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Summary. Aside from its role as one of the limiting essential amino acids
protein metabolism, tryptophan (TRP) serves as precursor for the synthesis of
the neurotransmitters serotonin and tryptamine as well as for the synthesis of
the antipellagra vitamin nicotinic acid and the epiphyseal hormone melatonin.

By involvement in so manifold pathways, TRP and its metabolites regulate
neurobehavioral effects such as appetite, sleeping-waking-rhythm and pain
perception. TRP is the only amino acid which binds to serum albumin to a
high degree. Its transport through cell membranes is competetively inhibited
by large neutral amino acids (NAA). The TRP/NAA ratio in plasma is
essential for the TRP availability and thus for the serotonin synthesis in the
brain.

Due to its high TRP-concentration, human milk protein provides optimal
conditions for the availability of the neurotransmitter serotonin. Low protein
cow’s milk-based infant formulas supplemented with a-lactalbumin — a whey
protein fraction containing 5.8% TRP — present themselves as a new genera-
tion of formulas, with an amino acid pattern different from the currently used
protein mixtures of adapted formulas, resembling that of human milk to a
much higher degree.

Keywords: Amino acids — Tryptophan (TRP) metabolism —~ Human nutrition
— Serotonin — Nicotinic acid

Occurrence of tryptophan in foods

Tryptophan (TRP) is in many aspects one of the most interesting amino acids.
It serves as a precursor of the neurotransmitter serotonin and the majority of
the requirement for the pellagra preventive vitamin nicotinic acid is met by
TRP. It is the limiting amino acid in almost all protein sources which are of
importance for human nutrition. TRP is completely lacking in gelatine and its
content in yeast and corn is remarkably low. Nutrients of relatively high TRP
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content (expressed in g/16 g nitrogen) are eggs, milk, meat, soybean, potatoes
and cereals such as rice, barley, wheat, rye and oats (Wissenschaftliche
Tabellen Geigy, 1977). The distribution of TRP in food proteins differs con-
siderably among the different fractions. In cow’s milk protein, a-lactalbumin
contains around 5.8% TRP, whereas bovine serum albumin and f-casein are
extremely poor in TRP (Heine et al., 1991). The amino acid composition of
the a-lactalbumin fraction and the amino acid sequences of human milk -
lactalbumin and cow’s milk-lactalbumin are similar.

However, human milk protein consists of 28% lactalbumin, whereas
lactalbumin in cow’s milk contributes to only 3% of total protein. TRP supply
from human milk is, consequently, much higher than from equinitrogenous
amounts of cow’s milk.

TRP analysis

Due to the lack of specific and sensitive methods quantitative determinations
of TRP in proteins and biological fluids were not accessible in former times.

Therefore data on TRP concentration in proteins and biological fluids
were often missing in older studies (Dickinson et al., 1965; Pohlandt, 1975;
Widdowson et al., 1979). Even present data on the TRP concentrations of
human milk for example as reported in the literature vary broadly (Heine,
1994), which is at least in part due to analytical difficulties. Acidic hydrolysis
of proteins was found to be correlated with almost complete destruction of
TRP. Quantitative determination of TRP in protein requires tryptic digestion
or careful alkaline hydrolysis. Detection of free TRP was formerly based on
colour reactions and microbiologic determinations. Although numerous
colorimetric-, ion-exchange chromatographic-, fluorimetric or -electro-
chemical detection methods have been proposed (Friedman and Finley, 1975;
Williams et al., 1982), the determination of TRP is currently a problem
(Nielsen and Hurrell, 1985). The determination of TRP is dependent on
whether

i) total protein TRP (with acid- or alkaline-hydrolysis), or
ii) free TRP (without hydrolysis but protein precipitation), or
iii) albumin-bound TRP is to be analysed.

Normally, free TRP amounts to only 5~12% of total TRP in human plasma
(Eccleston, 1973). Between 80 and 90% of circulating TRP is bound to serum
albumin which is unique among the amino acids (Foller and Roush, 1973;
Tricklebank et al., 1979). High concentrations of free fatty acids may compete
with the TRP binding and displace TRP from the transport proteins (Greiling
and Gressner, 1989).

