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Plasma Melatonin—An Index of Brain Aging
in Humans?

N. P. V. Nair, N. Hariharasubramanian, C. Pilapil, 1. Isaac and
J. X. Thavundayil

We investigated the age-related changes in the circadian rhythm of plasma melatonin as
a potential index of brain aging in man. The subjects were 5 young men aged 19-25
years, 11 older men aged S1-65 years, 6 elderly men aged 6689 years, 7 young women
aged 19-25 years, 5 premenopausal women aged 45-50 years, 8 postmenopausal women
aged 51-65 years, and 5 elderly women aged 66-75 years. They were all physically and
psychiatricaily normal. Serial blood samples were drawn from 8:00 am until 8:00 am on
the next day, with the indoor illumination set at 300 Lux from 7:00 am until 4:00 pyv and
at 50 Lux thereafter. Plasma melatonin was estimated by radioimmunoassay. The results
show that there is a significant negative correlation between age and 24-hr secretion of
plasma melatonin (r = ~0.952, p < 0.0001), between age and peak levels of plasma
melatonin (r = —0.937, p < 0.00001), and between age and the lag in time from sunset
to the onset of significant elevation of plasma melatonin over daytime values (r = 0.916,
p < 0.0001). It is concluded that study of the circadian rhythm of plasma melatonin may
prove to be a useful index of the aging process.

Introduction

The increasing awareness of the socioeconomic importance of age-related disabilities has
triggered investigations on changes in structure and function of the aging human brain.
These studies cover a wide range of issues from the membrane transport mechanisms to
morphological, neurochemical, and neuropsychiatric studies (Gottfries 1982; Khachatu-
rian 1984). However, there is as yet no reliable and practicaily applicable biological index
to distinguish the processes of normal aging from pathological age-related changes. Such
an index would make possible the prophylaxis of the abnormal aging process. The present
study examines the circadian rhythm of plasma melatonin, in correlation with age, in
normal subjects.
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Methods

Table 1.

Forty-seven physically and psychiatrically healthy subjects were chosen, with their in-
formed consent. The subjects’ physical health was assessed by a complete physical
examination, electrocardiogram, electroencephalogram, and laboratory tests, including
tests for kidney, liver, and thyroid function, hemogram, and vitamin B, and folate levels.
The mental status was assessed by a clinical psychiatric examination. In addition, cognitive
defects were excluded by a neuropsychological test battery. The age-group distribution
and the mean ( = SEM) height, weight, and obesity index of these subjects are presented
in Table 1. The subjects were indoors for a 24-hr period, starting at 8:00 AM. The indoor
illumination was set at 300 Lux from 7:00 am until 4:00 pM and was reduced to 50 Lux
thereafter. The study was carried out during the months of February—March 1984 and
February 1985. The hour of sunset at the time of the study varied from 5:30 to 6:30 PM.
Serial blood samples were drawn through an indwelling butterfly at 8, 12, 15:30, 16,
16:30, 17, 17:30, 18, 18:30, 19, 20, 22, 24, 1, 2, 3, 4, 6, and at 8 hr on the following
day. In the case of the young and premenopausal women, the sampling was done during
their premenstrual phase. Plasma melatonin was estimated by radioimmunoassay using
the method of Brown et al. (1983). The melatonin antiserum (R158/Aug.76) was provided
by Gregory Brown, McMaster University, Hamilton, Canada.

The reliability of the assay was validated by assessing the interassay variability of 10
samples at 75 pg/ml, which was 9.7% = 1.1%, and the intraassay variability of duplicates
in a batch of 100 sampies, which was 3.8% + 0.5%. The sensitivity of the assay was
10 pg/ml. Twenty-four-hour secretion of melatonin was calculated from the area under
the curve of melatonin levels over the 24-hr period. The mean = sp of daytime melatonin
levels until sunset was calculated; and the time of first sample after sunset, at which the
plasma level rose higher than twice the sD of the daytime mean levels (daytime threshold)
was taken as the time of first significant nocturnal elevation of plasma melatonin. The
temporal correlations of 24-hr secretion, peak levels, and the time lag from sunset to the
onset of nocturnal elevation with age, body weight, height, and obesity index were
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separately estimated by analysis of the coefficients of correlations. The age-related dif-
ferences in data between one age group and the next were examined by analysis of
variance (ANOVA).

Results

Figures 1, 2, and 3 show, respectively, the individual age-wise distribution of 24-hr
secretion, peak levels of melatonin, and the lag between sunset and the time of sampling
at which the plasma melatonin levels rose beyond the daytime threshold values. The
correlation with age was significant for the 24-hr secretion (r = —0.952, p < 0.0001),
for the peak secretion (r = —0.857, p < 0.0001), and for the lag in nocturnal elevation
of melatonin (r = 0.916, p = 0.0001). However, the melatonin levels were not sig-
nificantly correlated with body height, weight, and obesity index (Table 2).

