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Dr. Elizabeth A. Yetley, Director .
Office of Special Nutritionals HFS-450
Center for Food Safety and Applied Nutrition
Food and Drug Administration
200 C Street, N.W.

Washington, D.C. 20204

Dear Dr. Yetley:

Notice is hereby given pursuant to the requirements of Section 403(r)(6) (21 U.S.C. 343 (r)(6))
of the Federal Food, Drug and Cosmetic Act of Statements of nutritional support which have
been made on the label and in the labeling in connection with the marketing of the dietary
supplement Melatonin 1 mg with Vitamin B-6 1 mg tablet. Melatonin 1 mg with Vitamin B-6
1 mg tablet, packaged in blister pack will be first marketed with these statement of nutritional
support on July 1, 1996. The statements of nutritional support are as follows:

Blister Pack Label:

DIRECTIONS: For restoring normal sleep in individuals whose natural melatonin has been
altered, take 1 tablet at bedtime, or as directed by your health care professional.

WARNINGS: TAKE ONLY ONE TABLET PER DAY. NOT FOR CHILDREN UNDER
18. DO NOT USE IF PREGNANT OR NURSING, OR IF TRYING TO CONCEIVE (BOTH
MEN AND WOMEN). FOR RELIEF OF OCCASIONAL SLEEPLESSNESS. IF
SLEEPLESSNESS PERSISTS CONTINUOUSLY FOR MORE THAN 2 WEEKS,
CONSULT YOUR DOCTOR. DO NOT TAKE THIS PRODUCT IF YOU ARE TAKING
SEDATIVES OR TRANQUILIZERS OR UNDER MEDICATION WITHOUT
CONSULTING YOUR DOCTOR (SEE ENCLOSED INSERT).*
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Melatonin helps regulate your sleep cycle, resulting in quality sleep. This is especially useful for
travelers and shift workers. This product is also an excellent source of Vitamin B-6 \yhxch is needed
for your body’s natural ability to produce melatonin. *

*THESE STATEMENTS HAVE NOT BEEN EVALUATED BY THE FOOD AND
DRUG ADMINISTRATION. THIS PRODUCT IS NOT INTENDED TO DIAGNOSE,
TREAT, CURE, OR PREVENT ANY DISEASE.

A Label copy is attached.

Labelings:
Number 1:
Introducing Melatonin with Vitamin B-6 Nutritional Supplement*
EV; are pleased to offer Melatonin - Low Dose, containing 1mg of Melatonin and 1mg of Vitamin

. Melatonin: Helps to regulate the onset and quality of sleep, especially in those individuals
whose natural ability to produce melatonin has been altered.™

. Low-Dosage: Because consumer safety is our primary concern, our Melatonin comes in a
1mg effective dose.

. Vitamin B-6: Maintains the body’s natural ability to produce Melatonin.

. For Shift Workers and Travelers: Melatonin is particularly useful for those who have their
light patterns disrupted-such as shift workers, travelers across time zones, and individuals
with difficulty adjusting to seasonal changes in day/night length.
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. Lower-Dose Option: Tablets are scored for the option of 0.5mg.

L

*THESE STATEMENTS HAVE NOT BEEN EVALUATED BY THE FOOD AND DRUG
ADMINISTRATION. THIS PRODUCT IS NOT INTENDED TO DIAGNOSE, TREAT
CURE OR PREVENT ANY DISEASE.

A Labeling copy is attached.

L Dollins et al. Effect of inducing nocturnal serum melatonin concentration in daytime sleep,
- mood, body temperature, and performance. Proc Natl Acad Sci USA. 1994,91:1824-1828.

2. Zhdanova et al. Sleep-inducing effects of low doses of melatonin ingested in the evening.
Clin Pharmacol Ther. 1995;57:5512-558.
Number 2 and 3:
There’s melatonin, and now there’s Melatonin from XetaPharm™, Inc.

Melatonin helps regulate your sleep cycle, resulting in quality sleep. This is especially useful for
travelers and shift workers. Also, as you age, your body’s production of melatonin slowly decreases,
often leading to sleep disturbances. Scientific data indicates that supplementing with melatonin may
help prevent these sleep disturbances.*

This product is also a source of Vitamin B-6, which is needed for your body’s natural ability to
produce melatonin.*

Our Melatonin

Low Dosage*

. Because consumer safety is our primary concern, our Melatonin comes in an effective 1mg
dose™.

. Tablets are scored for the lower-dosage option of 0.5mg.
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Purest Grade*

. Product is prepared with the purest grade of Melatonin and Vitamin B-6 available.

. Finished products are tested for potency, purity, weight variation, disintegration, and
dissolution as per Nutritional Supplements, United States Pharmacopeia (USP).
¥ 4

. Products are manufactured with the same care and quality control necessary for a
pharmaceutical product.

*THESE STATEMENTS HAVE NOT BEEN EVALUATED BY THE FOOD AND DRUG
ADMINISTRATION. THIS PRODUCT IS NOT INTENDED TO DIAGNOSE, TREAT,
CURE OR PREVENT ANY DISEASE.

Labeling copies are attached.

1. Dollins et al. Effect of inducing nocturnal serum melatonin concentration in daytime sleep,
mood, body temperature, and performance. Proc Natl Acad Sci USA. 1994;91:1824-1828.

2. Zhdanova et al. Sleep-inducing effects of low doses of melatonin ingested in the evening. Clin
Pharmacol Ther. 1995;57:5512-558.

Very truly yours,
XetaPharm, Inc.

A subsidiary of

Xechem, International Inc.

RSy

Ramesh Chandra Pandey, Ph.D.
President and CEO
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Bridging the Gap

Gold Leaf
Brand Challenge:
Potency and purity

- of this brand is verifiable

- ftom dny independent,
outside testing
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There’s melatonin,
and now there’s Melatonin |
from XetaPharnt, Inc. -

Melatonin helps regulate your sleep cycle, resulting in quality sleep. This
is especially useful for travelers and shift workers. Also, as you age, your
body’s production of melatonin slowly decreases, often ladmg to sleep
disturbances. Scientific data indicates that supplementing with melatonin
may help prevent these sleep disturbances.*

This product is also a source of Vitamin B-6, which is needed for your body’s
natural ability to produce melatonin*

Our Melatonin

Low-Dosage* _
* Because consumer safety is our primary concern, our Melatonin comes
in an effective 1mg dosel-.

L 4

* Tablets are scored for the lower-dosage option of 0.5mg.

Purest Grade*

* Product is prepared with the purest grade of Melatonin and Vitamin
B-6 available.

* Finished prdducts are tested for potency, purity, weight variation,
disintegration, and dissolution as per Nutritional Supplements,
United States Pharmacopeia (USP).

« Products are manufactured with the same care and quality control
necessary for a pharmaceutical product.

* These statements have not been evaluated by the Food and Drug Administration.
_This pmduct is not intended to dlagnose. treat, cure, or prevent any disease.

