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The α-methyl-L-tryptophan (α-MTrp) method for the study of the brain serotonergic system is based on
the fact that labelled α-MTrp is taken up by and, in part, retained in the brain, and this retention (trap-
ping) is proportional to brain serotonin (5-HT) synthesis. A 3-compartment model is proposed in which
the plasma, the precursor and irreversible pools are mathematically distinct compartments. The irreversible
compartment is assumed to be the one in which the tracer is trapped. By definition, the tracer from the
irreversible compartment does not exchange directly with the plasma compartment. The rate at which la-
belled α-MTrp is trapped is converted to the rate of 5-HT synthesis by dividing it by a conversion factor,
called the lumped constant, and multiplying it by the plasma-free tryptophan concentration. Our results
revealed that brain 5-HT synthesis can be influenced by the extraneuronal concentration of 5-HT and
that, generally, the influence is not uniform throughout the brain. They also suggest that brain trapping of
labelled α-MTrp relates to 5-HT synthesis. The proposed procedure for converting the rate at which la-
belled α-MTrp is trapped to brain 5-HT synthesis rates is based on measurements that suggest that
plasma-free Trp relates to brain 5-HT synthesis. However, as with all biological models, there is likely
room for improvement in our approach.

La méthode à l’α-méthyl-L-tryptophane (α-MTrp) pour l’étude du système sérotoninergique du cerveau
repose sur le fait que l’α-MTrp marqué est absorbé et retenu en partie dans le cerveau et que cette ré-
tention (piégeage) est proportionnelle à la synthèse de la sérotonine (5-HT) dans le cerveau. On propose
un modèle à trois compartiments où le plasma, le précurseur et les accumulations irréversibles sont des
compartiments distincts sur le plan mathématique. On suppose que le compartiment irréversible est celui
où le marqueur est piégé. Par définition, le marqueur n’a pas d’échange direct avec le compartiment du
plasma. On convertit le taux de piégeage de l’α-MTrp marqué en taux de synthèse de la 5-HT en le
divisant par un facteur de conversion, appelé constante localisée, et en le multipliant par la concentration
de tryptophane sans plasma. Nos résultats révèlent que la synthèse de la 5-HT dans le cerveau peut être
influencée par la concentration extraneuronale de 5-HT et que, en général, cette influence n’est pas uni-
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Introduction

Serotonin (5-hydroxytryptamine [5-HT]), one of the
monoamine neurotransmitters of the brain, is synthe-
sized exclusively in serotonergic neurons from the
essential amino acid L-tryptophan (Trp). The synthesis
is catalyzed by 2 enzymes, tryptophan hydroxylase
(TPH, E.C. 1.14.16.4) and aromatic amino acid decar-
boxylase (E.C. 4.1.1.28); the former has been accepted as
the rate-limiting enzyme in the synthesis of 5-HT.1–3

Serotonergic neurons project diffusely throughout the
brain and synapse with many different neurons. Be-
cause of this wide distribution, it is not surprising that
many brain disorders have been associated with some
kind of dysfunction in the brain serotonergic system.4

5-HT is partially deaminated by monoamine oxidase
(MAO, E.C. 1.4.3.4) after synthesis, as well as after re-
lease into the synapse. 5-HT is the preferred substrate
for MAO-A.5 However, MAO-B, the form found in sero-
tonergic neurons, has a sufficiently high affinity for the
deamination of 5-HT in serotonergic neurons if it is not
protected by the 5-HT-binding protein6 or stored in
vesicles. The deamination product 5-hydroxyindol-
acetic acid (5-HIAA) is removed by the acid transport
system into the cerebrospinal fluid (CSF).7 There have
been several attempts to relate the concentration of 
5-HIAA in the CSF to the brain utilization of 5-HT, but
the measurements, in addition to being rather invasive,
can rarely be taken as a measure of the activity of the
brain serotonergic system or of brain 5-HT synthesis.7,8

5-HIAA in the CSF might be, in some situations, an
approximate index of 5-HT metabolism in the brain,9,10

but its direct relation to 5-HT synthesis has not been
established to complete satisfaction.7,8,11,12 It has been
shown, in humans, that a measurement bias can be in-
troduced by the sampling method itself.11,12 Experi-
ments with dogs suggest that there is very little mix-
ing of the lumbar CSF with that found in the brain.12

