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Summary

The nocturnal rise o f melatonin in serum o f humans is the result o f  
endogenously released norepinephrine (NE) acting upon beta-adrenergic 
receptors o f the pineal gland. As there is much interest in the possibility of 
there being changes in the function of beta-receptors in depressed patients, 
the nocturnal rise o f melatonin was measured in depressives and healthy 
control subjects. In one study, multiple serum samples were taken between
4.30 p.m. to 7.30 a.m. in seven male depressed patients with melancholia 
and five healthy male control subjects. The melancholic patients had a 
significantly reduced nocturnal elevation of melatonin. In a separate study, 
serum samples were taken at 8 a.m. and 11 p.m. in melancholic depressives, 
non-melancholic depressives and healthy control subjects. The melancholic 
patients had a significantly lower concentration o f melatonin at 11 p.m., but 
not at 9 a.m., than that measured in either the control subjects or the non­
melancholic depressed patients. These results are similar to those found 
recently by several other groups of investigators. Further research is indicat­
ed to elucidate mechanism(s) responsible for this phenomenon.
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Introduction

For many years now, central noradrenergic neurons have been 
speculated to be involved either in the etiology of some of the signs
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or symptoms of major depressive disorders and/or the mechanism of 
action of antidepressant drugs (see Prange, 1964; Schildkraut, 1965; 
Frazer and Conway, 1984). Most of the data used to support this idea 
was generated preclinically—from studies demonstrating that anti­
depressants had robust effects on central noradrenergic neurons. 
Since then, a variety of strategies have been employed in an attempt 
to detect either alterations in noradrenergic neuronal activity or 
effects of antidepressants on noradrenergic neurons in depressed 
patients. Although pronounced effects of many types of anti­
depressants on the function of noradrenergic neurons has emerged 
(Linnoila et al., 1982; Veith et al., 1983; Ross et al., 1985; Bowden et al., 
1985) no uniform alteration of noradrenergic neurons has been 
found in depressives. In earlier studies, data obtained was interpreted 
in favor of underactive functioning of noradrenergic neurons (Maas 
et al., 1968; Beckman and Goodwin, 1980); more recently evidence in 
favor of excessive activity of these neurons in depressed patients has 
been obtained (Koslow et al., 1983).

To date, the measurement of norepinephrine (NE) or its metab­
olites in some bodily fluid has been the strategy used by most 
investigators studying this issue. An alternative strategy would be to 
measure in depressed.patients responses due to activation of nor­
adrenergic receptors. Similarly, the effect of treatment of depressives 
with antidepressants on NE—elicited responses could be studied. As 
current views of antidepressant drug action (as well as ideas of altera­
tions of noradrenergic activity in depression) center around possible 
changes in receptor function (Frazer et al., 1974; Vetulani and Sulser, 
1975; see Charney et al., 1981; see Frazer, 1981) employment of such a 
strategy could be illuminating.

This strategy can be used in depressives by measuring the noctur­
nal rise in serum of 5-hydroxy-N-actyl-serotonin (melatonin) secret­
ed from the pineal gland. Humans as well as other animals show a cir­
cadian rhythm of melatonin in serum with highest concentrations 
being found at nighttime (Kennaway et al., 1977; Arendt et al., 1977). 
In animals, the signal for this rhythm originates in the suprachiasmat- 
ic nucleus (Moore, 1978) and is inhibited by environmental lighting 
(see Lewy, 1981). Light impinging on the retina acts via a multisynap- 
tic pathway to inhibit the firing of the superior cervical ganglia which 
results in diminished release of NE from the sympathetic nerves 
innervating the pineal (Brownstein and Axelrod, 1974). Upon release, 
NE activates beta-adrenergic receptors on the pinealocyte resulting 
in increased synthesis of melatonin (see Axelrod, 1978). The regula­
tion of melatonin synthesis may be similar in humans to that just 
described in rats; nocturnal melatonin levels in man decrease
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markedly after treatment with beta-adrenergic antagonists like pro­
pranolol or atenolol (.Hanssen et at, 1977; Moore et at, 1979; Cowen et 
at, 1983 b). Also, the nocturnal rise of melatonin is absent in patients 
with transection of the cervical spinal cord (Kneisley et al., 1978). 
From such data it may be inferred that in humans the synthesis and 
release of melatonin from the pineal gland is regulated by NE acting 
on pineal beta-adrenergic receptors. Given this, it is of interest that 
administration of the beta-adrenergic agonist isoproterenol to 
humans does not raise the concentration of melatonin in serum 
(Vaughan et at, 1976; Moore et at, 1979) as it does in the serum of the 
rat (Lewy, 1981; Heydom etal., 1982). The reason for the negative result 
with isoproterenol in humans is not known. It may be due to the 
need to use doses of the drug that would cause unacceptable cardio­
vascular effects. Whatever the reason, one cannot use isoproterenol 
to stimulate melatonin in humans. Nevertheless, for reasons 
enumerated above, the nocturnal rise of melatonin in serum of 
humans does appear to be a consequence of endogenously released 
NE acting upon pineal beta-adrenergic receptors. Given the marked 
advances in techniques available to measure melatonin accurately in 
the serum of humans (discussed elsewhere in this volume), we have 
measured the nocturnal rise of melatonin in depressed patients, both 
before and during treatment with the tricyclic antidepressant, des- 
methylimipramine (DMI), as a measure of noradrenergic responsive­
ness in depressed patients.