Melatonin is available in.bottles of 90 tablets,
and also in Traveler Packs of 10 tablets. To place your order call
Customer Service at 1-800-858-5854

XETARPHARM

Natural Preventive Healthcare
XetaPharm™ Inc.

A subsidiary of Xechem® International, Inc.
100 Jersey Avenue

Building B, Suite 310

New Brunswick, NJ 08901-3279

TEL: (908) 249-0133 FAX: (908) 247-4050

1 Dollins et al. Effect of inducing nocturnal serum jon tn daytime sleep, mood, body semperatuce,
and performance. Proc Natl Acad Sci USA. 199491 1824-182&
2 Zhdanova et al. Sleep-inducing effects of low doses of mek \gested in the evening, Clin Ph I Ther. 1995:57:5512-558.
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Introducing Melatonin Nutritional Supplements,
with Vitamin B-6 Pharmaceutical Standards.
Numtlonal Supplement XetaPharnr demands that the same rigid
We are pleased to offer Melatonin—Low quality standards must go into developing
Dose, containing 1mg of Melatonin and 1mg and manufacturing nutritionsl supplements
of Vitamin B-6. as go into our pharmaceutical products. )
. ‘We measure with one yardstick.
: * Melatonin: Helps to regulate the onset qualty only one yx
: and quality of sleep, especially in those We follow a strict code of ethics in regards
! individuals whose natural ability to produce to label directions, declarations of identity,
: Juelatonin has been altered 12 strength and purity, daily intake values,
Uiene. s conditions of use, and warnings.
T ¢ Low-Dosage: Because consumer safety is
B AT our pflmary concem, our Mehto:ﬁn . Pul'est Gmde: Pmduﬂ. B pfepﬁd wlth
- comes in a lmg effective dose. the purest gmde of Melatonin and Vitamin
. B-6 available,
¢ Vitamin B-6: Maintains the bodys .
natural ability to produce Melatonin. . * Potency, Purity: Finished products are
tested for potency, purity, weight variation,
» For Shift Workers and Travelers: disintegration, and dissolution as per
Melatonin is particularly useful for those Nutritional Supplements, United States
who have their light patterns disrupted— Pharmacopeia (USP).
such as shift workers, travelers across '
time zones, and individuals with difficulty * Lab Tested: Laboratory control and test
adjusting to seasonal changes in procedures are designed to assure that )
day/night length. the components, in-process materials,
X e . labeling, and finished products conform
. * Lower-Dose Option: to appropriate standatds of identity, strength,
- Tablets are scored for the quality, and purity.
option of 0.5mg.
' * These statements have not
T
nistration,
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Dollins et al.  Effect of inducing nocturnal serum melatonin
cncentrations in daytime sleep, mood, body temperature and
performance. Proc. Natl. Acad. Sci. 91, 1824-1828, 1994.
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Effect of inducing nocturnal serum melatonin concentrations in
daytime on sleep, mood, body temperature, and performance

(vigilance/fatigue /hypuotic/circadian)

ANDREW B. DOLLINS*, IRINA V. ZHDANOVA, RICHARD J. WURTMANT, HARRY J. LYNCH, AND MEet H. DENG
Department of Brain and Cognitive Scicaces, Massachusetts Institute of Technology, Cambridge, MA 02139
Communicated by Walle J. H. Nauta, November 23, 1993 (received for review July 20, 1993)

ABSTRACT . We examined effects of very low doses of
melatonin (0.1-10 mg, orally) or placebo, administered at 1145
h, on sleep latency and duration, mood, performance, oral
temperature, and changes in serum melatonin levels In 20
healthy male Yolunteers. A repeated-measure double-blind
Latin square design was used. Subjects completed a battery of
tests designed to' assess mood and performance between 0930
and 1730 h. The sedative-like effects of melatonin were assessed
by a simple sleep test: at 1330 h subjects were asked to hold a
positive pressure switch in each hand and to relax with eyes
dosed while reclining in a quict darkened room. Latency and
duration of switch release, Indicators of sleep, were measured.

Areas under the time-melatonin concentration curve varfed in -

proportion to the different melatonin doses ingested, and the
0.1- and 0.3-mg doses generated peak serum melatonin levels
that were within the normal range of pocturnal melatonin levels
in untreated people. All melatonin doses tested significantly
increased sleep duration, as well as self-reported sleepiness and
fatigue, relative to placebo. Morcover, all of the doses signif-
fcantly decreased sleep-onset latency, oral temperature, and
the number of correct responses on the Wilkinson auditory

task. These data indicate that orally administered
melatonin can be a highly potent hypnoﬂcagent;theyalso
suggest that the physlologled in $erum melatonin
levels, which occurs around 2100 h daily, may constitute a
signal initiating normal sleep onset.

Serum melatonin levels in normal humans are very low
during most of the day but increase significantly to a mean of
80 pg/ml (range, 0~200) between 0200 and 0400 h (1 pg/ml =
4.31 pmol/liter) and remain elevated during the normal hours
of sleep, falling sharply to daytime values around 0900 h (1).

The physiological significance of the nocturnal increase in
serum melatonin could derive from acute effects of the
hormone [e.g., its ability to reduce core body temperature
(2), alter thermoregulation (3), modify brain levels of mono-
amine neurotransmitters (4), stimulate prolactin secretion
(5), or induce sleepiness (6, 7)). -

Altemauvcly. the nocturnal increase in serum melatonin
could constitute a time signal, affecting the temporal char-
acteristics of other- circadian rhythms. Oscillations in the
concentration of circulating melatonin could directly affect
circadian rhythms (8, 9) or could provide humoral commu-
nication of information about environmental. lighting (and
thus about time of day), which entrains endogenous physio-
logical and behavioral rhythms (¢.g., those associated with
photoperiodistn or seasonality; ref. 10). Some studies also
suggest a role for melatonin in human development. The
decrease in amplitude of the melatonin rhythm, which occurs
late in the 1st decade of life, has been proposed as a factor
contributing to pubescence (11), while further decrease,

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked **advertisement™
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which occurs after the 6th decade, may contribute to disrup-
tions in circadian rhythmicity reported by the elderdy (12).

The acute effects of exogenous melatonin on human be-
havior have been studied oaly sporadically and have used
melatonin doses that raise serum melatonin levels well be-
yond their normal nocturnal range. Thus, Licberman ef al.
(13) found that a dose (240 mg over a 2-h period) that raised
serum melatonin levels several thousandfold impaired mood
and performance. More receatly, we found similar behavioral
changes after a considerably lower dose of the hormone (10
mg), which still raised secrum levels to 40-50 times the normal
nocturnal level (i.c., 4072 pg/ml; ref. 14).

The present study was designed to determine whether
much lower daytime doses, which elevate scrum melatonin
Jevels significantly but keep these levels within the normal
nocturnal range, are also sufficicat to produce short-term
behavioral effects. If so, this would suggest a similar role for
the normal nocturnal increase in serum melatonin levels. We
gave the melatonin at midday (9 or more h before the
nocturnal increase) and measured mood, performance, sleep-
iness, and (indirectly) slecp onset.

