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Abstract Among ten bipolar depressed patients admitted
to our psychiatric ward, five patients were treated with
fluoxetine alone and five subjects were treated with fluox-
etine in association with total sleep deprivation (TSD) in
order to evaluate the effect of the interaction between the
administration of the serotonergic antidepressant compound
fluoxetine and repeated cycles of TSD. Patients treated
with fluoxetine plus repeated TSD showed a faster ame-
lioration of depressive symptomatology compared with
the other group. We discuss our findings hypothesizing an
enhancement in dopaminergic and possibly in serotoner-
gic transmission due to repeated TSD adding to the in-
crease in scrotonergic transmission due to fluoxetine med-
ication.
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Introduction

The purpose of the present study was to evaluate the in-
teraction between serial repetition of total sleep depriva-
tion (TSD) and the administration of the antidepressant
drug fluoxetine in the treatment of acute episodes of ma-
jor depression in patients affected by bipolar disorder.

Total sleep deprivation is known to be a powerful anti-
depressant treatment for patients affected by mood disor-
ders: It acts rapidly and with a response rate of nearly
60% (e.g., Wehr 1990), but the abrupt mood improvement
is followed by an early relapse into depressive symptoma-
tology (e.g., Wu and Bunney 1990).

Potentially useful clinical applications of sleep depri-
vation come from its association with other chronothera-
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peutic treatments, such as bright-light therapy (e.g., Neu-
meister et al. 1996) and sleep-phase advancement (e.g.,
Berger et al. 1995; Riemann et al. 1995; Riemann et al.
1996), and from its association with antidepressant drugs,
at the beginning of treatment, in order to hasten the onset
of action of the medication. Taken together, the available
results on this subject are promising (Leibenluft and Wehr
1992), but the effect of the combined treatment seems to
depend on the kind of administered drug: Positive interac-
tions have been reported with lithium, nortryptiline, clo-
mipramine, desipramine, and amitriptyline (e.g., Elsenga
and Van den Hoofdakker 1983; Baxter et al. 1986; Shel-
ton and Loosen 1993; Szuyba et al. 1994; Kuhs et al.
1996), whereas a negative interaction has been observed
with trimipramine and amineptine (Holsboer-Trachsler et
al. 1994; Benedetti et al., in press).

Fluoxetine is a selective serotonine reuptake inhibitor
which has been proved to be an effective antidepressant
treatment with an onset of action of approximately 3-4
weeks (Montgomery 1989).

Partial sleep deprivation has been successfully associ-
ated with fluoxetine treatment in outpatients who re-
mained chronically depressed despite being on medica-
tion with fluoxetine alone for at least 3 months (Leiben-
luft et al. 1993). We investigated the possible positive in-
teraction of repeated TSD cycles and fluoxetine drug
treatment in acutely depressed patients.

Subjects and methods

Because a major problem in previous studies on the effect of sleep
deprivation was diagnostic heterogeneity (Leibenluft and Wehr
1992), and high response rates to sleep deprivation have been re-
ported in bipolar-I patients (Szuba et al. 1991), the study was con-
ducted on a homogeneous group of bipolar depressed patients, The
sample included 10 subjects consecutively admitted to our Re-
search Center for Mood Disorders for a major depressive episode,
according to DSM-TII-R criteria. Axis-I diagnosis was bipolar dis-
order, depressed. All subjects were free of any psychotropic med-
ication for at least 1 week before the admission. An informed con-
sent was obtained from each subject.

At the outset of the study, patients were enrolled and randomly
assigned to the two treatment groups. Beginning from day 1, the



Table 1 Clinical and demographic characteristics of the subjects.
HDRS Hamilton Depression Rating scale

Variable Group 1 Group 2
(n=5)y (n=5)
Gender
Age (years) 40.0+£12.1 420+ 9.7
Age at onset (years) 292+115 270+ 59
Duration of illness (years) 1681123 15.0 £ 10.0
Duration of current episode (weeks) 78+ 43 94+ 49
HDRS score at outset 252+ 36 262 853

NOTE: Values are means * standard deviations. No difference be-
tween the two groups is statistically significant (Student’s #-test,
two tailed p > (.10 for all comparisons)

2Two males and three females

®One male and four females

dosing schedule of drug for all subjects was fluoxetine 20 mg o.d.
(given per os at 8 a.m.).

Group-1 subjects (» = 5) were administered three TSD cycles
composed of a night of TSD followed by a recovery night. On days
6, 8, and 10 patients were totally sleep deprived and had to stay
awake for 36 h (from 7 am. until 7 p.m.) of the following day.
They were then allowed to sleep during the nights of days 7, 9, and
11. Compliance of the subjects with the TSD procedure was en-
sured by nursing staff. The TSD treatment was started 6 days after
the beginning of fluoxetine treatment because of the delay to reach
the steady state, which has been reported to vary between 5 and 15
days (Altamura and Montgomery 1990).

