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Abstract

This paper reviews the preclinical and clinical evidence regarding the use of the dietary supplement 5-hydroxytryptophan (5-HTP) for the

treatment of depression. In the absence of supplementation with exogenous 5-HTP, the amount of endogenous 5-HTP available for serotonin

synthesis depends on the availability of tryptophan and on the activity of various enzymes, especially tryptophan hydroxylase, indoleamine

2,3-dioxygenase, and tryptophan 2,3-dioxygenase (TDO). Factors affecting each of these are reviewed. The amount of 5-HTP reaching the

central nervous system (CNS) is affected by the extent to which 5-HTP is converted to serotonin in the periphery. This conversion is

controlled by the enzyme amino acid decarboxylase, which, in the periphery, can be blocked by peripheral decarboxylase inhibitors (PDIs)

such as carbidopa. Preclinical and clinical evidence for the efficacy of 5-HTP for depression is reviewed, with emphasis on double-blind,

placebo-controlled (DB-PC) trials. Safety issues with 5-HTP are also reviewed, with emphasis on eosinophilia myalgia syndrome (EMS) and

serotonin syndrome.
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1. Introduction

The synthesis of serotonin from tryptophan proceeds via

the intermediary l-5-hydroxytryptophan (5-HTP; Fig. 1).

The purpose of this paper is to review the preclinical and

clinical evidence for the use of the dietary supplement 5-

HTP in the treatment of depression.

5-HTP is an aromatic amino acid naturally produced by

the body from the essential amino acid l-tryptophan.

Produced commercially by extraction from the seeds of

the African plant Griffonia simplicifolia, 5-HTP has been

used clinically for over 30 years. In addition to depression,

the therapeutic administration of 5-HTP has been shown to

be effective in treating a wide variety of conditions,

including fibromyaligia, insomnia, binge eating associated

with obesity, cerebellar ataxia, and chronic headaches

(reviewed by Birdsall, 1998). 5-HTP easily crosses the

blood–brain barrier and effectively increases central nerv-

ous system (CNS) synthesis of serotonin (Birdsall, 1998).

Supplementation with 5-HTP is hypothesized to normalize

serotonin synthesis, which is putatively related to its

antidepressant properties (see Section 2.1). However, most

of the studies involving the use of 5-HTP for depression

were conducted 20 or more years ago. At that time, there

was a high level of interest in the serotonin hypothesis of

depression. In December of 1987, the first selective
hart illustrating the biosynthesis and metabolism of 5-HTP. The

5-HTP: l-5-hydroxytryptophan; 5-HIAA: 5-hydroxyindoleacetic a
serotonin re-uptake inhibitor (SSRI)–fluoxetine (Prozac)–

was approved in the United States. Other SSRIs quickly

followed. This new class of antidepressants became widely

prescribed, as they were found to be both generally effective

and safe. It is possible that this series of events led to a loss

of interest in 5-HTP.
2. Rationale for use of

5-hydroxytryptophan in depression

2.1. Serotonin hypothesis of depression

The serotonin hypothesis of major depression has been

formulated in several different ways. One version of this

hypothesis is that a deficit in serotonergic activity is

related to the etiology of depression. Based on this

hypothesis, the goal of antidepressant treatment is to

increase synaptic serotonin levels. Serotonin re-uptake

inhibitors increase synaptic serotonin levels by inhibiting

re-uptake. However, many, if not most, antidepressants

have serotonin re-uptake inhibition as part of their

mechanisms—not just SSRIs. Many tricyclic antidepres-

sants (TCAs) are nonselective serotonin re-uptake inhib-

itors (Richelson, 1994). Monoamine oxidase inhibitors

(MAOIs), another type of antidepressant medication,
enzymes involved in the process are shown to the right of the arrows.

cid.
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increase synaptic serotonin by decreasing the catabolism of

serotonin (Fig. 1).

2.1.1. Factors affecting

5-hydroxytryptophan availability for serotonin synthesis

The amount of synaptic serotonin can also be affected by

the availability of substrate for serotonin synthesis.

Although other neurotransmitters, notably catecholamines,

are involved in mood regulation, the studies reviewed in this

section suggest that normal mood depends in large part on

normal serotonin stores.

2.1.1.1. Tryptophan. Tryptophan is the amino acid pre-

cursor to 5-HTP and serotonin (Fig. 1). There are several

reports that plasma tryptophan is significantly lower in

patients with major depression than in normal controls or in

patients with only minor symptoms of depression (Coppen

et al., 1973; Cowen et al., 1989). Furthermore, adminis-

tration of tryptophan has been used as an antidepressant

(reviewed by Shaw et al., 2002).

Tryptophan depletion is a widely used paradigm to study

the role of the serotonergic system in the pathophysiology

and treatment of depression (Neumeister, 2003). The

administration of a tryptophan-free mixture of essential

amino acids produces a significant decrease in plasma

tryptophan, associated with a decrease in brain tryptophan,

brain serotonin, and 5-hydroxyindole acetic acid (5-HIAA)

levels in rats (Gessa et al., 1974). In humans, several studies

have shown that reducing serotonin synthesis (by depriving

the brain of tryptophan) can induce depression within hours

(Neumeister et al., 1998; Delgado et al., 1990; Lam et al.,

1996). Similarly, after oral administration of an amino acid

mixture without tryptophan, significant decreases of plasma

tryptophan and cerebrospinal fluid levels of 5-HIAA have

been reported (Young et al., 1985; Williams et al., 1999). It

has also been shown that increases in brain tryptophan

concentration raise serotonin release (Carboni et al., 1989).

Taken together, these data suggest that the concentration of
Fig. 2. Biochemical regulation of 5-HTP. The enzymes and cofactors involved in

reviewed in the text, the dashed arrows and the plus and minus signs indicate incre

l-amino acid decarboxylase; B6: pyridoxine; BH4: l-erythro-tetrahydrobiopterin;

indolamine 2,3-dioxygenase; IFN: interferon; TDO: tryptophan 2,3-dioxygenase;
5-HTP and serotonin depend upon the availability of its

precursor tryptophan.

2.1.1.2. Tryptophan 2,3-dioxygenase/Indolamine 2,3-dioxy-

genase. Tryptophan availability and, therefore, 5-HTP and

serotonin synthesis are also influenced by the enzymes

indolamine 2,3-dioxygenase (IDO) and tryptophan 2,3-

dioxygenase (TDO; Fig. 2). IDO is the first enzyme in the

kynurenine pathway, which degrades and converts trypto-

phan to kynurenine; it is found in various tissues such as

lung, brain, and placenta (Sun, 1989; Saito et al., 1991;

Heyes et al., 1992). TDO is a cytosolic enzyme analogous to

IDO, with the exception that TDO is believed to be specific

to the liver; TDO also plays a critical role in the regulation

of circulating levels of tryptophan (Smith & Pogson, 1980).

Stimulation of these enzymes by proinflammatory

cytokines, in particular interferon-g (IFN-g), enhances the

catabolism of tryptophan, making less tryptophan available

for conversion to 5-HTP and serotonin (Taylor & Feng,

1991; Myint & Kim, 2003). Corticoids have also been

shown to induce TDO activity (Salter & Pogson, 1985),

which is important given that a number of patients with

depression have elevated cortisol levels (Porter et al., 2004).

680C91 and 709W92 are competitive inhibitors of TDO

(Ki =42T3 and 40T2 nM, respectively; Salter et al., 1995).

Using these novel compounds, the authors found that TDO

inhibition increased CSF serotonin levels in rats (Salter et

al., 1995). These findings suggest an important role for

TDO and IDO in the regulation of 5-HTP and serotonin

synthesis.

2.1.1.2.1. Tryptophan’s effect on tryptophan 2,3-dioxy-

genase and indolamine 2,3-dioxygenase. Tryptophan can

also regulate its own catabolism via the induction of TDO or

IDO. At supraphysiologic concentrations, tryptophan

increases the activity of TDO 5- to 6-fold in rat hepatocytes

(Smith & Pogson, 1980). Thus, increased dietary intake of

tryptophan may not ultimately lead to increased 5-HTP and

serotonin levels.
the reactions are listed next to the bold black arrows. Based on literature

ases or decreases in the metabolites shown. Abbreviations: AADC: aromatic

5-HIAA: 5-hydroxyindoleacetic acid; 5-HTP: l-5-hydroxytryptophan; IDO:

TPH: tryptophan hydroxylase.
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2.1.1.2.2. Cytokines and indolamine 2,3-dioxygenase.

There is evidence that the induction of cytokines, a family of

proteins that mediate and regulate immunity, inflammation,

and hemopoiesis, can modulate the availability of 5-HTP

(Fig. 2). Proinflammatory cytokines such as tumor necrosis

factor-a (TNF-a), interleukin (IL)-1, IL-2, and IFN-g affect

serotonin metabolism by stimulating or enhancing the

stimulation of IDO, which leads to a peripheral depletion

of tryptophan, which, in turn, leads to depletion of 5-HTP

and serotonin (Carlin et al., 1989; Babcock & Carlin, 2000;

Fig. 2). In particular, exogenous administration of IFN-a

has been shown to cause depression in some patients

(Musselman et al., 2001; Hauser et al., 2002; Loftis &

Hauser, 2004). This IFN-induced depression has been

attributed to the activation of the cytokine network (i.e.,

IFN-g) and IDO, resulting in perturbations of the seroto-

nergic system (Menkes & MacDonald, 2000; Bonaccorso et

al., 2002; Capuron et al., 2003; Turner & Blackwell, 2005).