METHODS AND MATERIALS

Twenty healthy male volunteers {mean age, 23.05 + 4.22
(SEM) years; range, 18-24 years] participated. Before ad-
mission to the study, each subject gave his informed consent,
had a physical examination to ensure that he ‘was in good
health, and completed two 1.5-h training sessioas to become
familiar with testing procedures and the performance test -
battery. Subjects wére also screened for depressive symp-
toms by using the Hamilton psychiatric rating scale for
depression (15) with a special addendum for seasonal affec-
tive disorder (16); any with a history or findings of depression
were excluded. All subjects were paid for their participation
in the experiment.

The study was double blind and placebo controlled A
repeated-measures, within-subjects, 5 X S Latin square de-
sign was used. The subjects participated in five 8-h (0930-
1730 h) testing sessions. At least 5 days elapsed between
successive test sessions. Capsules containing 0.1, 0.3, 1.0, or
10 mg of melatonin or placebo were administered orally (p.o.)
at 1145 h each test day. Treatmeant order was determined by
the balanced Latin square design.

Oral temperatures were measured hourly and blood was
sampled at reguldr intervals via an indwelling venous catheter
for subsequent serum melatonin measurement. Serum sam-
ples were separated by centrifugation and stored at —20°C

Abbreviations: p.o., orally; RT, reaction time; POMS, profile of
mood states; SSS, Stanford slecpiness scale.
*Prescat address: DoD Polygraph Institute, Building 3195, Ft. Mc-

Clellan, AL 36205.
tTo whom reprint requests should be addressed at: Massachusetts
Institute of Technoloav. E25-604. Cambridge, MA 02139,
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until they could be assayed by radioimmunoassay for mela-
tonin (17). . . ]
Throughout test sessions, subjects were required to sit at
an assigned computer workstation with eyes open. The task
order and time of testing were held constant across test days.
Al instructions, performance tasks, and mood question-
naires were automated to reduce the possibility of experi-
menter-induced blas. The performance tasks used were
coded in-house and included measures of () auditory vigi-
lance (18), (if) four-choice reaction time (RT) (19), (iii) simple
RT, and (iv) symbol digit (modalitics) substitution (20). Mood
fonnaires included the profile of mood states (POMS;
ref. 21) and the Stanford sleepiness scale (SSS; ref. 22).
Details of the tasks and their administration are published
elsewhere (14). The mood questionnaires were completed at
1030 h and at hourly intervals beginning at 1200 h. The simple
and four-choice RT's and symbol digit substitution tasks were
completed at 1030, 1300, 1500, 1600, and 1700 h. The auditory
vigllance task was admhistered at 1200 and 1400 h. Subjects
were allowed to leave their workstations during lunch (a
standard lunch was served between 1100 and 1130 h), toilet
breaks (<5 min), and during the half-hour sleep test.
Subjects participated in a sleep test between 1330 and 1400
h. They were asked to recline (on cither a bed or a reclining
chair) and relax with their eyes closed in a quiet, darkened
room. In each hand they held a 1-in (2.54 cm) plastic tube that
bore a positive pressure switch. They were asked to rest their
hands, palm up, aloagside their body and to depress the
switches with the last segment of their index fingers. Release
of the switch on cither tube was recorded as a pen deflection
onan event recorder. An investigator remained in attendance

with the subjects to easure that they followed instructions.

An event-timer solenoid was randomly activated to reduce
the possibility that the soft click of the switch would be
misconstrued by the subjects as a significant eveat. After 30
min, the subjects were asked to stop relaxing and/or were
awakened. They were then asked (i) if they fell asleep, (i) if

s0, how long it took to fall asleep, and (iif) to respond to the - -

SSS. Latency to switch release was measured from the
beginning of instruction presentation to the first full minute of
switch release. Total switch release time was measured as the
total length of time a recording pen was deflected (the
smallest interval of pen deflection measured was 1 min;
accuracy, 0.25 min). One subject failed to release a switch
during a sleep test session but was identified as asleep by his
prolonged snoring. Sleep onset for this subject was recorded
as occurring after 2 min of continuous snoring. When ques-
tioned later, the subject reported that he had indeed fallen

The after-treatment-dependent measures were each as-
sessed by using a repeated-measures, within-subjects, S X §
Latin square analysis. Orthogonal planned comparisons (23)
were used to evaluate differences among the melatonin/
placebo treatment conditions when a significant (P < 0.05)
treatment effect was found. The comparisons chosen were (i)
placebo vs. all melatonin treatments, (i7) 0.1 vs. 0.3, 1.0, and
10 mg of melatonin, (iii) 0.3 vs. 1.0 and 10 mg of melatonin,
and (iv) 1.0 vs. 10 mg of melatonin. Pairwise comparisons
were subsequently calculated for these measures (repeated-
measures ¢ tests for the sleep test and melatonin data and
ANOV A for the other measures) because inspection of the
fiala suggested that the planned comparisons provided an
tnsufficient basis for interpreting results. Only main effects
that resulted in significant contrasts and interaction effects
are reported. There were some missing data due to difficulties
with equipment. Group means were therefore substituted for
the 1700-h (0.1 mg), 1300-h (1.0 mg), 1700-h (1.0 mg). and
1000-h (10 mg) measures for subjects 15, 03, 16, and 15,
Tespectively, on most performance measures. Blood samples
Were not drawn durdng olacebo testing of subiect 01 due to

Proc. Natl. Acad. Sci. USA 91 (1994) 1825

difficulties with catheterization, and group means were sub-
stituted for the data. Group means of serum melatonin levels
were also substituted for six other missing data points. The
Greek symbol A is used to indicate *‘an average change of.”

RESULTS

Serum Melatonin Levels. Mean serum melatonin levels are
illustrated in Fig. 1. The mea (SEM) areas under the
time-melatonin concentration curve (AUC) between 1000
and 1730 h for the placebo and 0.1-, 0.3-, 1.0-, and 10-mg
treatment conditions were 87.7 (5.11), 213.2 (25.02), 459.9
(62.7), 1599.0 (141.7), and 21,000.4 (3752.3), respectively.
Serum melatonin AUC differed significantly among the five
treatment conditions (Fu.sn = 34.34; P < 0.001) and all
planned contrasts were significant (P < 0.001). All pairwise
comparisons were also significant (P < 0.001). The order and
treatment-by-order effects were not significant.

