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Introduction

L-tryptophan (tryptophan; Trp) is a large neutral amino acid essential to human metabolism because it is the
metabolic precursor of serotonin (a neurotransmitter), melatonin (a neurohormone), and niacin (vitamin B3).

As a component of dietary protein, tryptophan is particularly plentiful in chocolate, oats, bananas, dried
dates, milk, cottage cheese, meat, fish, turkey, and peanuts. Approximately 300 mg Trp is available in three ounces
of turkey, lamb, beef, tuna, or peanuts.! Relative to other amino acids, small amounts are needed to have a thera-
peutic effect, which is fortunate because Trp is the least abundant amino acid in the diet.?

In 1989, the importation of L-tryptophan was banned in the United States after cases of a deadly autoim-
mune illness called eosinophilia-myalgia syndrome were traced to an improperly-prepared batch of tryptophan.?
Although the tryptophan was isolated to a single Japanese factory that allowed a toxic bacterial metabolite through
the purification process, the ban was maintained and Trp availability was limited to the prescription drug (Tryptan),
infant formulas, and enteral feeding products. Since 1994 tryptophan has been available and marketed as a dietary
supplement in the United States, while imported product remains limited by special regulations.

Pharmacokinetics

The most investigated aspect of tryptophan metabolism is the serotonin pathway that includes the sub-
sequent creation of melatonin. Tryptophan hydroxylase is the rate-limiting enzyme for serotonin production and
involves the conversion of Trp to 5-hydroxytryptophan (5-HTP). This enzyme can be inhibited by stress, insulin
resistance, magnesium or vitamin B6 deficiency, or increasing age.* The decarboxylation of 5-HTP to serotonin is
dependent on the presence of the active form of vitamin B6, pyridoxal 5’-phosphate, while the further conversion
to melatonin necessitates S-adenosyl-L-methionine (SAMe).
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Tryptophan and 5-HTP penetrate the blood-
brain barrier, although tryptophan requires active
transport and competes for the same receptors with
other neutral amino acids — tyrosine, phenylalanine,
valine, leucine, and isoleucine.> In fact, the best pre-
dictor of a given meal’s effect on brain tryptophan
and serotonin levels is the serum ratio of Trp to the
pool of large neutral amino acids.” More clinically
relevant, however, serotonin levels are enhanced by
carbohydrate ingestion as insulin release accelerates
the serum removal of competing valine, leucine, and
isoleucine. Similarly, a higher percentage of protein
in the diet slows serotonin elevation.’®

Although tryptophan can be found free in the
serum, most is bound to albumin. Nonesterified fatty
acids out-compete Trp for albumin’s common bind-
ing site,” while displacement from albumin is also
associated with the release of free fatty acids during
exercise."”

The urinary metabolites of tryptophan in-
clude 3-hydroxykynurenine, xanthurenic acid, and
kynurenine. Serum kynurenine, however, is metabo-
lized into niacin (vitamin B3). This conversion is in-
efficient since 60 mg of tryptophan are required to
synthesize 1 mg of niacin, which also depletes stores
of the vitamin cofactors B1, B2, and B6.!"'2

Mechanism of Action

Tryptophan’s primary mechanism of action is
its role as the metabolic precursor of the neurotrans-
mitter serotonin. Other neurotransmitters and central
nervous system (CNS) chemicals, such as melatonin,
dopamine, norepinephrine, and beta-endorphin, have
also been shown to increase following oral adminis-
tration of tryptophan.'*16

There is limited data linking tryptophan’s
modulation of the endocrine system. Tryptophan’s
effects on cortisol levels have been inconsistent.'”!®
Although intravenous tryptophan stimulates secre-
tion of prolactin and growth hormone,'**° such an as-
sociation has not been tested with oral dosing.