Group-2 subjects (n = 5) received the same drug treatment as
group-1 subjects, but were not sleep deprived. Clinical and demo-
graphic characteristics of the sample, divided according to the two
therapy groups, are summarized in Table 1. No difference between
the two groups was statistically significant (Student’s r-test, two
tailed, p > 0.05 for all comparisons).

Severity of depression and mood change were assessed on the
mornings of the outset, days 7, 14, 21, and 28 by external raters
who were blind to the experimental conditions, with the Hamilton
Depression Rating scale (HDRS; Hamilton 1960). Levene’s test of
homogeneity of variances was performed on HDRS scores at day
0. Mean scores of the two groups at the same day were compared
through Student’s #-test. To assess the clinical effects of the treat-
ment, a two-way repeated measures analysis of variance
(ANOVA) was performed on HDRS scores from the outset to day
28, with Fisher’s test of least significant difference (LSD) as the
post hoc range test.

Results

Mean HDRS scores of the two groups are plotted in Fig.
1. Homogeneity of variances at the outset was success-
fully tested (Levene’s test; F = 1.88, df 1,8, p = 0.21); the
mean HDRS scores of the two groups did not significantly
differ (Student’s ¢ = 0.24, df 8, two-tailed test p = 0.81).

Repeated-measures ANOVA performed on HDRS scores
showed a significant time effect (F = 20.23, df 4,32, p <
0.0001), a nonsignificant group effect (F = 0.42, df 1,8,
p =0.58), and a nonsignificant time X group interaction (F
=0.86, df 4,32, p = 0.49).

The LSD test showed that the two groups significantly
differed at day 7 (p = 0.016) and at day 14 (p = 0.044)
with group-1 subjects having significantly lower HDRS
scores than group-2 subjects in both comparisons (see
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Fig.1 Mean Hamilton Depression Rating scale (HDRS) scores
and standard errors in the two groups. Scores are significantly dif-
ferent at days 7 and 14 (Fisher’s least significant difference test;
see text for details)

Fig.1). The HDRS scores at days 21 and 28 were not sig-
nificantly different.

Discussion

In our experimental conditions, the association of re-
peated TSD cycles with fluoxetine antidepressant treat-
ment resulted in a faster reduction in depressive sympto-
matology in acutely depressed bipolar patients. At days 7
and 14 the mean HDRS scores of sleep-deprived patients
fell to 55.6 and 38.0%, respectively, of their basal levels,
whereas in patients treated with fluoxetine alone, they
slowly decreased to 84.7 and 62.6%, respectively, of the
baseline. The previous association of TSD had no effects
on the overall course of the episode: HDRS scores of the
two groups did not significantly differ after 3 and 4 weeks
of treatment, and repeated-measures ANOVA confirmed
the absence of significant time x group interactions. Al-
though these results must be considered preliminary be-
cause of the small sample size, they suggest that repeated
cycles of TSD may be a useful tool to decrease the inten-
sity of depressive symptomatology at the beginning of the
antidepressant drug treatment.

The neurochemical mechanism by which TSD may po-
tentiate the action of fluoxetine needs further research to
be explained. Little is known about the mechanism of the
antidepressant action of TSD (Kuhs and Tolle 1991), and
severa] hypotheses have been proposed (e.g., Vogel et al.
1980; Wu and Bunney 1990; Haug 1992; Bouhuys et al.
1995). Recent findings suggest an involvement of the
brain dopaminergic system, with a strong enhancement of
the activity of the brain dopaminergic pathways during
sleep loss (e.g., Zwicker and Calil 1986; Fratta et al. 1987;
Kasper et al. 1988; Lauterbach 1994). Several reports sug-
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gest that changes in dopaminergic function seem to be re-
lated to the antidepressant effect of TSD (Ebert and
Kaschka 1995): Plasma levels of prolactin, a hormone
which is known to be inhibited by dopamine agonists, de-
crease after TSD (Kasper et al. 1988; Baumgartner et al.
1990), and the prolactin response to sulpiride is different
in TSD responders and nonresponders (Ebert et al. 1993);
lower levels of homovanillic acid in the spinal fluid be-
fore TSD have been associated with a greater antidepres-
sant response (Gerner et al. 1979); and single-photon-
emission computerized tornography before and after TSD
showed a significantly different D, receptor occupancy in
responders and nonresponders, thus suggesting an en-
hanced dopamine release in responders (Ebert et al.
1994). Moreover, preclinical studies show an enhance-
ment in serotonergic transmission following sleep depri-
vation (e.g., Wesemann et al. 1983; Asikainen et al.
1995), and the involvement of serotonergic transmission
in the clinical effect of TSD has been preliminarily evalu-
ated (Blier et al, 1987; Salomon et al. 1994).