In agreement with these findings, IFN-a treatment increases

the kynurenine-to-tryptophan ratio, which estimates the

activity of IDO, suggesting potentiated 5-HTP and serotonin

catabolism (Bonaccorso et al., 2002). Thus, IFN-a may

induce depression by a serotonergic-related mechanism

(Schaefer et al., 2003; Wichers & Maes, 2004). To the

extent that this is the mechanism for IFN-induced depres-

sion, it should be treatable with exogenous 5-HTP (Menkes

& MacDonald, 2000; Turner & Blackwell, 2005).

2.1.1.2.3. Melatonin and tryptophan 2,3-dioxygenase.

Melatonin, a hormone synthesized from serotonin in the

pineal gland, can competitively inhibit TDO (Walsh et al.,

1994; Walsh & Daya, 1997). Furthermore, the adminis-

tration of melatonin to mice results in the up-regulation of

the gene expression of TNF-a in peritoneal exudate cells

and the up-regulation of gene expression of IL-1h, TNF-a,
and IFN-g in splenocytes (Liu et al., 2001), suggesting that

melatonin contributes to the induction of proinflammatory

cytokines, which may regulate the catabolism of trypto-

phan and ultimately the biosynthesis of 5-HTP and

serotonin (Fig. 2).

2.1.1.3. Tryptophan hydroxylase. l-Tryptophan-5-mono-

oxygenase, more commonly termed tryptophan hydroxy-

lase, is the rate-limiting enzyme in neuronal serotonin

synthesis (Kuhar et al., 1999). Tryptophan hydroxylase can

be inhibited by numerous factors, including stress, insulin

resistance, pyridoxine (vitamin B6) deficiency, insufficient

magnesium, and high dosages of tryptophan (Green et al.,

1980; Krieger, 1981; Maes et al., 1990). In addition, these

same factors can increase the conversion of tryptophan to

kynurenine, making tryptophan unavailable for 5-HTP and

serotonin production (Birdsall, 1998).

Tryptophan hydroxylase requires the cofactor l-erythro-

tetrahydrobiopterin (BH4). Mice treated with 2,4-diamino-6-

hydroxypyrimidine (DAHP), an inhibitor of BH4 synthesis,

have decreased serotonin levels in certain organs in the

periphery, but not in the brain (Kobayashi et al., 1991).
Recently, there have been a number of reports regarding

the association of genetic polymorphisms in the tryptophan

hydroxylase genes (TPH1 and TPH2) with the serotonergic

system (Arango et al., 2003; Harvey et al., 2004). TPH1 is

mainly expressed in the periphery (Walther et al., 2003),

while TPH2 is preferentially expressed in the brain (Zhang

et al., 2004). Zhang et al. (2004) described a functional

single-nucleotide polymorphism (SNP) in mouse TPH2

which leads to decreased serotonin levels in PC12 cells (a

cell line commonly used as a neuronal cellular model). In a

subsequent paper, these investigators reported the identi-

fication of a functional SNP in human TPH2 (hTPH2),

which results in ¨80% loss of function in serotonin

production when hTPH2 is expressed in PC12 cells (Zhang

et al., 2005).

The tryptophan hydroxylase genes, TPH1 and TPH2,

have been tested in a series of association studies for their

role in mood disorders and psychiatric symptoms. Zhang et

al. (2005) found an increased frequency of the hTPH2 SNP

among depressed patients compared with nondepressed

controls. This is in agreement with Zill et al. (2004), who

report a significant association with one of the SNPs in the

TPH2 gene and major depression. A recent review indicates

that alterations in these genes may be related to suicidal

behavior (Preisig et al., 2005). Collectively, these findings

support a critical role for tryptophan hydroxylase in the

regulation of 5-HTP synthesis and mood.

2.1.1.4. l-Amino acid decarboxylase. 5-HTP is converted

to serotonin by the enzyme aromatic l-amino acid

decarboxylase (AADC), an enzyme that catalyzes the

decarboxylation of a variety of aromatic l-amino acids; it

converts l-3,4-dihydroxyphenylalanine (l-DOPA) to dop-

amine and 5-HTP to serotonin (Boadle-Biber, 1993). This

enzyme acts both in the periphery and in the CNS, meaning

that ingested 5-HTP can be converted into serotonin in the

periphery of the body. Such peripheral serotonin cannot

influence CNS serotonin levels because serotonin is unable

to cross the blood–brain barrier. Additionally, it depletes

substrate levels, resulting in little 5-HTP reaching the brain.

Administration of decarboxylase inhibitors such as carbi-

dopa blocks this peripheral conversion (see Section 4.2.2,

‘‘Coadministration of carbidopa’’).

Pyridoxine (vitamin B6) is a cofactor for AADC that has

also been shown to regulate the levels of 5-HTP (Calderon-

Guzman et al., 2004). In patients with AADC deficiency, 1

of the main goals for the management of the condition is to

potentiate monoaminergic transmission. In a paper describ-

ing the treatment and outcomes of patients with AADC

deficiency, all patients received pyridoxine supplementa-

tion; however, direct clinical benefit was not reported

(Swoboda et al., 2003). Nevertheless, supplemental intake

of pyridoxine has been suggested to improve mood

(reviewed by Ellis & Pamplin, 1999, and McCarty, 2000).

A recent study found that low plasma levels of pyridoxal

phosphate (the phosphate derivative of pyridoxine) were
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significantly associated with depression rating scale scores,

suggesting that low pyridoxine levels may be related to

symptoms of depression (Hvas et al., 2004).
3. Evidence for antidepressant

efficacy of 5-hydroxytryptophan

3.1. Preclinical evidence for

efficacy of 5-hydroxytryptophan

5-HTP is commonly given to rats or mice to test the SSRI

potency of putative antidepressants (O’Neil & Moore,

2003). This simple in vivo test measures the potency of a

compound in potentiating the serotonin syndrome induced

by the administration of 5-HTP (Grahame-Smith, 1971).

The behavioral and physiological features of this syndrome

include hypolocomotion, head twitch, forepaw treading,

tremors, hindlimb abduction, flat body posture or hunched

back, cyanosis, and hyperthermia. In rodents, 5-HTP

induces a serotonin syndrome at dosages of 100–200 mg/

kg (Casal et al., 2000; Nisijima et al., 2000, 2001; see

Section 4.4.3 for more on serotonin syndrome). This 5-

HTP-induced syndrome is potentiated by SSRIs. Conse-

quently, putative antidepressants can be tested for their

degree of potentiation of the 5-HTP-induced syndrome. This

test has been shown to have predictive validity for

antidepressant action. In particular, it predicts the ability

of the compound to inhibit serotonin re-uptake and the

compound’s efficacy as an antidepressant.

Although 5-HTP has not been directly investigated as an

‘‘antidepressant’’ compound in rodents, 5-HTP has been

used to manipulate serotonin levels in rats. Behavioral

studies show that 5-HTP administration reverses the

increases in avoidance responding induced by sleep

deprivation and serotonin depletion in rats (Tenen, 1967;

Tanaka et al., 1972; Smith & Kennedy, 2003). Taken

together, these findings indicate that 5-HTP attenuates the

hyperalgesia induced by sleep deprivation, thus suggesting

that the administration of 5-HTP restores serotonin levels in

rats.

3.2. Clinical evidence for

antidepressant efficacy of 5-hydroxytryptophan

3.2.1. Study designs used

Definitive, large-scale studies of efficacy and safety have

not been conducted for 5-HTP. In conducting our own

review of the literature, we were able to identify 27 studies

that evaluated the efficacy of 5-HTP for depression (total

N =990). Because these studies were heterogeneous in terms

of design, duration, and dose, meta-analysis is not feasible.

We therefore employed a descriptive approach, broadly

categorizing these studies according to design.

Eleven of these studies were double-blind, placebo-

controlled (DB-PC) studies (Table 1). Among the 11 DB-PC
studies, the authors reported that 5-HTP was superior to

placebo in 7 of them. However, the sample sizes in all these

studies were quite small, and only 5 of these studies were

able to show statistical significance. Of these, 1 was a

monotherapy relapse prevention study (van Praag & de

Haan, 1981), 3 were augmentation studies (Alino et al.,

1976; Nardini et al., 1983; Quadbeck et al., 1984), and 1

tested a 5-HTP/dopamine agonist combination against

placebo, rather than 5-HTP alone (Rousseau, 1987).

A number of open-label studies have also been done,

although given the study design, these results are largely

uninterpretable (Table 2). Investigators have also done at

least 5 active comparator studies (Table 3). Two of these

studies failed to show any difference between 5-HTP and

the comparator, imipramine (Angst et al., 1977), or fluvox-

amine (Poldinger et al., 1991), while 2 determined that 5-

HTP was less effective than tranylcypromine for treatment-

resistant depression (Nolen et al., 1985, 1988). One

compared 5-HTP alone versus 5-HTP and a peripheral

decarboxylase inhibitor (PDI), with neither group showing

much improvement (Brodie et al., 1973).

3.2.2. Strength of efficacy data

Overall, it is difficult to draw any definitive conclusions

regarding the efficacy of 5-HTP for depression, given the

limitations described earlier (Section 3.2.1, ‘‘Study designs

used’’). Only a few studies, most of them augmentation

studies, were of sufficient quality to show statistical

superiority to placebo. Alino et al. (1976) conducted a

small double-blind, placebo-controlled trial comparing

nialamide and 5-HTP with nialamide and placebo. This

study involved 30 psychiatric inpatients diagnosed with

‘‘endogenous’’ depression. After 15 days, the group exposed

to the combination with 5-HTP had a mean Hamilton

Depression Rating scale (HAM-D) reduction of 58% versus

39% for the nialamide and placebo group. Twelve of 14

were rated as definitely improved or in complete remission,

compared with only 6 of 15 in the placebo group. Both

results were significant. A similar augmentation study was

conducted by Nardini et al. (1983). The combination of

clomipramine and 5-HTP was compared against clomipr-

amine and placebo in a 28-day trial. Of the 24 patients who

completed the trial, 13 were given 5-HTP and 11 placebo.