Melatonin Treatment Effects. Significant melatonin treat-
ment effects were found for oral temperatyre (Fe g0 = 7.90;
P < 0.001); sleep test slecp-onset latency (Fu s = 6.65; P <
0.001); sleep duration (Fy 0 = 7.80; P < 0.001); sclf-reported
sleep-onset latency (F sq) = 10.52; P < 0.001); postsleep test
SSS responses (Fuen = 3.11; P < 0.05) (Fig. 2); POMS
vigor-activity (Fusn = 4.16; P < 0.01) and fatigue-inertia
(Fusm = 3.05; P < 0.05) (Fig. 3) responses; SSS responses
(Fusn = 2.79; P < 0.05); number of correct responses on the
Wilkinson auditory vigilance task (Fuen = 3.42; P < 0.05);
and four-choice RT response latency (Fusn = 3.84; P <
0.01). Table 1 summarizes the planned comparison results
and Table 2 contains the mean (SEM) levels measured. The
treatment-by-order interaction effects were nonsignificant
for all measures except the SSS (F o0 = 4.68; P < 0.001).
There were no significant differences among the baseline
(1000 h) oral temperature, SSS, or POMS measures. An order
effect was found among the four-choice RT response lateacy
baseline measures (Fuep = 15.13; P < 0.001), but the
treatment and treatment-by-order interaction effects were
noasignificant.

As Table 2 indicates, response levels for some measures
did not consistently increase or decrease relative to serum
melatonin Jevels. For example, self-reported SSS responses
were greatest and POMS vigor-activity scale responses were
smallest after ingesting 0.3 mg, rather than higher doses, of
melatonin. Pairwise comparisons were calkulated to aid in
interpretation of these data. Mean oral temperature measures
were significantly less, relative to placebo, after ingesting 1.0
and 10 mg of melatonin {A ~0.24°F and —0.37°F, respec-

10000 -0 mg E
= & 0.1 mg I ..
3 [ 4 0.3mg - s
~ O 1.0mg ! e
o *
& 10004 10.0 mg
< !
[ -4
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- 100 }
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“ 10 }
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Clock Hour

FiG. 1. Mecan (SEM) scrum melatonin profiles of 20 subjects
sampled at intervals afler ingesting 0.1, 0.3, 1.0, and 10 mg of
melatonin or placebo at 1145 h.
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{(B), scif-reported sleep-onset latencies (C), and posttest SSS re-
sponses (D) after ingestion of melatonin or placebo at 1145 h (n = 20).

tively; 1°F = (*C x 9/5) + 32]. Oral temperatures measured
after ingesting 1.0 (A ~0.16°F) and 10 (A —0.29°F) mg of
melatonin were also less than those measured after ingestion
of 0.1 mg of melatonin. Ingestion of 10 mg of melatonin also
decreased oral temperature relative to the 0.3- and 1.0-mg
doses (A —0.21°F and —0.13°F, respectively). SSS responses
indicated greater feclings of sleepiness, relative to placebo,
after ingesting 0.3, 1.0, and 10 mg of melatonin (A +0.51,
+0.47, and +0.46, respectively). POMS responses showed a
decrease in self-reported feclings of vigor-activity, relative to
placebo, after Ingesting 0.3, 1.0, and 10 mg of melatonin (A
=2.77, —1.90, and —1.95, respectively). Feelings of vigor-
activity were also decreased after ingesting 0.3 mg relative to
1.0 mg of melatonin (A —1.33). POMS respoases indicated an
increase in self-reported feclings of fatigue-inertia, relative to
placebo, after ingesting 0.3, 1.0, and 10 mg of melatonin (A
+2.14, +1.56, and +2.28, respectively). Sleep test sleep-
onset latencies were shorter, relative to placebo, after in-
gesting 0.1, 0.3, 1.0, and 10 mg of melatoain (A —7.45, —9.03,
~11.02, and —10.32 min, respectively). The duration of sleep
@.e., switch release) experienced during the sleep test was

greater, relative to placebo, for the 0.1-, 0.3-, 1.0-, and 10-mg . '

melatonin doses (A +8.20, +10.04, +12.09, and +10.47 min,
respectively). Sleep test self-reported sleep latencies were
smaller, relative to placebo, for the 0.1-, 0.3-, 1.0-, and 10-mg
melatonin doses (A —7.60, —10.60, —13.27, and —10.65 min).
Subjects also indicated that they slept more quickly after
ingesting 1.0 mg, relative to 0.1 mg, of melatonin (A —5.67).
Responses to the postslecp test §SS indicate that subjects felt
slccpler after ingesting 1.0 and 10 mg of melatonin than after
ingesting placebo (A +0.70 and +0.95, respectively). Post-
slecp test SSS responses also indicate that 1.0 mg of mela-
tonin caused greater feelings of sleepiness than 0.1 mg (A
+0.70). Fewer Wilkinson auditory vigilance task correct
responses were recorded, relative to placebo, afier subjects
ingested 1.0 and 10 mg of melatonin (A —4.75 and —5.67,
respectively). Correct four-choice RT response latencies
were greater (i.c., longer) after ingesting 10 mg, relative to
placebo, and 0.1 mg of melatonin (A +17.21 and +14.46 ms,
respectively). All of the pairwise comparison results reported
above were significant at the P < 0.05 level.

Order and Time Effects. Significant order effects were
found on the Wilkinson auditory vigilance, simple RT, four-
choice RT, and symbol digit substitution tasks. These results
indicate that subjects tended to respond more accurately
(symbol digit substitution responses and RT response latea-
cies) with practice and less frequently (Wilkinson auditory

-
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Fro. 3. Mean response scores on the SSS (4), POMS vigor-
actunty scale (B), and POMS fatigue-inertia scales (C) throughout
testing. Mclatonin or placebo was ingested at 1145 h (n = 20).
Increased feelings of sleepiness, vigor, and fatigue are indicated by

higher scores.

vigilance) on subsequent test days. These changes are of little
interest because (7) significant treatment-by-order interac-
tions were not found on these measures, (&) the Latin square
is balanced to compensate for order effects, and (iif) similar
results have been observed previously (14).

There were consistent patterns of variance over time
among the mood scale measures. Subjects’ SSS (Fsrs =
17.50; P < 0.001) and POMS fatigue~inertia (F(s 75 = 8.04; P
< 0.001) responses indicate that they felt sleepiest and most
faUgucd and that they felt the least vigorous [POMS vigor—
activity scale (Fsas = 12.79; P < 0.001)} at 1400 h, 2.25 h
after melatonin ingestion (Fig. 3). Oral temperatures were
consistently low at 1200 and 1400 h (means, 96.85°F andw
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Table 1. Mean differences of planned comparisons following significant overall F tests
00vs. 01,03, 0.1 vs. 0.3; 1.0,
1.0, and 10 and 10 0.3 vs. 1.0 and 10 10vs. 10

Onal temperature, °F 0214 —0.18% —0.14°* -0.13
§SS ) 0.42 025 ° —0.05** __ ~0.01
Profile of mood states

Vigor-activity scale -2.02%* -0.77** 0.84*¢ -0.05

Fatigue-inertia scale 1.75% 0.97** -0.22°°, 0.72
Sleep test o

Sleep-onset latency, min -9.46** -2.67** —1.64* 0.70

Sleep duration, min 10.20*¢ 2.67** o l24s . -1.62

Self-reported. sleep latency, min -10.53*¢ . =391 -1.36°* 2.62

SSS responses 0.61* 0.48°* | 0.05°* ,—0.40°
Wilkinson auditory vigilance, - -

COfTect responses -3.72* ~-3.03 T -2.19* -0.92*
Four-choice RT

correct responsc latency, ms 10.06°¢ 13.25 7.57* 2.62°

Valuulnubﬁmuavemgcoftbewbseqnemmclatomudom(mg)minustheﬁmdoselistcdmlheheadmg.m
compaﬁsonswchlcstscalculatedwnhsandljdcgmesofﬁeedom.n-N(wetcx(fmdcmﬂso(msssmgvaluc

substitutions). ¢, P < 0.05; ¢, P < 0.001.

