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Chapter 7
Effects of endotoxin on tryptophan
metabolism in pigs

S. Russo1 MD, I.P. Kema2 PhD, F.A.M. Muskiet2 PhD, M.R. Fokkema2 Ms, S.J.
Koopmans3 PhD, E.G.E. de Vries4 MD, PhD, J. Korf1 PhD

Departments of Psychiatry1 and Laboratory Medicine2, University Hospital
Groningen, Department of Nutrition and Food, Animal Sciences Group Lelystad3

and Medical Oncology4, the Netherlands

Abstract
Background Inflammatory processes are associated with depletion
of the essential amino acid tryptophan, the precursor of serotonin
(5-HT). We evaluated the peripheral responses of tryptophan and
both peripheral and brain metabolism of 5-HT to intravenous lipopo-
lysaccharide (LPS) administration in pigs. 
Methods In 6 crossbread barrows Escherichia Coli LPS was infu-
sed. Six pigs served as controls. Arterial and cerebrovenous levels
of plasma tryptophan, 5-hydroxyindoleaetic acid (5-HIAA) and plate-
let 5-HT were assessed 4, 24 and 120 h after infusion.
Results In LPS treated pigs plasma tryptophan levels were depleted
4 and 24 h after infusion with no arterial-venous differences. 5-HT
levels were enhanced in LPS exposed pigs with again no arteriove-
nous differences. Venous 5-HIAA levels were enhanced compared
to arterial levels 120 h after LPS infusion. Plasma tryptophan levels
correlated positively with with 5-HIAA levels 4 h after infusion in the
LPS group.
Discussion Following LPS there is an increased metabolism of
peripheral and brain 5-HT.
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Introduction
Administration of endotoxin in the form of lipopolysaccharide (LPS)
has often been used to induce inflammatory reactions in animals.
This paradigm has been used successfully to elucidate many
aspects of inflammatory responses (9). In men, infusion of LPS cau-
ses the release of cytokines resulting in short lasting sickness beha-
vior (10). Long-term inflammation induces enzymes such as indolea-
mine dioxygenase (IDO) in peripheral macrophages and cerebral
microglia and liver tryptophan pyrrolase, that ultimately cause chro-
nically decreased plasma tryptophan levels (6). A consequence of
low plasma tryptophan is low brain serotonin (5-HT) synthesis, as
the latter depends highly on the uptake of the precursor amino-acid
in the brain (1). In the present study we investigated the responses
of 5-HT and tryptophan in LPS exposed animals. It is questionable
whether the acute effects of LPS mimick the inflammatory response
of the tryptophan-5-HT metabolism seen in chronic inflammation. In
rats, enhanced production of 5-HT lasting about 24 h has been
observed following LPS administration (8). In contrast, during chro-
nic inflammation  attenuated 5-HT levels have been described cau-
sed by decreased availability of its precursor tryptophan (4). It is not
yet clear at which time point the enhanced production of 5-HT cea-
ses because of exhaustion of the precursor. More insight into the
metabolism of 5-HT in relation to the time course of an acute immu-
ne response might elucidate the physiological role of 5-HT. 
In order to assess peripheral and brain tryptophan metabolites
during an inflammatory challenge we performed experiments in pigs
exposed to intravenous LPS. We took simultaneous samples of both
arteral and cerebrovenous blood. Appropriate surgery was inpossi-
ble in smaller animals. The difference between arterial and cerebro-
venous levels was used as a measure of brain excretion of each
compound. In these samples tryptophan, 5-hydroxyindole acetic
acid (5-HIAA), the main metabolite of 5-HT, and platelet 5-HT were
determined. The present experiment shows that an increased meta-
bolism of both peripheral and brain serotonin was observed follo-
wing infusion of LPS.
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Materials and Methods
Animals and housing
Experimental protocols describing the management, surgical proce-
dures, and animal care were reviewed and approved by the ID-
Lelystad Animal Care and Use Committee (Lelystad, the
Netherlands). The study was performed in 12 crossbred Yorkshire
barrows with an average body weight of 35±2 kg (mean ± SEM). 

Surgery
Under general anaesthesia, polyethylene catheters (Tygon, i.d. 1.02
mm, o.d. 1.78 mm, lenght 1 m) were placed into the right carotid
artery and the right external jugular vein according to a modified
procedure as previously described (3,4). The catheters were filled
and sealed with physiological NaCl containing 50 IU heparin and
150,000 IU penicillin (Procpen; AUV, Cuijk, the Netherlands) per mL
and kept in and protected by a back pack which was glued to the
skin of the pig's back. After 1 week of postsurgical recovery, the first
series of blood sampling was performed. In the period between sur-
gery and the first series of measurements, the pigs were habituated
to the blood sampling procedure. 

