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Chapter 8
Cytokine and tryptophan profile in
healthy volunteers following
inflammatory challenge

S. Russo1, M.R. Fokkema2,I.P. Kema2, J.G. Zijlstra3, J.E. Tulleken3, E.G.E. de
Vries4 and J. Korf1

Departments of 1Psychiatry, 2Laboratory Medicine, 3Respiratory and Intensive
Care Unit, 4Internal Medicine, University Hospital Groningen, the Netherlands

Abstract
Introduction: Enhanced degradation of tryptophan is associated
with psychiatric comorbidity in patients suffering from chronic soma-
tic disease. Little is known however, about the effects of a transient
inflammatory stimulus in humans. We aimed to study the course of
tryptophan during an acute inflammatory challenge. 

Materials and methods: Six healthy volunteers were infused with
endotoxin.  Plasma levels of tryptophan, serotonin, neopterin, free
fatty acids, TNF-alpha and IL6 were monitored for 24 h. 

Results: Plasma tryptophan levels were attenuated 6.5-8 h after
infusion, preceded by and inversely correlated with a rise in free
fatty acids. Plasma serotonin levels become depleted after a short
lasting increase. Neopterin levels were higher after 24 h. 

Conclusion: After a short inflammatory stimulus tryptophan deple-
tion takes place in plasma. This might be due to influx into (brain)
tissue and probably not to enhanced oxidative tryptophan degrada-
tion. 
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Introduction
Chronic inflammatory disease is associated with enhanced degrada-
tion of the essential amino acid tryptophan (Fuchs et al. 1991). This
has also been observed in patients receiving proinflammatory cytok-
ines such as interferon-alpha (Russo et al. 2003). Tryptophan is the
least abundant essential amino acid and following its depletion bac-
terial and tumor growth are attenuated (Kane et al. 1999).
Furthermore, synthesis of the cerebral neurotransmitter serotonin (5-
HT) depends on the availability of its precursor tryptophan.
Consequently, brain 5-HT levels and turnover are low during chronic
inflammation (Bender 1983). However, in rats, following endotoxin
administration, cerebral tryptophan and 5-HT were higher after a few
hours (Dunn and Welch 1991). This suggests that in the initial
phase of an immune response the influx of tryptophan into the brain
is enhanced. 
Several processes interact with tryptophan metabolism during acti-
vation of the immune system. Firstly, increased free fatty acid plas-
ma levels occur which is hypothesized as an important modulator of
the immune response (Weinberger et al. 2001). Free fatty acids may
displace tryptophan from albumin thus inducing a switch from bound
to free tryptophan in plasma (Struder et al. 1997). Since albumin
binding partly prevents tryptophan uptake in rat brain this will lead to
enhanced flux of tryptophan into (brain) tissue (Etienne et al. 1976).
Secondly, activation of the cellular immune system leads to inducti-
on of the ubiquitous enzyme indoleamine dioxygenase (IDO) that
degrades tryptophan (Grohmann et al. 2003). IDO is stimulated by
proinflammatory cytokines (notably interferon-gamma) which are
secreted by activated lymfocytes. These cytokines also enhance
production of the methyl group donor, neopterin (Wang and Dunn
1999). Neopterin has been used as a measure of cellular immune
activation (Maes et al. 1994). In the present study, endotoxin was
administered as an inflammatory stimulus to healthy volunteers. The
goal was to determine the sequence of inflammatory responses lea-
ding to acute tryptophan depletion in the circulation. This can provi-
de more insight into the physiological role of 5-HT during inflamma-
tion. 
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Patients and methods
Six healthy male subjects, mean age 28.8 (range 19-43) years partici-
pated in an earlier published study (Fijen et al. 2001). From these indi-
viduals stored blood samples were available. Medical history, physical,
hematological and biochemical examinations were unremarkable. A
radial artery catheter was placed for blood sampling. At time point zero
sterile endotoxin (Escherichia Coli, bath EC-6, US Pharmacopeia,
Twinbrook Parkway, Rockville, MD, USA) was administered at a dose
of 4 ng/kg body weight (10,000 endotoxin U/mg). Plasma for the deter-
mination of cytokines was drawn, with EDTA as a preservative, pre-
dose and at 0.25, 0.5, 1,2,3,4,6,8 and 24 h after endotoxin infusion via
an indwelling catheter. Latter samples were put immediately on ice,
centrifuged (1,500 g, 15 min, 4 0C) and stored at -80 0C until analysis.
The Investigations Review Board of the University Hospital approved
of the study. All individuals gave written informed consent.