97.09°F, respectively). Mean four-choice RT response laten-
cies were the greatest at 1300 h (i.c., 377.77 ms) and de-
creased to 360.15 ms at 1700 h. Significant treatment-by-time
interactions were found in oral temperature (Faqe = 1.60;
P <0.05) and number of correct responses on the four-choice
RT task (Faz1s0 = 1.92; P < 0.05).

DISCUSSION

Ingestion of melatonin (0.1-10 mg) at 1145 h resulted in )

correspondingly increased circulating melatonin levels. Se-
rum meclatonin concentrations observed after the 0.1- and
0.3-mg doses were within the normal dynamic range for
nocturnal melatonin concentrations (1). Sleep test results
indicate that acute administration of melatoain (0.1-10 mg,
p-0.) at midday decreased objective and self-reported sleep-
onset latencies by an average of 9.46 and 10.53 min, respec-
tively, relative to placebo. Slecp duration was inmsed by
an average of 10.2 min during the 30-min sleep test, relative
to placebo, by ingestion of melatonin. Pairwise comparison of
SSS scores, after the sleep test, indicates that the 0.3- and
1.0-mg doses of melatonin increased self-reported feelings of
sleepiness, relative to placebo, and that feelings of slecpiness
after the 1.0-mg dose were greater than those after the 0.1-mg
dose. These results indicate that ingestion of an acute dose of
melatonin, sufficieat to increase circulating melatonin. to
levels within the normal nocturnal physiologic range, has

Table 2. Mecan (SEM) measured responses

hypnotic cffects. The acute nature of the hypnotic effect of
melatonin suggests that it may constitute a direct physiologic
cffect of the hormone independeat of its action as a circadian
zeitgeber time signal (24-26). This hypothesis is supported by
the recent independent observation that melatonin (S mg,
p.0.) administered at 1200, 1700, or 1900 h exerted a direct
hypnotic effect, increasing sleep propensity within 90-120
min of ingestion (27). The phase shifts in circadian rhythms
in sleep (27) or endogenous melatonin secretion (28, 29)
previously scen after a single acute dose of the hormone, as
used here, wert of insufficient magnitude to support the
hypothesis that the hypnotic effects found in the current
study could be caused by melatonin acting as a zeitgeber time
signal. Such a hypothesis would suggest that a 9-h phase shift
in sleep onset can occur after a single acute dose of melatonin
at midday; this se¢ms highly improbable.

The observed significant decreases in oral temperature
after ingestion of 1.0 and 10 mg of melatonin are consistent
with previous reports (2, 14). Alterations in mood and per-
formance measures after melatonin ingestion, relative to
placebo (¢.g., increase in feelings of sleepiness and fatigue;
increase in four-choicé RT latency; decrease in feelings of
vigor, decrease in number of correct responses on the Wil-
kinson auditory vigilance task), are also consisteat with
previous reports in both direction and magnitude of measure
(13, 14). The direction and magnitude of response change,
relative to placebo, among the melatonin doses administered

Meclatonin ingested, mg

0.0 0.3 1.0 10.0

Oral temperature, °F 97.55 (0.06) 97.47 (0.06) 97.39 (0.05) 97.31 (0.05) 97.18 (0.05)
SSS 3.15(0.10) 3.38 (0.10) 3.66 (0.10) 3.62 (0.12) 3.61 (0.13)
Profile of mood states

Vigor-activity scale 12.73 (0.59) 11.29 (0.64) 9.96 (0.57) 10.83 (0.65) 10.78 (0.63)

Fatigue—-inertia scale 3.83 (0.40) 4.85 (0.42) 5.97 (0.44) 5.39 (0.49) 6.11 (0.53)
Sleep test '

Sleep-onset latency, min 17.06 (2.43) 9.61 (1.84) 8.03 (1.60) 6.04 (1.65) 6.74 (1.24)

Sleep duration, min 11.36 (2.34) 19.56 (1.79) 21.40 (1.63) 23.45 (1.67) 21.83 (1.41)

Self-reported sleep latency,

min 20.55 (2.23) 12.95 (2.07) 9.95 (1.69) 7.28 (1.33) 9.90 (2.07)

SSS responses 3.80 (0.22) 4.05 (0.26) 4.50 (0.22) 4.75(0.25) 4.35 (0.26)
Wilkinson auditory vigilance,

correct responses 27.30 (1.48) 25.85 (1.32) 24.28 (1.53) 22.55 (1.66) 21.63 (1.56)
Four-choice RT

_cofrect response latency, ms 359.41 (8.25) 359.54 (7.36) 367.74 (7.65) 374.00 (9.08) 376.62 (9.86}
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were consistent on both the mood and performance mea-
sures. It thus seems likely that failure to find significant
differences in mood or performance between placebo and the
lower melatonin doses (0.1 and 0.3 mg) is due to the limited
sensitivity of the measures used rather than an absence of

effect.
The results of this study are consistent with the observa-

tions of Vollrath er al. (6), who report a decrease in daytime.

latency of sleep onset in subjects given 1.7 mg of melatonin
nasally and with those of Lavie and colleagues (27) described
above. Nickelsen et al. (30) reported that 50 mg of melatonin,
administered p.o. at 0900 or 1900 h, caused nonsignificant
decreases in sleep latency but increased feclings of sleepiness
only after the administration at 0900 h. Others (31, 32)
reported that evening ingestion of melatoain (1 and 5 mg) did
not influence sleep onset or duration but did causc an
increase in rapid cye movement (REM) slecp-onset latency.
These studies suggest that the magnitude of melatonin’s
sedative-like effects may be significantly influenced by the
time of its administration. Alternatively, the experimental
designs used iff the negative studies might have precluded
observing the hypnotic effect seen here (e.g., by not allowing
subjects to modify their sleep times or by forbidding after-
noon napping; refs. 28 and 29). It should be noted that the
pattern of physiologic and performance responses observed
here resembles that observed for drugs in the benzodiazepine
family (33-35).