In order to estimate total TRP (free and albumin bound), one of the most
promising techniques appears to be human plasma treatment with 10%
trichloracetic acid (20:80 vol-%), (Korbel, 1984). It is assumed that mild semi-
hydrolytic conditions at pH-levels lower than 2 help to release the TRP from
the serum albumin. Therefore, the solution is allowed to stand for 1 hr at 4°C
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prior to centrifugation. The supernatant is than used for HPLC-analysis. The
HPLC apparatus consists of a Merck-Hitachi controller, a Rheodyne injector
fitted with a 20 uL loop, a gradient pump L-6200, and a fluorescence spectro-
photometer F-1050. Plasma supernatant constituents are isocratically sepa-
rated at a flow rate of 1 mL/min using a reversed phase column (RP-18, 5um,
4.0 X 250mm). The mobile phase consists of 20 mM sodiumphosphate-buffer
(pH 3.25) and acetonitrile 70:30 vol-%. The eluants are monitored
fluorimetrically (excitation at 278 nm, emission at 363nm), and peak areas are
determined using an integrator.

Another conventional method is also used very often; (Maire, 1994):
Plasma (20uL) is crudely deproteinized by mixing with 980 L methanol.
After centrifugation, 600 4L of the supernatant solution is diluted with 600 uL.
water. The solution is then ultrafiltered (Ultrafree-MC 10,000 MW cut-off,
Milipore UFC3 TGC) to remove all large molecular weight compounds. The
HPLC-system consists of a refrigerated automatic injector, using a reverse
phase water Cj; resolve column (Sum, 3.9 X 150mm). The liquid phase
consists of 75 mM ammonium acetate buffer (pH 4.5) containing 10% metha-
nol. The eluants are monitored by electrochemical detection on a glassy
carbon working electrode with a KCl-reference electrode.

Tryptophan requirement

TRP belongs to the group of essential amino acids. In contrast to lysine and
threonine, TRP can theoretically be synthesized by the human organism by
transamination if the carbohydrate skeleton is provided. However, this is of
no consequence in amino acid metabolism.

The bulk of dietary TRP flows into the synthesis of body proteins.

Minimal requirement of TRP was estimated to be 250 mg/day for males
and 157mg/day for females (Food and Nutrition Board, 1959, 1974). The
average intake of TRP on a normal diet in adults is around 250-500 mg/day.

In relation to the body mass, the TRP requirement of the fast growing
infant is relatively high. The daily need for TRP in infants is 19 mg/kg, whereas
children aged 10-12 years require at least 4 mg/kg/day and adults 3 mg/kg/day.
Snyderman and co-workers estimated the minimal requirement for TRP in
infants to be 22mg/kg/day (Snyderman et al.,, 1961; Snyderman, 1974). On
human milk feeding, TRP intake of the infant amounts to approximately
145 mg/day. To meet the nutritional needs of infants the proportion of TRP to
the total of all essential amino acids was determined by Snyderman (1986),
Jirgens (1985, 1986) and Biirger to be 2.2-2.8 mmol %.

Tryptophan degradation products (Fig. 1)

With regard to the formation of bioactive metabolites arising as degradation
products, TRP holds an exceptional position among the group of amino acids.
Hydroxylation in position 5 of the indolring by TRP-5-monooxygenase results
in the formation of 5-hydroxytryptophan. Dioxygen and tetrahydrobiopterin
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Fig. 1. Metabolic pathways of tryptophan

serve as cofactors in this metabolic step. 5-hydroxytryptophan is then con-
verted by decarboxylation to 5-hydroxytryptamin (serotonin). This conver-
sion is catalyzed by an aromatic amino acid decarboxylase. Serotonin serves
as an inhibitory neurotransmitter. Its synthesis takes place in serotonergic
nerves, enterochromaffinic cells, thrombocytes and mast cells. Serotonin is
widely distributed in the hypothalamus. Its concentration is particulary high in
the suprachiasmatic and arcuatic nuclei (Saavedra et al., 1974). Like
other neurotransmitters such as acetylcholine, suprarenin, noradrenaline,
dopamine and gamma-aminobutyrinic acid serotonin is stored in the
presynaptic vesicles at the nerve endings. The release of serotonin from the
vesicles is specific for serotonergic neurons and is triggered by nerve stimula-
tion-related changes of the action potential. Serotonin released from the
vesicles diffuses through the synaptic cleft giving rise to changes in the perme-
ability and of the potential of the postsynaptic membrane. In contrast to its
precursor 5-hydroxytryptophan, serotonin is unable to pass the blood-brain-
barrier. Cerebral serotonin-deficiency states, therefore, react exclusively posi-
tive to treatment with this precursor.