Nocturnal Melatonin Secretion in Depressed Patients and
Control Subjects

Philadelphia Study

Seven male patients [age 42 ± 4  years (X±S.E.M.)] who met 
DSM III criteria for Major Depressive Disorder, melancholic sub- 
type, and five male healthy control subjects (age* 32 ± 5  years) were 
studied. The patients were all moderately to severely depressed, 
required hospitalization, and had a mean Hamilton Rating Scale for 
Depression score of 31 ± 3 .4  (Hamilton, 1960). The weights of the 
patients (77 ± 3 .4  kg) and the control subjects (78 ± 2.5  kg) were not 
significantly different. The patients were drug-free for at least 7 days 
prior to testing and had received no antidepressants within 2 weeks 
of testing. Blood was sampled for subsequent melatonin determina­
tion at 4.30 p.m., 6 p.m., 7.30 p.m., 9 p.m., 10.30 p.m., 12 p.m.,
1.30 a.m., 3 a.m., 4.30 a.m., 6 a.m. and 7.30 a.m. Lights were off from 
10 p.m. to 6.30 a.m. Serum was frozen and assayed within two
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months using the radioimmunoassay procedure developed by Rollag 
and Niswender (1976). Further details of this study and the assay have 
been given previously (Brown et al., 1985).

The results of this study are summarized in Fig. 1. The concen­
tration of melatonin in serum was less in all subjects when sampled 
during light than it was during the nighttime. Dark phase concentra­
tions, of melatonin in serum rose significantly in all study groups, as

Time of Day

Fig. 1. Serum concentrations o f  melatonin in male control subjects (N =  5) and male 
melancholic depressives (N =  7) measured at multiple times during the day and night. 
Each point and bracket represents the mean value o f  melatonin plus or minus the 
S.E .M . Both groups o f  subjects showed a rise in melatonin after the lights were turned 
o ff  at 10 p.m., as revealed by a significant effect o f  time in a two-way ANOVA 
(F =  23.9, p <  0.001). The significant interaction term in the ANOVA (F =  3.8, 
p <  0.001) indicated that the rise o f  melatonin over time was different in the patient 
and. control groups. Inspection o f  the data shows a reduced nocturnal rise in the 

melancholic depressives (from Brown et al., 1985)



M elatonin  in  Depression 273

revealed by analysis of variance on time of sampling (F =  23.9, 
df =  10, p <  0.001). However, depressed patients with melancholia ex­
perienced a less marked increase as indicated by the significant inter­
action between diagnosis and time (F =  3.8, df=10, p <  0.001). Post 
hoc analyses revealed no significant differences between patients and 
control subjects at any individual time point. However, the peak 
values of melatonin for each individual was less in the melancholic 
patients (53±10pg/m l) than that measured in the control group 
(89±9pg/m l) (p<0.05, df=10, Mest). No significant correlation 
was found between age and the peak value of melatonin measured in 
either melancholic patients (Spearman r= 0 .3) or healthy control 
subjects (Spearman r =  0).

