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ABSTRACT

Aim. To assess the concentrations of bacterial and eukaryotic metabolites mainly involved in indole, kynurenine,
and serotonin pathways of tryptophan metabolism in a cohort of patients with obesity.

Materials and methods. Using high-performance liquid chromatography with mass spectrometric detection, the
concentrations of several serum metabolites, such as kynurenine, kynurenic acid, anthranilic acid, xanthurenic acid,
quinolinic acid, 5-hydroxyindole-3-acetate, tryptamine, serotonin, indole-3-lactate, indole-3-acetate, indole-3-
butyrate, indole-3-carboxaldehyde, indole-3-acrylate, and indole-3-propionate, were analyzed in a cohort of obese
patients compared with healthy volunteers.

Results. It was found that serum levels of tryptophan metabolites of microbial and eukaryotic origin were
significantly increased in obese patients. Therefore, the concentration of kynurenine in the blood serum in obese
patients was 2,413 + 855 nmol / 1, while in healthy volunteers of the same age group, the level of kynurenine in
the blood serum was 2,122 + 863 nmol / 1. In obese patients, two acids formed due to kynurenine metabolism;
the concentrations of kynurenic and quinolinic acids were increased in the blood serum. The concentration of
kynurenic acid in the blood serum in obese patients was 21.1 + 9.26 nmol / I, and in healthy patients, it was 16.8
+ 8.37 nmol / 1. At the same time, the level of quinolinic acid in the blood serum in obese patients was 73.1 + 54.4
nmol / I and in healthy volunteers — 56.8 + 34.1 nmol / . Normally, the level of quinolinic acid is 3.4 times higher
than the concentration of kynurenic acid, and in case of obesity, there is a comparable increase in these acids in the
blood serum.

From indole derivatives, mainly of microbial origin, the concentrations of indole-3-lactate, indole-3-butyrate, and
indole-3-acetate were significantly increased in the blood serum of obese patients. In obese patients, the serum
concentration of 5-hydroxyindole-3-acetate was elevated to 74.6 = 75.8 nmol / 1 (in healthy volunteers — 59.4 + 36.6
nmol / 1); indole-3-lactate — to 523 + 251 nmol / | (in healthy volunteers — 433 + 208 nmol / 1); indole-3-acetate — to
1,633 £ 1,166 nmol / | (in healthy volunteers — 1,186 + 826 nmol / 1); and indole-3-butyrate — to 4.61 £ 3.31 nmol /1
(in healthy volunteers — 3.85 + 2.51 nmol / I).

Conclusion. In case of obesity, the utilization of tryptophan was intensified by both the microbiota population
and the macroorganism. It was found that obese patients had higher concentrations of kynurenine, quinolinic and
kynurenic acids, indole-3-acetate, indole-3-lactate, indole-3-butyrate, and 5-hydroxyindole-3-acetate. Apparently,
against the background of increased production of proinflammatory cytokines by adipocytes in obese patients,
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the “kynurenine switch” was activated which contributed to subsequent overproduction of tryptophan metabolites
involved in the immune function of the macroorganism.
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PE3IOME

Hens. U3y4nTs compepxanne MeTabONMNTOB OaKTEPHATBHOTO M SYKapHOTHIECKOTO MIPOUCXOXKCHUS HHIOIBHOTO,
KHHYPEHUHOBOTO M CEPOTOHMHOBOTO IMyTei oOMeHa TpunTodaHa y HaI[EHTOB C OKHPEHHEM.

Matrepuajbl 4 MeTOAbI. MeTo10M BBICOK03((GEKTUBHOMN )KUIKOCTHONH XpoMaTorpauu ¢ Macc-ClieKTpoMeTpHYe-
CKHMM JETEKTHPOBAHUEM HU3YYHIIM KOHLICHTPALIMU CHIBOPOTOYHBIX META0OINTOB: KUHYPEHHHA, KHHYPEHOBO KHC-
JIOTBI, AaHTPAHUJIOBOM KUCIIOTHI, KCAHTYPEHOBOI KHMCIOTHI, XMHOJIMHOBOM KHCIOTHI, S-THAPOCUUHION-3-alleTarTa,
TpUNTAMUHA, CEPOTOHUHA, HHAO0J-3-JIaKTaTa, HHIOJ-3-alleTara, HHA0N-3-0yThpaTa, HHI0J-3-KapOoKcanbaAeruia,
WHJI0N-3-aKpunaTa, HHAO0J-3-IPOIMOHATa y MALUEHTOB C OKMPEHHEM B CPABHEHUH C TPYIMION 340POBBIX JOOPO-
BOJIBLIEB.