Serotonin is further metabolized in the pineal body by acrylaminoacetyl-
transferase to N-acetylserotonin and by acetylserotonin methyltransferase
to melatonin. The latter enzyme also converts serotonin to 5-methoxy-
tryptamine. Melatonin is of importance for the control of the day- and
night-rhythm and serves as an intracellular scavenger of hydroxyl- and perox-
ide-radicals. In this connection it is supposed to inhibit formation and growth
of malignomas, the development of cataracts and to protect organs from
bacterial endotoxin affections. It is also claimed to be active in the decay of
age-dependent nerve degeneration and in preventing tissue damages in the
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course of cardial infarctions (Hardeland et al., 1993; Reiter, 1993; Reiter et al.,
1994). :

The main metabolic pathway of TRP degradation leads to nicotinic acid
ribonucleotide. Sixty mg TRP are equivalent to 1 mg nicotinic acid. This
pathway depends on thiamine, riboflavin and pyridoxine; Greiling and
Gressner (1989). Intermediary metabolites formed in the course of TRP
degradation are N-formylkynurenine, kynurenine, 3-hydroxykynurenine, 3-
hydroxyanthranilic acid, 2-amino-3-carboxymuconic acid semialdehyde and
chinolenic acid, Nicotinic acid and nicotinic acid amine represent the pellagra-
preventive vitamin. Nicotinic acid amide and its phosphate derivate serve as
coenzymes of dehydrogenases, which play an important role in energy synthe-
sis within the respiratory chain.

Further metabolic products derived from the metabolite 2-amino-3-
carboxymuconic acid semialdehyde are picolinic acid and 2-oxoadipinic acid,
which flows into further degradation to acetacetyl CoA.

Decarboxylation of TRP by aromatic L-amino acid decarboxylase results
in formation of tryptamine, which has a stimulating effect on smooth muscles
and on the central nervous system.

TRP originating from food proteins and from endogenous sources when
subjected to microbial degradation in the large bowel, is degraded to indole
and f-methyl-indole (skatol), indolacetate, indolpyruvate and indoxylsulfate
(indican).

The significance of nutritional tryptophan supply in infants,
children and adults

It was already mentioned that human milk is comparatively rich in TRP. This
is mainly due to the high proportion of a -lactalbumin, immunoglobulin A and
lactoferrin (Harzer, 1989). A protein high in TRP as supplied to the breast-fed
infant has apparent beneficial effects on conscious behavior and sleep patterns
(Pollet and Leathwood, 1983). This is due to the TRP-dependent serotonin
synthesis in the brain.

There is evidence that low TRP-intakes are correlated with low serotonin
levels. Though cow’s milk protein as compared with human milk is relatively
poor in TRP, TRP-deficient conditions do not occur on formula feeding if the
protein concentration of the formula — as it is currently the case —is 1.5 to 2
times higher than in human milk. The supplementation of cow’s milk with
whey proteins rich in TRP — which were introduced in the 1950s — met the
requirements for reducing the protein concentration in infant formulas. At
present, protein concentrations in infant formulas are still 2 times higher than
in human milk. Protein administered in abundance results in the formation of
urea and ammonia and other end-products which are usually eliminated with
the urine. Thus, excessive protein intake represents a useless metabolic load.
For this reason, a further reduction of the protein concentration in infant
formulas is desirable. However, a further adaption of formula protein concen-
trations towards the standard value of human milk causes a reduction of the
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TRP and taurine concentrations of the serum in infants fed with these formu-
las even when they contain whey protein in excess (Janas et al., 1985, 1987;
Jarvenpii et al., 1982a,b), and the surplus of neutral amino acids in relation to
the TRP content of the protein component does not guarantee a sufficient
TRP supply of the brain (Anderson and Johnson, 1983; Wurtman, 1982,
1988).

Low TRP serum concentrations when compared with similar values as
observed in human milk feeding may reflect TRP depletion states, which are
probably of importance for whole body protein synthesis and serotonin-
related disturbances of the sleeping-waking-rhythm, appetite regulation and
other serotonin-dependent abnormalities in behavior. There are two options
to attain protein-reduced formulas with enriched TRP concentration.