In addition to analyzing the magnitude of the nocturnal rise of 
melatonin in the serum of the patients and control subjects, separate 
statistical analyses were done to determine if there was a shift in the 
time at which the peak concentrations occurred. Inspection of Fig. 1 
suggests that control and patient groups reached peak values of 
melatonin at the same time (approximately 3 a.m.). Examination of 
the data from individual patients, though, indicated considerably 
more variability in the time at which peak values occurred among 
patients. There are several ways to confirm and express this differ­
ence. The Fmax test for equality of variances may be applied. Taking 
the time at which 90% of the peak level is first reached (to reduce 
effect of fluctuations about the peak) where 12 p.m. is 0, 1.30 a.m. is 
+ 1.5,10.30 p.m. is —1.5, the mean and SD for controls was 1.8 ±  0.67 
and for patients was 1.5 ±2.1. The F-test for homogeneity of 
variances equals 9.82 (df= 4 , 6; p<0.01).

Trend analyses were performed also, using ANOVA, to 
determine how well patient and control group data could be approx­
imated by linear and quadratic equations determined separately for 
each group. For the control group, the quadratic term achieved an 
F =  40.1, p <  0.00001, but for the patient group F =  8.6, p<0.01. 
Whereas the control group significantly deviated from linear 
(F =  7.3, p <  0.001), the patient group did not (F =  1.6).

New York Study

In this study, three different groups of subjects were included: a) 
hospitalized—patients with a DSM III diagnosis of Major Depressive 
Disorder, melancholic subtype (14 females, 5 males; age 62 ±2.5 
years); b) hospitalized—patients with a diagnosis of Major Depressive 
Disorder without melancholia (9 females; age 57 ±4.5  years) and c) 
healthy controls (7 males; age 41 ±4 .0  years). The melancholic
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patients were more severely depressed (Hamilton Score, 36±4.3) 
than the non-melancholic patients were (Hamilton Score, 23 ±1.7; 
p <  0.001). Lights were off from 10 p.m. to 6.30 a.m. and blood for 
melatonin was sampled at 11 p.m. and 9 a.m. Seram was frozen and 
shipped to Philadelphia every two months for assay in the same 
laboratory and by the same method as described above.

Because there are previous reports of an association between 
reduced nocturnal secretion of melatonin in depressives and ab­
normalities in hypothalamic—pituitary-adrenal cortical (HYPAC) 
activity (Wetterberg, 1983), 16 melancholic and seven non-melancholic 
depressed patients in New York also underwent lmg dexamethasone 
supression tests (DSPs) within three days of the melatonin study. 
DST non-suppression was defined as a plasma cortisol value above 
5 yUg/dl at 8 a.m. or 4 p.m. on the day following dexamethasone 
administration. Cortisol was determined by radioimmunoassay 
(Stokes et al, 1984).

The results obtained in New York City for melatonin at 11 p.m. 
are shown in Fig. 2. Because values obtained in male depressed 
patients with melancholia (40 ±10.8 pg/ml) were not significantly 
different from those measured in female depressed patients with 
melancholia (35 ±  5.1 pg/ml; p > 0 .6 , Mann-Whitney test), results 
from male and female melancholic patients were combined. The 
concentration of melatonin in serum measured in the melancholic 
patients (36.4 ±4 .6  pg/ml) was significantly lower than that 
determined in either control subjects (60.3 ±  8.0 pg/ml; p< 0 .05 , 
Mann-Whitney test) or non-melancholic depressed patients 
(58.6 ±  9.6 pg/ml, p<0.05). Because all nine non-melancholic 
depressed patients were female, their melatonin values 
(58.6 ±  9.6 pg/ml) were compared with those of the female 
melancholic depressed patients (35 ±  5.1 pg/ml); a significant differ­
ence was found (p<0.05, Mann-Whitney test).

No significant differences in 9 a.m. serum melatonin values were 
found among melancholic depressed patients (14.0 ± 2 .0  pg/ml), 
non-melancholic depressed patients (15.1 ± 2.3  pg/ml), or control 
subjects (14.0 ±  2.9 pg/ml).

There were no significant correlations between melatonin 
measured at 11 p.m. and age for melancholic patients, control sub­
jects, non-melancholic patients, or the entire sample (Spearman r 
ranged from — 0.1 to 0.6). The Pearson correlation coefficient for log- 
normalized distributions of melatonin levels at 11 p.m. and weights 
in all depressed patients was 0.12 (NS). Thirteen of 16 melancholic 
patients given the DST were nonsuppressors; in contrast, of six 
melancholic patients, only one was a nonsuppressor (p =  0.05,
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Fig. 2. The concentration o f  melatonin in serum o f  control subjects (N =  7), 
melancholic depressed patients (N =  19) and nonmelancholic depressives (N =  9). 
B lood samples were obtained during the night, at 11 p.m. The range shown is m ean ±  
S.E.M . The mean value obtained in melancholic patients is significantly lower than 
that measured in either control subjects or non-melancholic depressives (from Brown 

et al., 1985)

Fishers exact test). However, values of melatonin measured at 11 p.m. 
in non-suppressors (41.3 ±  6.2 pg/ml) and suppressors (44.7 ±  7.4 pg/ 
ml) were not significantly different (p >  0.7, Mann-Whitney test).

