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Negative Effects of Melatonin on Depression

gY JOHN S. CARMAN, M.D., ROBERT M. POST, M.D., RICHARD BUSWELL, M.D.,

AND FREDERICK K. GOODWIN, M.D.

Inorder to test the efficacy of the pineal neurohumor
melatonin on depression, the hormone was
administered in varying doses to six moderately to
severely depressed patients and two patients with
Huntington's chorea in a double-blind crossover
study. Melatonin exacerbated symptoms of dysphoria
in these patients, as well as causing a loss of sleep and
weight and a drop in oral temperature. Melatonin
increased cerebrospinal fluid 5-hydroxyindoleacetic
acid and calcium in three of four patients studied. The
authors discuss the implications of this finding.

Previous REPORTS (1-3) of mood improvement in
parkinsonian patients and normal human subjects re-
ceiving the pineal neurohumor melatonin prompted
our group to undertake a therapeutic trial of melatonin
in depression. (Table 1 reviews studies reporting the
psychological effects of melatonin.) Melatonin has
been shown to increase brain serotonin in ani-
mals (11, 12) and urinary 5-hydroxyindoleacetic acid
(S-HIAA) in parkinsonian patients (9) and to induce
and prolong sleep in human subjects (1, 3, 7-9) and an-
imals (13-15). These properties of melatonin led to our
interest in this neurohumor as a possible therapeutic
agent in depression, since sleep is frequently reduced
in depressive illness and brain serotonin has been hy-
ppthesized to be decreased in some forms of depres-
sion,

_ Further rationale for such a trial came from observa-
tions that melanocyte-stimulating hormone (MSH), an
antagonist of melatonin (7), produces in animals an ex-
aggerated response to noxious stimuli (16, 17). Con-
versely, a double-blind study reported low-dose oral
melanocyte-stimulating-hormone-release-inhibiting-
factor (MIF) a more effective antidepressant than pla-
cebo in four of five patients (18).
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METHOD

Six patients with major primary depressive illness,
defined according to the criteria of Spitzer and asso-
ciates (19), and two patients with Huntington’s chorea
were hospitalized on research wards at the National In-
stitute of Mental Health. Informed consent was ob-
tained after the nature of the treatment and procedures
was fully explained. The patients received varying
amounts of melatonin either orally, divided into four
equal doses daily, or by intravenous infusion once or
twice daily for varying periods of time. The course of
active oral melatonin was preceded and followed, for
at least one week, by administration of placebo cap-
sules identical in appearance, in a double-blind cross-
over design. Similarly, intravenous infusions of the ac-
tive hormone were randomized with placebo infusions
on a double-blind basis.

Behavioral ratings were obtained twice daily by con-
sensus of a trained nursing research team (who were
blind to all medications) using a modification of the
Bunney-Hamburg Mood and Behavior Rating
Scale (20), including ratings, on a 15-point scale, of
such global items as depression, mania, psychosis,
anxiety, and anger (21). The mean values for each item
during the 7 days immediately preceding administra-
tion of melatonin, the variable number of days at the
peak dose, and the placebo week following discontin-
uation of melatonin were employed in assessing the sig-
nificance of drug-associated changes by analysis of
variance.

An estimate of each patient’s total nighttime sleep
was determined by nurses making 30-minute checks
between midnight and 8 a.m., and oral temperature by
electronic thermometer and fasting weight were mea-
sured daily at 8 a.m. Blood samples were drawn twice
weekly at 8:30 a.m. to monitor endocrine, metabolic,
renal, hepatic, and hematologic status. Before melato-
nin administration and at peak dose, lumbar punctures
were performed, in three patients at 9 a.m. without
probenecid, and in patient 2 at 3 p.m. following oral
administration of probenecid (100 mg/kg) (22) and 15
hours of bed rest.