The 5-HTP group showed a 56% decrease in HAM-D, while

the placebo group mean HAM-D decreased by 41%.

Quadbeck et al. (1984) compared 3 groups of 8 patients, 1

receiving tryptophan, another trypophan and 5-HTP, and the

last group, low-dose nomifensine. In this study, the group

given 5-HTP and tryptophan showed the greatest improve-

ment, with a mean HAM-D decrease of 61% versus 38% for

tryptophan alone and 27% for low-dose nomifensine.

Three monotherapy studies showed statistical superiority

of 5-HTP over placebo. van Praag et al. (1972) treated 10

patients in a double-blind comparison; 5 patients in the 5-

HTP group showed a mean decrease in HAM-D of 35%

versus a 6% increase for the placebo group. The difference
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Table 1

Double-blind, placebo-controlled trials of 5-HTP for depression

Author/year N Patients Design Dose

(mg/day)

Dose

schedule

Duration (days) Results by drug group 5-HTP better

than placebo?

Statistically

significant?
5-HTP Placebo

Alino et al., 1976

(a.k.a. Lopez-Ibor)

30 Unipolar 5-HTP vs. placebo 50–300 BID 15–20 12/14 Markedly

improved

6/15 Markedly

improved

Yes Yes

Augmentation of

nialamide

(MAOI)

58% Reduction in

HAM-D after 15

days

39% Reduction in HAM-D

Barlet & Pailard, 1973 25 in 5-HTP group Unipolar 5-HTP vs. placebo 200– 800 ? 10–240 19 of 25 improved Placebo rate not known ? ?

Mendlewicz &

Youdim, 1980

58 34: Bipolar 5-HTP and MAOI

vs. 5-HTP vs.

Placebo

300 ? 32 5-HTP and MAOI

better than placebo,

5-HTP alone not

better

Same as 5-HTP No ?

24: Unipolar

Nardini et al., 1983 26 Unipolar 5-HTP vs.

placebo

300 ? 28 56% Reduction in

HAM-D

Clomipramine Yes Yes

Augmentation of

clomipramine

7 / 1 3 M a r k e d

improvement (CGI)

41% Reduction HAM-D

0/13 Worsened 4/11 Marked

improvement (CGI)

2/11 Worsened

Rousseau, 1987 50 Elderly

depressed

Dihydroergocristine

(DA) and 5-HTP

vs. placebo

200– 300 BID-TID

depending

on dose

60 12% Reduction in

HAM-D

1% Increase in

HAM-D

Yes Yes

van Praag

et al., 1972

10 Severely

depressed

5-HTP vs. placebo 200– 3000 ? 21 34% Reduction in

HAM-D

6% Increase in

HAM-D

Yes Trend

(Fisher .08)

3/5 Improved on 5-

HTP

0/5 Improved on

Placebo

2/5 Worse placebo

van Praag, 1979 20 in 5-HTP group Unipolar and

bipolar

5-HTP vs. clomipramine

vs. placebo

200 ? 21 11/20, 5-HTP group Clomipramine

equally effective

? ?

Placebo rate not

known

van Praag &

de Haan, 1981

20 14: Unipolar Crossover, relapse,

prevention

200 ? 2 years

(1 year on 5-HTP)

6/20 had relapses 17/20 had relapses Yes Yes

6: Bipolar Relapse rate 0.35/

patient

Relapse rate 1.2/patient

Significantly less

depressed over year

van Praag, 1984 15 in 5-HTP group Unipolar and

Bipolar

5-HTP vs. tryptophan

vs. placebo

200 ? 28 67% Reduction in

HAM-D

30% Reduction in

HAM-D placebo,

48% tryptophan

Yes Yes

Quadbeck et al., 1984 24 Depressed 5-HTP and tryptophan

vs. tryptophan vs.

low-dose nomifensine

75–150 TID 21 5-HTP and trypto-

phan combination

Tryptophan 38% reduction Yes Yes

61% Reduction in

HAM-D

Low-dose nomifensine

27% Reduction

Zarcone et al., 1977 6 Treatment-resistant

depression

5-HTP vs. placebo,

non-random, crossover

500– 3250 ? 11–15

(5 days on5-HTP)

2/6 Decrease in

depressive ratings

on 5-HTP

Unclear due to

crossover design

Unclear No

Abbreviations: DB: double-blind; PC: placebo-controlled; ?: not reported/not available; DA: dopamine agonist.
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Table 2

Open-label trials of 5-HTP for depression

N Patients Notes Dose (mg/day) Dose schedule Length (days) Result

Fujiwara &

Otsuki, 1973

20 Endogenous

depression

50–200 ? 7–28 10/20 Markedly

improved

Kaneko et al.,

1979

18 12: Unipolar; 3:

bipolar; 3: first

episode

150–300 ? 10–28 10/18 Improved

Kline & Sacks,

1963

50 20: Classical

depression; 30:

schizoaffective

17 also taking

MAOI

10–50 mg/

dose i.v.

Single dose 1 18/20 Typical

depression

marked

improvement,

1 partial

7/30

Schizoaffective,

marked

15/30 Partial

Kline et al., 1964 59 ‘‘Depressive

element’’

DB, 5-HTP vs.

5-HTP

100–200 i.v. QID 1 11/31 marked;

6/31 partial;14/31

no change

Kline & Sacks,

1980

25 Depression

resistant to

MAOIs

100–300 ? ‘‘A few hours–

A few days’’

11/25 Marked

8/25 Partial

Matussek et al.,

1974

23 21: Unipolar; 1:

bipolar; 1:

schizoaffective

300 TID 14 7/23 Good

improvement or

symptom-free

Nakajima et al.,

1978

59 21: Bipolar; 17:

unipolar; 9:

presenile or

senile; 4:

neurotic; 7: other

150–300 ? 21+ 40 (67.8%) had

favorable

response (13

markedly)

Sano, 1972 107 Endogenous

depression

50–300 ? 7–35 74/107 Markedly

improved

Takahashi et al.,

1975

24 Unipolar

depression

300 ? 14 7/24 Markedly

improved

van Hiele, 1980 99 44: Endogenous;

24: w/

endogenous

features; 31:

personal

depression

50–600 Several

small doses

Weeks–months 43 Complete

recovery

8 Improved

Zmilacher et al.,

1988

25 Depressed 5-HTP alone

or with

benserazide PDI

300 ? 14 13/25 Very good

or good

improvement

No difference

between groups

Abbreviations: DB: double-blind; OL: open-label; PC: placebo-controlled; R: randomized; ?: not reported/not available; PDI: peripheral decarboxylase

inhibitor.
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was significant by independent t test (t=2.37, P=0.05). In a

subsequent study, van Praag and de Haan (1981) studied

relapse rates in a double-blind crossover trial and found that

the 5-HTP-treated group had significantly fewer relapses.

Table 4 summarizes the studies reviewed in which the

efficacy of 5-HTP was at or near statistical significance.

Mendlewicz and Youdim (1980) reported the only study

in which 5-HTP appears to have been clearly noneffica-

cious. They treated a combination of unipolar and bipolar

patients with either 5-HTP alone, 5-HTP and a MAOI, or

placebo. 5-HTP alone failed to show superiority to placebo,

but the 5-HTP/MAOI combination was superior to placebo.

Together, these results suggest that 5-HTP may have at

least limited efficacy in the treatment of depression because
there is replication of positive findings. However, there is

always the possibility of Type I error. Additionally, only 2 of

these studies examined 5-HTP as monotherapy, and it is

entirely possible that 5-HTP may behave differently as an

augmenting agent. Obviously, larger, better-controlled stud-

ies should be conducted to conclusively establish the

effectiveness of 5-HTP.

One might question whether these positive studies should

be ‘‘cancelled out’’ by the negative studies listed. However,

it is common for antidepressant studies not to demonstrate

superiority to placebo, even trials with large sample sizes

(Stang et al., 2005). In 51 adequate and well-controlled trials

submitted by pharmaceutical companies for U.S. regulatory

approval, drugs eventually approved as antidepressants fail



ARTICLE IN PRESS
T
ab
le

3

A
ct
iv
e
co
m
p
ar
at
o
r
st
u
d
ie
s

N
P
at
ie
n
ts

D
es
ig
n

D
o
se

(m
g
/d
ay
)

D
o
se

sc
h
ed
u
le

L
en
g
th

(d
ay
s)

5
-H

T
P
re
su
lt

A
ct
iv
e
co
m
p
ar
at
o
r

5
-H

T
P
b
ea
ts

co
m
p
ar
at
o
r?

S
ta
ti
st
ic
al
ly

si
g
n
if
ic
an
t?

A
n
g
st

et
al
.,
1
9
7
7

3
0

E
n
d
o
g
en
o
u
s

d
ep
re
ss
io
n

5
-H

T
P
v
s.

im
ip
ra
m
in
e,

R
,
D
B

2
0
0
–
1
2
0
0

?
2
0
+

P
er
fo
rm

ed
eq
u
al
ly
,

n
u
m
b
er

im
p
ro
v
ed

n
o
t
re
p
o
rt
ed

Im
ip
ra
m
in
e
eq
u
al
ly

ef
fe
ct
iv
e

E
q
u
al

N
o

B
ro
d
ie

et
al
.,
1
9
7
3

7
6
:
P
sy
ch
o
ti
c

d
ep
re
ss
io
n
;
1
:

sc
h
iz
o
af
fe
ct
iv
e

5
-H

T
P

v
s.