Furthermore, it has been demonstrated in experiments
with rats that the 5-HIAA concentration in CSF is
more representative of the activity of MAO than the
activity of the brain serotonergic system.7,8

There has been a need for imaging methods that will
permit the study of the brain serotonergic system in
vivo, especially in humans. Methods have recently
been proposed to assess the functioning of the brain
serotonergic system by measuring the density of 
5-HT1A

13 and 5-HT2
14,15 receptors, as well as 5-HT syn-

thesis rates.16–21 These methods should permit a better
understanding of dysfunctions in the brain serotoner-
gic system and the influence of medications on them,
as well as regional imbalances and the effects of drugs
on these imbalances. My colleagues and I have been
investigating the use of labelled α-methyl-L-trypto-
phan (α-MTrp) as a tracer for the imaging of the brain
serotonergic system. In particular, our studies have fo-
cused on regional 5-HT synthesis and the influence of
different drugs on this process.22–27 We have also inves-
tigated the effects of local brain lesions at serotonergic
terminals on brain 5-HT synthesis in brain areas dis-
tant from the lesions.25,27–29

Characteristics of αα-MTrp

α-MTrp, an artificial amino acid, is an analog of L-Trp.
α-MTrp is a substrate for TPH and is converted under
in vivo conditions to 5-hydroxy-α-methyl-L-tryptophan,
which is also a substrate for aromatic amino acid decar-
boxylase.30 This therefore yields α-methyl-serotonin
(α-M5-HT). α-M5-HT is not a substrate for MAO and,
as such, remains in the brain for quite a long time after
being formed from α-MTrp. In addition, α-MTrp is not
incorporated into brain proteins.16,31 Studies from our
laboratories have also shown that there is an excellent
concordance between the localization of endogenous
5-HT and radioactively labelled α-MTrp, as well as
TPH and radioactively labelled α-MTrp.32 Recently, we
measured the brain trapping of α-[14C]MTrp in rats
treated with cycloheximide, an inhibitor of the protein
synthesis, and found that this treatment has no effect on
the brain 5-HT synthesis calculated from the trapping
of α-[14C]MTrp.33 These data with cycloheximide sug-
gest that even after brain protein synthesis was inhib-
ited, the brain trapping of α-[14C]MTrp was the same as
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forme à travers le cerveau. Ils suggèrent également que la rétention cérébrale d’α-MTrp marquée est liée
à la synthèse de la 5-HT. La façon proposée pour convertir le taux de piégeage de l’α-MTrp marqué en
taux de synthèse de la 5-HT dans le cerveau repose sur des mesures indiquant qu’il y a un lien entre le
Trp sans plasma et la synthèse de la 5-HT dans le cerveau. Comme dans le cas de tous les modèles bio-
logiques, toutefois, il est probablement possible d’améliorer notre approche.
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that in the saline-treated rats. This indicates that 
α-[14C]MTrp is trapped by a process related to 5-HT
synthesis because, despite the protein synthesis inhibi-
tion, the trapping of α-[14C]MTrp did not change. 

On the basis of these findings, we have proposed a 3-
compartment model in which the plasma and the pre-
cursor and irreversible pools are mathematically dis-
tinct compartments.16,17,34 It should be emphasized that
these compartments, biologically, may not be distinct
and easily identifiable, except for the plasma compart-
ment. This is generally the case with most biological
models — the compartments are described as mathe-
matical creations that are often not biologically realis-
tic.35 The compartmental structure for the α-MTrp
model is shown in Fig. 1. The rate constants in the
model are:
• K1

α (mL/g per min) for the movement of the tracer
from the plasma to the brain precursor pool, 

• k2
α (per min) from the brain precursor pool to the

plasma, and 
• k3

α (per min) from the brain precursor pool to the
brain irreversible pool. 

