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Diurnal variations of whole blood sero-
tonin content in patients with depression
and neurosis

Clinical studies have provided evidence that
serotonin (5-hydroxytryptamine, 5HT) is
implicated in the state of depression, as its
precursors, selective inhibitors of uptake and
5HT2 receptor blockers are very effective in
its treatment.1 2'Mere is some evidence that
disturbances in the regulation of circadian
rhythms may be of prime importance in the
pathophysiology of affective disorders.3 Fur-
thermore, depression is believed to be linked
with brain serotonin metabolism.4"
As human blood platelets may be regarded

as a reliable model for serotonergic synapto-
some because of their specific biochemical
mechanisms for uptake, storage, metabolism
and release of amine, the whole blood meas-
urement of serotonin (that is, mainly platelet
serotonin, since very little is detectable out-
side the platelets) provides a peripheral
model for the study of processes in the
brain.6" However, it is still an open question
as to whether blood platelet parameters
reflect those in the brain. The daily fluctu-
ations ofbehaviour in affective disorders have
stimulated us to search for circadianism of
serotonin.
We examined at five time points whole

blood 5HT levels in psychiatric patients in
hospital and control volunteers. The group of
patients consisted of 18 subjects (12 with
depression and six with neurosis). They were
diagnosed and treated in the Department of
Psychiatry, Hamamatsu University School of
Medicine. At the time the blood samples
were taken, patients were in a depressive
state, confirmed by a mean score of 18-7
(range 12-24) on the 24-item scale of Hamil-
ton Depression Rating Scale.8 None of them
were receiving any drug, except for small
does of bezodiazepines, for at least 10 days
before blood was taken. Before entering the
trial, the patients were in good physical
health and gave voluntary consent to partici-
pate. Ethical committee approval for this
study was obtained from the Hamamatsu
University School of Medicine. The control
group matched for age and sex with the
patients was made up of 30 volunteers, who
showed no clinical signs of depression or
organic disease, and were drug-free.

Quantitative analysis of 5HT in the blood
was performed by HPLC as described by
Anderson et al.9 Analytical recoveries were
85% (SD 4-5%, CV 5-6%). Amount and
response for standards were linearly related.
As shown in the figure, whole blood

serotonin level was significantly reduced in
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depressed patients at 8:30, 10:30, 12:30, and
14:30 (p < 0-01), as well as in patients with
neurosis at 8:30, 10:30, and 12:30. The
values at 16:30 were similar in all groups.The
blood concentration of 5HT showed a circa-
dian change. In the depressed patients group
the lowest value was obtained at 8:30 and the
level progressively increased to 16:30. The
values at 10:30, 12:30, 14:30 and 16:30 were
significantly higher than that at 8:30
(p < 0 05). Fluctuation in whole blood sero-
tonin level was observed in a group of
patients with neurosis. The highest values
were obtained at 8:30 andl4:30. From 8:30
it decreased gradually to 12:30 and showed a
significantly lower value at 10:30 and 12:30
(p < 0 05). From 12:30 serotonin level in
neurotic patients increased to 14:30 and
remained at almost the same level at 16:30.
The different pattern was shown in the
control group. The highest value was
obtained at 8:30 and it decreased gradually
and showed a significantly lower value at
12:30, 14:30, and 16:30 (p < 0-01).
Since the characteristics of MAO activity,

5HT uptake, imipramine and alpha 2-adre-
nergic receptor binding are similar in platelet
and brain, the platelet is one of the most
researched biological markers in psychiatry.
Platelet serotonin content is most likely
regulated by the 5HT transport activity.
Daily variations in serotonin uptake in
depressed patients have been reported by
several groups.""'2 A diurnal variation in the
transport capacity is suggested by data repor-
ted by Modai et al."2 The findings in our
study support these observations. The second
diagnostic feature of blood platelet is imipra-
mine binding. Recent findings of reduced
'H-imipramine binding in platelet of
depressed patients compared with healthy
controls have been proposed as a biological
marker of depression. However, there was no
evidence for significant diurnal of circannual
variation in the binding parameters in any of
the diagnostic category."3

In conclusion, our data indicate that the
clear distinct pattern of diurnal rhythm could
be established in a group of patients with
depression, neurosis as well as in a control
group. Moreover, we found general differ-
ences in the circadianism of 5HT between
depressed and neurotic patients, which may
have practical implication in the differential
diagnosis.