Table 3 shows the ANOVA of means *sD of 24-hr secretion, peak levels, and lag
in time from sunset to nocturnal elevation over daytime threshold for the subjects between
successive age groups. The 24-hr secretion of melatonin shows a progressive decline with
age in both men and women. The decline is not significant in men between 56 and 75
years and in women over 65. The peak levels show a significant decline in men until 65
years. In women, the decrease in peak is not significant. The increase in the lag in time
in men and in women is siginificant until 65 years of age (Figures 4 and 5).

Figure 1. Correlation between age and 24-hr secretion of plasma melatonin.

1100
-
[ |
1000
.
a Men
- 900} A Women (Premenstrual phase)
E » Postmenopausal women
@ A
€ a
o a
g oo} a
o a
)
Z
Z
[&] 700
-
<
]
i
=
< L
s 600
0
<
-
a
500}
400}
A 1 1 A J '
o] 10 20 30 40 50 60 70 80 90 100

AGE (YEARS)



144

PLASMA MELATONIN (picograms/m})

BIOL PSYCHIATRY

N.P.V. Nair et al.

1986:21:141-150
160} .
140 ® Men
» Women (Premenstrual phase)
Postmenopausal wamen
120
100
80
80
\\ .
40} r=-0.937
1 <0.00001 >
20}
A —l 1 i e i N S i 1 L i U I— i 1 1 1 1 1 i i
o] 10 20 30 40 50 60 70 80 20 100

AGE (YEARS)

Figure 2. Correlation between age and peak levels of plasma melatonin.
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Figure 3. Correlation between age and lag from sunset to significant nighttime elevation of plasma
melatonin over mean * 2 sp of daytime levels.



146

BIOL PSYCHIATRY
1986;21:141-150

N.P.V. Nair et al.

Table 2. Correlations (r) and Significance Levels (p) between Melatonin Levels and Age,
Body Height (BH), Body Weight (BW), and Obesity Index (OI)

. Age BH BH Ol
Parameters of
melatonin r p r P r P r P
24-hr Secretion ~-0.95 <(.0001 -0.12 0.12 0.08 0.3 0.1 0.15
Peak secretion —0.857 <0.0001 -~0.04 0.2 0.11 0.1 0.14 0.1
Time lag to onset of -0.916 <0.0001 ~0.1 0.18 0.14 0.1 0.09 0.09

nighttime elevation

Table 3. Twenty-four—Hour Secretion, Peak Levels, and Lag in Time for Nocturnal Elevation
of Plasma Melatonin®

24-hr Lag in time
Secretion Peak levels for nocturnal
Age group (pg/ml) - P {pg/ml) p elevation r
Men
19-25 987.5 + 68.8 1125 = 124 225 £ 0.4
0.0001 0.01 0.001
51-55 691.3 = 70.2 924 + 54 37+ 04
0.0001 0.02 .03
56-65 539.6 = 28.1 70.0 = 12.2 4.4 =07
} NS NS NS
66-75 530 = 10.4 65.6 + 8.3 45 = 0.8
} 0.00001 0.0001 NS
75+ 416 ’ 48.4 4.5
Women
19-25 857.5 = 739 - 125.1 = 139 2.5
} 0.01 NS 0.0001
45-50 734 + 269 106.5 ~ 8.6 35
0.01 NS 0.001
51-55 651.2 + 53.7 9.0 = 11.3 4.0
0.04 NS NS
56-65 573.5 = 29.5 735 + 112 39 = 0.1
NS NS NS
6675 538 = 25.6 61.5 + 6.6 4.0 = 0.2

9All values mean * sp.

NS, not significant.
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Figure 4. Plasma melatonin rhythm in young and elderly men.
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Figure 5. Plasma melatonin rhythm in young and elderly women.
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Discussion

Three parameters of plasma melatonin rhythm, namely, 24-hr secretion, peak levels, and
the delay in time from sunset to the significant nighttime increase in melatonin have been
investigated in this study. All three parameters show a significant correlation with age,
even though the differences between successive age groups are not statistically significant
in the age range 56-75. They did not show a significant correlation with height, weight,
or obesity index. Beck-Friis et al. (1984) have found a significant negative correlation
between body height and maximal nocturnal serum melatonin in depressed patients, and
Ferrier et al. (1982) have observed a positive correlation between plasma melatonin levels
and body weight in schizophrenic patients. Seasonal factors as possible variables influ-
encing melatonin levels (Beck-Friis et al. 1984) have been excluded in the present study,
as the investigation was carried out on all subjects in midwinter.