In summary, administration of a small melatonin dose
(0.1-0.3 mg, p.o.) during the daytime, which raises serum
melatonin concentrations to within the normal nocturnal
range, or of slightly higher doses (1.0-10 mg, p.o.) was shown
to cause hypnotic effects relative to placebo. These effects
include a decrease in objective and self-estimated sleep-onsct
latency, an increase in sleep duration, and sleepiness upon
waking. Self-reported feelings of sleepiness and fatigue were
increased and feelings of vigor diminished. Oral temperature
and the number of correct responses on the Wilkinson
auditory vigilance task were found to decrease significantly
after ingestion of 1.0 and 10 mg of melatonin. These results
are similar to those reported after ingestion of benzodiaz-
epines and suggest that melatonin may find use as a hypaotic
drug. They also suggest that the normal physiologic secretion
of melatonin may be an important and direct-acting factor in
bringing about sleep onset.
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participated in the study, the Massachusetts Institute of Technology
Clinical Rescarch Center nursing staff, and Ms. Yilun Liu for
assistance throughout the data collection. This study was supported
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AFOSR 90-0326), the National Acronautics and Space Administra-
tion (NAG 9-144), the Center for Brain Sciences and Metabolism
Charitable Trust, the National Institute of Mental Health (MHS1145-
01), and the National Institutes of Health to the Clinical Rescarch
Center at Massachusetts lastitute of Technology (M01-RR00088).
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Sleep-inducing effects of low"doses of
‘melatonin ingested in the evening

w¢ prcvxously obscrved that low oral doses of melatonin given at noon increase blood mclatonin con-
centrations to those normally occurring nocturnally and facilitate sleep onset, as assessed using an invol-
untary muscle rclaxation test. In this study we examined the induction of polysomnographically re-
corded slecp by similar doses given later in the cvening, close to the times of endogenous melatonin
release and habitual slecp onsct. Volunteers received the hormone (oral doses of 0.3 or 1.0 mg) or pla-
ccbo at 6, 8, or 9 pm. Latencics to slecp onset, to stage 2 sleep, and to rapid cyc movement (REM) sleep
were measured polysomnographically. Either dose given at any of the three time points decreased sloep
onsct latency and latency to stage 2 slecp. Mclatonin did not suppress REM slecp or delay its onset.
Most volunteers could clearly distinguish between the effects of melatonin and those of placebo when
the hormone was tested at 6 or 8 ru. Neither melatonin dose induced “hangover™ effects, as assessed
with mood and performance tests administered oa the morning after treatinent. These data provide new
evidence that nocturnal melatonin secretion may be involved in physiologic slecp onsct and that exoge-

nous melatonin may be uscful in treating insomnh. (Cun PaazMacor Thex 1995;57:552-8.)
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In the initial description of melatonin (5-methoxy-
N-acetyltryptamine) as the melanophore lightening
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sedative effect on humans was noted.! Although mela-
tonin was subsequently shown to be secreted primarily
at night, whea people sleep, its role in physiologic
sleep remained uncertain. Pharmacologic doses of the
hormone, which increase serum melatonin levels far
beyond their normal nocturnal range, could be shown
to produce hypnotic effects in humans*5; however,
smaller doses were rarely tested and yielded inconsis-
tent results when examined.™ We started by testing
the midday administration of a pharmacologic dose
(240 mg, administered orally) of melatonin and, on
the basis of performance tests and self-reports, ob-
served hypnotic-like effects.!® We next tested four
much lower (but still pharmacologic) doses of the hor-
mone (10, 20, 40, or 80 mg) or placebo, given at
noon. Although the resulting mean serum melatonin
concentrations were roughly proportional to the doses
administered, all doses were equally effective, relative
to placebo, in inducing subjective slecpiness. These
doses were also equally cffective in decreasing oral
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temperature, the number of correct responses in audi-
tory vigilance, and self-reported vigor.!* Because the
effects were not related to dose, we concluded that the
biochemical mechanisms that mediate the behavioral
(and temperature) effects of melatonin had been satu-
rated by all of the doses tested. In further pursuit of
this line of investigation, we examined the effects of
much lower oral doses (i.c., 1.0, 0.3, and 0.1 mg of
melatonin or placebo; compared with a 10.0 mg refer-
ence dose) administered a? noon. Sleep onset and du-
ration were studied beginning 1% hours after the ad-
ministration of melatonin or placebo by means of a
positive pressure switch technique.'? Serum melatonin
concentrations were,fagain, roughly proportional to
dose, but the peak amplitudes observed after the 0.1
and 0.3 mg doses (mean * SEM, 48.4 * 37.1 and
121.45 = 24.21, respectively) were within the normal
(nocturnal) range for human serum melatonin levels.
Sleep onset latencies after ingestion of any of the
doses tested were significantly shorter than those after
ingestion of placebo; peak effects were observed with
the 0.3 mg and 1.0 mg doses. This study was de-
signed to determine whether such doses also facilitate
sleep onset when given in the evening, close to the
hour that most people elect to sleep, and whether the
hypnotic cffect of the hormone can be detected poly-
somnographically.

METHODS '

Six healthy male volunteers (mean age * SEM,
26.5 * 1.3 years) were paid to participated in the
study after cach gave informed consent. The experi-
mental protocol and the Subject’s Consent Form was
approved by the Massachusetts Institute of Technol-
‘ogy (MIT) Committee od the Use of Humans as Ex-
perimental Subjects. All volunteers reported that they
were free of habitual sleep disturbances and that they
were drug-free. Self-report questionnaires completed
by volunteers on each test day regarding their previous
nights’ sleep indicated that their mean bedtime oc-
curred at 12:40 am * 22 minutes, mean sleep duration
was 7.2 + 0.32 hours, and mean estimated sleep on-
set latency at the habitual sleep time was 21.6 * 4.26
minutes. Subjects were nonsmokers and were asked to
not consume alcohol or caffeine for 24 hours before
each test session. Meals (provided by the MIT Clini-
cal Research Center) reflected a typical American diet:
15% protein, 35% fat, S0% carbohydrates; 3000 to
4000 calories per day.