By definition, K1
α is equal to the product of the first-

order rate constant k1
α (per min) and the plasma vol-

ume (in mL/g) from which the tracer is exchanged with
the precursor pool. An irreversible compartment is de-
fined as one in which the tracer, its metabolite or both
gets trapped, and it does not exchange directly with the
plasma compartment. It is important to note that this

model, as originally proposed,16,17 is not based on a
metabolic conversion of labelled α-MTrp to α-M5-HT,
as implied by some investigators.36,37 Rather, it is based
on an irreversible trapping of labelled α-MTrp, its
metabolite(s) or both. The issues related to the meta-
bolic conversion have been discussed in more detail
elsewhere.38,39 After solving the homogenous differential
equations representing the movement of the tracer be-
tween compartments and expressing the tissue concen-
tration of the tracer in the form of distribution volume
(DV, in mL/g), one obtains:16–18

where Θ (min) is defined as the exposure time and is
equal to the plasma integral divided by the tracer con-
centration at time T (Θ = ∫0

TCp*(t) dt/Cp*(T)), and Kα

(in mL/g per min) is the trapping (unidirectional net
uptake) constant for α-MTrp.

In rat16,34,38 autoradiographic experiments using 
α-[14C]MTrp, and in dog17,40 and human38,41,42 experi-
ments using positron emission tomography (PET) and
α-[11C]MTrp, we investigated the presence of the tissue
irreversible compartment. A comparison was done of
the fit, by including k3

α (3-compartment model) or ex-
cluding k3

α (2-compartment model) in the fitting of the
experimental data. As shown in Fig. 2 for the rat experi-

Fig. 1: Schematic representation of the brain compartmental structure used in the modelling of labelled αα-methyl-L-
tryptophan. The rate constants are assumed to be first-order rate constant and have units of min-1 except K1

αα (in mL/g
per min), which is the product of the first-order rate constant k1

αα (per min) and the plasma volume (in mL/g) from
which tracer is transferred into the brain precursor pool. The k2

αα is the constant for the movement of the tracer from
the precursor pool to plasma, and k3

αα is the rate constant for the movement of the tracer from the precursor pool to
the brain irreversible pool.



ments and in Fig. 3 for the human experiment, there
was a significantly better fit when k3

α, the constant for
an irreversible step (i.e., presence of on irreversible
compartment) was included in the model structure.
These results suggest that labelled α-MTrp is taken up
into the brain irreversible compartment and also that an
irreversible compartment for this tracer is present in the
brain.38 This is contrary to the conclusion of Shoaf et al36

for their measurements in the brain of an anesthetized
monkey; this point has been discussed in more detail
elsewhere.38

The 5-HT synthesis rate R (in pmol/g per min) is
calculated from Kα by first converting it to the uptake
constant for Trp metabolism via the 5-HT metabolic
pathway (KT, in mL/g per min). This is accomplished
by dividing Kα by the conversion factor named the
“lumped constant” (LC).33,39,43 After obtaining KT, the
5-HT rates are calculated by multiplying KT with the
plasma concentration of the free (non-albumin bound)
Trp (CpTrp, in pmol/mL), such that:

R = (Kα/LC)(CpTrp)
This conversion was recently criticized by Chugani and

Muzik44 on the grounds that there is uncertainty
regarding which plasma Trp concentration should be
used in the calculation. Indeed, many different views
have been voiced on this subject.45–48 However, our use
of the plasma-free Trp concentration in this calculation
is supported by good experimental45–47 and theoretical48

evidence in the literature. Certainly, this does not im-
ply that in all experimental settings or for all patho-
logic conditions, this concentration of Trp is the most
appropriate to use. There should be no question that
the product of KT and plasma Trp concentration repre-
sents brain 5-HT synthesis rate. Rather, the question
should be which is, in a particular situation, the most
appropriate concentration of the plasma Trp to be used
in the calculation. In addition, the use of the plasma-
free Trp concentration in experiments done with la-
belled Trp as a tracer for the measurement of 5-HT syn-
thesis rates provides results similar to those obtained
with other methods. The fact that plasma-free Trp con-
centration could vary should not negate its use in the
calculation. It suggests that we must find a way to deal
with this reality. The suggestion of Chugani and
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Fig. 2: A comparison between 2- and 3-compartment fits to the experimental data obtained in rats. The rats, each rep-
resented by one point on the graph, were killed at different times after tracer injection. The y axis represents distribu-
tion volume of the tracer (DV, in mL/g) obtained by dividing tissue tracer radioactivity with the plasma radioactivity
measured at the end of experiment, and the x axis (theta, min) represents an integral of the plasma radioactivity
divided with the plasma radioactivity at the end of experiment. A statistical evaluation of residues indicated that the 
3-compartment model provided a significantly (F = 26, p < 10–4) better fit to the experimental data than the 2-compart-
ment model.
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Muzik44 that Kα is not dependent on the changes in the
plasma Trp is probably erroneous because Kα, by defi-
nition, includes in its formulation the free fraction of
α-MTrp.16,17 This, in rats, correlates with the plasma-free
fraction of Trp [unpublished data]. Gharib et al37 re-
cently reported that the LC is not constant throughout
the brain. This conclusion, however, was based on an
erroneous data analysis, as discussed in our recent
publication.39 As a matter of fact, their results obtained
with labelled α-MTrp and a very different methodolog-
ical approach accord very well with ours.39