Cerebrospinal fluid (CSF) 5-HIAA was measured by
spectrofluorometric techniques as previously de-
scribed (22). CSF and serum total calcium and magne-
sium were measured by atomic absorption spectrom-
etry (23).
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TABLE 1
Psychological Effects of Melatonin: A Review of the Literature

Number of Length of Peak Daily Method of

Study* Subjects Type of Subjects Study (days) Dose (mg) Administration Psychological Effects

Lerner and 2 Normal subjects 1 200 Intravenous  Mild sedation

Case (4)

Norlund and 6 Normal subjects 28 1000 Oral Sedation

Lerner (5)

Altschule (6) 2 Subjects with 1 300 Intravenous  Marked exacerbation of
schizophreniain symptoms almost immediately
remission following infusion, with

active hallucinations
lasting 18 to 36 hours

Van Woert and 2 Parkinsonian patients 1 2000 Oral Behavior not reported

Cotzias**

Cotzias and 1 Parkinsonian patient 51 1350 Oral Somnolence, control of

associates (7) tremor

Anton-Tay and 15 Normal subjects 1 100 Intravenous  Sleep induction, comfort,

associates (1) elation, subjective

improvement

5 Parkinsonian patients 28 1200 Oral Sleep induction, comfort,
elation, subjective
improvement

Papavasiliou and 11 Parkinsonian patients 35 6600 Oral Tranquilization, somnolence

associates (8)

Shaw and 4 Parkinsonian patients 28 1000 Oral Tranquilization, relaxation,

associates (2) contentment

Cramer and 15 Normal male subjects 1 50 Intravenous Immediate sedation, decreased

associates (3) psychomotor activity, and

shortened sleep latency with
an otherwise normal sleep
EEG; increased emotional
stability noted on the day
following bedtime infuston

Anton-Tay (9) 6 Normal subjects 6 1000 Oral Sleep EEG effects: increased

REM density, increased phase
2, and decreased phase 4
Smythe and 10 Normal male subjects 1 1000 Oral Behavior not reported

Lazarus (10)

* Studies are listed in chronological order, from 1960 to 1974.
** Cited in (5).

RESULTS

Figure 1 shows the effect of melatonin on the psy-
chological state of the eight patients. Not only was me-
latonin, by either method of administration, ineffective
as an antidepressant, but in every patient it caused
some exacerbation of dysphoric mood. Ratings of de-
pression and anger increased significantly for the
group as a whole (p<.01), while psychosis emerged de
novo or worsened in four patients. Anxiety increased
as well, although not significantly (p<.10).

Two cardinal elements of the vegetative dysfunction
characterizing endogenous depression—Iloss of sleep
and weight—seemed specifically worsened during me-
latonin treatment (see table 2). Nurses’ checks, al-
though such crude estimates must be interpreted with
caution (24), suggest a drop in nighttime sleep averag-
ing 2.0 hours (p<<.01), and the magnitude of sleep loss
seemed related to the peak worsening of depression in
each patient. Patients on melatonin also had an aver-
age weight loss of 1.8 kg (p<<.01). In addition, oral tem-
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perature measured at 8 a.m. decreased by an average
of 0.8C (p<.01) (table 2).

CSF 5-HIAA as well as CSF calcium increased
markedly in three of four patients tested (table 3). The
sole exception, patient 3, was also the only patient
whose depression ratings did not increase on melato-
nin.

CASE REPORTS '

Case 1. This 66-year-old woman had an 18-year history of
episodic severe unipolar depression marked by prominent
anorexia, social withdrawal, psychomotor retardation, and
marked moming awakening. Each of her 12 prior episodes
had necessitated hospitalization and parenteral feedings and.

4

despite numerous trials of antidepressant medication, had fi-
nally responded only to ECT. During her 24-day trial of oral ;
melatonin (peak dose=1100 mg/day), she developed a clea’ |
and dramatically dose-related exacerbation. Figure 2 demo®
strates graphically the high correlation of nurses’ ratings ©
psychological state with the dosage of melatonin this patien!
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FIGURE 1 . .
gffect of Melatonin on Subjects’ Psychological State (N=8)*
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Melatonin Treatment

