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Abstract
Tryptophan is an essential amino acid that modulates immune function. Its
metabolites, including indoleamine 2,3-dioxygenase (IDO), kynurenine, quino-
linic acid, and melatonin, can enhance immunity, exert anti-inflammatory ef-
fects, and influence tumor cell immune evasion by inhibiting T lymphocyte
proliferation, increasing blood immunoglobulin content, and promoting tissue
antigen presentation. This article provides a brief review of the regulatory ef-
fects and mechanisms of tryptophan and its metabolites on immune function in
livestock and poultry.
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Abstract: Tryptophan is an essential amino acid that regulates immune func-
tion in animals. Its metabolites—including indoleamine 2,3-dioxygenase (IDO),
kynurenine, quinolinic acid, and melatonin—enhance immunity, induce anti-
inflammatory responses, and influence tumor immune escape by inhibiting T
lymphocyte proliferation, increasing blood immunoglobulin levels, and promot-
ing antigen presentation in tissues. This review summarizes the regulatory ef-
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fects and mechanisms of tryptophan and its metabolites on immune function in
livestock and poultry.
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1. Tryptophan Metabolic Pathways
Dietary tryptophan in animals is utilized for protein synthesis and primarily
catabolized in the liver. Tryptophan catabolism occurs through two main
pathways: the 5-hydroxytryptamine (5-HT) pathway and the kynurenine path-
way. Only about 5% of tryptophan is converted to 5-hydroxytryptophan by
tryptophan hydroxylase, then decarboxylated to 5-HT, and finally converted to
melatonin by N-acetyltransferase. The remaining 95% is metabolized along the
kynurenine pathway under the action of two rate-limiting enzymes: tryptophan
2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase (IDO). Kynurenine
is largely broken down by kynurenine hydroxylase into 3-hydroxykynurenine,
which is then hydrolyzed by kynureninase to 3-hydroxyanthranilic acid.
Through multiple enzymatic reactions, this yields bioactive molecules including
quinolinic acid (QA), picolinic acids, and nicotinamide adenine dinucleotide
(niacin). A small fraction is converted to kynurenic acid via kynurenine
aminotransferase. Various bioactive substances produced during tryptophan
metabolism—such as kynurenine, quinolinic acid, 5-HT, and melatonin—exhibit
immunomodulatory effects. The metabolic pathways are illustrated in Figure 1
[Figure 1: see original paper].

2.1 IDO
IDO is the rate-limiting enzyme of the tryptophan/kynurenine pathway,
widely expressed in mammalian tissues outside the liver, and plays a cru-
cial role in tryptophan-mediated immune function. IDO can be induced
by pro-inflammatory cytokines and other immunomodulatory factors, with
interferon-𝛾 being the most potent inducer that provides positive feedback
regulation of tryptophan’s immune function during inflammation. Studies show
that IDO gene expression increases in wild-type mice following inflammatory
infection, while interferon-knockout mice show no change in IDO expression
when challenged with the same bacterial infection. Tryptophan inhibits T
cell proliferation and promotes apoptosis through IDO. On one hand, IDO
depletes local tryptophan, arresting T cells in the G1 phase and inhibiting their
proliferation. On the other hand, through the body’s self-regulating immune
mechanisms, IDO catalyzes the production of kynurenine, altering intracellular
oxidant-antioxidant balance to induce T cell apoptosis. IDO-expressing cells
may inhibit T cell proliferation and activity by activating protein kinases on the
T cell surface. As an intracellular enzyme, IDO creates a“tryptophan-depleted”
microenvironment while activating general control non-derepressible 2 (GCN2)
kinase to inhibit lymphocyte proliferation and differentiation, thereby exerting
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anti-inflammatory effects. Additionally, tryptophan metabolites from the
kynurenine pathway can serve as ligands for the aryl hydrocarbon receptor
(AHR), binding to it and exerting immunosuppressive functions.