Biochemical measurements:
The quantification of total plasma tryptophan in mmol/L and plasma 5-
HT levels in ng/L were performed with methods based on high perfor-
mance liquid chromatography with fluorometric detection (Kema et al.
2001). Plasma neopterin levels in pg/mL were determined using a
commercially available ELISA (Brahms Diagnostic, Germany) and
plasma free fatty acid levels in umol/L were determined with a specto-
fotometric assay. TNF-alpha and IL6 in pg/mL were determined using
MEDGENIX EASIATM kits from BioSource (BioSource Europe SA,
Srad, Belgium). These data were taken from the original study and
used as control parameters for the time sequence of the overall immu-
ne reaction (Fijen et al. 2001). 

Statistical analysis
Changes over time in plasma tryptophan, 5-HT, neopterin and free
fatty acid levels were analyzed using the Bonferroni Holm corrected
paired Student's t-test. Correlations between mean free fatty acid
levels, mean cytokine levels, mean 5-HT levels and mean plasma
tryptophan levels were analyzed using the 2-tailed Pearson's rank test.
P-values smaller or equal 0.05 were considered significant. Data are
expressed as meas ± SEM. SPSS version 10.0 was used.
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Results
Clinical symptoms and signs
Healthy male subjects experienced a flu-like syndrome following
endotoxin administration with elevated temperatures, chills, increa-
sed heart rate, headache and muscle pain. The temperature was
increased from 2 until 8 h after infusion of endotoxin and peaked at
3-4 h following infusion (peak temperature 38.4± 0.310 C) (Fijen et
al. 2001). 