Effect of regional lesions of serotonergic
terminals on TPH activity

It has been shown in many electrophysiological experi-
ments that the receptors found on the terminals of sero-
tonergic neurons may control the release of 5-HT49–51

and possibly its synthesis.49,52 It is not surprising that the
synthesis of 5-HT occurs in those terminals because
TPH is present in the neuronal terminals. However, the
exact control of the synthesis is not yet well understood.
In male Wistar rats, we produced a local lesion with 5,7-
dihydroxytryptamine (5,7-DHT),53 a specific toxin for
serotonergic neurons.54 5,7-DHT (3 µg of free base in
250 nL of saline) was injected stereotaxically over 20 min

into the dorsolateral hypothalamus (coordinates: –3.0
mm from bregma, 1.0 mm lateral and 8.1 mm below the
brain surface).55 Five days later, the rats were injected
with 1 mCi (1 Bq = 2.7 × 10-11 Ci approx) of α-[3H]MTrp
(specific activity (SA) = 10 Ci/mmol) and were killed
24 h thereafter. The brains were sliced and TPH was
stained with a specific antibody.32,56,57 The autoradi-
ograms obtained for TPH and α-[3H]MTrp were quanti-
fied using appropriate standards with the aid of an im-
age analysis system.53 The results suggest that there is a
highly significant correlation between the concentration
of TPH in the dorsal raphe and its activity. The activ-
ity of TPH was measured by the presence of labelled
α-MTrp, its metabolite(s) or both. On the basis of the
conversion rates of labelled α-MTrp into labelled α-M5-
HT in the dorsal raphe16,37 24 h after an an injection of 
α -[3H]MTrp, the radioactivity came mainly from 
α-[3H]M5-HT. There was no significant correlation
between the TPH concentration and its activity, mea-
sured as the presence of α-[3H]M5-HT, in the median
forebrain bundle contralateral to the lesion.53 However,
there was a highly significant correlation between TPH
concentration and its activity, as measured from the
presence of the radioactivity derived from α-[3H]MTrp
(mainly α-[3H]M5-HT), in the median forebrain bundle
ipsilateral to the lesion. These data suggest that TPH is

Fig. 3: A comparison between 2- and 3-compartment fits obtained in a human scanned for 90 min after tracer injection.
The axes are defined as in Fig. 2. The 3-compartment fit was significantly better (F = 120, p < 10-6]. The fitting was done
with the SAAM II program (SAAM Institute, University of Washington, Seattle, WA).



transported along the medial forebrain bundle in a non-
activated state or that there is no access to TPH by the
substrates (Trp and oxygen) or cofactors required for
the 5-HT synthesis. However, after the terminals are
damaged, TPH becomes active either because terminal
feedback control has been lost or because the enzyme is
more freely accessed with all the required substrates
and cofactors. We also measured, in a separate group of
rats with 5,7-dihydroxytryptamine (5,7-DHT) lesions in
the dorsolateral hypothalamus, regional 5-HT synthesis
using α-[14C]MTrp and autoradiography.28 There was a
rather profound ipsilateral effect of this hypothalamic
lesion, which resulted in an increase in 5-HT synthesis
in many of the structures investigated. Furthermore, the
lesion induced an increase in the TPH mRNA in the ip-
silateral dorsal raphe,58 suggesting that with the loss of
the serotonergic terminals, the cells lose control of 5-HT
synthesis and, as a result, require more TPH for greater
synthesis of 5-HT.

The influence of the terminal integrity after a freez-
ing lesion in the rat parietal cortex on ipsi- and con-
tralateral 5-HT synthesis has also been investigated
with labelled α-MTrp.29 In these experiments, a general
autoradiographic procedure was used on rats with
freezing lesions produced by a cold probe (4 mm in
diameter contacted for 5 s, –50°C) 72 h before 5-HT
synthesis was measured. Control rats went through the
same surgical procedure, but a room-temperature
probe was used. The results suggest that there is an
increase in 5-HT synthesis in many brain structures
ipsilateral to the lesion.