Clinical Indications
Premenstrual Syndrome (PMS)

A dose of 6 g tryptophan has been found to
significantly (p=0.004) decrease mood swings, ten-
sion, and irritability in women with premenstrual
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dysphoria. Three consecutive cycles, from ovulation
to the third day of menstruation, were assessed using
the Visual Analog Mood Scales.? Tryptophan’s role
in PMS may be attributed to the increased activation
of tryptophan catabolism to kynurenine during the lu-
teal phase of the menstrual cycle.?

Seasonal Affective Disorder (SAD)

In the case of SAD, tryptophan has shown
benefit in non-responders to light therapy. Four weeks
of treatment with Trp (2 g twice daily, increased to 2
g three times daily if initially no response) was com-
pared to light therapy (10,000 lux x 30 min daily in the
morning). At the end of seven weeks, similar signifi-
cant responses were noted in both groups (p=0.014 in
Trp group). However, when light therapy was discon-
tinued patients quickly relapsed; whereas, patients on
tryptophan had a slower relapse rate.” Similar results
were demonstrated in 13 SAD patients treated with
light therapy or tryptophan.*

Sleep Disorders

Tryptophan has been researched for sleep
disorders for 30 years. Improvement of sleep latency
has been noted,”?® even at doses as low as 1 g;?’ in-
creased stage IV sleep has been noted at even lower
doses — 250 mg tryptophan.”’ Significant improve-
ment in obstructive sleep apnea, but not central sleep
apnea, has been noted at doses of 2.5 g at bedtime,
with those experiencing the most severe apnea dem-
onstrating the best response.?

While many sedative medications have opi-
oid-like effects, L-tryptophan administration does not
limit cognitive performance or inhibit arousal from
sleep.>?

Depression and Other Mental Disorders

The tryptophan metabolite, 5-HTP, has shown
significant clinical response for depression in 2-4 weeks,
at doses of 50-300 mg three times daily.***¢ Although
reduced levels of serum Trp have been linked to some
forms of depression, depression was not relieved
with intravenous tryptophan.’” Numerous studies,
however, have found tryptophan depletion produced
depressive relapse and even initiation of depressive
symptoms in healthy subjects.*®42
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Tryptophan depletion has also been shown
to promote relapse of bulimia* and schizophrenia,*
indicating the pivotal requirements for tryptophan in
mental disorders other than depression.

Tryptophan supplementation should be
avoided in depression with reversed diurnal variation
(worse in the evening), which commonly presents
with an elevated ratio of tryptophan to large neutral
amino acids and poor response to serotonergic anti-
depressants.®

Smoking

Tryptophan (50 mg/kg/day) has been used as
an adjunct therapy for smoking cessation. During a
two-week study, tryptophan-treated subjects experi-
enced fewer nicotine withdrawal symptoms and were
able to abstain or smoke fewer cigarettes than con-
trols.*

Diagnosis of a Vitamin B6 Deficiency

The Tryptophan Load Test is a lab evalu-
ation of vitamin B6 status. Elevated urinary xanth-
urenic acid (>50 mg/24 hr) after 2 g Trp is commonly
viewed as a sign of a deficiency of vitamin B6,* al-
though it can be falsely elevated in pregnancy* and
in women using oral contraceptives.* Xanthurenic
acid elevation has also been associated with cataract
formation.™

Drug-Nutrient Interactions

Case reports of serotonin syndrome have
noted a connection between tryptophan used con-
comitantly with monoamine oxidase inhibitors.>'*>
This syndrome is characterized by agitation, confu-
sion, delirium, tachycardia, diaphoresis, and blood
pressure fluctuations. Although no reports have been
published, it is possible that tryptophan, when taken
in combination with a selective serotonin reuptake
inhibitor (SSRI) such as Prozac®, Paxil®, or Zoloft®,
may also precipitate serotonin syndrome.

Side Effects and Toxicity
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Warnings and Contraindications

Patients with liver cirrhosis should avoid
tryptophan supplementation. Cirrhotics present with
reduced activity of tryptophan pyrrolase (22%), with
subsequent increased free tryptophan and half-life,
with decreased clearance.”

