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Summary Background: The post-partum blues is a transient mood alteration
affecting most women a few days after delivery. Its stereotypic pattern of symptoms
and time course, peaking on post-partum day 3–5, is suggestive of biological
determinants superimposed on psycho-social factors. This study was designed to
evaluate the possible role of the serotonin system during this period through
assessment of brain tryptophan availability.
Methods: Blood samples from 50 women were collected just before (D0) and 3 days
after (D3) delivery. Based on plasma concentration of tryptophan, amino acids
competing with tryptophan for transport across the blood–brain barrier and on their
respective affinities for this transporter, a brain tryptophan availability index (BTAI)
was calculated and its variation correlated with the intensity of post-partum blues
evaluated through the Kennerley and Gath score at D3.
Results: The BTAI showed a K15% decrease between D0 and D3 (p!0.01, paired t-
test). This decrease was not supported by a drop in plasma tryptophan since its level
rather increased (C19%). There was no evidence for change in placental
indoleamine-2,3-dioxygenase activity since the variation in plasma L-kynurenine
(C12%) paralleled the change in tryptophan level. The decreased BTAI appeared the
consequence of a dramatic increase in plasma levels of most amino acids,
particularly the competitor aminoacids leucine, isoleucine, valine and tyrosine,
during the early post-partum. This decrease in brain tryptophan availability was
concomitant to the post-partum blues, whose intensity significantly correlated with
the amplitude of BTAI variation (Pearson’s coefficient K0.283, p!0.05).
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Conclusion: This study suggests that generalized, large amplitude metabolic and/or
nutritional changes occurring in the early post-partum result in a transient decrease
in brain tryptophan availability, partly accounting for the mood alteration referred to
as the post-partum blues, a model for the triggering of puerperal mood disorder in
vulnerable women.
Q 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Most women experience a transient mood change in
the early post-partum, referred to as the post-
partum blues or baby blues (Robin, 1962; Yalom
et al., 1968; Pitt, 1973; Kennerley and Gath, 1985;
Iles et al., 1989; Glover et al., 1994; Sutter et al.,
1997). Occurring during the first week and culmi-
nating between the 3rd and 5th days after delivery,
this non-pathological feature is considered as a mild
and brief depressive state. Its high incidence,
together with the reproducibility of both its time
course and symptomatic features, is suggestive of
common psychological and/or biological determi-
nants present in almost every pregnant woman
(O’Hara et al., 1991; Da Costa et al., 2000). Besides
the major psychological impact of child birth, a
large number of biological mechanisms may
account for mood or emotional disturbances.

Among biological determinants, functional
alterations in the serotonin system have long been
associated with mood disorders (Lucki, 1998), and
also with impaired control of emotion (Mann, 1999).
Brain serotonin synthesis is highly dependent on
brain tryptophan availability. Tryptophan is an
essential amino acid provided by food and trans-
ported into the brain through the high affinity LAT1/
r4F2hc L-system transporter (Kanai et al., 1998;
Prasad et al., 1999). Tryptophan availability in the
brain is also dependent on the competition with
large neutral amino acids occurring at the blood–
brain barrier (Pardridge, 1979; Smith, 2000; Verrey,
2003). The change in tryptophan bioavailability is a
rate-limiting step in brain serotonin synthesis and
triggers mood alteration in animals and human.
Rapid tryptophan depletion is a model for depress-
ive symptoms (Moore et al., 2000) and tryptophan
supplementation (or a reduced diet of competitor
amino acids) leads to an improved mood and social
status in primates (Moskowitz et al., 2001). The risk
of post-partum depression is associated with a
tryptophan hydroxylase gene polymorphism (Sun
et al., 2004). Moreover, there is some evidence that
plasma tryptophan concentrations progressively
decrease during pregnancy and return to normal
after delivery (Schröcksnadel et al., 1996, 2003;
Maes et al., 2001). Recently, Kohl et al. (2005)
showed an increase in plasma tryptophan and
kynurenine after delivery, with an impaired trypto-
phan-to-kynurenine ratio in women experiencing
baby blues.

During the post-partum period, many factors
may account for possible changes in brain trypto-
phan availability. Among these factors, indolea-
mine-2,3-dioxygenase (IDO, that transforms
tryptophan into L-kynurenine) activity may explain
changes in level of tryptophan.