Recent findings also indicate that IDO can induce mitochondrial production of
reactive oxygen species (ROS), which inhibit lymphocyte function and promote
apoptosis. Natural killer (NK) cells exhibit higher sensitivity to ROS than
other lymphocytes. As IDO metabolite levels increase, the activity or content
of intracellular antioxidants such as catalase and glutathione decreases, leading
to a relative increase in ROS and more pronounced inhibition of NK cell function.
In summary, IDO influences lymphocyte function by degrading tryptophan in
local tissues, playing important roles in metabolic immunoregulation during
autoimmune diseases, chronic infections, maternal-fetal tolerance, and tumor
escape.

2.2 Kynurenine
Kynurenine negatively regulates immune responses and inhibits the proliferative
functions of both T cells and NK cells. It also promotes the differentiation of
naïve T cells into regulatory T cells while preventing their differentiation into
T helper 17 (Th17) cells by negatively regulating the immunogenicity of den-
dritic cells. Under the action of kynureninase, 3-hydroxykynurenine generates
immunologically active substances including hydroxyanthranilic acid and quino-
linic acid. Research demonstrates that appropriate levels of kynurenine and its
products can suppress production of the pro-inflammatory cytokine interleukin-
17 (IL-17), thereby inhibiting Th17 cell maturation and differentiation while
promoting the conversion of CD4+ T cells into CD4+CD25+Foxp3+ regulatory
T cells to alleviate inflammatory responses. Bauer et al. showed that kynurenine
inhibits allogeneic T cell proliferation and induces T cell apoptosis in murine
xenograft models. Further studies indicate that low-dose kynurenine can induce
T cell apoptosis.

2.3 Quinolinic Acid
Quinolinic acid is an endogenous neurotoxin found at high concentrations in
dendritic cells and macrophages rich in T cells, while being virtually absent in
non-lymphoid cells. During inflammation, accelerated tryptophan degradation
produces large amounts of quinolinic acid until the inflammation resolves. Re-
search shows that quinolinic acid is primarily synthesized in immune cells and
cannot be stored in the liver; its levels increase when immune cells are induced
by interferon and other immune stimuli. 3-Hydroxykynurenine and quinolinic
acid can induce apoptosis in T helper 1 (Th1) cells without affecting T helper
2 (Th2) cells. When administered simultaneously, some thymocytes exhibit
atrophy similar to that seen with cyclophosphamide treatment.
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2.4 5-HT and Melatonin
5-HT is a neurotransmitter that serves as an important immunomodulatory
factor in neuroimmune regulation. It exerts immunological functions by binding
different receptors and exhibits chemotactic effects on eosinophils, mast cells,
and dendritic cells. 5-HT also increases production of IL-6 and IL-10—cytokines
that promote humoral immune responses—in mature dendritic cells, thereby
regulating adaptive immune responses. Additionally, 5-HT can enhance NK
cell cytotoxicity, though the specific mechanism remains unclear.

Melatonin is a pineal hormone that promotes enlargement of immune organs
such as the thymus and spleen, leading to hyperplasia of splenocytes and lym-
phocytes. It regulates immune balance by inducing macrophage production
of interleukins and interferons, promoting immune factor release from immune
cells. Administration of melatonin to mammals increases NK cell production
and enhances monocyte activity in bone marrow. Esteban et al. demonstrated
that melatonin promotes tumor cell apoptosis and may inhibit various cancers
including breast, colon, and prostate cancer.