As shown by Fazziolari-Nesci and co-workers (1992) supplementation of
protein-reduced infant formulas with free TRP succeeds in TRP serum levels
in infants fed these preparations which do not differ from those of breast-fed
infants.

However, in view of absorption kinetics of free and protein-bound TRP as
well as in toxicological and economic aspects, protein fractions rich in TRP
seem to be a better option, especially since such fractions offer the opportu-
nity to adapt the whole amino acid pattern including cystine and other amino
acids more closely to that to human milk. For this purpose, a-lactalbumin
presents itself as the most suitable fraction of cow’s milk (Forsum, 1974;
Heine et al., 1991).

Modern ultrafiltration techniques currently available allow a selective en-
richment of the low molecular a-lactalbumin in whey protein. Our own stud-
ies with an a-lactalbumin enriched formula (1.3% protein, TRP content
2.21% of the total protein) revealed TRP and taurine serum concentrations in
10 infants fed on this formula which did not differ significantly from those of
a control-group fed on human milk, whereas a formula containing 1.3g% of
protein and 1.88% TRP in its protein component presented significantly lower
TRP serum levels (Heine et al., 1995).

Correlations between tryptophan supply and serotonin synthesis

TRP intake in adults is around 0.25 to 0.5 g/day. A small proportion of this
amino acid serves as a precursor for serotonin synthesis. The proportion of
serotonin synthetized in the brain amounts to only 1-2% of the total body
serotonin synthesis (Cooper et al., 1986). Diurnal fluctuation of plasma- and
brain-TRP was shown in rats by Maher (1984).

Plasma and brain TRP levels peaked between 10 pm and 2 am (8 hours
later than in humans since rats eat at the onset of the dark cycle). Serotonin
levels in the brain lagged behind by a few hours but showed a clear relation-
ship.

12l“he neurons synthesizing the neurotransmitter serotonin are involved in
the regulation of appetite, in the sleeping- and waking-rhythm, in affective
reaction control as well as in aggression and sexual behavior (Faust et al.,
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Table 1. Neurobehavioral effects of tryptophan (TRP) as a
precursor of serotonin

TRP-free diets TRP-loaded diets

— Depressed mood — Elevated mood

— Insomnia — Calmness, drowsiness

— Increased carbohydrate - Decreased appetite for
intake carbohydrates

- Disturbances in affective - Decreased pain threshold

reaction control and
sexual behavior

1990), (Table 1). Furthermore, the TRP precursor 5-hydroxytryptophan was
shown to increase secretion of growth hormone (Collu et al., 1972; Lancranjan
et al., 1977). There is evidence that growth hormone may be stimulated by
excessive serotonin secretion in patients with Carcinoid syndrome (Feldman
and Lebowitz, 1972). Serotonin increases the motility of the gastrointestinal
tract and may result in protein deficiency due to increased TRP demand of the
serotonin-producing tumor (Siegenthaler, 1987). There is also evidence that
serotonin may stimulate prolactin secretion via vasoactive intestinal peptide
and prolactin stimulating factor (Shimatzu et al., 1985).

The synthesis of the neurotransmitter serotonin is probably correlated
with physiological fluctuations of the intake of foods even if eaten at a single
meal (Wurtman, 1988). Dietary TRP depletion may reduce the levels of free
and total plasma TRP by more than 80% from baseline levels (Barr et al.,
1994; Zimmermann et al., 1993).

Serotonin synthesis is directly dependent on the availability of the specific
precursor tryptophan and on the nutritional status of individuals (Goodwin et
al., 1987), and on the local concentration of TRP (Eccleston et al., 1965;
Fernstrom and Wurtman, 1971; Moir and Eccleston, 1968; Schaechter and
Wurtman, 1990).

As shown in numerous studies elevation of TRP concentration in the brain
results in an increased release of serotonin (Auerbach and Lipton, 1982;
Broderick and Jacoby, 1988; Carboni et al., 1989; DeSimoni et al., 1987,
Eccleston et al., 1965; Fernstrom and Wurtman, 1971; Moir and Eccleston,
1968 Schaechter and Wurtman, 1990; Ternaux et al., 1976; Yokogoshi et al.,
1987). By contrast, Elks and co-workers (1979) could not confirm a depen-
dence between tryptophan and serotonin synthesis using brain slice tech-
niques. Analogous results were obtained by Marsden et al. (1979) and Trulson
(1985).