This research was supported in part by Grant-in-
Aid ofThe Smoking Research Foundation.

MICHAL H PIETRASZEK
TETSUMEI URANO

KENICHI SUMIYOSHI
YUMIKO TAKADA
AKIKAZU TAKADA

KOICHI OHARA
NAOKI KONDO

KENSHIRO OHARA
Departments of Physiology and Psychiatry,

Hamamatsu University, School of Medicine,
Hamamatsu, 3600 Handa-cho, Japan 431-31

Correspondence to: DrTakada.

1 Cowen PJ. Recent views on the role of 5-hydrox-
ytryptamine in depression. Curr Opin Psy-
chiatry 1988;3:56-9.

2 Coppen AJ, Doogan DP. Serotonin and its place
in the pathogenesis of depression. Y Clin
Psychiatry 1988;8 (suppl):4-11.

3 WehrTA, Goodwin FK. Biological rhythms and
14'30 16.30 psychiatry. In: Arieti S, Brodie HKH, eds.

14:30 16:30 American handbook of psychiatry. New York:

Basic, 1981:46-74.
4 Grahame-Smith DG. Serotonin function in

tle blood affective disorders. Acta Psychiatr Scand.

St represents 1989;80 (suppl):7-12.

zuliple range 5 Curzon G. Transmitter amines in depression.
Psychol Med 1982;12:465-70.

6 Coppen AJ, Turner P, Rowsell AR. 5-hydroxy-
tryptamine (serotonin) in the whole-blood of
patients with depression. Postgrad Med
1976;52: 156-8.

7 Pletscher A. Platelets as models: use and limita-
tions. Experientia 1988;44:152-5.

8 Hamilton M. Development of a rating scale for
primary depressive illness. Br J Soc Clin
Psychol 1967;6:278-96.

9 Anderson GM, Young JG, Cohen DJ, Schlicht
KR, Patel N. Liquid-chromatographic deter-
mination of serotonin and tryptophan in
whole blood and plasma. Clin Chem
1981;5:775-6.

10 Humphries LL, Shirley P, Allen M, Codd EE,
Walker RF. Daily patterns of serotonin uptake
in platelets from psychiatric patients and
control volunteers. Biol Psychiatry 1985;
20:1073-81.

11 Rausch JK, Shah NS, Burch EA, Donald AG.
Platelet serotonin uptake in depressed pa-
tients: circadian effect. Biol Psychiatry
1982;17:121-8.

12 Modai I, Malmgren R, Asberg M, Beving H.
Circadian rhythm of serotonin transport in
human platelets. Psychopharmacology 1986;
88:493-5.

13 Baron M, Barkai A, Kowalik S, Fieve RR,
Quitkin F, Gruen R. Diurnal and circannual
variation in platelet 3H-imipramine binding:
comparative data on normal and affectively ill
subjects. Neuropsychobiology 1988;19:9-1 1.

BOOK
REVIEWS

All titles reviewed here are available from the
BMJ Bookshop, PO Box 295, LondonWC1H
9TE. Prices include postage in the United
Kingdom and for members of the British
Forces Overseas, but overseas customers
should add £2 per item for postage and
packing. Payment can be made by cheque in
sterling drawn on a United Kingdom bank, or
by credit card (Mastercard, Visa or American
Express) stating card number, expiratory
date, and your full name.

Benjamin's Son: Benjamin Archer Kent
MD. (1808&1864). By PETER H SCHURR. (Pp
193; £12.95 H/Back; C7.95 S/Back.) 1991.
London, Royal Society of Medicine Services
Ltd. ISBN 1-85315-146-7/1-85315-145-9.

This is a painstaking and devoted account of
the life of an unusual physician of the 19th
Century and his family connections. It is a
fascinating document of social and medical
history, and will thereforehave specific appeal
to those who have aptitude and inclination in
this field. This book may not be read widely,
which is a pity and I commend it to a wider
public despite a certain ponderous idealism
which clings to the early 19th Century and
knowing of the general lack of sympathy for
simple scientific methodology that prevails in
our enlightened age.
TheMD Thesis contained in translation in

the Appendix with associated reviews of
contemporary knowledge of the sympathetic
ganglia by Peter Schurr, and the historical
review ofnervous disorders by Edward Hare,
have the sympathetic ganglia as their
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