The major finding of these studies was lower nocturnal concen­
trations of melatonin in serum in patients with major depressive 
disorder, melancholic subtype, compared with that measured either 
in healthy control subjects or patients with major depression without 
melancholia. In Philadelphia, both study groups were male and the 
depressed patients were all diagnosed as melancholic. Results support 
existence of decreased nocturnal melatonin in melancholic males 
compared to male healthy controls. The New York study confirms 
and extends the findings from Philadelphia. A melancolic sample 
comprised of both sexes was found to have lower 11 p.m. melatonin 
concentrations than either a male healthy control group or a female
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non-melancholic depressed sample. The values obtained in the non­
melancholic patients appear comparable to those obtained in male 
healthy controls. The search for an association between reduced noc­
turnal melatonin secretion and increased adrenocortical activity (as 
marked by a non-suppressing DST) proved negative, although the 
numbers of subjects studied was relatively small. This possible as­
sociation deserves more investigation in future studies.

Our study was not the first to measure melatonin in depressives. 
Jimerson and coworkers (1977) measured urinary melatonin levels in 
six patients with primary affective disorder and in six control sub­
jects. They were unable to demonstrate a significant difference using 
a relatively insensitive tadpole bioassay. Also, most melatonin is ex­
creted in the urine as the sulfatoxy-conjugate of 6-hydroxymelatonin 
and not as free melatonin (Kopin et al., 1961; Jones et al., 1961; Sisak et 
al., 1979). Lewy and associates (1979) reported that melatonin levels in 
serum were higher in bipolar patients in their manic than in their 
depressed phases. Wetterberg et al. (1979) found lower melatonin in 
serum at midnight and 2 a.m. but not at 6. a.m. in a patient during 
one of many suicidal, depressed episodes. Mendlewicz and colleagues 
(1979) found lowered amplitude of the nocturnal rise in melatonin in 
three of four severelyNdepressed women during depression and again 
four to six weeks later after recovery. However, since they reported 
very high daytime concentrations of melatonin in serum—around
100 pg/ml—the accuracy of the assay used in the study by Mendlewicz 
et al. (1979) is questionable. Wirz-Justice and Arendt (1979) found 
lower melatonin levels in serum of six bipolar depressed patients at 
8 a.m. compared to concentrations found in twelve healthy controls.

Recently, Wetterberg (1983) summarized a series of studies by his 
group and described lower melatonin in serum at 2 a.m. in 17 major 
depressed patients who were nonsuppressors to dexamethasone, as 
compared to that measured in either 22 controls or 15 major depress­
ed patients who had normal suppression of cortisol in response to 
dexamethasone. Similar results were found by Claustrat et al. (1984) 
who found that the lower amplitude of the nocturnal secretion of 
melatonin in depressed patients was associated with hypercorti- 
solemia. In his population, Wetterberg (1983) found an association 
between high serum cortisol, abnormal (DST) results, and low 
melatonin levels in acute depressive episodes. Even remitted, euthy- 
mic patients with normalization of cortisol continued to show low 
melatonin levels six weeks after recovery. Nairet al. (1984) also found 
reduced nocturnal elevation of melatonin in 6 depressed male 
patients. Very recently, Boyce (1985) reported the absence of a noctur­
nal increase in 6-sulphatoxy melatonin, a urinary metabolite of mela­
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tonin, in three of eight melancholic patients. However, lack of a con­
trol group complicates interpretation of these results.

As summarized then, other groups have reported altered concen­
trations of melatonin in serum in major depression. Our study is the 
first demonstration of an association between decreased nocturnal 
melatonin levels and the diagnosis of the melancholic subtype of 
major depressive disorder. These findings confirm and extend the 
work of these previous investigators. However, several differences 
between this work and that of the others are apparent. The reduced 
values of melatonin in the melancholic patients were confirmed to 
nocturnal values. Samples obtained in patients at 9 a.m. in New City 
and samples obtained between 4.30 p.m. and 9 p.m. in patients in 
Philadelphia showed no differences among groups. This is in contrast 
to Wirz-Justice’s and Arendt’s (1979) observation of lower 8 a.m. values 
of melatonin in depressives.