There could be at least two distinct sources of
IDO activity in the post-partum context: (i) the
immune system (Maes et al., 2002), where IDO
transcription is induced under appropriate inflam-
matory cytokine stimulation (including inflam-
mation related to delivery); and (ii) the placenta,
since IDO is highly expressed in the syncytiotropho-
blast (Kudo and Boyd, 2000; Santoso et al., 2002;
Sedlmayr et al., 2002; Baban et al., 2004), and IDO
is considered to play a local immunosuppressive
role and to participate in materno-fetal tolerance
(Munn et al., 1998; Mellor et al., 2002). In the latter
hypothesis, abrupt removal of placenta might lead
to withdrawal of IDO activity in the early post-
partum. In addition, the liver enzyme tryptophan
2,3-dioxygenase (TDO), another tryptophan cata-
bolizing pathway, may also undergo change in
activity during the post-partum period, due to
increased corticosteroid levels (Comings et al.,
1995).

This study was therefore designed to correlate
the intensity of baby blues, as assessed by the
Kennerley and Gath rating scale (1989), with the
intensity of metabolic changes determining brain
tryptophan availability.
2. Methods

2.1. Subjects

Fifty pregnant women were enrolled in this study.
Pathological pregnancies were not considered for
inclusion, and obstetrical complications as well as
surgical delivery were exclusion criteria. Informed
consent was obtained and the study was approved
by the local ethics committee. Blood samples were
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collected upon arrival at hospital (Maternité C, CHU
de Bordeaux) just before delivery (D0), then three
days after (D3) delivery, before the subject was
discharged.
2.2. Psycho-social assessment

Psycho-social data, including mother’s age, parity,
weeks of pregnancy and history of mood disorders
were obtained during interviews performed by a
trained psychologist using the Mini International
Neuropsychiatric Interview (MINI, version 5), an
abbreviated structured psychiatric interview
providing criteria for axis I mood disorders of the
DSM-IV.
2.3. Intensity of baby blues

Mood assessment was performed at day 3 using the
Kennerley and Gath Blues Scale (1989), translated
into French by Glangeaud-Freudenthal et al.
(1995). The 28 items address symptoms specific
for baby blues, thus providing a baby blues
intensity score.
2.4. Measurement of aminocid, kynurenine
and serotonin concentrations, and evalu-
ation of brain tryptophan bioavailability

High performance liquid chromatography with
electrochemical detection was used to measure
plasma tryptophan (free and total) and total blood
serotonin, and with fluorimetric detection for
plasma L-kynurenine and neopterin concentrations.
Colorimetric measurement after ion-exchange
chromatography and ninhydrine derivatization was
used for plasma amino acid assessment. Concen-
trations were expressed in mM.

The brain tryptophan availability index (BTAI)
was calculated according to the Michaelis model for
substrate competition on enzymes or transporters,
taking into account:

the total plasma tryptophan concentration (since
the brain amino acid transporter LAT1/r4F2hc
shows a far higher affinity for tryptophan than
the albumin carrier, both free and bound
tryptophan must be considered in modeling
its transport across the blood–brain barrier)
(Pardridge, 1979);
the blood concentration of competitor aminoa-
cids (CA), i.e. valine, isoleucine, leucine, tyro-
sine, phenylalanine and methionine;
the respective affinities (Km) of the blood–brain
barrier transporter LAT1/r4F2hc for tryptophan
and competitor amino acids (derived from Smith,
2000, in mM): valine 210, isoleucine 56, leucine
29, tyrosine 64, phenylalanine 11, methionine
40, and tryptophan 15):

BTAI Z ðTry=KmTryÞ=sumðCA=KmCAÞ

2.5. Statistical analysis

Pre- and post-partum values were compared using
the paired Student’s t-test. Pearson’s correlation
was used to correlate the Kennerley and Gath
(1989) post-partum blues score (dependent vari-
able) with the amplitude of BTAI change between
D0 and D3.
3. Results

The total plasma tryptophan concentration exhib-
ited a mild (C19%) increase while free circulat-
ing tryptophan was unchanged. However, an
abrupt increase in plasma competitor amino
acid concentrations, reaching C77% for isoleu-
cine, C55% for leucine and C52% for tyrosine
(see Table 1), led to a reduction in brain
tryptophan availability. Given the normal range
for plasma amino acid concentrations in non-
pregnant adults, this post-partum rise seemed to
be a return to normal values after a period of
gravidic down-regulation.