5
-H

T
P

an
d
P
D
I,

N
o
n
-r
an
d
o
m

2
5
0
–
3
2
5
0

?
1
–
1
5

1
Im

p
ro
v
ed
,
n
o
n
e

w
o
rs
en
ed

N
o
n
e
im

p
ro
v
ed

N
/A

N
o

N
o
le
n

et
al
.,
1
9
8
5

4
4

T
re
at
m
en
t-
re
si
st
an
t

d
ep
re
ss
io
n

O
L
,
5
-H

T
P
v
s.

tr
an
y
lc
y
p
ro
m
in
e,

cr
o
ss
o
v
er

2
0
–
2
0
0

B
ID

2
8

0
/1
7
Im

p
ro
v
ed

in

5
-H

T
P
g
ro
u
p

T
ra
n
y
lc
y
p
ro
m
in
e:

1
5
/2
6
im

p
ro
v
ed

N
o

Y
es

N
o
le
n

et
al
.,
1
9
8
8

4
7

T
re
at
m
en
t-
re
si
st
an
t

d
ep
re
ss
io
n

D
B
an
d
O
L
,

c
ro
ss
o
v
e
r

b
e
tw

e
e
n

M
A
O
I,
tr
ic
y
cl
ic
,

an
d
5
-H

T
P

2
0
–
2
0
0

B
ID

2
1

N
o
im

p
ro
v
em

en
t
o
n

5
-H

T
P

T
ra
n
y
lc
y
p
ro
m
in
e:

5
/1
1
im

p
ro
v
ed

N
o

N
o
/Y
es

N
o
m
if
en
si
n
e:

n
o
im

p
ro
v
em

en
t

P
o
ld
in
g
er

et
al
.,
1
9
9
1

6
9

U
n
ip
o
la
r

D
ep
re
ss
io
n

R
,D
B
,
5
-H

T
P
v
s.

fl
u
v
o
x
am

in
e

3
0
0

T
ID

4
2

2
7
/3
4
im

p
ro
v
ed

(C
G
I)

F
lu
v
o
x
am

in
e

E
q
u
al

N
o

6
1
%

re
d
u
ct
io
n

in
H
A
M
-D

2
3
/2
9
Im

p
ro
v
ed

(C
G
I)

5
6
%

R
ed
u
ct
io
n
in

H
A
M
-D

A
b
b
re
v
ia
ti
o
n
s:
D
B
:
d
o
u
b
le
-b
li
n
d
;
O
L
:
o
p
en
-l
ab
el
;
P
C
:
p
la
ce
b
o
-c
o
n
tr
o
ll
ed
;
R
:
ra
n
d
o
m
iz
ed
;
?:

n
o
t
re
p
o
rt
ed
/n
o
t
av
ai
la
b
le
;
P
D
I:
p
er
ip
h
er
al

d
ec
ar
b
o
x
y
la
se

in
h
ib
it
o
r.

E.H. Turner et al. / Pharmacology & Therapeutics xx (2005) xxx–xxx8
to demonstrate statistical superiority to placebo roughly half

of the time (Khan et al., 2003). Antidepressant drug trials

are said to suffer from a lack of assay sensitivity (Temple &

Ellenberg, 2000).

Among the active-controlled studies shown in Table 3,

there are 2 studies (Angst et al., 1977; Poldinger et al.,

1991) in which 5-HTP appeared to perform equally to the

active comparator. However, because these studies lacked

placebo arms, their interpretation is problematic. Although 1

interpretation is that the active treatments were equally

effective, it is also possible that these treatments were

equally ineffective (Stang et al., 2005). This is especially

true in studies of depression (Khan et al., 2003).
4. Practical considerations

for using 5-hydroxytryptophan

4.1. Brain imaging

In the early 1990s, 5-HTP labeled with [11C] became

available for studies using positron emission tomography

(PET) to assess serotonin-related metabolic activity in the

brain (Hartvig et al., 1992; Reibring et al., 1992). In addition

to studying serotonin synthesis, [11C]5-HTP has also been

used to identify and detect neuroendocrine tumors. A recent

review found that [11C]5-HTP PET was better than

computed tomography and somatostatin receptor scintigra-

phy for tumor visualization, and [11C]5-HTP PET was also

suggested as a possible tool for tumor therapy monitoring

(Sundin et al., 2004). Another potential use for 5-HTP in

brain imaging research is fluorine tagged 5-HTP for use

with magnetic resonance studies. Dingman et al. (2004a)

created this new compound as a probe for investigating

neural development in chicks. Importantly, the authors

found that administration of the fluorine tagged 5-HTP

during development did not impair performance on a T-

maze behavioral task (Dingman et al., 2004b).

More commonly, 5-HTP is used as a treatment or

augmentation strategy to improve affective functioning.

The practical considerations regarding this clinical use are

discussed in the following Sections (4.2–4.4).

4.2. Dosage in previous human studies

While serotonin stores cannot be directly influenced, 5-

HTP can be. It can be taken as a dietary supplement and is

well absorbed from an oral dose, with about 70% ending up

in the bloodstream (Magnussen & Nielsen-Kudsk, 1980;

Magnussen et al., 1981). However, review of the literature

reveals a lack of data on dosage and usage considerations.

The doses used in the studies listed in Tables 1 Tables 2

Tables 3 Tables 4 ranged from 20 to 3250 mg/day, with the

majority administering 5-HTP at doses between 200 and 300

mg/day, regardless of whether carbidopa or another medi-

cation was coadministered. Among the published studies of



ARTICLE IN PRESS

Table 4

Subset of studies with 5-HTP superior to placebo at or near 0.05 level of significance

Author/year Drug being

augmented

HAM-D % decrease Number improved

5-HTP (%) PBO (%) P value 5-HTP PBO P value

(Fisher exact)

Alino et al., 1976 Nialamide (MAOI) 58 39 <.05 (t test) 12/14 6/15 .013

Nardini et al., 1983 Clomipramine (nSRI) 56 41 .05 (Mann–Whitney) 7/13 4/11 .23 (ns)

Quadbeck et al., 1984 Tryptophan 61 38 <.05 (ANCOVA) Not reported Not reported Not reported

van Praag, 1984 None (monotherpay) 67 30 Significant ( P value

not reported)

Not reported Not reported Not reported

van Praag et al., 1972 None (monotherapy) 34 6

(increase)

.095 (trend;

Mann–Whitney)

3/5 0/5 .08 (trend)

.05 (independent

samples t test)

Design Relapse rates

Number of relapses per patient Number of relapsed patients

5-HTP PBO P 5-HTP PBO P

van Praag &

de Haan, 1981

Relapse prevention;

crossover, 1 year per tx

0.35 1.2 <.01 (McNemar) 6/20 17/20 .0005

<.001 (sign test)

Abbreviations: HAM-D: Hamilton Depression Rating Scale; PBO: placebo; MAOI: monoamine oxidase inhibitor; nSRI: nonselective serotonin re-uptake

inhibitor; DA: dopamine; tx: treatment; ?: not reported.
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5-HTP for depression, many did not report the dosing sche-

dule. Of the studies that did report a dosing schedule, 3 used a

twice-per-day (BID) schedule (Alino et al., 1976; Nolen et al.,

1985, 1988), 4 used a 3-times-per-day (TID) schedule (1

began with a BID schedule, then went to a TID schedule as

dose was increased; Matussek et al., 1974; Quadbeck et al.,

1984; Rousseau, 1987; Poldinger et al., 1991), and 1 used a 4-

times-per-day (QID) schedule (Kline et al., 1964). Perhaps

coincidentally, those that used TID dosing appeared to have

better efficacy results. The recommended dosing frequency

was TID in a recent review article (Birdsall, 1998).

4.2.1. Pharmacokinetic considerations

The half-life of 5-HTP is relatively short (4.3T2.8 hr;

Westenberg et al., 1982), and its time to maximal concen-

tration is 1–2 hr (Magnussen & Van Woert, 1982). With less

frequent dosing, plasma levels tend to have higher peaks

and lower troughs. Two studies have found that the

incidence of nausea due to 5-HTP is decreased when

smaller doses are used (van Hiele, 1980; Magnussen & Van

Woert, 1982), suggesting that the rate of adverse events may

be dose proportional. Compared with BID dosing, for any

given total daily dose, TID dosing should tend to reduce the

risk of adverse events. It is especially important to minimize

the risk of serotonin syndrome if 5-HTP is to be

coadministered with SSRIs or other serotonergic antide-

pressants (see Section 4.4.3, ‘‘Serotonin syndrome’’).

4.2.2. Coadministration of carbidopa

The conversion of 5-HTP to serotonin is regulated by the

enzyme aromatic l-amino acid decarboxylase (Boadle-

Biber, 1993), the same enzyme that regulates the conversion

of l-3,4-dihydroxyphenylalanine (l-DOPA) to dopamine.

Patients with Parkinson’s disease often receive treatment
with carbidopa–levodopa, a combination of the decarbox-

ylase inhibitor carbidopa and l-DOPA. By blocking

peripheral conversion of l-DOPA to dopamine in the

periphery, more l-DOPA penetrates the blood–brain barrier.

The same rationale exists for administering carbidopa along

with 5-HTP. In a recent study of healthy volunteers, the

addition of carbidopa resulted in a 14-fold increase in 5-

HTP plasma levels (Gijsman et al., 2002). Efficacy studies

have been conducted both with and without the addition of a

peripheral decarboxylase inhibitor (PDI). However, there

seems to be no consensus as to whether the addition

increases the effect of 5-HTP (Zmilacher et al., 1988).