The effects of supplemental tryptophan dur-
ing pregnancy are scarce. One study monitored fetal
breathing activity via ultrasound over a 3.5-hour pe-
riod and noted alteration in fetal breathing activity af-
ter maternal Trp loading (1 g) was less than observed
after glucose load (100 g).>* This, however, was a low
dose of tryptophan. Further safety studies are war-
ranted before use during pregnancy can be recom-
mended.

Dosage

Evening oral doses of tryptophan as low as
250 mg have been shown to improve sleep quality,
although the typical dosage range for sleep disorders
and depression is 1-3 g daily. Safe and effective dos-
ages for other disorders range from 0.5-4 g daily,
while potentially higher doses (50 mg/kg/day) have
been used short term as a smoking cessation interven-
tion.

References

1. Marz RB. Medical Nutrition from Marz. 2™ ed.
Portland, OR: Omni-Press; 1999:95-98.

2. Young LS, Stoll S. Proteins and amino acids. In:
Matarese LE, Gottschlich MM, eds. Contemporary
Nutrition Support Practice. 2™ ed. New York, NY:
Saunders; 2003:94-104.

3. Kilbourne EM, Philen RM, Kamb ML, Falk
H. Tryptophan produced by Showa Denko and
epidemic eosinophilia-myalgia syndrome. J
Rheumatol Suppl 1996;46:81-88.

4. Hussain AM, Mitra AK. Effect of aging on
tryptophan hydroxylase in rat brain: implications on
serotonin level. Drug Metab Dispos 2000;28:1038-
1042.

5. Caballero B, Finer N, Wurtman RJ. Plasma amino
acids and insulin levels in obesity: response to
carbohydrate intake and tryptophan supplements.
Metabolism 1988;37:672-676.

Potential side effects at high doses (100 mg/ 6. van Praag HM. Management of depression with
kg/day, i.e., 7 g/150 Ibs) include gastric irritation, ;elr(())tomn precursors. Biol Psychiary 1981;16:291-
vomiting, and head twitching.! '
Page 54 Alternative Medicine Review € Volume 11, Number 1 € 2006

Copyright © 2006 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 11, Number 1 March 2006



Monograph

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lucini V, Lucca A, Catalano M, Smeraldi E.
Predictive value of tryptophan/large neutral amino
acids ratio to antidepressant response. J Affect
Disord 1996;36:129-133.

Lieberman HR, Caballero B, Finer N. The
composition of lunch determines afternoon plasma
tryptophan ratios in humans. J Neural Transm
1986;65:211-217.

Zammarchi E, La Rosa S, Pierro U, et al. Free
tryptophan decrease in jaundiced newborn infants
during phototherapy. Biol Neonate 1989;55:224-
2217.

Blomstrand E, Celsing F, Newsholme EA. Changes
in plasma concentrations of aromatic and branched-
chain amino acids during sustained exercise in
man and their possible role in fatigue. Acta Physiol
Scand 1988;133:115-121.

Zimmermann M. Burgerstein’s Handbook of
Nutrition. New York, NY: Thieme; 2001:109-111.
Marz RB. Medical Nutrition from Marz. 2™ ed.
Portland, OR: Omni-Press; 1999:200-205.

van Praag HM, Lemus C. Monoamine precursors in
the treatment of psychiatric disorders. In: Wurtman
RJ, Wurtman JJ, eds. Nutrition and the Brain. New
York, NY: Raven Press; 1986:89-139.

den Boer JA, Westenberg HG. Behavioral,
neuroendocrine, and biochemical effects of
5-hydroxytryptophan administration in panic
disorder. Psychiatry Res 1990;31:267-278.
Chadwick D, Jenner P, Harris R, et al. Manipulation
of brain serotonin in the treatment of myoclonus.
Lancet 1975;2:434-435.

