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Abstract. Previous studies have indicated that (1) The group of vital (endogenous)
depressions encompasses a subgroup with a central serotonin (5-hydroxytrypta-
mine; 5-HT) deficiency. (2) Abolition of this deficiency—with the aid of 5-hydroxy-
tryptophan (5-HTP), a 5-HT precursor, or clomipramine, a 5-HT reuptake
inhibitor— leads to abatement of depressive symptoms. It therefore seems plausi-
ble that the suspected S-HT deficiency contributes to the development of depressive
symptoms instead of resulting from them. (3) In a majority of patients, the
suspected S-HT deficiency persists even when the depressive symptoms have
disappeared and the medication has been discontinued. This suggested that the
disturbed central 5-HT metabolism is not a direct causal, but a predisposing factor.
If so, abolition of the suspected 5-HT deficiency, e.g., with the aid of 5-HTP, would
be expected to have a prophylactic effect. As predicted, 5-HTP was found in the
present study to reduce the relapse rate in recurrent vital depressions with both a
unipolar and a bipolar course. The prophylactic effect was most pronounced in
patients with persistent disorders of central 5-HT metabolism; this observation,
however, requires corroboration. 5-HTP prophylaxis is the first aimed (i.e., patho-
logical substrate-oriented) type of chemoprophylaxis known in psychiatry.,
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There are indications of a central deficiency of serotonin (5-hydroxytryptamine;
5-HT) in certain types of vital (endogenous) depression with a unipolar or bipolar
course (Van Praag, 1978a).

Evidence of such a deficiency falls into two major categories: (1) A decreased
concentration of 5-hydroxyindoles has been reported in certain raphe nuclei in suicide
victims (Lloyd et al., 1974) and in depressive patients who died from natural causes
(Birkmayer and Riederer, 1975). The raphe nuclei are the principal localization of cell
bodies of serotonergic neurons. (2) Studies of cerebrospinal fluid (CSF) have found a
decreased baseline concentration of 5-hydroxyindoleacetic acid (5-HIA A), the princi-
pal 5-HT metabolite (Asberg etal., 1976), and a decreased 5S-HIA A accumulation after
probenecid administration (Van Praag et al., 1970; Sjostrom and Roos, 1972; Post
and Goodwin, 1978). Probenecid inhibits transportation of 5-HIAA from the central
nervous system (CNS) to the blood stream. The resulting 5-HIAA accumulation is an
indication of 5-HT degradation. (For a discussion of the probenecid test, see Van
Praag, 1977a.)
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The group of vital depressions, which tends toward homogeneity of symptomatol-
ogy, includes patients with and without demonstrable disorders of central 5-HT
metabolism. This biological heterogeneity suggested the possibility of a biochemical
typology of vital depressions (Van Praag and Korf, 1971), a concept subsequently
corroborated by other observations (Maas, 1975; /&sberg etal., 1976; Goodwin et al.,
1977; Van Scheyen et al., 1977).

Disorders of central 5S-HT metabolism are probably primary; that is, they contrib-
ute to the development of depressive symptoms (or of certain depressive symptoms)
instead of resulting from them. This conclusion stems from the observation that an
increase of the amount of 5-HT available in the brain leads to abatement or disappear-
ance of depressive symptoms. The amelioration of symptomatology can be achieved
with S5-hydroxytryptophan (5-HTP) (Van Praaget al., 1972; Sano, 1972; Angst et al.,
1977; Van Praag, 1978a; Kaneko et al., 1979; Van Hiele, 1980), a 5-HT precursor, and
with clomipramine (Van Praag, 19775h), a tricyclic antidepressant which strongly
inhibits the uptake of 5-HT (Carlsson et al., 1969). The strongest therapeutic effect is
obtained with a combination of 5-HTP and clomipramine (Van Praag, 197856). These
5-HT-potentiating compounds are also effective in “normo-serotonergic” vital depres-
sions, but the effect is less pronounced (Van Praag, 1977¢, 19785h).

In the majority of patients, changes in CSF 5-HIAA persist even after depressive
symptoms have disappeared and medication has been discontinued (Van Praag,
1977¢). This led us to the hypothesis that the suspected central S-HT deficiency is not a
direct causal but a predisposing factor (Van Praag, 1977¢). If this hypothesis is correct,
then abolition of the 5-HT deficiency (e.g., with the aid of 5-HTP) can be expected to
reduce the “vulnerability” to vital depressions. In a preliminary study, we did indeed
find indications of a prophylactic effect of 5-HTP against depressions of this type (Van
Praag, 1977¢). The present study was designed to verify these preliminary findings. It
focuses on two questions: (1) Does 5-HTP reduce the relapse rate in recurrent vital
depressions with a unipolar or bipolar course? (2) If so, is this effect most marked in
patients with signs of a persistently disturbed cerebral 5S-HT metabolism?