Although in this study a decreased nocturnal rise of melatonin 
was associated with melancholia as was DST non-suppression, a high 
degree of concordance between abnormal cortisol secretion and 
diminished nocturnal melatonin secretion was not found. This dif­
fers from the findings of others (Wetterberg, 1983; Branchey etal, 1982; 
Claustrat et al., 1984). One possible explanation for the difference is 
the time of sampling for melatonin. In the patients on whom we did 
DST’s, nocturnal values of melatonin were obtained only at 11 p.m., 
which is clearly prior to peak nocturnal concentrations (see Fig. 1). In 
contrast, values were obtained at 2 a.m. in the study by Wetterberg
(1983) and between 10 p.m. and 7 a.m. in the study of Claustrat et al.
(1984); such values are more likely to be peak values.

What does seem to be reasonably consistent is the reduced 
nocturnal rise of melatonin in depressives. Indeed, the similarity of 
the differences in values between depressed patients and control sub­
jects reported in the studies of Wetterberg(1983), Claustrat et al. (1984) 
and our group is striking. The mechanism(s) underlying the lowered 
nocturnal rise of melatonin in depressives in (are) unknown. Depres­
sion may be associated with elevated sympathoadrenal activity (Kos- 
low et al., 1983) which, if prolonged, could cause subsensitivity of 
pineal beta-adrenergic receptors. Alternatively, low nocturnal levels 
of melatonin might be an expression of a generalized defect in sen­
sitivity of beta-adrenergic receptors or of sympathetic transmission. 
Many other explanations are possible.

The sensitivity of this finding of decreased nocturnal secretion of 
melatonin in depressives is unknown as is its relationship to clinical 
symptoms such as sleep disturbance, motor activity, or weight loss. 
The nocturnal rise of melatonin does not seem to be reduced in
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schizophrenia (Wetterberg, 1982; Ferrier et al, 1982), but whether other 
diagnostic groups show any amplitude or pattern disturbance of 
melatonin in serum remains to be seen. Most studies of depressives 
have focused on group changes the amplitude of melatonin secretion 
at night. Claustrat et al (1984) additionally sought evidence for 
rhythm changes but could not show significant phase-advance. Nair 
et al (1984), though, did report a delay in the nocturnal rise of 
melatonin together with earlier peak nocturnal values in the de­
pressed patients that they studied. In general what has been ignored 
might be significant interindividual differences in patterns of secre­
tion. More refined statistical analysis may yield evidence for this. 
Our preliminary data suggest considerable variability in pattern and 
time to peak values among patients as compared to the pattern in 
controls. This might be consistent with a phase-instability on dys- 
regulation hypothesis of depression (Siever and Davis, 1985).

More sophisticated testing of pineal function may be expected in 
the future. The technique of Lewy and colleagues (1985) of assessing 
nocturnal sensitivity of melatonin to light suppression is one 
example. In addition, is should be possible to test the sensitivity of 
pineal beta-receptors in depressives by lowering peak nocturnal levels 
o f melatonin by the administration of beta-antagonists. Further 
evidence to confirm or disprove Wetterberg’s hypothesis (1983) that 
decreased melatonin secretion is a trait marker of depressive disor­
der is needed from studies using patients as their own controls over 
time. If confirmed, such a marker would have potential usefulness in 
screening asymptomatic relatives of depressed patients.

Desmethylimipramine—induced Effects on the Nocturnal Rise o f 
Melatonin in Depressed Patients