Guilleminault C, Tharp BR, Cousin D. HVA and
SHIAA CSF measurements and SHTP trials in
some patients with involuntary movements. J
Neurol Sci 1973;18:435-441.

Maes M, Vandevelde R, Suy E. Influences on
cortisol and noradrenergic turnover of healthy
controls and depressed patients during L-tryptophan
loading. J Affect Disord 1989;17:173-182.

Maes M, Schotte C, Scharpe S, et al. The effects of
glucocorticoids on the availability of L-tryptophan
and tyrosine in the plasma of depressed patients. J
Affect Disord 1990;18:121-127.

Traskman-Bendz L, Haskett RF, Zis AP.
Neuroendocrine effects of L-tryptophan and
dexamethasone. Psychopharmacology (Berl)
1986;89:85-88.

Winokur A, Lindberg ND, Lucki I, et al. Hormonal
and behavioral effects associated with intravenous
L-tryptophan administration. Psychopharmacology
(Berl) 1986;88:213-219.

Steinberg S, Annable L, Young SN, Liyanage N.

A placebo-controlled study of the effects of L-
tryptophan in patients with premenstrual dysphoria.
Adv Exp Med Biol 1999;467:85-88.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Alternative Medicine Review € VVolume 11, Number 1 € 2006
Copyright © 2006 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 11, Number 1 March 2006

L-Tryptophan

Hrboticky N, Leiter LA, Anderson GH. Menstrual
cycle effects on the metabolism of tryptophan
loads. Am J Clin Nutr 1989;50:46-52.

Ghadirian AM, Murphy BE, Gendron MJ. Efficacy
of light versus tryptophan therapy in seasonal
affective disorder. J Affect Disord 1998;50:23-27.
McGrath RE, Buckwald B, Resnick EV. The effect
of L-tryptophan on seasonal affective disorder. J
Clin Psychiatry 1990;51:162-163.
Schneider-Helmert D, Spinweber CL. Evaluation of
L-tryptophan for treatment of insomnia: a review.
Psychopharmacology (Berl) 1986;89:1-7.

Korner E, Bertha G, Flooh E, et al. Sleep-inducing
effect of L-tryptophane. Eur Neurol 1986;25:75-81.
Hartmann E, Spinweber CL. Sleep induced by L-
tryptophan. Effect of dosages within the normal
dietary intake. J Nerv Ment Dis 1979;167:497-499.
Schmidt HS. L-tryptophan in the treatment of
impaired respiration in sleep. Bull Eur Physiopathol
Respir 1983;19:625-629.

Lieberman HR, Corkin S, Spring BJ, et al. The
effects of dietary neurotransmitter precursors on
human behavior. Am J Clin Nutr 1985;42:366-370.
van Praag H, de Hann S. Depression vulnerability
and 5-hydroxytryptophan prophylaxis. Psychiatry
Res 1980;3:75-83.

Loo H, Zarifian E, Wirth JF, Deniker P. Open study
of L-5-H.T.P. in melancholic depressed patients
over 50 years of age. Encephale 1980;6:241-246.
[Article in French]

van Hiele LJ. L-5-Hydroxytryptophan in
depression: the first substitution therapy

in psychiatry? The treatment of 99 out-

patients with “therapy-resistant” depressions.
Neuropsychobiology1980;6:230-240.

Angst J, Woggon B, Schoepf J. The treatment

of depression with L-5-hydroxytryptophan

versus imipramine. Results of two open and one
double-blind study. Arch Psychiatr Nervenkr
1977;224:175-186.

Alino JJ, Gutierrez JL, Iglesias ML. 5-
Hydroxytryptophan (5-HTP) and a MAOI
(nialamide) in the treatment of depressions.

A double-blind controlled study. Int
Pharmacopsychiatry 1976;11:8-15.