Thus, the BTAI decreased between pre-term and
post-partum (by K15%, p!0.01), concomitant to
the occurrence of post-partum blues symptoms.
The change in BTAI (D3–D0) was significantly and
negatively correlated with the intensity of post-
partum blues as assessed through the Kennerley and
Gath score (Pearson’s correlation coefficient
K0.283, p!0.05) (see Fig. 1).

Regarding tryptophan metabolism, plasma
kynurenine (C12%) and total blood serotonin
(C16%) concentration only slightly increased in
the early post-partum, both paralleling the increase
in plasma tryptophan concentration, while plasma
neopterin remained unaltered.
4. Discussion

This study shows that a decrease in brain trypto-
phan availability acts as a determinant for the post-
partum blues.

The robust symptomatology and limited varia-
bility of post-partum blues is suggestive of possible
biological determinants, superimposed on either
psychological or social factors (O’Hara et al.,



Table 1 Mean values (from our 50 pre- (D0) and post-partum (D3) subjects) for plasma amino acids, L-kynurenine,
neopterin, and total blood serotonin concentrations (in mM), together with the brain tryptophan availability index
(BTAI).

Mean concentration (mmol/l) % Change
(D3 vs D0)

t test statistics Mean value in
non-pregnant
adults

D0, before
delivery

D3, 3 days after
delivery

D3 vs D0 (p)

Total plasma
tryptophan

35.13 (G10.2) 41.75 (G8.5) 19 0.0001

Free plasma
tryptophan

8.04 (G2.3) 8.15 (G2.2) 1 0.785

Total blood
serotonin

659 (G340.4) 763 (G334.9) 16 0.009

Neopterin 5.58 (G2.4) 5.43 (G2.8) K3 0.682
L-kynurenine 1.61 (G0.5) 1.8 (G0.4) 12 0.002
Valine 146 (G31.5) 208 (G40.5) 42 0.0001 188
Isoleucine 36.4 (G12.3) 64.3 (G19.0) 77 0.0001 54
Leucine 71.5 (G20.4) 110.8 (G30.1) 55 0.0001 106
Tyrosine 32.2 (G9.0) 49.1 (G12.9) 52 0.0001 52
Phenylalanine 44.9 (G9.3) 54.7 (G11.9) 22 0.0001 56
Methionine 23.9 (G5.9) 30.7 (G8.9) 28 0.0001 30
Taurine 41.2 (G24.6) 49.0 (G25.7) 20 0.019 66
Threonine 190.0 (G58.6) 230 (G73.8) 21 0.0001 130
Serine 80.5 (G20.9) 124,5 (G109.5) 55 0.005 112
Glutamate 55.71 (G26.9) 52.96 (G37.3) K5 0.156 58
Glycine 129 (G47.3) 202 (G63.6) 57 0.0001 243
Alanine 303 (G94.5) 404 (G127.0) 33 0.0001 336
Citrulline 15.03 (G6.6) 26.17 (G8.0) 74 0.0001 29
Aminobutyric acid 12.52 (G8.1) 24.86 (G11.3) 99 0.0001 20
Cysteine 47.08 (G12.3) 54.57 (G12.4) 16 0.0001 47
Brain tryptophan
availability index
(BTAI)

0.27 (G0.08) 0.23 (G0.07) K15 0.003

Mean values in non-pregnant adults are indicated in the right column.

Figure 1 Individual values among the 50 subjects for
the intensity of baby blues (as assessed through the
Kennerley and Gath score) as a function of the amplitude
of the variation (D3–D0) in brain tryptophan availability
index (BTAI), showing a negative correlation (Pearson’s
coefficient K0.283, p!0.05).
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1991; Da Costa et al., 2000). Our study shows a
rapid increase in total plasma tryptophan levels
(C19% within the first 3 post-partum days), in line
with the results recently published by Kohl et al.
(2005). Surprisingly, this 19% increase in plasma
tryptophan levels in the early post-partum does
not result in an increased but rather in a decreased
brain tryptophan availability (K15%). This is
supported by high-amplitude variations in the
concentration of competitor amino acids, particu-
larly valine, leucine, isoleucine and tyrosine,
resulting in a significantly impaired transport of
tryptophan across the blood–brain barrier. Thus,
simply measuring plasma tryptophan levels could
lead to a misleading interpretation of the biologi-
cal data.