The study consisted of three double-blind and pla-
cebo-controlled experiments. Treatment order for each
experiment was determined with use of 2 3 X 3 Latin-
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square design to counterbalance for order effects.
Each volunteer participated in a total of nine test ses-
sions, with at least 5 days elapsing between successive
sessions. In the first experiment, subjects underwent
three test sessions in which they received placebo or
melatonin (0.3 or 1.0 mg; Nestlé Co., Vevey, Swit-

" zerland) in gelatin capsules, orally at 6 pM. In the sec-

ond and third experiments they reccived the same
doses of melatonin or placebo at 8 or 9 pm. In the first
two experiments, the sleep test consisted of 2.hours of
polysomnographically recorded sleep that began when
the lights were tummed off 2 hours after administration
of melatonin or placebo (i.e., at 8 or 10 pm). In the
third experiment, subjects spent the night before the
test session in the Clinical Research Center, and their
slecp was recorded polysomnographically from 11 pm
to 7 aM. On the following night they retired in dark-
ness at 10 pM, 1 hour after ingestion of melatonin or
placebo at 9 pM, and their sleep was recorded poly-
somnographically from' 10 pu until 7 am the following
morning. )

For polysomnographic recordings, electrocacepha-
lographic electrodes, placed according to the Intemna-
tional 10/20 System (with recordings from C4-Al, C3-
A2, C3-01, and C4-02), and electro-oculographic and
submeantal electromyographic electrodes were used for
sleep staging. Signals from the electrodes and transduc-
ers were amplified by 18-channel preamplifier/multi-
plexor units; they were then digitized and recorded

" (DigiTrace Care Services Inc., Boston, Mass.). Thirty-

second epochs were staged according to the criteria of
Rechtschaffen and Kales'?; wake; stages 1, 2, 3, or 4;
and rapid eye movement (REM) sleep. Sleep onset la-
tency was defined as the time elapsing between the time
that lights were tumed off and the appearance of three
consecutive epochs of stage 1 sleep, or of one epoch of
any other slecp stage. Latency to REM sleep was de-
fined as the time clapsing between slecp onset and the
appearance of one epoch of REM sleep. Complete sets
of polysomnographic recordings were obtained from all
six of the subjects, except as noted below, after treat-
ment at 8 and 9 pM and from two of the subjects after
treatment at 6 pm. (No polysomnographic recording was
obtained for subject 6 after he received 1.0 mg melato-
nin at 9 pM.) To test the subjective responses of the vol-
unteers to treatment, subjects given melatonin or pla-
cebo at 6 or 8 pM were asked at the end of each sleep test
whether they thought that the day's treatment had been a
placebo or a hypnotic, and their answers were re-
corded.

On the moming after treatment, subjects completed
a battery of computerized performance tasks and
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Fig. 1. Effects of melatonin (ingested at 8 ru) on aver-
age (SEM) latency to sleep onset (A) and sleep stage 2 (B).
*p < 0.001.

mood inventories that previous studies have shown to
be adequate for evaluating of the level of slecpiness:
Four Choice Reaction Time, Simple Auditory Reac-
tion Time, Profile of Mood States, and Stanford
Sleepiness Scale (for details sce Dollins et al.!?).
Because of the high variability of characteristic

slecp patterns among subjects, the nonparametric .

Fricdman's test'* was used to evaluate differences as-
sociated with the three treatment conditions. Group
mean values were substituted for the missing data
points from subject 6 (1.0 mg at 9 p). Regression
analysis was used to evaluate the relationship between
the sleep onset latency after treatment and habitual
sleep onset latency.

RESULTS

Both doses of melatonin given at 8 pM (Fig. 1) or at
9 eM (Table I) significantly decreased sleep onset fa-
tency and lateacy to stage 2 sleep (p < 0.001) relative
to placebo, as assessed polysomnographically. The
hormone was equally effective in the two subjects
studied at 6 pM. Thus, latency to sleep oaset after
treatment at 6 pM decreased from 57.3 +17.88 (SEM)
minutes (placebo) to 10.8 = 0.13 minutes (0.3 mg

dose) or 8.5 = 1.50 minutes (1.0 mg dose); at 8 #M, -

latency decreased from 29.4 * 10.77 minutes (pla-
cebo) to 6.4 = 1.88 minutes (0.3 mg dose) or 7.2 =
1.13 minutes (1.0 mg dose); and at 9 p™, latency
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- Table 1. Effects of melatonin, ingested at 9 pm, on -

sleep patterns*
Dose

Subject No. Placebo 0.3 myg 1mg

Sleep onset latency (min) .
1 - 187 12 8
2 B 4 7
3 px} 6 6
4 34 8 7
5 5 2 1
6 56 - . 10 t

Latency to stage 2 (min)
1 214 17 28
2 25 6 14
3 28 13 7
4 3 10 9
5 6 . 2 1
6 59 12 t

Latency to REM sleep (min)
1 163 95 173
2 80 89 78

3. 103 67 144

4 63 70 78
5 41 48 65
6 141 106 t

*Six subjects received melatonin (oral doses of 0.3 or 1.0 mg) or placebo
&t 9 rw, and were allowed 10 sleep after 10 mi.
$Missing value.

decreased from 54.8 % 27.39 minutes (placebo) to
7.1 % 1.61 minutes (0.3 mg dosc) or 6.0 + 1.07 min-
utes (1.0 mg dose). Latency to sleep stage 2 provided
a more sensitive index of the hypnotic effect of mela-
tonin. At 6 pm, latency decreased from 65.3 + 14.38
minutes (placebo) to 19.0 + 1.25 minutes 0.3 mg
dose) or 14.0 = 3.75 minutes (1.0 mg dose); at 8 M,
it decreased from 33.8 + 10.06 minutes (placebo) to
7.2 £ 1.96 minutes (0.3 mg dose) or 11.4 + 3.23
minutes (1.0 mg dose); at 9 M, it decreased from
61.25 = 31.34 minutes (placebo) to 10.1 + 2.17 min-
utes (0.3 mg dose) or 11.3 % 3.7 minutes (1.0 mg
dose). The effects of the physiologic (0.3 mg) and low
pharmacologic (1.0 mg) doses of melatonin did not
differ significantly with respect to any of the parame-
ters measured; therefore the higher dose did not en-
hance the hypnotic effect. We did not find statistically
significant differences in lateacy to REM sleep after
melatonin or placebo administration at 9 pu, although
in three of the six subjects this interval decreased
somewhat after administration of the lower dose. (Ta-
ble I).

The ability of melatonin to decrease the sleep onset
latency of any subject varied in proportion to his slecp
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Fig. 2. Thcrelauonbctwecndwteducuonmslecponsctla-
tency after the mgauon of 0.3 mg dose of melatonin at
9 pu and the sleep latency in the untreated condition.

latency after placebo administration (r = 0.99 for the
0.3 mg dose and r = 0.94 for the 1.0 mg dose; Fig.
2), and in proportion to his self-reported sleep onset
latency at his usual bedtime (r = 0.86). Thus, sub-
Jjects who required more than 20 minutes to fall asleep
after placebo treatment exhibited the more robust re-
sponses to the exogenous hormone (Table I). Analysis
of subjective sleepiness and of reaction times in re-
spoase to visual or auditory stimuli on the moming af-
ter treatment (at 7:30 or 9:30 am) revealed no hang-
over effects of melatonin treatment (Fig. 3).

Noae of the volunteers mistook the placebo for me-
latonin in their self-reports. At 8 pM, four of the sub-
jects receiving the 0.3 mg dose and five of the sub-
Jects receiving the 1.0 mg dose recognized that they
had been treated with a hypnotic. Most subjects per-
celved the hypnotic cffect within an hour of mclatonin
ingestion.