Pe3yabTaThl. YCTaHOBICHO, YTO Y MALIEHTOB C 0)KUPEHHEM B CHIBOPOTKE KPOBU CTATUCTHUYECKH 3HAUUMO IOBBI-
IIeH YPOBEHb MeTabOoNUTOB TPUNTO(HAHOBOTO 0OOMEHa MHKPOOHMOTHYECKOTO U 3yKAPHOTHYECKOTO IIPOHCXOXKIE-
Hys. KoHIeHTpanust KHHypeHHHA B CEIBOPOTKE KPOBH y OOJIBHBIX C OKHUpeHHeM cocTaBisiia 2 413 + 855 umons/m,
TOTIa KaK y 3/I0POBBIX JJOOPOBOJIBIIEB TAKOH K& BO3PACTHOMN rpymnmbl — 2 122 + 863 HMoib/n. Taxke y HaneHToB
C OKMPEHHEM B CBIBOPOTKE KPOBH OBUIM HOBBIIIECHBI JIBE KHCIOTHI, KOTOPbIe 00pa3yloTcs B pe3ysibTaTe MeTado-

104 Bulletin of Siberian Medicine. 2021; 20 (4): 103-111



Original articles

JIM3Ma KPIHypeHI/IHa — KI/IHypeHOBaﬂ U XUHOJHMHOBAas. KOHLIGHTpaL[I/Iﬂ KHHypeHOBOﬁ KHUCJIOTBI B CBIBOPOTKE KPOBHU
y MALMEeHTOB ¢ OKHpeHHeM cocTaBisiia 21,1 + 9,26 Hmoinb/1, a y 310poBbIX 16,8 + 8,37 HMONB/I COOTBETCTBEHHO.
Toraa Kak KOHLIEHTpALXsI XHHOJIMHOBOW KHCIIOTHI B CBIBOPOTKE KPOBH Mpu oxxupeHuu — 73,1 + 54,4 umonn/1, a
Y 310pOBBIX 100poBosbleB — 56,8 £ 34,1 HMonb/1. B HOpMe KOHIIEHTpanusi XHHOJIMHOBOH KHCIOTHI B 3,4 pasa
BBIIIEC, YEM KOHLCHTpAUUsA Kl/lHypeHOBOP’I KHUCJIOTHI, a MPHU OKHUPEHUU MPOUCXOIUT COMMOCTABUMOEC UX IMOBLINICHUEC.

W3 npon3BOJHBIX MHIONA, KOTOPHIE MMEIOT MPEHMYIIECTBEHHO MUKPOOHOTHYECKOE NPOHCXOXKJICHUE, B CHIBO-
POTKE KPOBH THAIMEHTOB C OXXHPCHUEM CTATHCTUYCCKU 3HAYMMO MOBBINICHA KOHIICHTpAIMS WHIOJ-3-1aKTaTa,
UHJ0N-3-0yTHpaTa U UHJOJN-3-anerara. Y HalHeHTOB C O)KHPEHUEM KOHIIEHTPALHS B CBIBOPOTKE KPOBH METa0o-
JIUTa CEPOTOHMHA — 5S-TUIPOKCHHH/IOIN-3-aneTaTa — Oblia MOBBINICHA U cocTaBisuia 74,6 + 75,8 HMoib/J (y 310po-
BBIX J0OpOBOJbIEB — 59,4 £ 36,6 HMOIB/JT); MHIOM-3-1akTata — 523 £ 251 HMOB/T (Y 3J0POBBIX TOOPOBOJIBIICE
433 + 208 amMous/nn); mHA0N-3-anerata — 1 633 + 1166 HMob/1 (Y 310poBEIX 100poBosbLeB 1 186 + 826 HMOIB/N);
nHpon-3-0yrupara — 4,61 + 3,31 aMonbs/1 (y 310poBBIX 10OpoBOIbIEeB 3,85 + 2,51 HMOIB/1).