3. Antagonistic Effects of Tryptophan in Immune Function
Tryptophan and its major metabolites—including 5-HT and melatonin—exert im-
munomodulatory effects in livestock and poultry. However, interactions exist
among certain amino acids in the body, particularly antagonistic effects when
sharing the same absorption pathways. Tryptophan transport across the blood-
brain barrier occurs via the same route as large neutral amino acids (leucine,
isoleucine, valine, phenylalanine, and tyrosine). Research shows that trypto-
phan and branched-chain amino acids require common amino acid transporters
(L-type amino acid transporter-1, LAT1) and albumin binding sites to cross the
blood-brain barrier. The ratio of serum tryptophan to branched-chain amino
acids directly affects brain tryptophan content. When dietary branched-chain
amino acids increase, fewer tryptophan molecules cross the blood-brain barrier,
reducing brain 5-HT levels. Since 5-HT acts on feeding centers in the hypothala-
mus to regulate feed intake, an imbalance in the tryptophan to branched-chain
amino acid ratio decreases animal feed intake and compromises immune func-
tion. Therefore, dietary branched-chain amino acid levels must be adjusted
when using tryptophan to modulate immune function.

4. Effects of Tryptophan on Immune Function in Livestock
and Poultry
As a functional amino acid, tryptophan exerts varying degrees of immunomodu-
latory effects in different species and physiological stages. During inflammation
or stress, tryptophan catabolism accelerates, promoting lymphocyte and im-
munoglobulin production to enhance humoral immunity. Tryptophan primarily
exerts its immunomodulatory effects through its metabolites in various organs
and tissues.
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4.1 Pregnant Sows

Gestation is a critical developmental stage in pigs, where fetal growth, nutri-
tional programming, and postnatal piglet health depend on maternal placental
nutrient supply. The placenta serves as the site of maternal-fetal exchange,
and its nutrient conversion capacity directly determines fetal nutrient acquisi-
tion. Research shows that placental trophoblasts, decidual cells, and decidual
stromal cells express IDO, which regulates immune tolerance during pregnancy
and embryonic development, protecting fetuses from maternal T cell attack
and preventing miscarriage. Mosnier et al. found that when equal amounts
of tryptophan were added to pregnant sow diets, less sensitive pigs had lower
plasma tryptophan levels than sensitive responders, with low reactivity dur-
ing gestation being more favorable for piglet birth. Kudo et al. observed that
when tryptophan was added to physiological concentrations in vitro in human
early pregnancy villous and term placental tissues without interferon-𝛾, only
tryptophan and threonine were metabolized, with tryptophan levels decreasing
significantly. While tryptophan influences immune tolerance during pregnancy,
its mechanisms of action in placental nutrition and metabolism require further
investigation.

4.2 Piglets

Piglets acquire immune protection through two main routes: immunoglobulins
from colostrum and the development of their own immune system. Weaning
imposes significant stress on piglets, and their immature immune systems make
them susceptible to Escherichia coli infection. Tryptophan promotes differenti-
ation of bone marrow T lymphocytes into mature T cells and increases blood
immunoglobulin levels. Trevisi et al. orally challenged 21-day-old weaned piglets
with E. coli and fed them tryptophan-adequate diets, finding that tryptophan-
supplemented piglets showed significantly higher daily weight gain and blood
IgA levels. Le Floc’h et al. found that IDO activity and associated lymph node
numbers increased in pig lungs after pneumonia infection. When piglets were fed
tryptophan-deficient diets, plasma levels of acute-phase protein binding protein
(an inflammatory marker) were higher than in piglets receiving adequate tryp-
tophan. These results indicate that the kynurenine pathway accelerates during
immune responses, and dietary tryptophan can alleviate the negative effects of
inflammation on piglets. Tryptophan requirements may increase when piglets
experience inflammatory states or immune stress, which commonly occurs dur-
ing weaning or lactation. Willemen et al. found that the tryptophan metabolite
5-HT could improve intestinal immunity in low-birth-weight and normal piglets,
thereby reducing perinatal mortality.