There is no longer any doubt that repeated treatment of rats with 
antidepressants produces effects on certain monoamine-elicited 
responses that are very different to those seen after their acute ad­
ministration. For example, whereas tricyclic antidepressant (TCA)- 
induced blockade of NE uptake (Glowinski and Axelrod, (1964) 
enhances and prolongs certain adrenergic responses measured after 
their acute administration (Sigg, 1959; Moyer et al, 1979; Heydorn et 
al., 1980), repeated administration of TCAs, monoamine oxidase 
inhibitors (MAOIs) or electroconvulsive shocks (ECS) to rats reduces 
responses elicited by activation of beta-adrenergic receptors in vitro 
(Frazer et al, 1974; Vetulani and Sulser, 1975; see Olpe, 1983). The 
diminished responsiveness is related, at least in part, to the ability of



repeated antidepressant treatments to lower (or “down regulate”) the 
number of beta-adrenergic receptors (Banerjee et al., 1977; see Olpe, 
1983). The ability of antidepressants to decrease beta-adrenergic 
receptors depends oh the presence of an intact noradrenergic in­
nervation (Wolfe et al., 1978; Moyer et al., 1981) and is presumably a 
consequence of the persistent overexposure of receptors to transmit­
ter (Dibner and Molinoff, 1979). Diminished electrophysiological 
responsiveness of cingulate cortical neurons (Olpe and Schellenberg, 
1980) and cerebellar Purkinje cells (Schultz etal., 1981) to iontophoreti- 
cally applied NE has been found to occur after repeated treatment of 
rats with antidepressants. In general, results of the electrophysio­
logical studies agree well with those obtained using ligand binding 
techniques (see Olpe, 1983).

We extended such observations by demonstrating that beta- 
adrenergic responsiveness was reduced by antidepressants when such 
responsiveness was measured in vivo. In these studies, we used the 
pineal gland as a model system for measuring beta-adrenergic respon­
siveness. The pineal gland is a useful model as it contains a high den­
sity of beta-receptors (Greenberg and Weiss, 1978) coupled to a 
catecholamine sensitive adenylate cyclase capable of generating 
adenosine 3', 5'-monophosphate (cyclic AMP) (Weiss and Costa, 
(1967); the activity of the sympathetic fibers to the pineal is con­
trolled by environmental light, with darkness stimulating their 
activity (Brownstein and Axelrod, 1974). Consequently, it is possible 
to use environmental stimuli to produce activation in the gland.

Both DMI and the MAOI, nialamide, when given to rats 
repeatedly, but not acutely, reduced the ability of either exogenously 
administered catecholamine (Moyer et al., 1979; Moyer et al., 1981) or 
NE released endogeneously from sympathetic nerves (see Weiss et al., 
1982) to stimulate the content of cyclic AMP in the pineal gland. 
More recently, we have used this gland to see whether the antidepres- 
sant-induced decrease in the ability of NE to raise cyclic AMP has 
any functional consequences. In other words, would responses 
mediated by changes in the intracellular concentration of cyclic 
AMP also be diminished in rats treated repeatedly with antidepres­
sants? In the pineal gland, cyclic AMP increases the rate of synthesis 
of melatonin by increasing the activity of the enzyme, N-acetyltrans- 
ferase, that is normally rate-limiting in melatonin synthesis (Klein et 
al., 1970). Therefore, by measuring melatonin, the net functional 
effect of antidepressant-induced subsensitivity of the beta-receptor/ 
adenylate cyclase/cyclic AMP system on end-product formation (i.e., 
melatonin) can be assessed. It was important to establish that 
changes in end-product formation would parallel changes in intra­
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cellular cyclic AMP produced by antidepressants as we have found 
other situations in which this is not so (Heydorn et al, 1983).

We found that the rise in pineal melatonin caused by either 
exogenously administered isoproterenol or by darkness was reduced 
in rats treated repeatedly with either DMI or nialamide (Heydorn et 
al., 1982) (Figs. 3 and 4). Melatonin production by the pineal is 
regulated by the beta-adrenergic receptor—adenylate cyclase—cyclic 
AMP system (Wurtman et al, 1971); because repeated, but not acute, 
administration of antidepressants reduces both the density of pineal 
beta-adrenergic receptors and catecholamine—stimulated production 
of cyclic AMP (Moyer et al., 1981; Heydorn et al., 1982), it is likely that
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Fig. 3. Effect o f acute or repeated treatment o f  rats with D M I on the L-isoproterenol- 
induced elevation o f  melatonin concentration in the pineal gland. Rats received 
either an acute injection o f  DM I (10 mg/kg) or the same dose twice daily for 7 days. 
Animals treated acutely were killed 5 hours later, whereas those treated repeatedly 
were killed 24 hours after the final injection. Three hours before decapitation, L-iso- 
proterenol was administered s.c. Control rats received 0.9°/o N aC l. The pineal gland 
content o f  melatonin was determined by radioimmunoassay. Results are shown as the 
mean ±  S.E.M . for 7 to 14 rats. Acute treatment o f  rats with D M I did not alter the 
ability o f  L-isoproterenol to raise melatonin concentrations. The L-isoproterenol- 
induced elevation o f  melatonin was reduced significantly in rats given DM I 