3akaouenne. [Ipyn 0XHpEeHUN TPOMCXOIUT UHTCHCH(HUKALUS YTIUIH3AMNH TPUNTO(haHa KaK MUKPOOHOTHIECKOH
MOMyJISAIMEH KAMIEYHNKA, TaK 1 MAKPOOPTaHM3MOM. Y CTAaHOBJIEHO, YTO OOJIHBIE C 0XKUPEHHEM UMEIOT 0oJIee BBI-
COKHME KOHIIEHTPAI[NN KWHYPEHHWHA, XHHOINHOBOH M KHHYPEHOBOW KHCIIOT, MHOJ-3-areTaTa, HHAOI-3-1aKTaTa,
uHA0N-3-0yTHpaTa U 5-THAPOKCHUHMHAON-3-aneraTa. Buaumo, Ha ¢GoHE TMHEepnpomyKIH HMPOBOCHATHTEIBHBIX
IIUTOKWHOB aAWTIONNTAMH y MAHEHTOB C OXKUPEHHEM CpabaThIBaeT «KHHYPEHHHOBBIN MEPEKIII0YaTeNby, 9T0 U
obecneYrBaeT THIePIPOAYKIUIO METAO0INTOB TPUNTO(HAHOBOTO 0OMEHa, KOTOPHIE BOBIEUYEHBI B HUMMYHOJIOTHYE-
CKYIO (pyHKIIHIO MaKpOOPTaHH3Ma.

KuroueBble ciioBa: MI/IKp06I/IOTa, TpI/IHTO(l)aH, OXUPCHUE, KUHYPEHWHBI, UHJ0JIbI, MeTabOIMIECKU CHUHIPOM.

KonpaukTt naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJIMKaLel HaCTOsIIeH CTaTby.

Hcrounuk ¢punancupoanus. Pabora BemonHeHa B pamkax jgorosopa Ne 0373100122119000041 no mpoekty
«Co3nanne 6aHKa 6n000pa3OB CHIBOPOTKU KPOBH M (heKaIUil OT 3I0POBBIX JJOHOPOB M TAIIMEHTOB C OXKHUPEHHUEM,
MeTabOJIMYEeCKHM CHHIPOMOM, caxapHbIM auaberoM Il Twma, HapyleHHeM MyKO3aJIbHOTO Gapbepa >KelyZo4HO-
KUIIEYHOTO TPAaKTa C IIENBI0 BBIBICHUS KAaHAWAATHBIX BUIOHECHENU(PHIECKHX MEAMATOPOB CHCTEM quorum
sensing MHKpOOHOTHI 4eI0BEKa, MOAYIHPYIOLIUX YHIOKPHHHYIO U METa0O0JIHYECKYIO (PYHKIIUIO )KUPOBOH TKAHM.

CooTBeTcTBHE NPHHIUINAM 3THKH. Bce ydacTHHKH nccienoBaHus MOANMUCAIN J0OpOBOIbHOE HH(POPMUPOBAH-
Hoe coryacue. MccnenoBanue 0100peHO JOKANBHBIM 3THYecKkuM komuteroM PHUMY um. H.U. [Tuporosa (mpo-
ToKoJ Ne ot 86 ot 26.06.2019).

Jns nurupoBanus: lllecromanos A.B., lllatosa O.I1., Kap6ermer M.C., 'anonoB A.M., Mockanesa H.E., Armo-
noHoBa C.A., Tyrenssi A.B., Makapos B.B., IOqun C.M., Pymsnnes C.A. «KuHypeHHHOBBII IEpEKIIOYaTEeNIb) U
oxxupenue. bromiemens cubupcroii meouyunsvt. 2021; 20 (4): 103—111. https://doi.org/10.20538/1682-0363-2021-
4-103-111.

INTRODUCTION

Tryptophan is an essential amino acid for the hu-
man body [1]. However, the intestinal microbiota has
an enzymatic system of the shikimate pathway of tryp-
tophan synthesis and can provide the macroorganism
with both amino acid and its derivatives. Among these
metabolites are derivatives of the kynurenine, indole,
and serotonin pathways of tryptophan metabolism [2].
Synthesis of aromatic amino acids is possible in the
microbiome due to universal metabolic pathways —
glycolysis and the pentose phosphate pathway (PPP).
Therefore, glycolysis produces phosphoenolpyruvate
(PEP), while PPP is a source of erythrose—4-phos-
phate for the shikimate pathway of tryptophan and
anthranilic acid synthesis (Fig. 1,a and b).