It is hypothesizable that an enhancement in dopaminer-
gic transmission and possibly in serotonergic transmission
due to repeated TSD, adding to the increase in serotoner-
gic transmission due to fluoxetine medication, could have
produced a faster antidepressant effect; the fast ameliora-
tion could then have been maintained by fluoxetine drug
treatment alone. In this respect it should be noted that our
subjects were bipolar-1 patients, which have been reported
to show higher response rates to sleep deprivation (Szuba
et al. 1991), possibly because of the similarities between
the mechanism of the antidepressant action of sleep depri-
vation and the onset of mania (e.g., Wehr 1987). Ongoing
research of the interplay between dopaminergic and sero-
tonergic systems (e.g., Ferre 1994), of the interaction be-
tween sleep deprivation and dopaminergic drogs (e.g.,
Benedetti et al., in press), and of the effect of sleep depri-
vation on brain serotonergic activity (e.g., Salomon et al.
1994) will help clarify this point.

Acknowledgement We thank the nursing staff of our psychiatric
ward for the precious assistance to the sleep deprivation procedure.

References

Altamura AC, Montgomery SA (1990) Fluoxetine dose, pharma-
cokinetics and clinical efficacy. Rev Contemp Pharmacother 1:
75-81

American Psychiatric Association (1987) Diagnostic and statistical
manual of mental disorders (DSM-III-R)} 3rd edn, revised.
American Psychiatric Press, Washington, DC

Asikainen M, Deboer T, Porkka-Heiskanen T, Stenberg D, Tobler
1 (1995) Sleep deprivation increases brain serotonin turnover in
the Djungarian hamster. Neurosci Lett 198:21-24

Baumgartner A, Riemann D, Berger M (1990) Neuroendocrino-
logical investigations during sleep deprivation in depression.
Biol Psychiatry 28:569-587

Baxter LR, Liston EH, Schwartz JM, Altshuler LL, Wilkins JN,
Richeimer S, Guze BH (1986) Prolongation of the antidepres-
sant response to partial sleep deprivation by lithium. Psychiatry
Res 19:17-23

Benedetti F, Barbini B, Campori E, Colombo C, Smeraldi E
(1996) Dopamine agonist amineptine prevents the antidepres-
sant effect of sleep deprivation. Psychiatry Res (in press)

Berger M, Hohagen F, Konig A, Vollmann J, Lohner H, Faller C,
Edali N, Riemann D (1995) Chronotherapeutische Ansétze bei
depressiven Erkrankungen. Wien Med Wochenschr 145:418~
422

Blier P, Montigny C de, Chaput Y (1987) Modification of the sero-
tonin system by antidepressant treatments: implication for the
therapeutic response in major depression. J Clin Psychophar-
macol 7 (Suppl 6):245-35S

Bouhuys AL, Van den Burg W, Van den Hoofdakker RH (1995)
The relationship between tiredness prior to sleep deprivation
and the antidepressant response to sleep deprivation in depres-
sion. Biol Psychiatry 37:457-461

Ebert D, Kaschka W (1995) Humorale Aspekte des Schlafentzu-
ges. Fortschr Neurol Psychiatry 63 :441-450

Ebert D, Kaschka W, Stegbauer P, Schrell U (1993) Prolactin re-
sponse to sulpiride before and after sleep deprivation in de-
pression. Biol Psychiatry 33:666-669

Ebert D, Feistel H, Kaschka W, Barocka A, Pirner A (1994) Single
photon emission computerized tomography assessment of cere-
bral dopamine D2 receptor blockade in depression before and
after sleep deprivation. Preliminary results. Biol Psychiatry 35:
880-885

Elsenga S, Van den Hoofdakker RH (1983) Clinical effects of
sleep deprivation and clomipramine in endogenous depression.
J Psychiatry Res 17:361-374

Ferre S, Cortes R, Artigas F (1994) Dopaminergic regulation of the
serotonergic raphestriatal pathway: microdialysis studies in
freely moving rats. J Neurosci 14:4839-4846

Fratta W, Collu M, Martellotta MC, Pichiri M, Muntoni F, Gessa
GL (1987) Stress-induced insomnia: opioid-dopamine interac-
tions. Eur J Pharmacol 142:437-440

