ducted by Takeda Pharmaceuticals North America) were
conducted by Paul Nuzzo, MA.

REFERENCES

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition. Washington, DC: American Psychiatric Association;
1994.

2. Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psychi-
atric disorders: an opportunity for prevention? JAMA. 1989;262:1479-1484.

3. Roth T. New developments for treating sleep disorders. J Clin Psychiatry. 2001;
62(suppl 10):3-4.

4. IMS Health. Leading 20 products by total US dispensed prescriptions: June 2005
moving annual total. http://www.imshealth.com/ims/portal/front/articleC
/0,2777,6599_73914140_74568514,00.html. Accessed July 19, 2006.

5. Griffiths RR, Johnson MW. Relative abuse liability of hypnotic drugs: a concep-
tual framework and algorithm for differentiating among compounds. J Clin
Psychiatry. 2005;66(suppl 9):31-41.

6. Griffiths RR, Weerts EM. Benzodiazepine self-administration in humans and labo-
ratory animals: implications for problems of long-term use and abuse. Psycho-
pharmacology (Berl). 1997;134:1-37.

7. Longo LP, Johnson B. Addiction, part I: benzodiazepines: side effects, abuse risk,
and alternatives. Am Fam Physician. 2000;61:2121-2128.

8. Hajak G, Muller WE, Wittchen HU, Pittrow D, Kirch W. Abuse and dependence
potential for the non-benzodiazepine hypnotics zolpidem and zopiclone: a re-
view of case reports and epidemiological data. Addiction. 2003;98:
1371-1378.

9. Office of Applied Studies; Drug Abuse Warning Network. Benzodiazepines in Drug
Abuse–Related Emergency Department Visits: 1995-2002. Rockville, Md: Office
of Applied Studies, Substance Abuse and Mental Health Services Administra-
tion, US Dept of Health and Human Services; 2004.

10. Curran HV. Benzodiazepines, memory and mood: a review. Psychopharmacol-
ogy (Berl). 1991;105:1-8.

11. Mintzer MZ, Griffiths RR. Selective effects of zolpidem on human memory functions.
J Psychopharmacol. 1999;13:18-31.

12. Rush CR, Frey JM, Griffiths RR. Zaleplon and triazolam in humans: acute
behavioral effects and abuse potential. Psychopharmacology (Berl). 1999;
145:39-51.

13. Curran HV. Psychopharmacological approaches to human memory. In: Gazza-
niga M, ed. The New Cognitive Neurosciences. Boston, Mass: MIT Press; 2000:
797-804.

14. Stewart SA. The effects of benzodiazepines on cognition. J Clin Psychiatry. 2005;
66(suppl 2):9-13.

15. Woods JH, Katz JL, Winger G. Benzodiazepines: use, abuse, and consequences.
Pharmacol Rev. 1992;44:151-347.

16. Verster JC, Veldhuijzen DS, Volkerts ER. Residual effects of sleep medication on
driving ability. Sleep Med Rev. 2004;8:309-325.

17. Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a sys-
tematic review and meta-analysis, I: psychotropic drugs. J Am Geriatr Soc. 1999;
47:30-39.

18. Landi F, Onder G, Cesari M, Barillaro C, Russo A, Bernabei R. Psychotropic medi-
cations and risk for falls among community-dwelling frail older people: an ob-
servational study. J Gerontol A Biol Sci Med Sci. 2005;60:622-626.

19. Hallstrom C. Benzodiazepine Dependence. New York, NY: Oxford University Press;
1993.

20. Longo LP, Parran T Jr, Johnson B, Kinsey W. Addiction, part II: identification
and management of the drug-seeking patient. Am Fam Physician. 2000;61:
2401-2408.

21. Jindal RD, Buysse DJ, Thase ME. Dr Jindal and colleagues reply [letter]. Am J
Psychiatry. 2004;161:1723.

22. Ambien (zolpidem), Sanofi-Aventis. In: Physicians’ Desk Reference. Green-
wood Village, Colo: Thomson Micromedex; 2005.