GLOBAL RATING OF SUBJECTS  PSYCHOLOGICAL STATE

Psychosis Anxiety

PSYCHOLOGICAL SYMPTOMS

Depression

*Significant differences (p < .01, by analysis of variance) were found for the
ratings of depression and anger when melatonin treatment was compared
with preceding and following placebo treatment.

received. The patient’s extreme withdrawal progressed to to-
tal mutism, anorexia, rigid immobility, enuresis, and enco-
presis. Furiously negativistic, she closed her eyes and exhib-

ited alarm when the staff attempted to assist her in eating,

grooming, or locomotion. On melatonin the usual lessening
of this patient’s depressive stupor during the evening dis-
appeared. The exacerbation in her illness lessened slowly

during the week following abrupt substitution of placebo.

TABLE 2
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Case 2. This patient was a 40-year-old woman with a 6-
year history of alternate episodes of mania and depression,
each requiring hospitalization; her index admission was for a
moderately severe retarded depression that was worse dur-
ing the evenings. During her first week on oral melatonin she
developed an extreme lability of mood with sudden unpro-
voked outbursts of tears, rage, or terror. At peak dose (1600
mg/day) she developed looseness of associations, idiosyn-
cratic expression, bizarre and inappropriate dress and
demeanor, ideas of influence and reference, and the appear-
ance for the first time of self-accusatory auditory hallucina-
tions, blocking, and episodes of waxy flexibility several min-
utes in duration. An abrupt remission of all psychotic symp-
toms, coupled with a considerable lessening of depression,
occurred one day after substitution of placebo following a
16-day trial of melatonin. She subsequently showed further
improvement in her depression during lithium carbonate ad-
ministration.

Case 3. This 44-year-old man had a 10-year history of re-
tarded bipolar depression with episodic alcoholism. While on
oral melatonin at a peak dose of 1200 mg/day, no affective
worsening was reflected in his global depression ratings, but
this patient did report increased sadness, difficulty con-
centrating, early moming insomnia (although nurses’ sleep
checks do not reflect this), and daytime drowsiness. He be-
came more withdrawn, developed a prominent anorexia, and
for the first time in 4 years of effortless abstinence expressed
a desire for alcohol. These symptoms improved a few days
after he completed a 9-day trial of melatonin. Later, this
patient did not show a clear response to lithium, but he did
improve following administration of tricyclic antidepres-
sants.

Case 4. This patient was a 31-year-old woman with a 3-
year history of mild to moderate unipolar depression. Al-
though early in her hospitalization she suffered from mild in-
somnia, anorexia, and agitation, her depression responded
well to hospitalization and psychotherapy without antide-
pressant medication, and she was substantially improved at

Effect of Melatonin on Subjects’ Weight, Amount of Sleep, and Temperature

Patient
ftem 1 2 3 4 5 6 7 8 Mean SEM F Significance
Weight (kg) .
Predrug 50.5 80.8 78.5 52.8 38.2 57.6 56.8 59.6 59.5 5.0 — —
Melatonin 47.0 77.9 77.0 52.8 373 55.2 56.0 58.4 57.7 4.8 — —
Postdrug 48.0 78.0 77.5 53.9 38.4 57.3 56.0 59.0 58.5 4.8 —_ —
Analysis — —_ — — — — — — — — 9.20 p < .01
Sleep (hours)
Predrug 8.0 6.0 7.0 7.0 6.5 6.5 8.0 6.0 6.9 3 _ —
Melatonin 6.5 3.0 7.0 5.5 1.5 6.0 6.0 4.0 49 7 —_ —
Postdrug 6.5 4.5 7.5 7.0 8.0 6.0 5.0 6.1 5 — —
Analysis — — — — — — — — — 9.00 p < .0l
Temperature (C)
Predrug 36.4 36.8 36.1 36.0 36.4 36.8 36.2 37.0 36.5 1 — —
Melatonin 35.2 35.0 36.0 35.8 36.0 36.0 354 36.0 35.7 1 — —
Postdrug 36.0 36.4 36.2 36.2 360 364 36.8 36.2 36.3 1 — —
Analysis — — — - — — — — — — 9.64 p < .0t
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TABLE 3