Methods

Patients. The sample comprised 20 depressive patients (13 females and 7 males) who
ranged in age from 31 to 57 years. All were suffering from recurrent vital depressions.
During the 4 years before the study, all had been hospitalized at least three times in
connection with depressive episodes. Fourteen patients had never experienced manic
or hypomanic phases (unipolar depressions}), but six had (bipolar depressions).

The syndrome of vital depressions is roughly equivalent to the syndrome referred to
in the Anglo-American literature as endogenous depression. The syndrome is etiologi-
cally nonspecific; that is, it can be precipitated by various factors—endogenous,
psychosocial, or somatic in nature. (For a more detailed discussion of vital depression,
see Van Praag et al., 1965; Van Praag, 1978b.)

Unipolar depression is defined as recurrent depression (at least two episodes charac-
terized by the vital depressive syndrome, irrespective of the presence or absence of
precipitating events). A diagnosis of bipolar depression is applied to a patient who, in
addition to the vital depression syndrome, has also experienced one or more episodes
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of mania or hypomania. Thus, in our terminology, subtype diagnoses of unipolar and
bipolar depression are based on two criteria: symptomatology and course.

Biochemical characteristics. In 13 patients, a subnormal postprobenecid 5-HIAA
accumulation was observed, both during depressive phases and during asymptomatic
intervals. 5-HIAA concentrations more than two standard deviations from the mean
were defined as abnormal values (Van Praag et al., 1973). The mean accumulation at
the most recent observation was 47 £ 12.1 ng/ml. In the other seven patients, 5S-HIAA
accumulation was always within normal limits. At the most recent observation, a
mean accumulation of 119 * 34.0 ng/ml was found. The concentration of catechola-
mine metabolites in the CSF showed no persistent abnormalities.

Treatment. Before entering the 5-HTP study, all patients had been hospitalized in
connection with a vital depressive episode and successfully treated for 3-6 months with
clomipramine (Anafranil). This medication was discontinued at the time of discharge,
and the S-HTP experiment was started 3-4 weeks later, when all test subjects were free
of depressive symptoms. The patients were randomly divided into two groups. For a
period of | year, group A (10 patients) received L-5-HTP (200 mg daily) in combina-
tion with the peripheral decarboxylase inhibitor carbidopa (150 mg daily). 5-HTP was
supplied in coated capsules that pass through the stomach unchanged and do not
dissolve until they enter the small intestine (at pH = 8.6). Moreover, the dosage was
gradually increased in the course of a few weeks. In this way, gastrointestinal side
effects were avoided in the majority of cases. During the next year, these patients
received identical placebo capsules. In group B (10 patients), the 5-HTP/placebo
sequence was reversed.

Rating. Patients were seen at least once every 4 weeks, at which times their mental
state was rated using the Hamilton Depression Scale. In addition, a 4-point global
rating was made, in which scores ranged from 0 (absence of depressive symptoms) to 3
(pronounced presence of depressive symptoms). The global rating was keyed to three
behavioral modalities: mood, motor activity, and ability to experience emotions. In
principle, therefore, it was possible for a test subject to receive a score of 0 but
nevertheless not to be entirely free from symptoms (e.g., slept badly or mentioned
somatic complaints). We chose this rating method for two reasons. To begin with, we
were primarily interested in whether 5-HTP prevents disturbances in the above-
mentioned behavioral modalities. Secondly, with conventional depression scales (e.g.,
Hamilton’s) it is possible to obtain an elevated depression score even though these
modalities are undisturbed. We wanted to avoid this. At every visit to the outpatient
clinic, we tested the patient’s blood pressure, blood picture, liver and kidney functions,
and asked questions aimed at detecting possible side effects. The patients were aware
of the fact that a new (potential) prophylactic method was being tested.

Relapses. A score of 2 or higher on the global rating scale and/or a score of 21 or
higher on the Hamilton Depression Scale was defined as a relapse. In that case the
patient was treated with clomipramine (150-225 mg daily), while S-HTP or placebo
was continued. The patient remained on clomipramine until 4 weeks after the disap-
pearance of the depressive symptoms. Treatment was carried out in an outpatient
setting, unless the risk of suicide necessitated hospitalization.
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Results

During the placebo period, nine patients in group 4 developed relapses: one patient
had three relapses, three patients two, and five patients one; during the 5-HTP period,
three patients developed one relapse each. This is a mean relapse rate of 1.4 per patient
during the placebo period, and a rate of 0.3 during the 5-HTP period (Table 1). The
difference in relapse rate is statistically significant (p < 0.0085, sign test; p < 0.05,
McNemar test).