23. 2003 National Survey on Drug Use and Health. Rockville, Md: Office of Applied
Studies, Substance Abuse and Mental Health Services Administration (SAMHSA),
US Dept of Health and Human Services; 2004.

24. Kato K, Hirai K, Nishiyama K, Uchikawa O, Fukatsu K, Ohkawa S, Kawamata Y,
Hinuma S, Miyamoto M. Neurochemical properties of ramelteon (TAK-375), a
selective MT1/MT2 receptor agonist. Neuropharmacology. 2005;48:301-310.

25. Brzezinski A. Melatonin in humans. N Engl J Med. 1997;336:186-195.
26. Erman M, Seiden D, Zammit G, Sainati S, Zhang J. An efficacy, safety, and dose-

response study of ramelteon in patients with chronic primary insomnia. Sleep
Med. 2006;7:17-24.

27. Roth T, Seiden D, Sainati S, Wang-Weigand S, Zhang J, Zee P. Effects of ramelt-
eon on patient-reported sleep latency in older adults with chronic insomnia. Sleep
Med. 2006;7:312-318.

28. Roth T, Stubbs C, Walsh J. Ramelteon (TAK-375), a selective MT1/MT2 receptor
agonist, reduces latency to persistent sleep in a model of transient insomnia re-
lated to a novel sleep environment [published correction appears in Sleep.
2006;29:417]. Sleep. 2005;28:303-307.

29. Zammit G, Roth T, Erman M, Sainati S, Weigand S, Zhang J. Double-blind, placebo-
controlled polysomnography and outpatient trial to evaluate the efficacy and safety
of ramelteon in adult patients with chronic insomnia [abstract]. Sleep. 2005;
28:A228-A229.

30. Nishida N, Sasaki M, Wakasa Y, Awasaki Y, Yamamoto M, Yanagita T. Reinforc-
ing effect of ramelteon assessed by intravenous self-administration experi-
ments in rhesus monkeys [abstract]. Sleep. 2005;28:A45.

31. France C, Weltman R, Cruz C, McMahon L. Ramelteon does not have benzodi-
azepine agonist-like discriminative stimulus effects in normal or diazepam-
dependent rhesus monkeys [abstract]. Sleep. 2005;28:A45.

32. France C, Weltman R, Cruz C. Lack of primary physical dependence effects of
ramelteon in rhesus monkeys [abstract]. Sleep. 2005;28:A45.

33. Griffiths RR, Bigelow GE, Ator NA. Principles of initial experimental drug abuse
liability assessment in humans. Drug Alcohol Depend. 2003;70(suppl 3):
S41-S54.

34. Griffiths RR, Bigelow GE, Liebson I, Kaliszak JE. Drug preference in humans: double-
blind choice comparison of pentobarbital, diazepam and placebo. J Pharmacol
Exp Ther. 1980;215:649-661.

35. Roache JD, Griffiths RR. Comparison of triazolam and pentobarbital: perfor-
mance impairment, subjective effects and abuse liability. J Pharmacol Exp Ther.
1985;234:120-133.

36. Mumford GK, Rush CR, Griffiths RR. Abecarnil and alprazolam in humans: be-
havioral, subjective and reinforcing effects. J Pharmacol Exp Ther. 1995;272:
570-580.

37. Mintzer MZ, Frey JM, Yingling JE, Griffiths RR. Triazolam and zolpidem: a com-
parison of their psychomotor, cognitive, and subjective effects in healthy volunteers.
Behav Pharmacol. 1997;8:561-574.

38. Martin WR, Sloan JW, Sapira JD, Jasinski DR. Physiologic, subjective, and be-
havioral effects of amphetamine, methamphetamine, ephedrine, phenmetra-
zine, and methylphenidate in man. Clin Pharmacol Ther. 1971;12:245-258.