repeatedly (p < 0 .0 1 ) (from Heydorn et al., 1982)
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Fig. 4. Effect o f  repeated treatment o f  rats with DM I or nialamide on the concentration o f  melatonin in pineal gland at different 
times during the day. Animals were given either DM I (10 mg/kg, twice daily), nialamide (40 mg/kg, twice daily) or 0.9% N aC l for 7 
days. They were killed 24 hours after the final injection at different times throughout the day. Each bar and bracket represents the 
mean value o f  melatonin ±  S.E.M . The number o f  experiments is shown within each bar. In control rats, the concentration o f  
melatonin in the pineal gland was significantly higher at each nighttime measurement than that measured at either daytime point 
( p <  0.005). Com pared to saline-treated animals, treatment o f rats with nialamide significantly raised the concentrations o f 
melatonin measured' at 10 a.m. and 4 p.m. (p <  0.01), whereas treatment with DM I had no effect at these times. The nighttime rise o f  
melatonin was reduced significantly in rats treated with either DM I (p <  0.05) or nialamide (p <  0.01) as compared with that in rats 

receiving only saline and killed at night (from Heydorn et al., 1982)



282 A. Frazer et al.

the diminished hormonal response of the pineal to catecholamines is 
due to antidepressant—induced subsensitivity of beta-adrenergic 
receptors.

An advantage of using darkness to stimulate melatonin in the 
pineal is that it allows an overall assessment of the effect of drug 
treatments on the final output of a multisynaptic pathway. Since the 
antidepressants lowered the nocturnal rise of melatonin, it seems 
reasonable to conclude that the net effect of these drugs on responses 
elicited by NE activating beta-adrenergic receptors in inhibitory.

In large measure, these results have been confirmed (Cowen et al, 
1983 a; Friedman et al., 1984). However, Cowen et al (1983 a) did not 
find DMI treatment to reduce the darkness-induced rise of 
melatonin although such treatment did reduce the rise caused by iso­
proterenol. There are several important differences between their 
study and ours. Perhaps the most important is that they gave the rats 
half the dose of DMI (10 mg/Kg, once daily) that we did (10 mg/Kg, 
bid). This would obviously produce a lower mean daily plasma con­
centration of DMI in their study than in ours and could account for 
their finding a much smaller reduction (<  20%) in pineal beta-recep- 
tors than we did (about 40%). Decreases in beta-receptors greater 
than 20% may be necessary in order to demonstrate significant in­
hibition of the darkness-induced rise in melatonin. Alterations in the 
darkness-induced rise of melatonin may also be more difficult to 
detect than changes in the rise due to isoproterenol as in our study 
DMI reduced the rise of melatonin caused by isoproterenol to a 
much greater extent than the rise due to darkness (about 50% inhibi­
tion versus about 25% inhibition).

The results of a clinical study we did however, cause us to believe 
that the results obtained by Cowen et al. (1983 a) may be more 
applicable to patients who are treated with DMI. Because we found 
DMI-treatment to produce effects on the night-time rise of serum 
melatonin similar to its effects on melatonin in the pineal (Heydorn et 
al, 1982), we wanted to see if a similar result would be obtained in 
patients treated with this drug. As mentioned previously, the similar­
ity of the mechanisms responsible for the nocturnal rise of melato­
nin in both rats and humans provides the rationale for such a study. 
Based on results of our animal experiments, we expected to find treat­
ment of depressed patients with DMI reducing the night-time rise of 
melatonin in their serum.

Seven male depressed patients (36—60 years) judged sufficiently 
depressed (Hamilton Score, 30 ±  5) to require hospitalization and a 
trial with an antidepressant, entered the study. On the day before 
treatment with DMI was initiated and again after 4 weeks of treat­
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ment, blood was taken from an indwelling venous catheter every 
1.5 hours between 4.30 p.m. and 7.30 a.m. Lights were turned off at 
10 p.m. and turned on at 6 a.m. During the dark phase, the room was 
completely darkened and blood was drawn with the aid of a dim red 
light. Melatonin in serum was measured by radioimmunoassay (Rol- 
lag and Niswender, 1976).