In group B, eight patients developed relapses during the placebo period: two
patients had two relapses and six patients had one; during the S-HTP period, three
patients developed relapses: one patient had two relapses and two patients had one.
This is a mean velapse rate of 1.0 per patient during the placebo period, and a rate of
0.4 during the 5-HTP period (Table 1). The difference in relapse rate is statistically
significant (p < 0.05, McNemar test; p < 0.05, sign test).

Table 1. Number of patients who relapsed, and number of relapses, during
placebo and 5-HTP periods

Number of
patients who Number of
relapsed relapses
Placebo 5-HTP Placebo 5-HTP
period period period period
Group Al (n =10 9 3 14 3
Group B2 (n =10, 8 3 10 4

1. One year of 5-HTP medication, followed by 1 year of placebo medication.
2. One year of placebo medication, followed by 1 year of 5-HTP medication.
Note: The difference in relapse rate is statistically significant both in group A (p < 0.005, sign test; p < 0.05,
McNemar test) and in group B (p < 0.005, sign test; p < 0.05, McNemar test).

Taking groups A and B together, we find an even more marked difference in relapse
rate between placebo and S-HTP periods: p < 0.001 (McNemar test) and p < 0.001
(sign test).

Of the 17 patients who developed relapses during the placebo period, seven were
hospitalized for 4-8 weeks (average 43 days). Of the six patients who developed
relapses during the 5-HTP period, three were hospitalized for an average of 52 days.

Not only is the number of relapses during the placebo periods larger than that
during the 5-HTP periods, the depressive morbidity during the placebo periods also
exceeds that during the 5-HTP periods (Fig. 1). If we calculate the mean depression
score per person over the placebo year and over the 5-HTP year and compare these
mean values, we find the mean depression score over the placebo year significantly
exceeds that over the 5-HTP year, both in group A (p =0.001, sign test) and in group B
(p = 0.001, sign test).
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Fig. 1. Mean depression score during 5-HTP and placebo medication on a
4-point global depression scale in groups A and B
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Note: Group A received 5-HTP for 1 year followed by a 1-year placebo period; group B followed
the reverse sequence. The mean depression score over the placebo year significantly exceeds
that over the 5-HTP year both in group A (p=0.001, sign test)andin group B (p=0.001, sign test).

No manic or hypomanic phases developed during the placebo periods, but during
the 5-HTP periods three patients developed one such phase each. These phases were
treated with 9-24 mg haloperidol daily for 3-6 weeks, without hospitalization. S-HTP
was continued during haloperido! administration. No adverse interactional effects
were observed during the combined treatment.

Thirteen patients belonged to the group with persistent low postprobenecid CSF
5-HIAA accumulation. In the other seven patients, this value had always been normal,
both during the depressive phases and during the symptom-free/ medication-free
intervals. Of the six patients who relapsed during the 5-HTP period, five were of the
“normo-serotonergic” type, while one was of the “5-HT-deficient™ type (Table 2). The
relapse rate in the “5-HT-deficient” subgroup is significantly lower than that in the
“normo-serotonergic” subgroup (p < 0.02, Fisher's exact probability test, two-tailed).
It seems that treatment with 5-HTP is especially protective for the former type.
Unipolar or bipolar subtype diagnoses did not correlate with relapse or nonrelapse
during the 5-HTP period.

During the 5-HTP periods, nausea and vomiting occurred in six patients, always
during the first 2 months. Three patients developed similar complaints during the
placebo periods, likewise in the initial period. No other significant side effects were
observed. There is reason to assume, therefore, that the raters remained blind to the
medication.
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Table 2. Patients who relapsed during 5-HTP periods: Comparison between
patients with normal and those with subnormal postprobenecid CSF 5-HIAA
concentrations

Number of Relapse No relapse
Patient groups patients during 5-HTP  during 5-HTP
Persistent normal
postprobenecid CSF 5-HIAA 7 5 2
Persistent subnormal
postprobenecid CSF 5-HIAA 13 1 12

Note: The relapse rate in the “5-HT deficient” subgroup is significantly lower than that in the "normo-sero-
tonergic subgroup :p < 0.02, Fisher's exact probability test, two-tailed . “Persistent” means: during depressive
episodes and in symptom-free intervals.

Discussion

Treatment with 1-5-HTP, plus a peripheral decarboxylase inhibitor, exerts a prophy-
lactic influence on patients who suffer from recurrent vital depressions. It reduces the
relapse rate and the depressive morbidity in general. Because there are at present no
reasons to attribute this prophylactic effect to the decarboxylase inhibitor, it is
presumably due to 5-HTP, a 5-HT precursor, which is converted to 5-HT in both
central serotonergic (Korf et al., 1974) and catecholaminergic cells (Butcher et al.,
1972; Ng et al., 1972). 5-HTP decarboxylase, the enzyme which converts S-HTP to
5-HT, and dopa decarboxylase, which transforms dopa to dopamine, are identical
enzymes (Yuwiler et al., 1959).