Takahashi S, Kondo H, Kato N. Effect of L-
5-hydroxytryptophan on brain monoamine
metabolism and evaluation of its clinical effect in
depressed patients. J Psychiatr Res 1975;12:177-
187.

Persson T, Roos BE. 5-hydroxytryptophan for
depression. Lancet 1967;2:987-988.

Cowen PJ, Parry-Billings M, Newsholme EA.
Decreased plasma tryptophan levels in major
depression. J Affect Disord 1989;16:27-31.

Page 55



L-Tryptophan

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Page 56

Bell C, Abrams J, Nutt D. Tryptophan depletion
and its implications for psychiatry. Br J Psychiatry
2001;178:399-405.

Murphy FC, Smith KA, Cowen PJ, et al. The
effects of tryptophan depletion on cognitive

and affective processing in healthy volunteers.
Psychopharmacology (Berl) 2002;163:42-53.
Evers EA, Tillie DE, van der Veen FM,

et al. Effects of a novel method of acute
tryptophan depletion on plasma tryptophan and
cognitive performance in healthy volunteers.
Psychopharmacology (Berl) 2005;178:92-99.
Clark L, Roiser JP, Cools R, et al. Stop

signal response inhibition is not modulated

by tryptophan depletion or the serotonin
transporter polymorphism in healthy volunteers:
implications for the 5-HT theory of impulsivity.
Psychopharmacology (Berl) 2005;182:570-578.
Praschak-Rieder N, Wilson AA, Hussey D, et al.
Effects of tryptophan depletion on the serotonin
transporter in healthy humans. Biol Psychiatry
2005;58:825-830.

Smith KA, Fairburn CG, Cowen PJ. Symptomatic
relapse in bulimia nervosa following acute
tryptophan depletion. Arch Gen Psychiatry
1999;56:171-176.

Sharma RP, Shapiro LE, Kamath SK, et al.

Acute dietary tryptophan depletion: effects on
schizophrenic positive and negative symptoms.
Neuropsychobiology 1997;35:5-10.

Joyce PR, Porter RJ, Mulder RT, et al. Reversed
diurnal variation in depression: associations

with a differential antidepressant response,
tryptophan: large neutral amino acid ratio and
serotonin transporter polymorphisms. Psychol Med
2005;35:511-517.

Bowen DJ, Spring B, Fox E. Tryptophan and high-
carbohydrate diets as adjuncts to smoking cessation
therapy. J Behav Med 1991;14:97-110.

Murray MT, Pizzorno JE. Tryptophan load test. In:
Pizzorno JE, Murray MT, eds. Textbook of Natural
Medicine. 2" ed. New York, NY: Churchhill
Livingstone; 1999:225-228.

Bonney EA, Matzinger P. Much IDO about
pregnancy. Nat Med 1998;4:1128-1129.

Bender DA. Non-nutritional uses of vitamin B6. Br
J Nutr 1999;81:7-20.

Roberts JE, Wishart JF, Martinez L, Chignell

CF. Photochemical studies on xanthurenic acid.
Photochem Photobiol 2000;72:467-471.

Price WA, Zimmer B, Kucas P. Serotonin
syndrome: a case report. J Clin Pharmacol
1986;26:77-78.

Baloh RW, Dietz J, Spooner JW. Myoclonus and
ocular oscillations induced by L-tryptophan. Ann
Neurol 1982;11:95-97.

53.

54.

Monograph

Rossle M, Herz R, Klein B, Gerok W. Tryptophan
metabolism in liver diseases: a pharmacokinetic
and enzymatic study. Klin Wochenschr
1986;64:590-594. [Article in German]

Devoe LD, Castillo RA, Searle NS, Searle JR.
Maternal dietary substrates and human fetal
biophysical activity. I. The effects of tryptophan
and glucose on fetal breathing movements. Am J
Obstet Gynecol 1986;155:135-139.

Alternative Medicine Review € Volume 11, Number 1 € 2006

Copyright © 2006 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 11, Number 1 March 2006