The results of the study are shown in figures 5 and 6. The data 
were analyzed by a two-way ANOVA for repeated measures. Both 
before and during treatment with DMI, serum melatonin rose signif­
icantly during the dark phase (F =  7.4; p <  0.001). Prior to treatment,

Time of Day

Fig. 5. The concentration o f  melatonin in serum o f  seven depressed patients before 
and after four weeks o f  treatment with DMI. Each point represents the mean ±  S.E.M. 
M elatonin concentrations rose significantly during the dark phase. However, treat­
ment o f  patients with DM I had no significant effect on the concentration o f melato­
nin in serum measured over time. The mean ( ±  S.E.M.) concentration o f DMI in 

plasma o f  the patients was 9 3 ± 1 7 n g /m l
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Fig. 6. The concentration o f  melatonin in serum o f  seven depressed patients before 
and after four weeks o f  treatment with DM I. Range shown is mean +  S.E.M. Treat­
ment o f  patients with DM I had no significant effect on either the mean value o f  mela­
tonin in serum measured before the lights were turned o ff  or the peak nocturnal 

value o f  melatonin

the average value of serum melatonin measured before the lights 
were turned off was 20 ±  6.5 pg/ml and this rose to a peak value 
during the dark phase of 62 ±  11 pg/ml. Treatment of the patients 
with DMI had no significant effect on concentrations of melatonin 
in serum (F =  0.39, NS); during treatment with DMI, the average 
concentration of melatonin in serum before the lights were turned 
off was 21 ± 3  pg/ml and rose to a peak value of 62 ±  8.8 pg/ml.

. Thus, the results obtained in depressed patients treated with 
DMI are different from that found in rats given the tricyclic anti­
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depressant. A likely explanation for the difference in results between 
rats and humans is the lower concentration of DMI in the plasma of 
the patients (93 ±  17 ng/ml, measured 7—12 hours after the last dose) 
as compared to that in the rats (347 ±  75 ng/ml, measured 24 hours 
after the final dose). Under usual clinical use, plasma concentrations 
of DMI may not be sufficiently high to cause the degree of down- 
regulation of pineal beta-adrenergic receptors necessary to produce a 
reduction in the darkness-induced rise of melatonin. Alternatively, it 
may be that acute treatment of patients with DMI would enhance 
the nocturnal rise of melatonin. We did not evaluate this. Were this 
to occur, though, then the development of beta-receptor down- 
regulation over a longer period of treatment would be expected to 
return the hypothesized elevated rise of melatonin at night toward 
pre-treatment values.

It is unfortunate that in humans exogenously administered 
catecholamines do not raise serum melatonin (Vaughan et al., 1976; 
Moore et al., 1979). Both our results and those of Cowen et al. (1983 a) 
make it evident that in the rat the 1-isoproterenol-induced rise of 
melatonin provides a more sensitive measure of the DMI-induced 
decrease in beta-receptors than the rise caused by darkness.

There has been very little other work on the effect of antidepres­
sant treatments on levels of melatonin in serum. Although we found 
no effect of treatment with DMI, Thompson et al. (1983) found such 
treatment to cause a significant enhancement of the nocturnal rise of 
melatonin in three depressives. This was observed after either one or 
three weeks of treatment. Consistent with this observation is the 
brief report of Golden et al. (1985) of increased urinary excretion of 
6-hydroxymelatonin in five patients upon treatment with DMI. 
Reasons for differences between these reports and our observations 
are unknown. Clearly, the total number of patients studied remains 
small. More widespread use of the improved analytical methodology 
for measuring serum melatonin or its urinary metabolites should 
enable the true picture of the effect of antidepressants on melatonin 
secretion to emerge.

In summary, measurement of melatonin provides an opportu­
nity to evaluate adrenergic responsiveness in man. Results obtained 
to date on the nocturnal secretion of melatonin are reasonably con­
sistent in demonstrating a reduced nocturnal rise of this hormone 
from the pineal gland. W hether this is a reflection of a generalized 
alteration in adrenergic responsiveness in depressives remains to be 
established. Similarly, more information needs to be provided to 
determine if this is a primary alteration or rather secondary to some 
other change (e.g., anxiety, insomnia, increased HYPAC activity) in
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depression. Finally, although we did not find antidepressant-treat- 
ment to change the nocturnal rise of melatonin [indicating perhaps, 
that this is a trait-marker of the illness as suggested previously by Wet­
terberg (1983)], much more work will be needed to resolve this 
important issue.
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