Biochemical measurements
Compared to baseline values plasma tryptophan levels were attenu-
ated 6.5, 8 and 24 h after endotoxin administration (respectively T-
test (t)= 4.85, 9.15 and 4.63, p= 0.025, 0.001 and 0.024, see figure
1). All patients showed a drop in plasma tryptophan starting within 4
h, reaching its lowest level at 8 h. 5-HT levels were, compared to
baseline, enhanced 1 h (t= -2.8, p=0.037) but decreased, 4.5 (t=
3.0, p= 0.030), 6.5 (t= 3.0, p= 0.030) and 8 (t= 3.7, p= 0.015) h after
endotoxin administration. Plasma free fatty acid concentration was
increased 2.5, 3, 4.5 and 6.5 h after endotoxin administration (t= -
4.62, -3.98, -3.70 and -4.70, p= 0.030, 0.044, 0.049 and 0.020, res-
pectively). Plasma levels of free fatty acids were inversely correlated
with tryptophan (correlation coefficient=-0.62, p= 0.029, see figure 2)
and 5-HT (correlation coefficient= -0.69, p= 0.030). Plasma tryptop-
han levels were positively correlated with 5-HT levels (correlation
coefficient= 0.673, p= 0.033). No correlations between fluctuations
in plasma tryptophan, TNF-alpha (correlation coefficient =0.16, p=
0.67) or IL6 over 24 h (correlation coefficient = 0.099, p= 0.79) were
present. Also 5-HT level fluctuations did not correlate with either
TNF-alpha (correlation coefficient 0.0230, p= 0.93) or IL6 levels
(correlation coefficient= -0.28, p= 0.44). TNF-alpha (data included
from earlier publication by Fijen et al. 2001 for comparison) appea-
red 30 min after injection in the circulation, reaching peak levels
(6535±4048 pg/mL) 3 h after infusion. IL6  appeared 1 h after injecti-
on, reaching peak levels (8232±6554 pg/mL) at 3 h after infusion.
Neopterin levels were increased only 24 h after infusion (mean
15.3±3.07 nmol/L) compared to baseline values (mean 5.07±0.75,
t=-9.53, p<0.001).
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Figure 1: changes (SEM) in time of free fatty acids (A), plasma
tryptophan (B), neopterin (C), TNF-a (D), IL6 (E) 
and platelet 5-HT (F) 
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Figure 2: the relation between plasma tryptophan and free fatty
acids (a) and plasma tryptophan and plasma 5-HT levels (b). Mean
values of volunteers are shown for each of the 10 time points.
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Discussion
This study shows that endotoxin administration attenuates total plas-
ma tryptophan levels in healthy subjects. Enhancement of free fatty
acids levels in plasma precedes decrease of plasma tryptophan
concentration and is inversely correlated with it. It has already been
shown that  a switch from albumin-bound to free tryptophan occurs
under the influence of free fatty acids during inflammation (Struder
et al. 1996). A proportion of this free tryptophan could be used for
the peripheral production of 5-HT. This could explain the initial incre-
ase of plasma 5-HT level. However, release of the splenic blood pla-
telet pool can also result in enhanced plasma 5-HT levels. Another
part of the albumin disseminated tryptophan will be transported over
the blood brain barrier since enhanced 5-HT production in rat brain
after endotoxin administration has already been observed by Dunn
and Welch 1991. This adds to the notion that during the first phase
of the immune response both cerebral and peripheral availability of
tryptophan is enhanced. Plasma 5-HT and tryptophan levels were
positively correlated. Consequently, 5-HT levels dropped after 4.5 h
even before plasma tryptophan levels decrease. Therefore, plasma
5-HT level appears to be a sensitive index for the peripheral availa-
bility of tryptophan. Peak levels of the proinflammatory cytokines IL6
and TNF-alpha appear in plasma several hours before tryptophan
metabolism becomes distorted. No correlation was observed bet-
ween these and tryptophan and 5-HT. This is probably the case
because mean levels of the cytokines have already normalized
when mean tryptophan and 5-HT levels are decreasing. This is not
in line with a recent study in which in vitro production of TNF-alpha
after administration of LPS in mononuclear blood cells was decrea-
sed by 5-HT. (Cloezta-Ayarani et al. 2003). Therefore, we additional-
ly computed the Pearson's correlation coefficient  between 5-HT and
TNF-alpha for each of the 10 measuring points separately. To rule
out possible individual differences in the time frame of occasions we
did not use mean levels of 5-HT and TNF-alpha. This revealed a
significant negative correlation between the parameters on 8 of the
10 time points (correlation coefficients -0.99 to -0.81, p values 0.010
to 0.049). We conclude that an inverse relation between 5-HT and
tryptophan exists in the first stage of the inflammatory response.
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This might have a function in the negative feedback on the immune
response. Since the decrease of plasma tryptophan concentration
precedes enhancement of neopterin levels our data suggest that the
induction of IDO is probably not the cause of tryptophan depletion in
the first 24 h of the immune response. 
In conclusion, during the acute phase of the immune response plas-
ma tryptophan concentration decreases. This is probably due to a
shift of tryptophan from albumin. Increased plasma concentration of
free tryptophan will lead to increased uptake of tryptophan into the
brain and consequently enhanced brain 5-HT production and to
enhanced production of pheripheral 5-HT. After a few hours periphe-
ral tryptophan stores exhaust, leading to a decreased peripheral
production of 5-HT. Further studies should give more information
about the physiological significance of shifts in both the peripheral
as the cerebral availability of tryptophan during acute inflammation.
It would be informative to additionally study behavioral consequen-
ces in the course of the immune response to find out if they correla-
te with changes in tryptophan influx into the brain.
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