It has been reported that an increase in the trapping
of labelled α-MTrp can occur in pathologic conditions
of the human brain in which there is an activation of the
kynurenine pathway.19–21 It is possible that this pathway
is activated in the rim around the lesion itself, because
in that area, we have observed that the blood–brain bar-
rier is compromised.29 This activation of the kynurenine
pathway would be consistent with its activation in in-
flammatory diseases.57 But it is unlikely that this path-
way would be activated in brain structures that are far
from the lesion where there has been no alteration in
blood–brain barrier permeability.27–29

Serotonergic drugs and 5-HT synthesis

We studied, using autoradiography and α-[14C]MTrp
(about 30 µCi, SA 55 mCi/mmol) as a tracer, the influ-
ence of several drugs known to affect monoaminergic

systems (e.g., reserpine, fenfluramine, fluoxetine, bus-
pirone, ±3,4-methylenedioxy-methamphetamine
[MDMA]) in the rat brain.24 As well, we studied the
effect of elevations of plasma Trp and oxygen in dogs17

and the reduction of plasma Trp in humans,42 using
PET and α-[11C]MTrp (up to 10 mCi, SA about 100
Ci/mmol) as a tracer. Results of the studies revealed
that brain 5-HT synthesis can be influenced by an ex-
traneuronal concentration of 5-HT (studies with fluoxe-
tine, fenfluramine, MDMA and reserpine), and that,
generally, the influence is not uniform throughout the
brain.22,23,27–29,59,60

A single dose of fluoxetine (10 mg/kg, intraperi-
toneally, 2 hours before tracer injection) produced a
significant increase in 5-HT synthesis in terminal
areas and, at the same time, a decrease in cell body
structures.23 This treatment did not have any effect on
plasma Trp, either total or free (non-albumin bound).
The reduction in synthesis in the cell bodies is consis-
tent with 5-HT synthesis control through somatoden-
dritic 5-HT1A autoreceptors, which have been shown
to control the firing of serotonergic neurons.61 After an
8-day treatment with fluoxetine, a general reduction
in brain 5-HT synthesis was observed, but there were
brain structures in which no effect was observed. This
decrease in 5-HT synthesis with prolonged fluoxetine
treatment would be expected because reuptake
inhibitors make more 5-HT available in the extra-
neuronal space for neurotransmission. It is interesting
to note that a higher dose fluoxetine (30 mg/kg, intra-
peritoneally, 2 h before tracer injection) produced a
large increase in 5-HT synthesis across the brain.
Thus, the effect of fluoxetine on brain 5-HT synthesis
may also be influenced by the dose of the drug, and
this may be relevant to clinical situations where the
drug is abused. The rather large increase in the syn-
thesis of 5-HT could have other behaviour effects not
yet investigated.

We have also evaluated the effect of a single dose
(5 mg/kg) of D-fenfluramine,62 a drug which simultane-
ously releases63,64 and prevents the reuptake65 of 5-HT,
on brain 5-HT synthesis in the rat. Because the mode of
action of D-fenfluramine is somewhat similar to that of
fluoxetine, the influence on synthesis was also similar.
When compared with the synthesis rates in the saline-
treated group, D-fenfluramine treatment significantly
decreased synthesis in the dorsal raphe and increased
rates in some terminal areas.62 There was no significant
influence on the plasma Trp concentration. In rats
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treated with 5 mg/kg once a day for 7 days, we ob-
served a reduction in synthesis in the dorsal raphe, but
there was an increase in several projection areas. The in-
crease was particularly pronounced in the locus
ceruleus (127% of that in control group), suggesting a
possible influence from the loss of noradrenergic
synapses. This would be in agreement with the re-
ported neurotoxic effect of D-fenfluramine on brain
serotonergic terminals.66 If de-enervation occurs, there
could be an upregulation of TPH activity similar to that
observed in the dorsal raphe, a brain region remote to
the 5,7-DHT hypothalamic lesion.28