4.3. Commercial availability of 5-hydroxytryptophan

5-HTP is extracted from the G. simplicifolia plant of

West Africa. It is typically available as the l-enantiomer,

where most of the biological activity resides (Penn et al.,

1977). It is usually sold as a crude extract of the plant or in

25, 50, or 100 mg pills. 5-HTP is available in Europe under

the brand names oxitriptan and Ro-0783/B. In the United

States, it is commercially available under the Dietary

Supplement Health and Education Act of 1994. As a result,

it is exempted from prior Food and Drug Administration

(FDA) approval (in contrast to prescription pharmaceuticals)

and is sold directly to the public, in health food stores, and

other outlets, without prescription.

4.4. Safety issues regarding 5-hydroxytryptophan

4.4.1. Common adverse effects

The most common adverse effects of 5-HTP are

gastrointestinal (GI) and include nausea, vomiting, and

diarrhea. Less commonly, headache, insomnia, and palpi-
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tations can occur. A study comparing 5-HTP to 5-HTP

plus a peripheral decarboxylase inhibitor (PDI) found that

GI side effects were dose dependent and that they occurred

more frequently in patients receiving 5-HTP alone. This

may be due to peripheral conversion of 5-HTP to

serotonin, which increases gut motility. Such conversion

is blocked by PDIs. In either case, GI effects are usually

moderate and often lessen or disappear once a steady

dosage is achieved. Intravenous administration of 200 to

300 mg of 5-HTP can induce confusion, memory impair-

ment, and symptoms of behavioral activation (primarily

anxiety). These effects are generally much more rare with

oral doses, particularly at lower doses (reviewed by

Byerley et al., 1987).

4.4.2. Eosinophilia myalgia syndrome

In 1989 and 1990, ingestion of contaminated l-trypto-

phan caused an epidemic of eosinophilia myalgia syndrome

(EMS) that affected over 1500 people and caused at least 38

deaths (FDA, 1998). The FDA subsequently banned the sale

of over-the-counter tryptophan. These cases sparked fears

that 5-HTP might also cause EMS. However, as of August

1998, the FDA reported that only 10 cases of EMS possibly

associated with 5-HTP had been documented worldwide,

none resulting in death (FDA, 1998). No new cases of EMS

have since been reported, and subsequent authors have

noted that none of these cases has been definitively linked to

5-HTP, despite 20 years of use (Das et al., 2004).

In 1 of the reported cases, a high-performance liquid

chromatography (HPLC) peak was detected and referred to

as Peak X; the chemical structure of this contaminant was

found to be similar to 2 case-implicated contaminants from

l-tryptophan shown to cause EMS (Michelson et al., 1994)

and was further identified as tryptophan-4,5-dione, a

putative neurotoxin (Klarskov et al., 1999). In a 1998 study,

6 commercial preparations of 5-HTP were found to contain

this impurity, but at levels between 1/7 and 1/34 of that

observed in a case-implicated batch (Williamson et al.,

1998). However, a recent review of the safety of 5-HTP

criticized the methods of these studies, as well as the

possibility of tryptophan-4,5-dione existing as a stable

impurity in over-the-counter formulations of 5-HTP (Das

et al., 2004).

4.4.3. Serotonin syndrome

4.4.3.1. Animal data. At dosages of less than 50 mg/kg/

day, there appear to be no toxicities associated with 5-HTP

administration (Chaouloff, 1993; Gainetdinov et al., 1999;

Semont et al., 2000). However, as discussed in Section 3.1

(‘‘Preclinical evidence for efficacy of 5-hydroxytrypto-

phan’’), the administration of 5-HTP to rodents at dosages

of 100–200 mg/kg induces serotonin syndrome.

In rodents, this syndrome is characterized by hypoloco-

motion, head twitch, forepaw treading, tremors, hindlimb

abduction, flat body posture or hunched back, cyanosis, and
hyperthermia. Specifically, in rats, 100 mg/kg of 5-HTP

increases rectal temperatures to more than 40 -C. At this
dose, rats begin to show abnormal behavior and fever as

early as 15 min after the drug injection, and all of the rats

die between 75 and 90 min after drug administration

(Nisijima et al., 2000, 2001). Hirai et al. treated Sprague–

Dawley and Wistar rats (reportedly a rat strain that is most

sensitive to 5-HTP) and observed lethal damage in the

kidneys. The authors note that the difference of LD50 in rats

depended on differences in the rates of serotonin formation

and 5-HTP degradation in the kidneys (Hirai and Nakajima,

1979).

One paper describes 5-HTP toxicosis in dogs (Gwaltney-

Brant et al., 2000). Neurological and GI signs included

seizures, depression, tremors, hyperesthesia, ataxia, vomit-

ing or diarrhea, signs of abdominal pain, and hyper-

salivation. The doses of 5-HTP ingested ranged from 2.5

to 573 mg/kg—the minimum toxic dose reported was

23.6 mg/kg.

4.4.3.2. Human data. In humans, serotonin syndrome is

characterized by hypertension, hyperthermia, flushing,

hyperreflexia, dizziness, disorientation, and myoclonus

(Sternbach, 1991). It is a theoretical possibility with any

drug that affects the serotonin system, including SSRIs and

tricyclic antidepressants (Lane & Baldwin, 1997). Cases of

serotonin syndrome have been reported in patients taking l-

tryptophan and fluoxetine together (Lane & Baldwin, 1997)

and in patients switching from 1 SSRI to another (Mills,

1995).

To our knowledge, however, serotonin syndrome has not

been reported in humans in association with 5-HTP, either

as monotherapy or in combination with other medications.

Regarding the combination of 5-HTP with SSRIs, we know

of only 1 relevant study (Meltzer et al., 1997). Single doses

of 5-HTP were administered to 16 patients taking (multiple

doses of) fluoxetine, none of whom manifested signs or

symptoms of serotonin syndrome. In the same study, single

doses of 5-HTP were administered to 14 patients taking

tricyclic antidepressants (which inhibit serotonin re-uptake

to varying degrees). Again, none of these patients showed

evidence of serotonin syndrome.

In a multiple-dose study of 26 patients, 5-HTP was used

to augment clomipramine, a potent inhibitor of serotonin re-

uptake. There were no signs of serotonin syndrome or other

serious adverse events (Nardini et al., 1983). In addition,

trials with patients taking 5-HTP together with MAOIs, a

class of antidepressants notorious for its many drug

interactions, did not indicate any side effects attributable

to serotonin syndrome (Alino et al., 1976; Kline & Sacks,

1980; Nicolodi & Sicuteri, 1996). Finally, 5-HTP has been

given in combination with tryptophan, with no signs of

serotonin syndrome (Quadbeck et al., 1984). Taken together,

these safety findings are encouraging; however, in view of

the small numbers of patients exposed in these studies, these

findings must be regarded as preliminary. According to the
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Rule of Three (Hanley & Lippman-Hand, 1983), the

observation of zero cases of serotonin syndrome among

the ¨870 patients exposed to 5-HTP means that the upper

end of the 95% confidence interval for the true rate of

serotonin syndrome with 5-HTP could still be as high as 3/

n =3/870=0.34%.

When serotonin syndrome does develop, symptoms often

appear within 2 hr of increasing the dose of a serotonergic

drug (Mills, 1995). Serious complications can rarely occur

and, in extreme cases, deaths have been attributed to

serotonin syndrome (Mills, 1995). However, symptoms of

serotonin syndrome, even at mild levels, can now be

sensitively monitored using the Serotonin Syndrome Scale

(SSS; Hegerl et al., 1998), and serotonin syndrome is often a

self-limited condition: 70% of cases show complete

resolution within 24 hr after discontinuation of serotonergic

drugs (Mills, 1995).
5. Future directions

Unfortunately, because 5-HTP is a dietary supplement

and not a prescription pharmaceutical, there is compara-

tively little financial incentive for extensive clinical

research as to its efficacy and safety for depression.

However, in view of (1) the clear role of serotonin in

depression, (2) 5-HTP’s obvious role in serotonin syn-

thesis, and (3) the number of factors biochemically

‘‘upstream’’ from 5-HTP that are subject to dysregulation,

we believe that 5-HTP supplementation deserves to be

reconsidered as a possible significant addition to the

antidepressant armamentarium. However, at the present

time, we believe that it is premature to recommend its

widespread clinical use. Instead, we recommend further

clinical trials to address outstanding questions regarding its

efficacy and safety. In the meantime, because it is clear that

patients will take 5-HTP either with or without medical

supervision, we would urge that patients, to the extent

possible, do so under supervision. And we would urge

physicians to be attentive to the safety issues described in

this paper. Finally, with regard to 5-HTP’s efficacy, we

would recommend that physicians adopt an attitude

balancing open-mindedness with healthy skepticism.
Acknowledgment

The authors would like to thank Cory Stenzel for his help

in creating the figures for this manuscript.
References

Alino, J. J., Gutierrez, J. L., & Iglesias, M. L. (1976). 5-Hydroxytryptophan

(5-HTP) and a MAOI (nialamide) in the treatment of depressions. A

double-blind controlled study. Int Pharmacopsychiatry 11, 8–15.
Angst, J., Woggon, B., & Schoepf, J. (1977). The treatment of depression

with l-5-hydroxytryptophan versus imipramine. Results of two open

and one double-blind study. Arch Psychiatr Nervenkr 224, 175–186.

Arango, V., Huang, Y. Y., Underwood, M. D., & Mann, J. J. (2003).

Genetics of the serotonergic system in suicidal behavior. J Psychiatr

Res 37, 375–386.

Babcock, T. A., & Carlin, J. M. (2000). Transcriptional activation of

indoleamine dioxygenase by interleukin 1 and tumor necrosis factor

alpha in interferon-treated epithelial cells. Cytokine 12, 588–594.