Twenty-four—hour secretion and peak levels of melatonin are quantitative measures of
melatonin production by the pineal gland. The findings are consistent with reports of a
decline in pineal secretory activity with aging in animals (Reiter et al. 1981) and in
humans (Brown et al. 1979; Iguchi et al. 1982; Beck-Friis et al. 1984; Touitou et al.
1984). A reduction in melatonin production may be due to a diminished protein synthesis,
as part of a general reduction in protein synthesis; to a decrease in pineal receptor sensitivity
and/or density, as has been demonstrated in rats (Greenberg and Weiss 1978); to a decrease
in pineal serotonin, the precursor substrate for melatonin (Tang et al. 1985); or to 2
decline in norepinephrine (NE) turnover, the stimulus triggering melatonin synthesis.

The delay in nighttime elevation of melatonin possibly reflects a diminished respon-
siveness of the melatonin rhythm-generating system to the environmental photoperiod.
Such a delay may also reflect a slow induction of pineal N-acetyltransferase.

The findings of the present study suggest that changes in plasma melatonin rhythm
may be a useful indicator of brain aging in humans. The study is being extended to
patients with Alzheimer’s disease. Preliminary results on four female patients (mean
age * SEM age 70.3 = 1.5 years) indicate that the 24-hr secretion of melatonin is
significantly lower in Alzheimer’s patients than in age-matched healthy subjects. It is
possible that the age-related changes in melatonin rhythm observed in the healthy subjects
will be exaggerated in patients with Alzheimer’s disease. It may also be useful to examine
the effects of nootropic drugs on plasma melatonin thythm as indicators of their effec-
tiveness in prophylaxis of the abnormal aging process.

The authors’ grateful acknowledgements are due to George Schwartz, M.Sc., and André Achim, Ph.D., for
their help in the statistical analysis of data. The expert secretarial assistance of Mrs. Denise Robertson is
acknowledged.

References

Beck-Friis J, Von Rosen D, Kjellman BF, Ljunggren JG, Wetterberg L (1984): Melatonin in
relation to body measures, sex, age, season and the use of drugs in patients with major affective
disorders and healthy subjects. Psychoneuroendocrinology 9:261-278.

Brown GM, Young SN, Gauthier S, Tsui H, Grota LJ (1979): Melatonin in human cerebrospinal
fluid in daytime: Its origin and variations with age. Life Sci 25:929-936.

Brown GM, Grota LJ, Pulido O, Bums TG, Niles LP, Sineckus V (1983): Application of im-
munologic techniques to the study of pineal indoles. In Reiter RJ (ed), Pineal Research Reviews.
New York: Alan R. Liss, pp 207-246.


user
Highlight


150

BIOL PSYCHIATRY N.P.V. Nair et a}.
1986:21:141- 150

Ferrier IN, Arendt J, Johnstone EC, Crow TJ (1982): Reduced nocturnal melatonin secretion in
chronic schizophrenia: Relationship to body weight. Clin Endocrinol 17:181-187.

Gottfries CG (1982): Brain monoamines and aging. In Terry RD, Bolis CL, Toffanno G (eds),
Neural aging and Its Implications in Human Pathology. New York: Raven Press, pp 161-168.

Greenberg LH, Weiss B (1978): B-Adrenergic receptors in aged rat brain. Reduced number and
capacity of pineal gland to develop supersensitivity. Science 201:61-63.

Iguchi H, Kato KJ, Ibayashi H (1982): Age-dependent reduction in serum melatonin concentrations
in healthy human subjects. J Clin Endocrinol Metab 55:27-29.

Khachaturian ZS (1984): Towards theories of brain ageing. In Handbook of Studies on Psychiatry
and Old Age. New York: Elsevier Science Publishers, pp 7-30.

Reiter RJ, Craft CM, Johnson JE Jr, King TS, Richardson BA, Vaughan GM, Vaughan MK (1981):
Age associated reduction in nocturnal pineal melatonin levels in female rats. Endocrinology
109:1295-1297.

Tang F, Hadjiconstantinou M, Pang SF (1985): Aging and diurnal rhythms of pineal serotonin, 5-
hydroxyindoleactic acid, norepinephrine, dopamine and serum melatonin in the male rat. Neu-
roendocrinology 40:160~164.

Touitou Y, Févre M, Bodgan A, Reinberg A, Prins J, Beck H, Touitou C (1984): Patterns of
plasma melatonin with ageing and mental condition: Stability of nyctohemeral rhythms and
differences in seasonal variations. Acta Endocrinol 106:145-151.