Effect of Melatonin on CSF 5-HIAA and CSF Calcium of Four De-
pressed Patients

Patient

Item 1 2 3 4
CSF 4-HIAA (ng/liter)

Predrug 24.00 129.00*  21.00 22.00

Melatonin 150.00 306.00* 22.00 177.00
CSF calcium (mEg/liter)

Predrug 2.35 2.35 2.50 1.90

Melatonin 2.55 2.40 2.50 2.30

* In patient 2, both CSF specimens were obtained following administration of
probenecid.

the time her brief trial (3 days) of oral melatonin was begun.
She became increasingly tearful and drowsy on melatonin
and was felt by the staff to be subtly more distant and with-
drawn. She complained of easier fatigability, decreased inter-
ests and appetite, and marked morning insomnia at the peak
dose of 1200 mg/day.

Case 5. This patient, a 48-year-old woman with a moder-
ate unipolar depression who received intravenous melatonin
for 7 days (peak dose=250 mg/day), experienced disturbed
sleep, gloominess, argumentativeness, feelings of unreality,
and increased tearfulness and reported subjective increases
in depression while on melatonin.

Case 6. This 47-year-old man with a moderately severe re-
tarded bipolar depression received intravenously for 3 days
the least melatonin given in this study (peak dose=150 mg/
day) and showed little behavioral change other than an epi-
sode of breakthrough crying within an hour after the infusion
of his highest dose. This was the only such crying in his en-
tire hospitalization.

Cases 7 and 8. A 53-year-old woman and a 39-year-old
woman had Huntington’s chorea with moderate to severe
motor dysfunction but only mild mental impairment. Al-
though both were euthymic and without psychotic symp-
toms before the drug trial, both showed depression and psy-
chomotor retardation during melatonin (peak dose=1200 mg/
day) but no alteration in cognitive function and no emer-
gence of psychosis. Patient 7 received melatonin for 12 days,
patient 8 for 9 days.

DISCUSSION

The increased dysphoria that we observed in this
small number of depressed and choreic patients was as-
sociated with sad or hopeless facial and verbal expres-
sions and appeared to be a clear exacerbation of de-
pression and not mere nonspecific sedation, as had
been frequently reported in previous trials with human
subjects (see table 1). The study was discontinued be-
cause of the evidence that melatonin was making this
population of patients worse. These findings stand in
striking contrast to the ‘‘elation’’ (1), ‘‘con-
tentment”’ (2), and ‘‘increased emotional stability’” (3)
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FIGURE 2
Effect of Melatonin on Psychological State of Patient 1*
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*During the period of active drug administration, the correlations between
total daily dose of melatonin and ratings of specific psychological symp-
toms of patient 1 were .54 for anger, .70 for psychosis, and .57 for depression.

reported for other neurologically disordered patients
and normal control subjects. Different experimental
settings, closer attention to psychological effects,
double-blind methodology, and the use of subjects
with preexisting psychiatric morbidity or biological
vulnerability could have contributed to our discrepant
findings. Of possible relevance to our clinical observa-
tions are the reports that melatonin reduces spon-
taneous or appetitive activity in animals at doses even
lower by weight than those we employed (16, 25-31).
Our results are consistent with those of Alt-
schule (6), who noted florid exacerbation of schizo-
phrenic symptoms following administration of intra-
venous melatonin to two previously recovered schizo-
phrenic patients. The development of psychotic
symptoms we saw during melatonin administration I
the four most severely depressed patients is notewor-
thy since a variety of psychotomimetic and stimulant
agents increase melatonin synthesis (dimethyltrypta-
mine, bufotenine, mescaline, LSD, dimethoxypheny]e’
thylamine {32], amphetamine [33], cocaine [34]. and
L-dopa [35]), while the neuroleptics diminish it (36)
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and augment release of MSH from the pituitary (37).
It has been postulated (38-43) that endogenous or

triguing that in one patient restriction of dietary cal-
cium, which may produce pineal atrophy (65), has