4.4 Growing Pigs

Tryptophan is the only amino acid that binds to serum albumin and plays a vital
role in immune processes. Melchior et al. found that plasma tryptophan levels
were lower in pigs with induced pneumonia compared to healthy pigs, with tryp-
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tophan being the only amino acid showing this effect, indicating increased tryp-
tophan utilization during inflammation or disease. Tryptophan catabolism is
essential for immune cells (macrophages and lymphocytes) to maintain immune
function. Platten et al. showed that the tryptophan-IDO metabolic pathway
is key to its immune function, with the metabolite anthranilic acid inhibiting
pro-inflammatory cytokine production to prevent autoimmune neuroinflamma-
tion. Tryptophan metabolites affect T cell differentiation and B cell maturation,
thereby influencing B cell capacity to secrete immunoglobulin G (IgG). Wang et
al. added different levels of tryptophan and threonine to diets of growing pigs
vaccinated with porcine reproductive and respiratory syndrome (PRRS) vaccine,
finding increased serum immunoglobulin levels, suggesting tryptophan may en-
hance immune function by promoting inflammatory cytokine production. These
findings align with Xu et al., who reported that diets with varying tryptophan
and threonine content increased serum immune antibodies, interferon, IL-10,
and interleukin-1𝛽 (IL-1𝛽) levels in PRRS-challenged growing pigs, demonstrat-
ing tryptophan’s role in inflammatory response regulation.

4.5 Poultry

Tryptophan plays an important role in humoral immune regulation. Immune
organs are structural tissues that execute immune functions and serve as critical
sites for lymphocyte proliferation, differentiation, and immune responses. Re-
search shows that tryptophan promotes spleen development, thereby enhancing
immunity. Wei et al. fed Yangzhou geese diets with different tryptophan lev-
els and found that appropriate dietary tryptophan increased spleen index and
blood levels of IgG and IgM, indicating beneficial effects on spleen growth and
immune function. Liu et al. also found that different tryptophan levels signifi-
cantly improved immune organ development (spleen, thymus, bursa of Fabricius)
in ducklings, enhancing immune function. Tryptophan stabilizes nucleopolysac-
charides to facilitate globulin synthesis; deficiency leads to decreased IgM and
IgG levels. Emadi et al. found that feeding tryptophan to broiler chickens
challenged with infectious bursal disease virus (IBDV) significantly increased
serum interferon-𝛼, interferon-𝛽, and IgG levels after approximately 30 days,
indicating protective effects against bursal disease. Another study by Emadi
et al. showed that appropriate tryptophan supplementation in IBDV-infected
broilers at different ages significantly elevated serum interferon-𝛼, interferon-𝛾,
and IgG levels, demonstrating tryptophan’s importance in protective immune
responses against IBDV.

4.6 Ruminants

In both monogastric and ruminant animals, amino acid metabolism is activated
during inflammatory responses or immune system activation. As the third limit-
ing amino acid in young lambs, tryptophan deficiency causes growth retardation,
reduced feed intake, and poor disease resistance. High doses of tryptophan cause
abnormal leukocyte aggregation, indicating active tryptophan metabolism in the

chinarxiv.org/items/chinaxiv-201711.00528 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00528


immune system. Preventing mastitis is a major challenge in dairy production;
tryptophan acts on the thymic lymphatic system to promote T cell prolifer-
ation and differentiation, inducing production of numerous lymphokines that
help reduce subclinical mastitis. As a rumen-protected additive, tryptophan
can regulate rumen pH to prevent acidosis and subsequent laminitis. Addition-
ally, the terminal metabolite niacin can alleviate energy stress in early lactation,
regulate fat metabolism, and prevent ketosis.

In summary, tryptophan and its metabolites play crucial roles in regulating
immune mechanisms in livestock and poultry, particularly in humoral immunity.
The primary mechanisms involve regulating immunoglobulin and lymphocyte
production to enhance immunity. However, current research on tryptophan’s
immune-enhancing mechanisms has limitations, with limited understanding of
the localization of tryptophan metabolites (such as kynurenine) and IDO in
tissues, as well as their effects on immune cell proliferation and chemotaxis.
Further research is needed.
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