The amplitude of changes in biological par-
ameters may appear weaker (mean K15%
reduction in BTAI) than under experimental
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condition inducing mood alteration (e.g. the
robust attenuation of plasma tryptophan during
rapid tryptophan depletion by consuming a trypto-
phan-free amino acid drink). However, the baby
blues is a transient physiological mood change, not
a pathological state such as depression (and there
can be no guarantee that artificial depletion
accurately models a physiological mechanism).
Finally, changes in BTAI reflect individual differ-
ences, and their correlation with the intensity of
symptoms is the salient point, rather than their
mean amplitude.

Certain determinants might account for such a
change in this overall increase in the plasma
concentration of almost all amino acids. Pregnancy
and delivery are associated with major nutritional
and metabolic events (Schoengold et al., 1977).
Many factors may interfere with amino acid
metabolism, including changes in hormonal status,
physical activity during delivery, stress- or lacta-
tion-related adaptation and changes in feeding
behavior (Handley et al., 1977, 1980; More et al.,
2003). Moreover, removal of both fetus and
placenta abruptly interrupt the materno-fetal
exchanges. Some data suggest that fetal metab-
olism is responsible for the drop in the maternal
plasma amino acid levels observed during preg-
nancy, since fetal growth retardation is correlated
with a lesser reduction in circulating amino acids
(Cetin et al., 1996; Cetin, 2003). Other mechan-
isms might account for this major rise in amino
acids, including their release through protein
catabolism at the onset of lactation (More et al.,
2003). However, our data suggest that plasma
amino acid levels rapidly return to normal after a
period of gravidic down-regulation, which would
be in line with changes associated with the
withdrawal of materno-fetal metabolic exchanges.
Further studies focusing on the impact of nutri-
tional and metabolic factors during this early post-
partum period might therefore contribute to a
better understanding of the underlying
mechanism.

Among the possible determinants of such a
rapid change in plasma tryptophan concen-
trations, we hypothesized the activity of the
tryptophan-catabolizing enzyme indoleamine-2,3-
dioxygenase (IDO), which degrades tryptophan in
the L-kynurenine pathway. However, our data
show no evidence for such a mechanism since
interruption of IDO activity would result in a
decrease in L-kynurenine. In contrast, post-partum
changes in blood levels of L-kynurenine (C12%),
consistent with the data from Kohl et al. (2005)
and serotonin (C16%) paralleled variations in
plasma tryptophan concentrations (C19%),
suggesting that both kynurenine and serotonin
pathways remain unaffected. Similarly, these
markers are not suggestive of significant changes
in TDO activity.

Taken together, this study suggests that rapid
changes in plasma amino acid levels occur in the
early post-partum, possibly due to discontinuation
of materno-fetal metabolic exchanges. As a
consequence of the dramatic rise in plasma
competitor amino acid concentrations, and in
spite of a mild increase in plasma tryptophan
levels, transport of tryptophan across the blood–
brain barrier is reduced a few days after delivery.
Such an abrupt withdrawal of brain tryptophan in
the early post-partum (mean K15% between pre-
and post-partum), with its expected consequences
on the function of the serotonin system, is
concomitant to, and may play a role in, triggering
the mood alteration associated with impaired
control of emotions referred to as the post-partum
blues.

A psycho-social assessment was performed on
the same population (M’Bailara et al., 2005). In a
logistic regression model including the three blocks
of factors, both the biological determinant
(change in brain tryptophan availability index,
ANOVA FZ3.293; pZ0.010) and the psychological
factors (stress and self-esteem, ANOVA FZ3.24;
pZ0.015), but not the social factor (age, pairing,
marital status, ANOVA FZ0.377; pZ0.77) were
partial determinants of the increased Kennerley
and Gath score.

A better clinical and biological assessment of the
baby blues that represents a stereotypic mood
change could be a model to understand the
mechanisms responsible for post-partum mood
episodes. The same mechanisms might trigger a
real mood disorder in women with genetic
vulnerability.
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