We found that treatment with reserpine (10 mg/kg,
intraperitoneally, 30 min before tracer) profoundly
reduced 5-HT synthesis in many discrete areas of the
rat brain.22 This is probably related to the inhibitory
action of released 5-HT, and possibly a response to
other monoamines (i.e., dopamine, norepinephrine and
histamine) known to be released by reserpine.67–69 The
reduction could be a result of the direct effects of other
neurotransmitters (e.g., dopamine) inhibiting the activ-
ity of TPH,70 or it might be related to the action of
released 5-HT through the terminal and somatoden-
dritic autoreceptors via feedback mechanisms.71

We have also shown that treatment with the aro-
matic amino acid decarboxylase inhibitor NSD-1015
has, by itself, a direct effect on brain 5-HT synthesis.22

This is because it increases the plasma and, most likely,
the brain concentration of Trp. TPH is not saturated
with the substrate Trp, so changes in brain Trp, at least
to some extent, will influence brain 5-HT synthesis, as
assessed by brain functions mediated by 5-HT.72 This
effect has been reported in experiments with rats,73 in
experiments with people in which plasma Trp deple-
tion precipitated a negative mood state in healthy
men74,41 and in patients with depression responding to
antidepressant therapy.75 A more marked mood change
in women than in men76 would accord with our obser-
vation of larger reductions in the brain 5-HT synthesis
in women than men.42

The influence of MDMA (Ecstasy) on 5-HT synthesis
was investigated in rats to determine the effects of giv-
ing the same total amount of drug on different dosing
schedules.60 In addition, the influence of MDMA on
brain 5-HT synthesis was studied in the dog at differ-
ent times after a single dose of MDMA was adminis-
tered.40 In rat experiments, we observed that MDMA
given twice in 10 mg/kg doses every 12 hours or 4
times in 5 mg/kg doses every 12 hours (total dosage

20 mg/kg per day) had very different effects on 5-HT
synthesis. In the rats treated with 2 doses, 5-HT syn-
thesis was significantly reduced throughout the brain;
however, 5-HT synthesis was increased in those ad-
ministered the 4 doses over 2 days. In rats given
MDMA in 8 doses of 5 mg/kg every 12 h for 4 days,
there was a significant reduction in 5-HT synthesis,
measured 14 days after the last dose, in many brain
structures. These results suggest that the response of
the serotonergic system to this drug may depend on
the total amount of the drug injected at one time; 
10 mg/kg was enough to profoundly reduce synthe-
sis. This was most likely due to TPH inhibition via the
autoreceptors, produced by released 5-HT. The reduc-
tion in synthesis measured 14 days after 8 injections
could be related, at least in part, to a partial de-enerva-
tion of the neurons projecting from the dorsal raphe.77,78

Of course, it also may represent a downregulation of
synthesis, as a result of the feedback action of released
5-HT. However, it should also be noted that there
could be TPH activation in the neurons with damaged
terminals, as was similarly observed in brains with
5,7-DHT hypothalamic lesions.28 If this were to hap-
pen, the reduction in some neurons could be substan-
tially greater than that in others. Finally, there is also
the possibility that dopamine released by MDMA79 has
some influence on 5-HT synthesis and the apparent
toxicity of MDMA.80,81

In the experiments with dogs,40 the influence of
MDMA on brain 5-HT synthesis was evaluated using
PET and α-[11C]MTrp. Brain 5-HT synthesis increased
about 6-fold 1 hour after the MDMA injection (com-
pared with baseline rates before the injection),
whereas 5 hours after the injection, 5-HT synthesis
was about half of baseline levels, or approximately 13
times lower than the rate 1 hour after the MDMA in-
jection. These results again suggest that brain 5-HT
synthesis can be controlled, to some extent, by the con-
centration of extraneuronal 5-HT. It should be noted
that MDMA releases 5-HT from the neuronal storage
and prevents the reuptake of released 5-HT into the
vesicular storage.82,83 In addition, the data suggest that
a large surge in 5-HT synthesis a relatively short time
after the MDMA injection and the subsequent release
of dopamine79 might contribute to the behavioural ef-
fects reported by human users.84,85 In addition, a large
drop in synthesis some 5 hours after the injection
could explain, at least in part, the recreational users’
need for a “buster dose.”84,85



Effect of plasma tryptophan on brain 5-HT
synthesis

The influence of plasma Trp on human behaviour has
been studied for a long time.74,86,87 Studies indicate that a
decrease in plasma Trp precipitates more depressive
symptoms, as well as other symptoms associated with
the brain serotonergic system, in female subjects than in
males.75,76 Trp depletion studies75 in patients responding
to antidepressant therapy suggest that, indeed, plasma
Trp can modulate brain 5-HT synthesis levels. These
observations are in accord with the hypothesis that
major depression may be associated with a decrease
(probably more accurately termed an imbalance) in 
5-HT neurotransmission.84,88,89 However, the exact nature
and biological basis remains ambiguous. 