The dominant mechanism of tryptophan utiliza-
tion for eukaryotes is the kynurenine pathway. More
than 90% of tryptophan not spent on biosynthesis is
converted into metabolites of the kynurenine path-
way [2]. They perform antioxidant and anti-inflam-
matory functions in the body, regulate immune re-
sponses, and act as toxins and signaling molecules in
the molecular dialogue between the macroorganism
and the microbiome [2]. For example, anthranilic
acid (anthranilate) is an essential link in the metabolic
coupling of the microbiome and the macroorganism:
it has a mixed origin and is a precursor in the syn-
thesis of quinolinic acid and, accordingly, NAD" and
also participates in the formation of quinoline reg-
ulators of the quorum sensing (QS) in the microbi-
ome [3]. So far, there is no information on the role
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of microbiota enzymes in the synthesis of quinolinic
acid and NAD" directly from tryptophan [4]. How-
ever, both quinolinic acid and NAD" are not spe-
cies-specific metabolites, and their synthesis occurs
in both eukaryotes and prokaryotes. It is important
to note that quinolinic acid in eukaryotes is formed
from tryptophan, whereas in prokaryotes, this acid is
formed from aspartic acid [5].
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Quinolinic acid is neuro- and gliotoxic and in-
creases in animals with multiple sclerosis in brain
tissues and blood serum [6]. Quinolinic acid is an
ionotropic glutamate receptor antagonist that selec-
tively binds N-methyl-D-aspartate, while kynurenic
acid is an agonist of glutamatergic and cholinergic re-
ceptors and has antioxidant properties [7]. Therefore,
kynurenic acid will have a neuroprotective effect.
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Fig. 1. The shikimate pathway: a — at the first stage, 3-dehydroquinate is synthesized: PEP and erythrose 4-phosphate are converted

into deoxy-d-arabino-hept-2-ulosonate-7-phosphate (DAHP) with the participation of DAHP synthase; b — at the second stage,

DAHP is converted into 3-dehydroquinate (3-DQ) with the participation of 3-DQ synthase, and then reduction to shikimate occurs,

followed by a phosphorylation reaction to shikimate 3-phosphate. When interacting with PEP, shikimate 3-phosphate is converted

into enolpyruvate shikimate-3-phosphate by a specific synthase, and then, after dephosphorylation, it becomes a chorismate, which,
when interacting with glutamine (Gln), turns into anthranilic acid (AA)a

It is shown that after tryptophan loading or after
immune stimulation, hepatocytes, which are consti-
tutively responsible for NAD" synthesis, transiently
accumulate quinolinic acid. At the same time, cells of
the immune system, including macrophages, dendri-
tic cells, Langerhans cells, Kupffer cells, etc., generate
high, stable levels of intracellular quinolinic acid in
response to various immune stimulators. This event
regulates the mobility of immune cells, since it indu-
ces synthesis of cytoskeleton proteins in them [8]. It
is important to note that in the liver, all tryptophan
molecules not involved in protein synthesis are con-
verted into NAD" or oxidized to CO, and H,O. During
immune stimulation, indolamine-2,3-dioxygenase
(I-2,3-DO) is activated in the lung tissue, contributing

106

to the “kynurenine switch” activation. Systemic ky-
nurenine begins to actively engage immune cells for
overproduction of NAD* [8].

Intracellular levels of quinolinic acid increase in
response to immune stimulation by lipopolysaccha-
ride in macrophages, microglia, dendritic cells, and
other cells of the immune system [8]. The further fate
of quinolinic acid depends on the activity of quino-
linate phosphoribosyltransferase (QPRT), which cata-
lyzes the formation of nicotinic acid mononucleotide
from quinolinic acid and 5-phosphoribosyl-1-pyro-
phosphate (Fig. 2).

It is known that the inflammatory response re-
quires higher levels of NAD"' in immune cells.
Thus, NAD* performs numerous functions (Fig. 2):
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Fig. 2. The biological role of NAD+ in immune cells

participates in the respiratory burst and the poly-
merization reaction of poly(ADP-ribose) polymerase
(which is involved in DNA repair mechanisms) and
regulates the activity of NAD"-dependent deacety-
lases (sirtuins) and NAD*-dependent hydrolases,
including CD38, CD157, and ADP-ribosyl cyclase/
cyclic ADP-ribose hydrolase. The latter is expressed
on many immune cells, including CD4*, CDS§",
B-lymphocytes and natural killer cells, and CD157 —
ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase-2
is expressed by pre-B cells [8].