exogenous melatoniq mig}_lt undergo cyg:lic .dehy— been reported to lessen the duration and severity of
dration to form carbolines with either reserpine-like de-  acute episodes of periodic psychosis (66).
ressant or psychotomimetic properties. More rapid While this preliminary trial indicates that melatonin
+ accumulation of melatonin or such metabolites or is ineffective as an antidepressant in this patient popu-
greater sensitivity to them might explain the dramati-  lation and may even worsen mood in patients with
cally different behavioral effects of melatonin in psy-  moderate to severe depression, further exploration of
chiatric patients than in normal subjects (44, 45). the role of this neurohormone in affective and other
Doses of exogenous melatonin administered four  psychoses appears to be indicated.
times a day might effectively have obfuscated the nor-
mal nocturnal, pulsatile synthesis and release of endog-
enous melatonin (46-49) as well as circadian variations REFERENCES
in any beh?v{oral charaCtenS_tlcs ref_erable to it. Con- 1. Anton-Tay F, Diaz JL, Fernandez-Guardiola M: On the effects
sequently it is particularly interesting that the pre- of melatonin upon human brain: its possible therapeutic implica-
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ty of patients 1 and 2 became indiscernible at the peak 2 8:‘?:5 ;fjr)"l’]i?cr:t ?g%.ls?ggger M: Melatonin and parkinsonism
dose of the ho'rr'none: If exogenous melatonin were in 3. Cramer H, Rudolph J, Consbruch U, et al: On the effects of me-
fact altering critical circadian rhythms, this would pro- latonin on sleep and behavior in man, in Serotonin—New Vis-
vide another explanation of the different effect of me- tas: Biochemistry and Behavioral and Clinical Studies. Ad-
: : fatrl in Biochemical Psychopharmacology, vol 11. Edited by
latonin on normal control subjects than on psychiatric vances in
patients, who may have abnormal circadian rhythms ggﬁ%fl'g?essa GL, Sandler M. New York, Raven Press, 1974,
initially (50-52). We (53) and others (54) have ob- 4 Lemer AB, Case JD: Melatonin. Fed Proc 19:590-592, 1960
served a marked, usually transient antidepressant ef- 5. Lerner AB, Nordlund JJ: Comment: administration of melato-
fect of one night’s sleep deprivation in severely de- nin to human subjects, in Frontiers of Pineal Physiology. Edited

: . . by Altschule MD. Cambridge, Mass, MIT Press, 1975, pp 42-43
presse? p%t.lents }) qt not. n .les.s deprcs.ic?l(.i pa}tllentls. or 6. Altschule MD: Personal communication, July 6, 1976
?Ont,ro supjects. It1s an intriguing ROSSI 1 lty,t atelim- 7. Cotzias GC, Papavasiliou PS, Ginos J: Metabglic modification
ination of a sleep- or dark-relat§d increase in melato- of Parkinson’s disease and of chronic manganese poisoning.
nin might account for the mood improvement in sleep- Ann Rev Med 22:305-326, 1971
deprived depressed patients. 8. Papavasiliou PS, Cotzias GC, Duby SE, et al: Melatonin and

: : . . parkinsonism (Itr to ed). JAMA 221:88-89, 1972

The p‘OSSl.b le role Of altered Seromn":' and calcium 9. Anton-Tay F: Melatonin: effects on brain function, in Seroto-
metabolism in PrOdetlon of the.dysphorxc chang_es ob- nin—New Vistas: Biochemistry and Behavioral and Clinical
served must likewise be considered. The finding of Studies. Advances in Biochemical Psychopharmacology, vol
markedly increased CSF 5-HIAA in three of four 11. Edited by Costa E, Gessa GL, Sandler M. New York, Ra-

: . : : : : ven Press, 1974, pp 315-324

pa:il?_lms 1S COQ.SlSten{{ with ea]:ller data from amma}llls 10. Smythe GA, Lazarus L: Suppression of HGH secretion by me-
?n uma,n subjects. ecen? evidence suggests'that t. € latonin and cyproheptadine. J Clin Invest 54:116-121, 1974
1ncrease' In cen}rgl ser‘otomn turnover occurring with 11. Cotzias GC, Tang LC, Miller ST, et al: Melatonin and abnormal
melatonin administration represents a compensatory movements induced by L-dopa in mice. Science 173:450-454,
response to a primary blockade of serotonin receptors 1971 , ,