Barlet, P., & Pailard, P. (1973). Etude clinique du 5-hydroxytrypto-

phane dans les etats depressifs du troisieme age. Cah Med Lyon

50, 1901–1985.

Birdsall, T. C. (1998). 5-Hydroxytryptophan: a clinically-effective serotonin

precursor. Altern Med Rev 3, 271–280.

Boadle-Biber, M. C. (1993). Regulation of serotonin synthesis. Prog

Biophys Mol Biol 60, 1–15.

Bonaccorso, S., Marino, V., Puzella, A., Pasquini, M., Biondi, M., Artini,

M., et al. (2002). Increased depressive ratings in patients with hepatitis

C receiving interferon-alpha-based immunotherapy are related to

interferon-alpha-induced changes in the serotonergic system. J Clin

Psychopharmacol 22, 86–90.

Brodie, H., Sack, R., & Siever, L. (1973). Clinical studies of l-5-

hydroxytryptophan in depression. In J. Barchas, & E. Usdin (Eds.),

Serotonin and Behavior (pp. 549–559). New York’ Academic Press.

Byerley, W. F., Judd, L. L., Reimherr, F. W., & Grosser, B. I. (1987). 5-

Hydroxytryptophan: a review of its antidepressant efficacy and adverse

effects. J Clin Psychopharmacol 7, 127–137.

Calderon-Guzman, D., Hernandez-Islas, J. L., Espitia-Vazquez, I., Barra-

gan-Mejia, G., Hernandez-Garcia, E., Santamaria-del Angel, D., et al.

(2004). Pyridoxine, regardless of serotonin levels, increases production

of 5-hydroxytryptophan in rat brain. Arch Med Res 35, 271–274.

Capuron, L., Neurauter, G., Musselman, D. L., Lawson, D. H., Nemeroff,

C. B., Fuchs, D., et al. (2003). Interferon-alpha-induced changes in

tryptophan metabolism. Relationship to depression and paroxetine

treatment. Biol Psychiatry 54, 906–914.

Carboni, E., Cadoni, C., Tanda, G. L., & Di Chiara, G. (1989). Calcium-

dependent, tetrodotoxin-sensitive stimulation of cortical serotonin

release after a tryptophan load. J Neurochem 53, 976–978.

Carlin, J. M., Borden, E. C., Sondel, P. M., & Byrne, G. I. (1989).

Interferon-induced indoleamine 2,3-dioxygenase activity in human

mononuclear phagocytes. J Leukoc Biol 45, 29–34.

Casal, J. A., Corzo, M. D., Perez, L. F., Alvarez, J. A., Aldegunde, M., &

Tutor, J. C. (2000). Pharmacological modification of the serotonergic

transmitter system and beta-N-acetylhexosaminidase activity in rats.

Life Sci 67, 2369–2374.

Chaouloff, F. (1993). Effects of tianeptine on 5-HTP- and dextrofenflur-

amine-induced hypophagia in the rat. Pharmacol Biochem Behav 44,

989–992.

Coppen, A., Eccleston, E. G., & Peet, M. (1973). Total and free

tryptophan concentration in the plasma of depressive patients. Lancet

2, 60–63.

Cowen, P. J., Parry-Billings, M., & Newsholme, E. A. (1989). Decreased

plasma tryptophan levels in major depression. J Affect Disord 16,

27–31.

Das, Y. T., Bagchi, M., Bagchi, D., & Preuss, H. G. (2004). Safety of

5-hydroxy-l-tryptophan. Toxicol Lett 150, 111–122.

Delgado, P. L., Charney, D. S., Price, L. H., Aghajanian, G. K., Landis,

H., & Heninger, G. R. (1990). Serotonin function and the mechanism

of antidepressant action. Reversal of antidepressant-induced remission

by rapid depletion of plasma tryptophan. Arch Gen Psychiatry 47,

411–418.

Dingman, S., Hurlburt, L., & Branch, C. (2004a). Acute no-effect dose for

in ova exposure to C3F7 tagged 5-hydroxytryptophan, a novel probe for

investigating neural development. Mol Imaging Biol 6, 12–16.

Dingman, S., Nash, L., Hogan, J., & Branch, C. (2004b). T-maze

performance after developmental exposure to 19F tagged 5-HTP in

chicks. Percept Mot Skills 99, 793–798.



ARTICLE IN PRESS
E.H. Turner et al. / Pharmacology & Therapeutics xx (2005) xxx–xxx12
Ellis, J. M., & Pamplin, J. (1999). Vitamin B6 Therapy. New York’ Avery.

FDA (1998). Impurities Confirmed in Dietary Supplement 5-Hydroxy-l-

Tryptophan. USA’ Food and Drug Administration.

Fujiwara, J., & Otsuki, S. (1973). Subtype of affective psychoses classified

by response on amineprecursors and monoamine metabolism. J Oral

Pathol 2, 93–100.

Gainetdinov, R. R., Wetsel, W. C., Jones, S. R., Levin, E. D., Jaber,

M., & Caron, M. G. (1999). Role of serotonin in the paradoxical

calming effect of psychostimulants on hyperactivity. Science 283,

397–401.

Gessa, G. L., Biggio, G., Fadda, F., Corsini, G. U., & Tagliamonte, A.

(1974). Effect of the oral administration of tryptophan-free amino acid

mixtures on serum tryptophan, brain tryptophan and serotonin meta-

bolism. J Neurochem 22, 869–870.

Gijsman, H. J., van Gerven, J. M., de Kam, M. L., Schoemaker, R.

C., Pieters, M. S., Weemaes, M., et al. (2002). Placebo-

controlled comparison of three dose-regimens of 5-hydroxytrypto-

phan challenge test in healthy volunteers. J Clin Psychopharmacol

22, 183–189.

Grahame-Smith, D. G. (1971). Studies in vivo on the relationship between

brain tryptophan, brain 5-HT synthesis and hyperactivity in rats treated

with a monoamine oxidase inhibitor and l-tryptophan. J Neurochem 18,

1053–1066.

Green, A. R., Aronson, J. K., Curzon, G., & Woods, H. F. (1980).

Metabolism of an oral tryptophan load: I. Effects of dose and

pretreatment with tryptophan. Br J Clin Pharmacol 10, 603–610.

Gwaltney-Brant, S. M., Albretsen, J. C., & Khan, S. A. (2000).

5-Hydroxytryptophan toxicosis in dogs: 21 cases (1989–1999).

J Am Vet Med Assoc 216, 1937–1940.

Hanley, J. A., & Lippman-Hand, A. (1983). If nothing goes wrong, is

everything all right? Interpreting zero numerators. JAMA 249,

1743–1745.

Hartvig, P., Lindner, K. J., Tedroff, J., Andersson, Y., Bjurling, P., &

Langstrom, B. (1992). Brain kinetics of 11 C-labelled l-tryptophan and

5-hydroxy-l-tryptophan in the rhesus monkey. A study using positron

emission tomography. J Neural Transm Gen Sect 88, 1–10.

Harvey, M., Shink, E., Tremblay, M., Gagne, B., Raymond, C., Labbe, M.,

et al. (2004). Support for the involvement of TPH2 gene in affective

disorders. Mol Psychiatry 9, 980–981.

Hauser, P., Khosla, J., Aurora, H., Laurin, J., Kling, M. A., Hill, J., et al.

(2002). A prospective study of the incidence and open-label treatment

of interferon-induced major depressive disorder in patients with

hepatitis C. Mol Psychiatry 7, 942–947.

Hegerl, U., Bottlender, R., Gallinat, J., Kuss, H. J., Ackenheil, M., &

Moller, H. J. (1998). The serotonin syndrome scale: first results on

validity. Eur Arch Psychiatry Clin Neurosci 248, 96–103.

Heyes, M. P., Saito, K., & Markey, S. P. (1992). Human macrophages

convert l-tryptophan into the neurotoxin quinolinic acid. Biochem J

283(Pt 3), 633–635.

Hirai, M., & Nakajima, T. (1979). Biochemical studies on the mechanism of

difference in the renal toxicity of 5-hydroxy-l-tryptophan between

Sprague Dawley and Wistar rats. J Biochem (Tokyo) 86, 907–913.

Hvas, A. M., Juul, S., Bech, P., & Nexo, E. (2004). Vitamin B6 level is

associated with symptoms of depression. Psychother Psychosom 73,

340–343.

Kaneko, M., Kumashiro, H., Takahashi, Y., & Hoshino, Y. (1979). l-5HTP

treatment and serum 5-HT level after l-5-HTP loading on depressed

patients. Neuropsychobiology 5, 232–240.

Khan, A., Khan, S. R., Walens, G., Kolts, R., & Giller, E. L. (2003).

Frequency of positive studies among fixed and flexible dose anti-

depressant clinical trials: an analysis of the food and drug administration

summary basis of approval reports. Neuropsychopharmacology 28,

552–557 (Epub 2002 Sep 16).

Klarskov, K., Johnson, K. L., Benson, L. M., Gleich, G. J., & Naylor, S.

(1999). Eosinophilia–myalgia syndrome case-associated contaminants

in commercially available 5-hydroxytryptophan. Adv Exp Med Biol 467,

461–468.
Kline, N. S., & Sacks, W. (1963). Relief of depression within one day using

an M.A.O. inhibitor and intravenous 5-HTP. Am J Psychiatry 120,

274–275.

Kline, N., & Sacks, W. (1980). Treatment of depression with an mao

inhibitor followed by 5-HTP—an unfinished research project. Acta

Psychiatr Scand Suppl 280, 233–241.