In rat experiments, amino acid mixtures deficient of TRP have proves to
decrease the serotonin tissue concentration of the brain and the serotonin
neurotransmission (Benedetti and Moja, 1993). In monkeys, significant corre-
lations between serotonin and its precursor 5-hydroxy-TRP and TRP levels in
blood and cerebral fluid have been described (Yan et al., 1993).

Healthy human subjects reacted to dietary restriction of TRP intake to
50% of the minimal requirement with a decreased urinary excretion of 5-
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Fig. 2. Consequences of dietary protein and carbohydrate intake on tryptophan availabil-
ity to serotonin synthesis in the brain

hydroxyindolacetic acid, which rapidly normalized after restoration of the
regular TRP supply (Alfieri and Cubeddu, 1994).

Dietary TRP supply is considered the most effective and easiest method to
alter gastrointestinal serotonin (Anderson and Johnson, 1983; Wurtman,
1983, 1988).

Intracellular transport of tryptophan is mediated by a common carrier
mechanism for the large neutral amino acids (NAA) leucine, isoleucine,
valine, phenylalanine, tyrosine and methionine. TRP-passage through the
blood-brain-barrier is competetively influenced by the concentration of these
amino acids, which increase in plasma following protein ingestion. Meals rich
in protein may, therefore, paradoxically lower the tryptophan availability of
the brain. Controversely, ingestion of carbohydrates increases plasma TRP
and consecutively TRP availability to the brain (Anderson and Johnson, 1983;
Wurtman, 1983); (Fig. 2).

This is due to the carbohydrate-induced release of insulin which results in
an increased uptake of free plasma amino acids into the muscle tissue with
exception of the serumalbumin-bound proportion of TRP. It is speculated
that the protein-bound proportion of TRP is then released during the
perfusion of the brain capillaries, leading to an increased ratio between TRP
and the bulk of other neutral amino acids which meets the requirements for
the enhanced transport of TRP into the brain tissue. This thesis is supported
by rat experiments, in which increased 5-hydroxyindol concentrations were
observed after feeding low-protein diets enriched with TRP (Yokogoshi et al.,
1987). These correlations were confirmed by animal experiments conducted
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Fig. 3. Serotoin-dependent regulation of food intake

by Ng and Anderson (1992) who observed a significant suppression of food
intake following intraperitoneal TRP injections. However, no preferential
effect was shown for either the high carbohydrate or high protein diet choice.
This pathway is supposed to play an important role in the serotonin-depen-
dent regulation of food intake (Fig. 3).

The amino acid pattern of human milk protein provides a high TRP/NAA
ratio, which brings about high plasma TRP levels in relation to the
bulk of other neutral amino acids, a high TRP transport across the blood-
brain-barrier and thus a sufficient serotonin synthesis. This may explain
neurobehavioral differences between breast-fed and formula-fed infants.

Serotonin deficiency is regarded as an active principle in the pathogenesis
of neurological damages in biopterin deficiency-related phenylketonuria. In
the synthesis of serotonin, tetrahydrobiopterin serves as a cofactor of
tryptophanhydroxylase, which is essential for the synthesis of the serotonin
precursor 5-hydroxytryptophan (Boehles, 1991). Clinical application of a
TRP-reduced diet has been reported to be effective in Huntington’s disease
(Pascoe, 1993). In combination with lysine restriction and riboflavin/carnitine
supplementation TRP-restricted diet was shown to arrest the neurologic dete-
rioration in children with glutaric acidemia type I (Yannicelli et al., 1994).

The pathogenesis of migraine is also linked with an increased release of
serotonin, causing vasoconstriction and consecutive vasodilatation. Concomi-
tant release of mediator substances such as substance P contributes to the
formation of local edemas and a decreased pain threshold.

Whether dietary tryptophan intake is involved in triggering migraine at-
tacks has not been proven. However, avoidance of excessive food intake in
the evening together with reduced fluid intake is recommended as a prophy-
lactic measure in the intermediate treatment of migraine (Mutschler, 1991).