39. Jasinski D. Assessment of the abuse potential of morphine-like drugs (methods
used in man). In: Martin W, ed. Drug Addiction I. New York, NY: Springer-
Verlag; 1977:197-258.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, OCT 2006 WWW.ARCHGENPSYCHIATRY.COM
1156

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



40. Griffiths RR, Troisi JR, Silverman K, Mumford GK. Multiple-choice procedure:
an efficient approach for investigating drug reinforcement in humans. Behav
Pharmacol. 1993;4:3-13.

41. Griffiths RR, Rush CR, Puhala KA. Validation of the multiple-choice procedure
for investigating drug reinforcement in humans. Exp Clin Psychopharmacol. 1996;
4:97-106.

42. McLeod DR, Griffiths RR, Bigelow GE, Yingling JE. An automated version of the
Digit Symbol Substitution Test (DSST). Behav Res Methods Instr. 1982;14:
463-466.

43. Mintzer MZ, Griffiths RR. Flunitrazepam and triazolam: a comparison of behav-
ioral effects and abuse liability. Drug Alcohol Depend. 1998;53:49-66.

44. Evans SM, Funderburk FR, Griffiths RR. Zolpidem and triazolam in humans: be-
havioral and subjective effects and abuse liability. J Pharmacol Exp Ther. 1990;
255:1246-1255.

45. Mintzer MZ, Griffiths RR. Alcohol and triazolam: differential effects on memory,
psychomotor performance and subjective ratings of effects. Behav Pharmacol.
2002;13:653-658.

46. Roache JD, Griffiths RR. Lorazepam and meprobamate dose effects in humans:
behavioral effects and abuse liability. J Pharmacol Exp Ther. 1987;243:978-988.

47. Griffiths RR, McLeod DR, Bigelow GE, Liebson IA, Roache JD. Relative abuse
liability of diazepam and oxazepam: behavioral and subjective dose effects. Psy-
chopharmacology (Berl). 1984;84:147-154.

48. Iguchi MY, Handelsman L, Bickel WK, Griffiths RR. Benzodiazepine and seda-
tive use/abuse by methadone maintenance clients. Drug Alcohol Depend. 1993;
32:257-266.

49. Seivewright N, Dougal W. Withdrawal symptoms from high dose benzodiaz-
epines in poly drug users. Drug Alcohol Depend. 1993;32:15-23.

50. Strang J, Seivewright N, Farrell M. Oral and intravenous abuse of benzodiazepines.
In: Hallstrom C, ed. Benzodiazepine Dependence. New York, NY: Oxford Univer-
sity Press; 1993:128-142.

51. Darke S, Ross J, Cohen J. The use of benzodiazepines among regular amphet-
amine users. Addiction. 1994;89:1683-1690.

52. San L, Torrens M, Tato J, Castillo C, de la Torre R, Arranz B. Monitoring patterns
of substance use in drug-dependent patients. J Subst Abuse Treat. 1998;15:
425-430.

53. Bleich A, Gelkopf M, Schmidt V, Hayward R, Bodner G, Adelson M. Correlates of
benzodiazepine abuse in methadone maintenance treatment: 1 year prospective
study in an Israeli clinic. Addiction. 1999;94:1533-1540.

54. Preston KL, Wolf B, Guarino JJ, Griffiths RR. Subjective and behavioral effects
of diphenhydramine, lorazepam and methocarbamol: evaluation of abuse liability.
J Pharmacol Exp Ther. 1992;262:707-720.

55. Rush CR, Baker RW, Wright K. Acute behavioral effects and abuse potential of
trazodone, zolpidem and triazolam in humans. Psychopharmacology (Berl). 1999;
144:220-233.

56. Olsen RW. GABA. In: Davis KL, Charney D, Coyle JT, Nemeroff C, eds. Neuro-
psychopharmacology: The Fifth Generation of Progress. Philadelphia, Pa: Lip-
pincott Williams & Wilkins; 2002:159-168.

57. Turek FW, Gillette MU. Melatonin, sleep, and circadian rhythms: rationale for de-
velopment of specific melatonin agonists. Sleep Med. 2004;5:523-532.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, OCT 2006 WWW.ARCHGENPSYCHIATRY.COM
1157

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