Kline, N. S., Sacks, W., & Simpson, G. M. (1964). Further studies on:

one day treatment of depression with 5-Htp. Am J Psychiatry 121,

379–381.

Kobayashi, T., Hasegawa, H., Kaneko, E., & Ichiyama, A. (1991).

Gastrointestinal serotonin: depletion due to tetrahydrobiopterin defi-

ciency induced by 2,4-diamino-6-hydroxypyrimidine administration.

J Pharmacol Exp Ther 256, 773–779.

Krieger, I. E. (1981). Acrodermatitis enteropathica and the relation to

pellagra. Med Hypotheses 7, 539–547.

Kuhar, M. J., Couceyro, P. R., & Lambert, P. D. (1999). Catecholamines.

Philadelphia’ Lippincott, Williams & Wilkins.

Lam, R. W., Zis, A. P., Grewal, A., Delgado, P. L., Charney, D. S., &

Krystal, J. H. (1996). Effects of rapid tryptophan depletion in patients

with seasonal affective disorder in remission after light therapy. Arch

Gen Psychiatry 53, 41–44.

Lane, R., & Baldwin, D. (1997). Selective serotonin reuptake inhibitor-

induced serotonin syndrome: review. J Clin Psychopharmacol 17,

208–221.

Liu, F., Ng, T. B., & Fung, M. C. (2001). Pineal indoles stimulate the gene

expression of immunomodulating cytokines. J Neural Transm 108,

397–405.

Loftis, J. M., & Hauser, P. (2004). The phenomenology and treatment of

interferon-induced depression. J Affect Disord 82, 175–190.

Maes, M., Jacobs, M. P., Suy, E., Vandewoude, M., Minner, B., & Raus, J.

(1990). Effects of dexamethasone on the availability of l-tryptophan

and on the insulin and FFA concentrations in unipolar depressed

patients. Biol Psychiatry 27, 854–862.

Magnussen, I., & Nielsen-Kudsk, F. (1980). Bioavailability and

related pharmacokinetics in man of orally administered l-5-

hydroxytryptophan in steady state. Acta Pharmacol Toxicol (Copenh)

46, 257–262.

Magnussen, I., & Van Woert, M. H. (1982). Human pharmacokinetics of

long term 5-hydroxytryptophan combined with decarboxylase inhib-

itors. Eur J Clin Pharmacol 23, 81–86.

Magnussen, I., Jensen, T. S., Rand, J. H., & Van Woert, M. H. (1981).

Plasma accumulation of metabolism of orally administered single dose

l-5-hydroxytryptophan in man. Acta Pharmacol Toxicol (Copenh) 49,

184–189.

Matussek, N., Angst, J., Benkert, O., Gmur, M., Papousek, M., Ruther, E.,

et al. (1974). The effect of l-5-hydroxytryptophan alone and in

combination with a decarboxylase inhibitor (Ro-4-4602) in depressive

patients. Adv Biochem Psychopharmacol 11, 399–404.

McCarty, M. F. (2000). High-dose pyridoxine as an Fanti-stress_ strategy.

Med Hypotheses 54, 803–807.

Meltzer, H., Bastani, B., Jayathilake, K., & Maes, M. (1997). Fluoxetine,

but not tricyclic antidepressants, potentiates the 5-hydroxytryptophan-

mediated increase in plasma cortisol and prolactin secretion in subjects

with major depression or with obsessive compulsive disorder. Neuro-

psychopharmacology 17, 1–11.

Mendlewicz, J., & Youdim, M. B. (1980). Antidepressant potentiation of

5-hydroxytryptophan by l-deprenil in affective illness. J Affect Disord

2, 137–146.

Menkes, D. B., & MacDonald, J. A. (2000). Interferons, serotonin and

neurotoxicity. Psychol Med 30, 259–268.

Michelson, D., Page, S. W., Casey, R., Trucksess, M. W., Love, L. A.,

Milstien, S., et al. (1994). An eosinophilia–myalgia syndrome related

disorder associated with exposure to l-5-hydroxytryptophan. J Rheu-

matol 21, 2261–2265.

Mills, K. C. (1995). Serotonin syndrome. Am Fam Phys 52, 1475–1482.

Musselman, D. L., Lawson, D. H., Gumnick, J. F., Manatunga, A. K.,

Penna, S., Goodkin, R. S., et al. (2001). Paroxetine for the prevention of



ARTICLE IN PRESS
E.H. Turner et al. / Pharmacology & Therapeutics xx (2005) xxx–xxx 13
depression induced by high-dose interferon alfa. N Engl J Med 344,

961–966.

Myint, A. M., & Kim, Y. K. (2003). Cytokine-serotonin interaction through

IDO: a neurodegeneration hypothesis of depression. Med Hypotheses

61, 519–525.

Nakajima, T., Kudo, Y., & Kaneko, Z. (1978). Clinical evaluation of

5-hydroxy-l-tryptophan as an antidepressant drug. Folia Psychiatr

Neurol Jpn 32, 223–230.

Nardini, M., De Stefano, R., Iannuccelli, M., Borghesi, R., & Battistini, N.

(1983). Treatment of depression with l-5-hydroxytryptophan combined

with chlorimipramine, a double-blind study. Int J Clin Pharmacol Res

3, 239–250.

Neumeister, A. (2003). Tryptophan depletion, serotonin, and depression:

where do we stand? Psychopharmacol Bull 37, 99–115.

Neumeister, A., Turner, E. H., Matthews, J. R., Postolache, T. T.,

Barnett, R. L., Rauh, M., et al. (1998). Effects of tryptophan deple-

tion vs. catecholamine depletion in patients with seasonal affective

disorder in remission with light therapy. Arch Gen Psychiatry 55,

524–530.

Nicolodi, M., & Sicuteri, F. (1996). Fibromyalgia and migraine, two faces

of the same mechanism. Serotonin as the common clue for pathogenesis

and therapy. Adv Exp Med Biol 398, 373–379.

Nisijima, K., Yoshino, T., & Ishiguro, T. (2000). Risperidone counteracts

lethality in an animal model of the serotonin syndrome. Psychophar-

macology (Berl) 150, 9–14.

Nisijima, K., Yoshino, T., Yui, K., & Katoh, S. (2001). Potent serotonin (5-

HT)(2A) receptor antagonists completely prevent the development of

hyperthermia in an animal model of the 5-HT syndrome. Brain Res 890,

23–31.

Nolen, W. A., van de Putte, J. J., Dijken, W. A., & Kamp, J. S.

(1985). l-5HTP in depression resistant to re-uptake inhibitors. An

open comparative study with tranylcypromine. Br J Psychiatry 147,

16–22.

Nolen, W. A., van de Putte, J. J., Dijken, W. A., Kamp, J. S., Blansjaar, B.

A., Kramer, H. J., et al. (1988). Treatment strategy in depression: II.

MAO inhibitors in depression resistant to cyclic antidepressants: two

controlled crossover studies with tranylcypromine versus l-5-hydroxy-

tryptophan and nomifensine. Acta Psychiatr Scand 78, 676–683.

O’Neil, M. F., & Moore, N. A. (2003). Animal models of depression: are

there any? Hum Psychopharmacol 18, 239–254.

Penn, P. E., McBride, W. J., Hingtgen, J. N., & Aprison, M. H. (1977).

Differential uptake, metabolism and behavioral effects of the D and

L isomers of 5-hydroxytryptophan. Pharmacol Biochem Behav 7,

515–518.

Poldinger, W., Calanchini, B., & Schwarz, W. (1991). A functional-

dimensional approach to depression: serotonin deficiency as a target

syndrome in a comparison of 5-hydroxytryptophan and fluvoxamine.

Psychopathology 24, 53–81.

Porter, R. J., Gallagher, P., Watson, S., & Young, A. H. (2004). Cortico-

steroid-serotonin interactions in depression: a review of the human

evidence. Psychopharmacology (Berl) 173, 1–17 (Epub 2004 Mar 9).

Preisig, M., Ferrero, F., & Malafosse, A. (2005). Monoamine oxidase a and

tryptophan hydroxylase gene polymorphisms: are they associated with

bipolar disorder? Am J Pharmacogenomics 5, 45–52.

Quadbeck, H., Lehmann, E., & Tegeler, J. (1984). Comparison of the

antidepressant action of tryptophan, tryptophan/5-hydroxytryptophan

combination and nomifensine. Neuropsychobiology 11, 111–115.

Reibring, L., Agren, H., Hartvig, P., Tedroff, J., Lundqvist, H., Bjurling, P.,

et al. (1992). Uptake and utilization of [beta-11C]5-hydroxytryptophan

in human brain studied by positron emission tomography. Psychiatry

Res 45, 215–225.

Richelson, E. (1994). Pharmacology of antidepressants—characteristics of

the ideal drug. Mayo Clin Proc 69, 1069–1081.

Rousseau, J. J. (1987). Effects of a levo-5-hydroxytryptophan-dihydroer-

gocristine combination on depression and neuropsychic performance: a

double-blind placebo-controlled clinical trial in elderly patients. Clin

Ther 9, 267–272.
Saito, K., Lackner, A., Markey, S. P., & Heyes, M. P. (1991). Cerebral

cortex and lung indoleamine-2,3-dioxygenase activity is increased in

type-D retrovirus infected macaques. Brain Res 540, 353–356.

Salter, M., & Pogson, C. I. (1985). The role of tryptophan 2,3-dioxygenase

in the hormonal control of tryptophan metabolism in isolated rat liver

cells. Effects of glucocorticoids and experimental diabetes. Biochem J

229, 499–504.

Salter, M., Hazelwood, R., Pogson, C. I., Iyer, R., Madge, D. J., Jones,

H. T., et al. (1995). The effects of an inhibitor of tryptophan 2,3-

dioxygenase and a combined inhibitor of tryptophan 2,3-dioxygenase

and 5-HT reuptake in the rat. Neuropharmacology 34, 217–227.