Inborn errors of tryptophan metabolism

Normal TRP degradation is dependent on a variety of different enzymes. By
means of detection of accumulated breakdown products, numerous inherited
defects of TRP metabolism have mostly been described as case reports. This
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refers to disorders such as Tada-syndrome (Tada et al., 1963), Price-syndrome
(Price et al., 1967), Vitamin Bg-dependent xanthuremic aciduria (Knapp,
1962) and Komrower’s syndrome (Komrower et al., 1964). The underlying
genetic defect in Hartnup’s syndrome is a disturbed transport of neutral
amino acids by the intestinal mucosa and renal tubules. For absorption of
TRP, at least two transport mechanisms are present in the gut. One of these
transport mechanisms is specific for TRP, the other is shared by other neutral
amino acids. In Hartnup’s syndrome, plasma concentrations of tryptophan
and the other neutral amino acids are usually within normal limits.
Malabsorbed TRP is subjected to bacterial conversion to indole which after
absorption is oxidized, sulfated and renally excreted as indican.

In the Blue Diaper syndrome, a familial genetic TRP malabsorption disor-
der, characterized by nephrocalcinosis, hypercalcemia and indicanuria, the
blue change of the colour of the urine is due to the oxidation of indican to
indigo on exposure to air.

Hartnup’s disorder responds to treatment with nicotinic acid or
nicotinamide at a dosage between 50 and 300mg/day and to a high-protein
diet. In phenylketonuria, due to biopterin deficiency, supplementation of
tetrahydrobiopterin at a dosage of 1.5-3mg/kg/day in combination with L-
dihydroxyphenylalanine (dopa) (1-1.5mg/kg/day), carbidopa (1.5 mg/kg/day)
and 3-hydroxytryptophan is recommended in order to prevent neurological
damages which occur in these disorders in spite of dietary phenylalanine
restriction (Boehles, 1991). Diets selectively low or high in TRP do not play a
role in the treatment of inborn errors of TRP metabolism.

Tryptophan-loading tests

Oral TRP loadings with 5g TRP in vitamin B4 deficiency states result in
increased renal excretion of xanthurenic acid, kynurenine, hydroxyky-
nurenine and kynurenic acid, whereas in riboflavin deficiency kynurenic and
anthranilic acid are the main metabolites, which are excreted in excess.

A xanthurenic acid excretion of <25mg in 6 hours following an oral load
with 100mg TRP reflects a normal vitamin B, supply. Excessive xanthurenic
aciduria and kynurenineuria have been described as an inherited, vitamin Bg-
dependent disturbance by Knapp in 1962.

Therapeutic effects of excessive tryptophan intake

The sleep-inducing effect of TRP was first described in 1962 (Siegenthaler,
1987). The substance was then widely used as a therapeutic agent in patients
with difficulties in falling asleep and due to its stimulating effect also in
depressive syndromes, the single dose being in the range of several grams.
Side effects of this treatment such as bloating, nausea and vomiting were
relatively rare.

In 1989 the registration of TRP was worldwide cancelled due to suspected
correlations with the eosinophilia-myalgia syndrome (EMS). The features of
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this syndrome are pain in muscles and joints, often accompanied with fever,
swelling of the limbs, skin reactions and occasionally with dyspnea. The blood
picture is generally characterized by an excessive eosinophilia. Carr and
co-workers (1994), reviewing the epidemiologic features and the incidence of
EMS in Germany, registered 105 patients who fulfilled the criteria for EMS.
The study supported the pathophysiologic role of a contaminant in the L-TRP
preparations as the causal connection with EMS. The contaminant implicated
in the manifestation of EMS was suspected to be 1,1-ethylidenebis
tryptophan. However, binding studies with rat liver nuclear envelope
protein did not confirm this suspicion (Sidransky et al., 1992). There is
evidence that other impurities of the product which are unknown at present
may be envolved in the development of EMS. The only TRP-derivate
which is still licensed for the treatment of serotonin-deficiency states is
S-hydroxytryptophan. However, its indication is strictly limited to
biopterinsynthase- and dihydrobiopterin-reductase-defects in which substitu-
tion of the serotonin precursor S-hydroxytryptophan is life-saving.

Observations made before biotechnologically-produced TRP was with-
drawn from the market point at the efficacy of TRP in patients with depres-
sions. While TRP depletion did not show mood changes, return to normal
TRP intake resulted in an improvement in mood in 1/3 of the patients (Miller
et al., 1992).

The beneficial effects of therapeutic doses of TRP in patients with sleeping
disorders has been substanciated in many cases in the past. Presently it is just
a matter of speculation, whether comparable effects on neuropsychological
behavior can be achieved with food proteins rich in TRP. Corresponding
studies ought to be performed with a-lactalbumin-enriched proteins.
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