" DISCUSSION

These data show that Jow oral doses of melatonin,
which were previously shown to increase serum mela-
tonin concentrations to levels normally occurring at
night,'? produce acute hypnotic effects whea given in
the evening (Fig. 1, Table I). Moreover,.these effects
are discernible both subjectively and by standard poly-
somnographic methods. These observations comple-
ment our earlier finding that similar small melatonin
doses given at noon decrease sleep latency, as mea-
sured electromechanically,'? and support the idea that
the physiologic increase in blood melatonin levels that
occurs late in the evening, 1 to 2 hours before habitual
bedtime, is involved in the mechanisms that normally
trigger sleep onset.

Nommally, the daily altermation of environmental
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Fig. 3. Mood and performance on the morning after melato-
nin treatment: Simple Reaction Time (A); Profile of Mood
States (fatiguefinertia scale) (B); and Four Choice Reaction
Time, measured at 7:30 am (open bars) or 9:30 am (striped
bars).

light and darkness, mediated through the eyes,! adap-
tively harmonizes the rhythmic secretion of melatonin
from the pineal gland with other circadian rhythms.
The nocturnal release of melatonin from the pineal
gland is coincident with the habitual hours of sleep in
people with entrained 24-hour sleep-wake rhythms.?
In blind persons, deprived of this environmental zeit-
geber, endogenously driven circadian rhythms tend to
free-run and become, to varying degrees, dissociated;
sleep bccomcs disrupted, and daytime alertness is di-
minished. ' However, in a blind patient who exhibited
frec-running circadian rhythms, the daily pattern of
sleep propensity and the onset of melatonin secretion
were found to exhibit a normal relationship.'” This as-
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sociation supports the hypothesis that melatonin is in-
volved in normal noctumal sleep onset.

Because repeated daily doses of melatonin can shift
the phasing of the daily thythm in human melatonin
levels,'s it has been suggested that this treatment can
also, as 2 consequence, shift the sleep thythm'®?!
(i.c., that the effect of exogenous melatonin on sleep
is regulated by induced changes in the endogenous
rhythms). This does not seem to be a likely explana-
tion for_the changes in slecp latency observed here
(Fig: 1; Tablg I) or in our previous study'? in which
melatonin was adrministered at noon and sleep oaset
measured at 2 pM. The extent to which a single dose of
melatonin can shift the daily melatonin rhythm has
been megsured with use of repeated daily administra-
tion of the hormone at various time points,?! or mela-
tonin infusions over 3-hour intervals,? and found to
be less than 1 hour per day of treatment, regardless of
the time of day that melatonin was administered. Our
present and previous findings'? show that a single
- physiologic (0.3 mg) dose of melatonin can provoke
sleep onset 5 to 11 hours earlier than sleep would oth-
erwise occur. Similarly, Tzischinsky and Lavie,? us-
ing a pharmacologic dose of melatonin (5 mg), found
that the bormone facilitated sleep onset and sleep pro-
pensity 2 hours after it was administered at noon or at
5 pM. Such effects are cleady unrelated to a general
shift in circadian thythms. Our findings and those of
the Isracli group® suggest that the induced elevation
of circulating melatonin concentrations triggers the

onset of sleep, regardless of the prevailing phase of - -

- endogenous circadian rhythms. This acute effect of
melatonin on sleep, considered in view of the reported
increase in plasma melatonin levels®* and the increase
in urinary melatonin during sleep deprivation,?* sup-
ports the idea that endogenous melatonin may serve as
a link between circadian rhythmicity and th¢ homeo-
static mechanisms of sleep. This may account for the
observed reduction of sleep latency as a function of
slecp deficiency reported by Carskadon and Demeat.?
Thus a critical serum melatonin level may be basic to
normal nocturnal sleep induction in humans. :

In our studies, the extent to which melatonin accel-
crated sleep onset in any subject varied with his char-
acteristic sleep latency in the untreated state. The
sources of intersubject variability in sleep onset la-
tency are unknown but could be related.in part to dif-
ferences in subjects’ characteristic 24-hour serum me-
latonin patterns, which were not documented in this
study. A similar relationship could also underlie the
well-known increase of sleep pathology among older
people,?” inasmuch as noctumal melatonin production
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also declines with advancing age.”® Because only -
young volunteers were involved in our studies, we do
not have data on possible age-related differences in
the sleep-inducing effect of melatonin. However, Hai-
mov et al.* found that older people with insomnia
have lower nocturnal melatonin levels than those of
young people and of older subjects without insomnia.
Available data suggest that the slecp-inducing prop-
erties of melatonin may differ from those of the ben-
zodiazepines. Benzodiazepines decrcase the duration
of REM sleep after the single administration of a high
dose® or -of longer-term administration of low
doses®>33; they also reduce slow wave sleep, thus

 negatively influencing sleep quality. In our study, us-

ing a single low melatonin dose, we observed no sup-
pression of REM sleep, and some of the subjects un-
derwent REM slecp sooner afier melatonin treatment
than after placebo (Table I). It is interesting to note
that the benzodiazepines reportedly also suppress the
nocturnal increase in plasma melatonin and may in-
crease daytime plasma melatonin levels.*¢ Such ef-
fects could account for the residual daytime sedation
that frequently occurs after benzodiazepine treatment,
as well as for the rebound insomnia that can follow
the termination of such treatment. Infusion of L-tryp-
tophan®® or of 'Delta-Slecp-Inducing Peptide,
which can provoke slecp onset, also reportedly in-
crease circulating melatonin levels.*!® In contrast,
B-adrenergic blocking agents*““*® or noasteroidal anti-
inflammatory drugs (e.g., aspirin),**” which disturb
sleep, decrease blood melatonin levels.

In the design of our experiments, the objective
“sleep tests™ were initiated only 1 or 2 hours after in-
gestion of melatonin; thus we lack data on the mini-
mum latency of the hormone's effect. However, self-
reports of the. volunteers indicated that their usual
latency to its hypnotic effect was 25 to 60 minutes. In
previous polysomnographic studies of the effect of
melatonin on sleep latency positive results were ob-
tained when melatonin was given 1 to 2 hours before
the effect was observed (80 mg® and 5 mg®), and
negative results were obtained when it was adminis-
tered 15 minutes before bedtime (1 or § mg®®). Fur-
ther studies are needed to determine the time course of
the effect of physiologic melatonin doses on sleep la-
tency.

One of the major problems with existing hypnotic
agents (e.g., the benzodiazepines) is a hangover ef-
fect; that is, on the moming after treatment, patients
experience inappropriate sleepiness, changes in mood,
and diminished performance. In this study, we used a
battery of computerized tests previously shown to be
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sensitive to the mood and performance changes in-
duced by hypnotic agents. They revealed no hangover
effects the moming after evening “administration of
melatonin. ‘

Our findings'' (Table I; Fig. 1) strongly suggest
that the slecp onset, which is provoked by a single
dose of melatonin, results not from its effect on bio-
logical timing mechanisms, but from a direct action of
the elevated circulating melatonin per se.

?
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