Endotoxin administration
Escherichia coli LPS was dissolved in 0.9% NaCl (0.1 mg/mL). This
was administered via the portal vein at a dose of 5 mg/kg bodyw-
eight for 2 h and subsequently a dose of 2 mg/kg for the following 7
h (7). In control pigs 5 ml 0.9% NaCl was administered.

Blood sampling and plasma analyses
Blood samples of 5 mL were collected in heparinized tubes. Arterial
and venous blood was sampled at 4, 24 and 120 h after the start of
LPS infusion out of the carotid artery and jugular vein simultaneous-
ly.
Heparinized blood samples were collected in vacutainer tubes con-
taining 0.12 mL (0.34 mmol/L) ethylene diamine tetraacetic acid
solution. Plasma samples, after centrifugation, were stored at -20° C
until analysis. The quantification of total plasma tryptophan, plasma
5-HIAA and platelet rich plasma 5-HT was performed with methods
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based on high performance liquid chromatography with fluorometric
detection (5). 

Statistical analysis
Venous plasma tryptophan in mmol/L, plasma 5-HT in ng/L and 5-
HIAA levels in mmol/L 4, 24 and 120 h after administration were
compared between the LPS and NaCl group using analysis of vari-
ance. Arterio-venous differences for plasma tryptophan, 5-HIAA and
5-HT levels were performed separately in both groups using analy-
sis of variance. Correlations were calculated between levels of 5-
HIAA and plasma tryptophan at corresponding moments using the
Spearman rank test. For analyses SPSS version 10.0 was used.
Only p-values smaller or equal 0.05 were considered significant.
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Results
In tabel 1 all results are summarized separately for LPS and NACl
treated pigs in arterial and venous blood. For each measurement,
the number of pigs studied is indicated. 
Venous plasma tryptophan levels were attenuated in LPS treated
pigs 4 ( F=15.6, p<0.01), 24 (F=7.4, p= 0.022) and trend-wise 120 h
(F=4.9, p= 0.052) after LPS administration compared to NaCl trea-
ted animals. This is shown in figure 1. Plasma tryptophan levels
showed no arterial-venous differences in all cases. The quantifica-
tion of 5-HT and 5-HIAA was possible in three pigs of each group.
Plasma 5-HT levels were enhanced 24 h after infusion in LPS expo-
sed pigs (F= 8.40, p= 0.022). Arterial-venous 5-HT differences were
not present in both groups. Plasma 5-HIAA levels did not differ bet-
ween groups. In the LPS, but not in the saline group, arterial-venous
differences in 5-HIAA were present due to enhanced venous levels
120 h after LPS infusion (F= 8.49, p= 0.044). Plasma tryptophan
levels correlated positively with  plasma 5-HIAA levels 4 h after LPS
administration (p< 0.01). 
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Table 1: Summary of results in LPS and NaCl treated pigs 
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Figure 1: Venous plasma tryptophan levels after LPS (±SD). The
interrupted line regards LPS treated pigs. The presence of * indica-
tes significant results
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Discussion
The present study shows that LPS administration to pigs resulted in
an attenuation of plasma tryptophan levels 4 and 24 h after admi-
nistration. Plasma tryptophan depletion has also been detected
during chronic inflammation in humans (2). We observed no diffe-
rences between arterial and cerebrovenous levels. This might be
due to the relatively mild fluctuation of plasma tryptophan of about
30% following LPS. One passage through the brain under these cir-
cumstances might not be enough to produce a difference.
Furthermore, plasma tryptophan depletion is not only due to cere-
bral uptake. At 24 h peripheral 5-HT, produced out of tryptophan,
showed enhanced levels in the LPS group. Therefore, we presume
that a fraction of the extra tryptophan that is metabolized in the LPS
group has been transformed into 5-HT in the periphery. We additio-
nally observed enhanced 5-HIAA, the metabolite of 5-HT, excretion
by the brain 120 h after LPS administration as measured by enhan-
ced cerebrovenous blood content of 5-HIAA. This suggests enhan-
ced brain 5-HT production after LPS administration. This conclusion
corresponds with observations of increased 5-HT release in the rat
brain after LPS administration (3), suggesting that, at least part of
the depletion of tryptophan is due to the transformation to 5-HT both
in the periphery and the brain. Enhanced 5-HT production might
lead to exhaustion of tryptophan stores so 5-HT production will ulti-
mately attenuate. The studied time period however, does not allow
to draw definitive conclusions on this subject, although, venous 5-
HIAA levels correlated positively with plasma tryptophan levels only
4 h after LPS administration. The latter suggests that in the early
stage of the inflammatory response a direct relation exists between
tryptophan stores and 5-HT production. In later stages of an inflam-
matory response this relation could become distorted due to
exhaustion of tryptophan with declining tryptophan levels while 5-HT
and consequently 5-HIAA production continues. Taken together, the
data of the present study suggest that modification of tryptophan is
already apparent in the early stages of the inflammatory response. 
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