We investigated, using PET and α-[11C]MTrp directly
in men and women, the effect of plasma Trp depletion
on brain 5-HT synthesis,42 and found a substantially
larger reduction in brain 5-HT synthesis (as measured
by the uptake of α-[11C]MTrp) in women than in men;
synthesis was reduced by approximately 40 times in
women, compared with a 10-time reduction in men.
Certainly, our sample was small, but our findings agree
with behavioural measures that have been used to as-
sess the effects of lowering plasma Trp in female and
male subjects75 and with reports that women are partic-
ularly vulnerable to decreases in brain serotonergic
function.88 We did find a difference in brain 5-HT
synthesis between male and female subjects,42 but when
these data were combined with another set (albeit
obtained with a different scanner), we observed a
bimodal distribution.89 There is obviously a need for
further study on sex differences and 5-HT synthesis
rates. The measurements of Kα reported by Chugani et
al20 cannot be directly compared with our results42

because Kα, as measured by our method,16–18 includes
another variable, the free fraction of α-[11C]MTrp,
which could confound the comparison.

A study of plasma increases in Trp on brain 5-HT
synthesis in the dog (calculated from trapping of 
α-[11C]MTrp using PET)17 suggests that there is an in-
crease in 5-HT synthesis; one would expect because
TPH is not normally saturated with Trp.73,90 The highest
plasma concentration of Trp in that experiment 
(381 nmol/mL) would probably result in a brain con-
centration of about 84 nmol/g (assuming brain-to-
plasma ratio between 0.1691,92 and 0.2893 [mean 0.22]
reported for the rat), which would be just about twice

the Km of TPH for Trp (Km was reported to be about 
50 µmol/L94,95). This way, the estimated brain concen-
tration of Trp would be about 107 µmol/L. Assuming a
brain-to-plasma ratio for Trp in dogs of about 0.22, one
should notice that the brain concentration of Trp at the
baseline (plasma of 16 nmol/mL17) would be only
about 4.7 µmol/L, which is far below the Km for TPH. It
should be noted that all of the brain concentrations are
estimated from data obtained in rats, which may not
necessarily be valid for dogs. In addition, the Km of
TPH in the dog brain under the conditions used in
those experiments is unknown. Because the TPH in the
brain could be almost saturated when plasma Trp con-
centration is high, there is a possibility that the LC con-
version constant might change, and this would intro-
duce a bias in the calculated synthesis rates. However,
a general trend should still be valid. It should be noted
that the brain-to-plasma ratio of Trp may increase with
the increase of plasma Trp.96

Conclusion

The experimental results obtained so far suggest that
labelled α-MTrp is a good tracer for studying the brain
serotonergic system under the assumptions outlined in
our publications. There is an irreversible trapping of the
tracer in the brain at a baseline, and the trapping is sen-
sitive to a variety of pharmacological manipulations.
Imaging in laboratory animals could be very useful to
obtain relevant information on TPH activation and the
effects of local lesions of the brain serotonergic system.
The study of TPH activity and its modulation with dif-
ferent drugs could yield valuable information on the
differential control of synthesis in different brain struc-
tures (e.g., cell body v. projection areas). The advan-
tages of the α-MTrp method include that it is minimally
invasive, it does not require other drug treatments and
it can be used in both laboratory animals and humans.
Under certain conditions, a fraction of Trp exchanging
with the brain might differ from the plasma-free Trp; in
those cases, the 5-HT synthesis rates calculated with the
plasma-free Trp may not be absolute. However, even in
these cases, one should be able to get valid information
about the change produced by the treatment. Indeed,
regional changes produced by drugs are probably the
most important factors responsible for their beneficial
effects. If the changes are analyzed, as we recently pro-
posed,89 the value, or a change therein, does not influ-
ence the comparisons.
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