. . 12. Anton-Tay F, Chou CH, Anton S, et al: Brain serotonin concen-
by melatonin (9, 10, 55-57). Indeed, melatonin pre- tration with intraperitoneal administration of melatonin. Sci-
vents release of grqwth hor'mone by seroto- ence 162:277-279, 1968
nin (56, 57). The large increases in S-HIAA in those 13. Hiskikawa Y, Cramer H, Kuhlo W: Natural and melatonin-in-
patients who demonstrated the clearest worsening duced sleep in young chickens: a behavioral and electrographic
while receiving melatonin is consistent with studies study. Exp Brain Res 7:84-94, 1969
showi hat 5-HIAA in CSF d followi . 14. Barchas J, Dacosta F, Spector S: Acute pharmacology of me-

owing that >- mn ccreases lollowing vart- latonin. Nature 214:919-920, 1967
ous ‘an.tldepressant treatments (58, 59). 15. Marcynski T, Yamaguchi N, Ling GM, et al: Sleep induced by
Similarly, the elevation of CSF calcium associated the administration of melatonin (5-methoxy-N-acetyl-
with melatonin administration to the same three "thafg‘(;‘% ‘:)4;;‘6 ;gpmhalamus in unrestricted cats. Expe-
. . . rientia 20:435 , 1964
Patients complements th,e finding that amldepr.es,sams 16. Kastin AJ, Miller MC, Ferrel L, et al: General activity in intact
may decn:ease CSF calcium (60). Several prelxmlqary and hypophysectomized rats after administration of MSH, me-
ﬁndmgs link the pineal to humoral calcium regulation: latonin, and Pro-Leu-Gly-NH,. Physiol Behav 10:399-401, 1973
Inrats, pinealectomy results in hyperplasia of the para- 17. Stratton LO, Kastin AJ, Coleman WP: Activit.y and dark prefer.—
follicular (calcitonin-producing) cells of the thy- e}‘f;’ ;,esp 0n59e§7°£a(l)bln9()7§nd hooded rats receiving MSH. Physi-
. . . ol Behav 11:907-910, 1
ml(_j (61) and hypofunction of the pargthyro@ (62), 18. Ehrensing RH, Kastin AJ: Melanocyte-stimulating hormone-re-
which can be restored to normal by administration of lease-inhibitory hormone as an antidepressant. Arch Gen Psy-
Melatonin (63). In an attempt to synthesize these find- chiatry 30:63-65, 1974 _
ings we would postulate that melatonin exerts a tonic 19. S.pltzgr RL,' Endicott J, Robins E: Clinical .'cn'teria for psychiat-
inhibition of calcitonin release from the thyroid and ?9075(1 iagnosis and DSM-III. Am J Psychiatry 132:1186-1192,
Olher Slt?& p0551bl.y by blockade of SerOtonf?rglC me(fh‘ 20. Bunney WE, Hamburg DA: Methods for reliable longitudinal
anisms involved in that release (64). It is also in- observation of behavior. Arch Gen Psychiatry 9:280-294, 1963
Am J Psychiatry 133:10, October 1976 1185



EFFECTS OF MELATONIN ON DEPRESSION

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

3s.

36.

37.
38.

39.

40.

41.
42.