It was shown that obesity is a systemic inflam-
matory disease with overexpression of indoleamine
2,3-dioxygenase (I-2,3-DO) in both white adipose tis-
sue and the liver, induced by adipocytes of proinflam-
matory cytokines [9]. In response to the activation of
the regulatory enzyme of the kynurenine pathway, the
entire kynurenine pathway of tryptophan metabolism
is also intensified. Activation of I-2,3-DO in the intes-
tine leads to an increase in the kynurenine concentra-
tion, which has an antimicrobial effect [2] and, thus,
affects the gut microbiota.

It is possible that in obesity, the intensification of
the shikimate pathway in the intestine is accompanied
by excessive production of tryptophan, which can be
metabolized into indole derivatives by various micro-
biota populations. It should be noted that indole-3-lac-
tate regulates the kynurenine pathway of tryptophan
conversion in cells of the macroorganism [10], and

indole-3-acetate (and tryptamine) is an agonist of aryl
hydrocarbon receptors [11].

Therefore, the aim of the study was to investigate
the concentrations of metabolites of the kynurenine
and indole pathways of tryptophan metabolism in the
blood serum of patients with obesity.

MATERIALS AND METHODS

A cohort of 266 participants with an average age of
39.9 £+ 4.2 years was examined. Two clinical groups
were formed. Group 1 (n = 138) — a control group of
healthy volunteers without obesity and/or metabolic
syndrome with an average body mass index (BMI) of
22.7 kg / m? and waist circumference (WC) of 79.8 cm.
Group 2 (n = 128) was an experimental group inclu-
ding patients with obesity and/or metabolic syndrome
with an average BMI of 32.96 kg / m*> and WC of
108.98 cm.

Samples of the whole blood and blood serum were
obtained from all study participants according to the
study protocol. Transportation and storage of the
samples were carried out in compliance with the cold
chain at a temperature not higher than —40 °C.

A quantitative analysis of tryptophan metabolites
in the blood serum was performed by high-perfor-
mance liquid chromatography with mass spectrome-
try (HPLC-MS/MS). The analysis was performed us-
ing an Agilent 1200 liquid chromatography (Agilent
Inc., USA) with an automatic sample input system, a
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column thermostat, and a degasser. Chromatographic
separation was performed using the Discovery PFP
HS F5 analytical column (2.1 x 150 mm; 3 microns).
The composition of the mobile phase A —0.1% formic
acid solution in deionized water; phase B — 100% ace-
tonitrile for chromatography. The mobile phase gradi-
ent ranged from 1 to 10 % within 4 minutes, then went
up to 90% by the 9th minute of the analysis. The flow
rate of the mobile phase was 0.40 ml / min.

A mass spectrometry detector based on the Agilent
6460 triple quadrupole (Agilent Inc., USA), MRM, and
electrospray ionization were used. The characteristic
parent and daughter ions for each compound for the
MRM mode and ionization and dissociation parame-
ters were optimized using the standards of the studied
metabolites. The received signal was processed using
MassHunter software (Agilent Inc., USA).

Metabolite concentrations were calculated by the
internal standard method (2-hydroxynicotinic acid).
The internal standards of the determined compounds
were prepared using an artificial matrix containing bo-
vine serum albumin and sodium chloride. The studied
metabolites were added to the matrix and prepared ac-
cording to the analysis method.

Serum sample preparation was conducted as fol-
lows: an internal standard (2-hydroxynicotinic acid)
was added to 100 ul of serum, and proteins were pre-
cipitated with acetonitrile; the supernatant was evapo-
rated and re-dissolved in 10% methanol in water with
the addition of ascorbic acid to prevent oxidation of
analytes. To prepare a stool sample, it was lyophilized
to a dry residue, and then a sample of about 5 mg was
extracted with 50% methanol in water with addition of
an internal standard and ascorbic acid. After centrifu-
gation, the sample was analyzed by HPLC-MS/MS.

The method was validated in terms of selectivity,
linearity, accuracy, reproducibility, matrix effect, and
analyte stability. The validation was conducted fol-
lowing the FDA guidelines for the validation of bio-
analytical methods.