Germner RH, Paot RM, Gillin JC (1979) Biological and behavioral
effects of one night’s sleep deprivation in depressed patients
and normals. Psychiatry Res 15:21-40

Hamilton M (1960) A rating scale for depression. J Neurol Neuro-
surg Psychiatry 23:56-62

Haug HJ (1992) Prediction of sleep deprivation outcome by diur-
nal variation of mood. Biol Psychiatry 31:271-278

Holsboer-Trachsler E, Hemmeter U, Hatzinger M, Seifritz E, Ger-
hard U, Hobi V (1994) Sleep deprivation and bright light as po-
tential augmenters of antidepressant drug treatment: neurobio-
logical and psychometric assessment of course. J Psychiatr Res
28:381-399

Kasper S, Sack DA, Wehr TA (1988) Nocturnal TSH and prolactin
secretion during sleep deprivation and prediction of antidepres-
sant response in patients with major depression. Biol Psychia-
try 24:631-641

Kuhs H, Tolle R (1991) Sleep deprivation therapy. Biol Psychiatry
29:1129-1148

Kuhs H, Farber D, Borgstadt S, Mrosek S, Tolle R (1996) Ami-
triptyline in combination with repeated late sleep deprivation
versus amitriptyline alone in major depression. A randomised
study. J Affect Disord 37:31-41

Lauterbach EC (1994) Sleep benefits and sleep deprivation in sub-
groups of depressed patients with Parkinson’s disease (letter).
Am J Psychiatry 151:782-783

Leibenluft E, Wehr TA (1992) Is sleep deprivation useful in the
treatment of depression? Am J Psychiatry 149:159-168

Leibenluft E, Moul DE, Schwartz PJ, Madden PA, Wehr TA
(1993} A clinical trial of sleep deprivation in combination with
antidepressant medication. Psychiatry Res 46:213-227

Montgomery SA (1989) The efficacy of fluoxetine as an antide-
pressant in the short and long term. Int Clin Psychopharmacol
4 (Suppl 1):113-119

Neumeister A, Goessler R, Lucht M, Kapitany T, Bamas C,
Kasper S (1996) Bright light therapy stabilizes the antidepres-
sant effect of partial sleep deprivation. Biol Psychiatry 39:16—
21



Riemann D, Vollmann J, Hohagen F, Lohner H, Kénig A, Faller C,
Edali N, Berger M (1995) Behandlung von Depressionen mit
Schlafentzug und Schlafpbasenvorverlagerung. Fortschr Neurol
Psychiatr 63:270-276

Riemann D, Hohagen F, Konig A, Schwarz B, Gomille J, Voder-
holzer U, Berger M (1996) Advanced vs. normal sleep timing:
effects on depressed mood after response to sleep deprivation
in patients with a major depressive disorder. J Affect Disord
37:121-128

Salomon RM, Delgado PL, Licinio J, Krystal JH, Heninger GR,
Charney DS (1994) Effects of sleep deprivation on serotonin
function in depression. Biol Psychiatry 36:840--846

Shelton RC, Loosen PT (1993) Sleep deprivation accelerates the
response to nortryptiline. Prog Neuropsychopharmacol Biol
Psychiatry 17:113-123

Szuba MP, Baxter LR, Fairbanks LA, Guze BH, Schwariz JM
(1991) Effect of partial sleep deprivation on the diurnal varia-
tion of mood and motor activity in major depression. Biol Psy-
chiatry 30:817-829

103

Szuba MP, Baxter LR, Altshuler LL, Allen EM, Guze BH,
Schwartz JM, Liston EH (1994) Lithium sustains the acute an-
tidepressant effects of sleep deprivation: preliminary findings
from a controlled study. Psychiatry Res 51:283-295

Vogel GW, Vogel F, Abey RS, Thurmond AJ (1980) Improvement
of depression by REM sleep deprivation. Arch Gen Psychiatry
37:247-253

Wehr T (1990) Effects of sleep and wakefulness in depression and
mania. In: Montplaisir J, Godbout R (eds) Sleep and biological
rhythms. Oxford University Press, London, pp 42-86

Wesemann W, Weiner N, Rotsch M, Schulz E (1983) Serotonin
binding in rat brain: circadian rhythm and effect of sleep depri-
vation. J Neural Transm Suppl 18:287-294

Wu JC, Bunney WE (1990) The biological basis of the antidepres-
sant response to sleep deprivation and relapse: review and hy-
pothesis. Am J Psychiatry 147:14-21

Zwicker A, Calil H (1986) The effects of REM sleep deprivation
on striatal dopamine receptor sites. Pharmacol Biochem Behav
24:809-812