43,

1186

Kotin J, Goodwin FK: Depression during mania: clinical obser-
vations and theoretical implications. Am J Psychiatry 129:679—
686, 1972

Goodwin FK, Post RM, Dunner DL, ct al: Cerebrospinal fluid
amine metabolites in affective illness: the probenecid technique.
Am J Psychiatry 130:73-79, 1973

Gochman N, Givelber H: Automated simultaneous micro-
determination of calcium and magnesium by atomic absorption.
Clin Chem 16:229-234, 1970

Kupfer DJ, Wyatt RJ, Snyder F: Comparison between EEG and
systematic nurses’ observations of sleep in psychiatric patients.
J Nerv Ment Dis [51:361-368, 1970

Reiss M, Davis RH, Sideman MB, et al: Pineal gland and spon-
taneous activity of rats. J Endocrino! 28:127-128, 1963

Wong R, Whiteside CBC: The effect of melatonin on the wheel-
running activity of rats deprived of food. J Endocrinol 40:383—
384, 1968

Kovacs G, Gajari L, Telegdy G, et al: Effect of melatonin and
pinealectomy on avoidance and exploratory activity in the rat.
Physiol Behav 13:349-355, 1974

Kincl FA, Chang CC, Zbuzkova V: Observations on the influ-
ence of changing photoperiod on spontaneous wheel-running ac-
tivity of neonatally pinealectomized rats. Endocrinology 87:38-
42, 1970

Byrne JE: Locomotor activity responses in juvenile sockeye
salmon O nerkr to melatonin and serotonin. American Journal
of Zoology 48:1425-1427, 1970

Karppanen H, Airaksinen MM, Sarkimaki I: Effects in rats of
pinealectomy and oypertine on spontaneous locomotor activity
and blood pressure during various light schedules. Ann Med
Exp Biol Fenn 51:93-103, 1973

Quay WB: Precocious entrainment and associated character-
istics of activity patterns following pinealectomy and reversal of
photoperiod. Physiol Behav 5:1281-1290, 1970

Hartley R, Smith JA: The activation of pineal hydroxyindole-O-
methyltransferase by psychotomimetic drugs. ] Pharm Pharma-
col 25:751-752, 1973

Backstrom M, Wetterberg L: Increased N-acetyl serotonin and
melatonin formation induced by d-amphetamine in rat pineal
gland organ culture via B-adrenergic receptor mechanism. Acta
Physiol Scand 87:113-120, 1973

Holtz RW, Deguchi T, Axelrod J: Stimulation of serotonin N-
acety] transferase in pineal organ culture by drugs. J Neuro-
chem 22:205-209, 1974

Lynch HJ, Wang P, Wurtmann RJ: Increase in rat pineal melato-
nin content following L-dopa administration. Life Sci 12:145-
151,1973

Hartley R, Padwick D, Smith JA: The inhibition of pineal hy-
droxyindole-O-methyltransferase by haloperidol and fiuphena-
zine. J Pharm Pharmacol 24:100-103, 1972

Kastin AJ, Schally AV: MSH activity in pituitary glands of rats
treated with tranquilizing drugs. Endocrinology 79:1018, 1966
Gessner PK, Mclsaac W, Page IH: Pharmacologic actions of
some methoxyindole alkylamines. Nature 190:179-180, 1961
Szara S, Hearst E: The 6-hydroxylation of tryptamine deriva-
tives: a way of producing psychoactive metabolites. Ann NY
Acad Sci 96:134-141, 1962

Mclsaac WM, Khairallah PA, Page IH: 10-Methoxyharmalan,
a potent serotonin antagonist which affects conditioned behav-
ior. Science 134:674-675, 1961

Szara S: Hallucinogenic effects and metabolism of tryptamine
derivatives in man. Fed Proc 20:885-888, 1961

Mclsaac WM: A biochemical concept of mental disease. Post-
grad Med 11:111-118, 1961

Ho BT, Taylor I, Mclssac W: Studies on mechanism of action of
6-methoxy-tetrahydro-B-carboline in elevating brain serotonin,
in Brain Chemistry and Mental Disease, Advances in Behavior-
al Biology, vol L. Edited by Ho BT, Mclsaac W. New York, Ple-
num Press, 1971, pp 97-112

Am J Psychiatry 133:10, October 1976

44.

45.