It is conceivable that 5-HT comes to function as a false transmitter in catechola-
minergic cells, thus reducing the activity in these systems. Could this effect underlie the
depression-preventing (and antidepressant) effect of S-HTP? The classical monoa-
mine (MA) hypotheses on the pathogenesis of depressions postulate that hypoactivity
of serotonergic and/or noradrenergic systems in the brain contributes to the develop-
ment of {certain) depressive symptoms (Van Praag, 1962; Schildkraut, 1965; Bunney
and Davis, 1965; Lapin and Oxenkrug, 1969). The signs of a reduced MA turnover in
certain depressive patients are regarded as primary phenomena. But there is also an
alternative M A hypothesis, which holds that the primary defect lies in hypersensitivity
of serotonergic and/or noradrenergic postsynaptic receptors. In this hypothesis the
signs of a reduced MA metabolism are interpreted as secondary to the primary
receptor defect (Post and Goodwin, 1978; Sulser et al., 1978). | have elsewhere argued
that this alternative hypothesis is not very plausible on clinical grounds (Van Praag,
1977a). We therefore consider it unlikely that suppression of catecholaminergic
activity could underlie the prophylactic effect of 5-HTP; instead we assume that this
effect is based on an increased amount of available 5-HT in the brain. This interpreta-
tion is supported by a number of additional observations.

e 5-HTP has proved to be an effective antidepressant in patients with vital (endogen-
ous, primary) depressions (Van Praag et al., 1972; Sano, 1972, Angst et al., 1977,
Kaneko et al., 1979; Van Praag, 1980; Van Hiele, 1980) and particularly in those with a
disturbed 5-HT metabolism (Van Praag et al., 1972; Van Praag, 1978b). We have
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demonstrated that patients of the latter type, too, are able to convert 5-HTP to 5-HT,
and in fact do so (Van Praag, 1977¢). A 5-HTP effect, per se, is therefore not likely to
be involved.

® The antidepressant effect of S-HTP is enhanced by clomipramine, a tricyclic antide-
pressant which strongly inhibits 5-HT reuptake and therefore additionally increases
the availability of 5-HT at the postsynaptic receptors (Van Praag et al., 1974; Van
Praag, 1978¢). This is not to say, of course, that clomipramine selectively potentiates
S5-HT. Its main degradation product is a rather strong uptake inhibitor of noradrena-
line.

® In normal test subjects, 5-HTP (administered by intravenous drip) has a euphoric
effect (Trimble et al., 1975; Puthringe et al., 1976).

e In patients treated with S-HTP for myoclonus, too, evidence of euphoria has been
reported; and maniacal disinhibition has been described as well (Van Woert et al.,
1977).

Since low 5-HIAA accumulation after probenecid persists even during clinical
recovery in many “5-HT-deficient” depressive patients, we have assumed that this
5-HT deficiency is a predisposing rather than a causal factor. The fact that (1) 5-HTP
prevents a substantial percentage of relapses in unipolar and bipolar depressions and
(2) 5-HTP prophylaxis seemed to be most effective in patients with signs of a persistent
5-HT deficiency supports this hypothesis. The unipolar-bipolar distinction did not
predict success of 5-HTP prophylaxis.

We recently reported additional evidence that would support the view that 5S-HT
deficiency is a factor predisposing to depression: In patients with signs of persistently
disturbed 5-HT metabolism, the depression rate was higher than that in “normo-
serotonergic” patients. In family members of the former patients, too, the depression
rate was increased (Van Praag and De Haan, 1979).

In the present study, three patients developed a maniacal disinhibition during the
5-HTP period; all were suffering from bipolar depressions. Two of them had a
hypomanic mood swing during clomipramine treatment before entering the S-HTP
study. The manic switches occurred in the second half of the 5-HTP period, seemingly
unrelated to the withdrawal of clomipramine. Therefore possible receptor supersensi-
tivity is not a likely explanation. The mania could have been provoked by 5-HTP, or
could have been independent of 5-HTP: simply a phase in the natural course of illness.
Our data are inconclusive in this respect. Generally speaking, few data are available on
the relation between central 5-HT metabolism and mania; and the available data are
controversial (Van Praag, 1978a).

In summary, the data presented support the hypothesis that (1) central serotonergic
systems are involved in mood regulation; (2) these systems are permanently disturbed
in a certain category of depressive patients; (3) this leads to depression “vulnerability™
an increased tendency to respond to endogenous and exogenous stimuli with a
pathological depression of mood; (4) increased “vulnerability” to depressions can be
reduced with the aid of S-HTP.

5-HTP prophylaxis, if replicated, is the first aimed (i.e., biochemical substrate-
oriented) chemoprophylaxis known in psychiatry.
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