Sano, I. (1972). l-5-Hydroxytryptophan-(l-5-HTP) therapy. Folia Psy-

chiatr Neurol Jpn 26, 7–17.

Schaefer, M., Schwaiger, M., Pich, M., Lieb, K., & Heinz, A. (2003).

Neurotransmitter changes by interferon-alpha and therapeutic implica-

tions. Pharmacopsychiatry 36, S203–S206.

Semont, A., Fache, M., Hery, F., Faudon, M., Youssouf, F., & Hery, M.

(2000). Regulation of central corticosteroid receptors following short-

term activation of serotonin transmission by 5-hydroxy-l-tryptophan or

fluoxetine. J Neuroendocrinol 12, 736–744.

Shaw, K., Turner, J., & Del Mar, C. (2002). Are tryptophan and 5-

hydroxytryptophan effective treatments for depression? A meta-analy-

sis. Aust N Z J Psychiatry 36(4), 488–491.

Smith, R. L., & Kennedy, C. H. (2003). Increases in avoidance

responding produced by REM sleep deprivation or serotonin depletion

are reversed by administration of 5-hydroxytryptophan. Behav Brain

Res 140, 81–86.

Smith, S. A., & Pogson, C. I. (1980). The metabolism of l-tryptophan by

isolated rat liver cells. Effect of albumin binding and amino acid

competition on oxidatin of tryptophan by tryptophan 2,3-dioxygenase.

Biochem J 186, 977–986.

Stang, A., Hense, H. W., Jockel, K. H., Turner, E. H., & Tramer, M. R.

(2005). Is it always unethical to use a placebo in a clinical trial? PLoS

Med 2, e72.

Sternbach, H. (1991). The serotonin syndrome. Am J Psychiatry 148,

705–713.

Sun, Y. (1989). Indoleamine 2,3-dioxygenase—a new antioxidant enzyme.

Mater Med Pol 21, 244–250.

Sundin, A., Eriksson, B., Bergstrom, M., Langstrom, B., Oberg, K., &

Orlefors, H. (2004). PET in the diagnosis of neuroendocrine tumors.

Ann N Y Acad Sci 1014, 246–257.

Swoboda, K. J., Saul, J. P., McKenna, C. E., Speller, N. B., & Hyland, K.

(2003). Aromatic l-amino acid decarboxylase deficiency: overview of

clinical features and outcomes. Ann Neurol 54(Suppl 6), S49–S55.

Takahashi, S., Kondo, H., & Kato, N. (1975). Effect of l-5-hydroxytrypto-

phan on brain monoamine metabolism and evaluation of its clinical

effect in depressed patients. J Psychiatr Res 12, 177–187.

Tanaka, C., Yo, Y. J., & Takaori, S. (1972). Relationship between brain

monoamine levels and Sidman avoidance behavior in rats treated with

tyrosine and tryptophan hydroxylase inhibitors. Brain Res 45, 153–164.

Taylor, M. W., & Feng, G. S. (1991). Relationship between interferon-

gamma, indoleamine 2,3-dioxygenase, and tryptophan catabolism.

FASEB J 5, 2516–2522.

Temple, R., & Ellenberg, S. S. (2000). Placebo-controlled trials and active-

control trials in the evaluation of new treatments: Part 1. Ethical and

scientific issues. Ann Intern Med 133, 455–463.

Tenen, S. S. (1967). The effects of p-chlorophenylalanine, a serotonin

depletor, on avoidance acquisition, pain sensitivity and related behavior

in the rat. Psychopharmacologia 10, 204–219.

Turner, E. H., & Blackwell, A. D. (2005). 5-Hydroxytryptophan plus SSRIs

for interferon-induced depression: synergistic mechanisms for normal-

izing synaptic serotonin. J Med Hypotheses 65, 138–144.

van Hiele, L. J. (1980). l-5-Hydroxytryptophan in depression: the first

substitution therapy in psychiatry? The treatment of 99 out-patients with

Ftherapy-resistant_ depressions. Neuropsychobiology 6, 230–240.

van Praag, H. M. (1979). Central serotonin: its relation to depression

vulnerability and depression prophylaxix. In J. Obiols, C. Ballus, E.



ARTICLE IN PRESS
E.H. Turner et al. / Pharmacology & Therapeutics xx (2005) xxx–xxx14
Gastpar, & J. Pujol (Eds.), Biological Psychiatry Today (pp. 485–498).

Amsterdam’ Elsevier.

van Praag, H. M. (1984). Studies in the mechanism of action of serotonin

precursors in depression. Psychopharmacol Bull 20, 599–602.

van Praag, H. M., & de Haan, S. (1981). Chemoprophylaxis of depressions.

An attempt to compare lithium with 5-hydroxytryptophan. Acta

Psychiatr Scand Suppl 290, 191–201.

van Praag, H. M., Korf, J., Dols, L. C., & Schut, T. (1972). A pilot study of

the predictive value of the probenecid test in application of 5-

hydroxytryptophan as antidepressant. Psychopharmacologia 25, 14–21.

Walsh, H. A., & Daya, S. (1997). Inhibition of hepatic tryptophan-2,3-

dioxygenase: superior potency of melatonin over serotonin. J Pineal

Res 23, 20–23.

Walsh, H. A., Daya, S., & Whiteley, C. G. (1994). Mode of inhibition of rat

liver tryptophan 2,3-dioxygenase by melatonin. J Pineal Res 16, 188–192.

Walther, D. J., Peter, J. U., Bashammakh, S., Hortnagl, H., Voits, M., Fink,

H., et al. (2003). Synthesis of serotonin by a second tryptophan

hydroxylase isoform. Science 299, 76.

Westenberg, H. G., Gerritsen, T. W., Meijer, B. A., & van Praag, H. M.

(1982). Kinetics of l-5-hydroxytryptophan in healthy subjects. Psy-

chiatry Res 7, 373–385.

Wichers, M. C., & Maes, M. (2004). The role of indoleamine 2,3-

dioxygenase (IDO) in the pathophysiology of interferon-alpha-induced

depression. J Psychiatry Neurosci 29, 11–17.

Williams, W. A., Shoaf, S. E., Hommer, D., Rawlings, R., & Linnoila, M.

(1999). Effects of acute tryptophan depletion on plasma and cerebro-
spinal fluid tryptophan and 5-hydroxyindoleacetic acid in normal

volunteers. J Neurochem 72, 1641–1647.

Williamson, B. L., Klarskov, K., Tomlinson, A. J., Gleich, G. J., & Naylor,

S. (1998). Problems with over-the-counter 5-hydroxy-l-tryptophan. Nat

Med 4, 983.

Young, S. N., Smith, S. E., Pihl, R. O., & Ervin, F. R. (1985). Tryptophan

depletion causes a rapid lowering of mood in normal males.

Psychopharmacology (Berl) 87, 173–177.

Zarcone Jr., V. P., Berger, P. A., Brodie, K. H., Sack, R., & Barchas, J. D.

(1977). The indoleamine hypothesis of depression: an overview and

pilot study. Dis Nerv Syst 38, 646–653.

Zhang, X., Beaulieu, J. M., Sotnikova, T. D., Gainetdinov, R. R., & Caron,

M. G. (2004). Tryptophan hydroxylase-2 controls brain serotonin

synthesis. Science 305, 217.

Zhang, X., Gainetdinov, R. R., Beaulieu, J. M., Sotnikova, T. D., Burch,

L. H., Williams, R. B., et al. (2005). Loss-of-function mutation in

tryptophan hydroxylase-2 identified in unipolar major depression.

Neuron 45(1), 11–16.

Zill, P., Baghai, T. C., Zwanzger, P., Schule, C., Eser, D., Rupprecht, R.,

et al. (2004). SNP and haplotype analysis of a novel tryptophan

hydroxylase isoform (TPH2) gene provide evidence for association

with major depression. Mol Psychiatry 9, 1030–1036.

Zmilacher, K., Battegay, R., & Gastpar, M. (1988). l-5-Hydroxytrypto-

phan alone and in combination with a peripheral decarboxylase

inhibitor in the treatment of depression. Neuropsychobiology 20,

28–35.


	Serotonin a la carte: Supplementation with the serotonin precursor 5-hydroxytryptophan
	Introduction
	Rationale for use of 5-hydroxytryptophan in depression
	Serotonin hypothesis of depression
	Factors affecting 5-hydroxytryptophan availability for serotonin synthesis
	Tryptophan
	Tryptophan 2,3-dioxygenase/Indolamine 2,3-dioxygenase
	Tryptophan's effect on tryptophan 2,3-dioxygenase and indolamine 2,3-dioxygenase
	Cytokines and indolamine 2,3-dioxygenase
	Melatonin and tryptophan 2,3-dioxygenase

	Tryptophan hydroxylase
	l-Amino acid decarboxylase



	Evidence for antidepressant efficacy of 5-hydroxytryptophan
	Preclinical evidence for efficacy of 5-hydroxytryptophan
	Clinical evidence for antidepressant efficacy of 5-hydroxytryptophan
	Study designs used
	Strength of efficacy data


	Practical considerations for using 5-hydroxytryptophan
	Brain imaging
	Dosage in previous human studies
	Pharmacokinetic considerations
	Coadministration of carbidopa

	Commercial availability of 5-hydroxytryptophan
	Safety issues regarding 5-hydroxytryptophan
	Common adverse effects
	Eosinophilia myalgia syndrome
	Serotonin syndrome
	Animal data
	Human data



	Future directions
	Acknowledgment
	References