46,
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

Wurtman RJ, Axelrod J: Effect of chlorpromazine and othe
drugs on the disposition of circulating melatonin. Nayy,
212:312, 1966

Wurtman R}, Axelrod J, Anton-Tay F: Inhibition of the metab,.

lism of H*-melatonin by phenothiazines. Journal of Pharmacolg—1

gy and Experimental Therapeutics 161:367-372. 1968

Lynch JH, Wurtman RJ, Moskowitz MA, et al: Daily rhythm i,
human urinary melatonin. Science 187:160-171, 1975

Axelrod J: The pineal gland: a neurochemical transducer. ;.
ence 184:1341-1348, 1974

Quay WB: Twenty-four-hour rhythms in pineal S-HT apq
HIOMT activity in the macaque. Proc Soc Exp Biol Meg
121:946-948, 1966

Petham RW, Vaughan GM, Sandock KL, et al: 24-hour cycles
of a melatonin-like substance in the plasma of human males, }
Clin Endocrinol Metab 37:341-344, 1973

Tupin JP: Certain circadian rhythms in manic-depressive illnesg
and their response to lithium. Int Pharmacopysychiatry 5:227.
232, 1970

Kripke DF: Ultradian rhythms in sleep and wakefulness, in Ag.
vances in Sleep Research, vol 1. Edited by Weitzman ED. New
York, Spectrum Publications (Halsted Press), 1975, pp 305-325
Wehr T, Goodwin FK: Biorhythms and manic-depressive jll.
ness. Presented at the 128th annual meeting of the Americap
Psychiatric Association, Anaheim, Calif, May 5-9, 1975

Post RM, Kotin J, Goodwin FK: Effects of sleep deprivation on
mood and central amine metabolism in depressed patients. Arch
Gen Psychiatry 33:627-632, 1976

Pflug B, Tolle R: Disturbance of the 24-hour rhythm in endogen-
ous depression and the treatment of endogenous depression by
sleep deprivation. Int Pharmacopsychiatry 6:187-196, 1971
Ortega BG, Anton-Tay F, Esparza N, et al: Melatonin: effects
on cAMP concentration in the brain. Presented at the 4th Inter-
national Meeting of the International Society for Neurochem-
istry, Tokyo, Japan, April 21-24, 1974

Smythe GA, Lazarus L: Growth hormone regulation by melato-
nin and serotonin. Nature 244:230-231, 1973

Smythe GA, Lazarus L: Growth hormone response to melatonin
in man. Science 184:1373-1374, 1974

Rubovits R, Goodwin FK, Post RM: Effects of lithium on brain
amine metabolism. Presented at the 129th annual meeting of the
American Psychiatric Association, Miami Beach, Fla, May 10-
14, 1976

Post RM, Goodwin FK: Effects of amitriptyline and imipramine
on amine metabolites in CSF of depressed patients. Arch Gen
Psychiatry 30:234- 239, 1974

Carman JS, Post RM, Teplitz TA, et al: Calcium, lithium, ECT,
and mood. Presented at the 127th annual meeting of the Amen-
can Psychiatric Association, Detroit, Mich, May 6-10, 1974
Csaba G, Barth P: The effect of pinealectomy on the para-
follicular cells of the rat thyroid gland. Acta Anat 88:137- 146,
1974

Kiss J, Banhegyi D, Csaba G: The endocrine regulation of blood
calcium level: II. Interrelations between the parathyroid and the
pineal gland. Acta Med Acad Sci Hung 26:363-370, 1969
Krstic R: On changes in the parathyroid glands after epiphysec-
tomy. Z Zellforsch 77:8-24, 1967

. Nunez EA, Gould RP, Hold SJ: Autophagy of unusual para-

follicular **C”* cell granules in bat thyroid glands, in Calcitonin
1969: Proceedings of the Second International Symposium. Edit-
ed by Taylor S, Foster G. New York, Springer-Verlag, 1970, pp
252-261

Takagi J: Experimental studies on effects of a calcium-free diet:
histopathological changes in the endocrine organs. Chosenl
gakkai Zasshi 32:325-388, 1942

Speijer N: Treatment of a periodical psychosis (degenerative
psychosis) based upon haematological and biochemical devia-
tions from the normal. Folia Psychiatrica, Neurologica €
Neurochurgica Neerlandica 53:718-726, 1950

i
[

1