Statistical analysis of the obtained results was per-
formed using Statistica 12.0 software package (Stat-
Soft Inc, USA). The data are presented as the mean
and standard deviation M + ¢. After checking the data
distribution for normality, the statistical significance
of the differences in the mean values of independent
samples was assessed using parametric analysis. The
normality of the distribution of variables in the groups
was assessed using the Shapiro — Wilk test. The
Mann — Whitney test was used for comparative anal-
ysis of independent samples, with the Wilcoxon test

used for comparative analysis of dependent samples.
The differences were considered statistically signifi-
cant at p < 0.05.

RESULTS AND DISCUSSION

When analyzing the level of metabolites of the
kynurenine and indole pathways in the blood serum
in the control group, we found that concentrations of
quinolinic acid, kynurenic acid, kynurenine, 5-hy-
droxyindole-3-acetate, indole-3-lactate, indole-3-ace-
tate, and indole-3-butyrate significantly increased in
obesity (Table).

Table
Serum content of tryptophan metabolites, nmol/l, M + ¢
Control group, | Experimental group,
Parameter "= 1g38 P P "= 128g P
Quinolinic acid 56.8 +34.1 73.1 £54.4*
Kynurenine 2,122 £ 863 2,413 £ 855%*
5-hydrosyindole-3-acetate 59.4 +36.6 74.6 + 75.8*
Kynurenic acid 16.8 + 8.37 21.1 £9.26*
Indole-3-lactate 433 + 208 523 £251**
Indole-3-acetate 1,186 + 826 1,633 +1,166*
Indole-3-butyrate 3.85+2.51 4.61 +3.31%*
Serotonin 809 + 356 782 + 434
Anthranilic acid 33.3+20.7 37.5+20.9
Xanthurenic acid 431+3.11 4.18+2.91
Tryptamine 0.818 +0.541 0.731+0.314
Indole-3-carboxaldehyde 40.4+19.3 443 +25.7
Indole-3-acrylate 5.01 £14.6 4.29+15.7
Indole-3-propionate 650 + 845 753 +£736

* differences are statistically significant relative to the control group
at p < 0.01; ** differences are statistically significant relative to the
control group at p <0.05.

We did not find statistically significant differences
in serum concentrations of such tryptophan metabo-
lites as anthranilic acid, xanthurenic acid, tryptamine,
indole-3-carboxaldehyde, indole-3-acrylate, and in-
dole-3-propionate between healthy volunteers and
obese patients (Table).

Many research groups demonstrated an increase
in kynurenine concentration in the blood serum in
obesity [4]. However, in this study, the statistically
significant increase in serum kynurenine was not so
significant in percentage terms, whereas we found a
tremendous increase in the concentrations of quinoli-
nic acid and kynurenic acid in obese patients.

We also showed that among all the kynurenine
pathway metabolites in the blood serum in both
groups, the concentration of kynurenine was signifi-
cantly higher in comparison with other metabolites of
the kynurenine pathway. In our opinion, this obser-
vation is natural, since kynurenine is the main catab-
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olite of tryptophan for the macroorganism. However,
kynurenine has a mixed origin, and it remains unclear
what percentage of serum kynurenine is absorbed
from the intestine and what percentage is formed in
other organs of the macroorganism in normal condi-
tions and obesity.

The depletion of taxa in the gut microbiota in
obese patients is known [12]. Overproduction of
various proinflammatory cytokines by adipocytes is
also observed [13], accompanied by an increase in
the kynurenine concentration in the blood serum with
a subsequent rise in quinolinic acid. The increased
concentration of quinolinic acid in the blood serum
of obese patients reflects what is happening in the
cells of the macroorganism. The significance of the
“kynurenine switch” and the protective role of NAD*
were discussed above, but there is a rate-limiting reac-
tion in the synthesis of NAD*— CPRT [8]. Apparently,
overproduction of quinolinic acid in obese patients is
associated with low activity of this enzyme, also in
immune cells.

Utilization of the excessive amount of kynurenine
in obesity also follows the path of its conversion into
kynurenic acid, as evidenced by data obtained on a sta-
tistically significant increase in the level of kynurenic
acid in obese patients. This metabolite performs an
antioxidant role and is seemingly a functional antago-
nist of quinolinic acid, not only in the nervous tissue.
Probably that is why the increase in the serum concen-
tration of quinolinic acid is comparable to the increase
in the serum level of kynurenic acid in obese patients.

A pronounced statistically significant increase in
the level of indole-3-acetate in the blood serum was
found in the patients of the experimental group. This
tryptophan metabolite is mainly of bacterial origin. It
should be noted that the indole molecule itself sup-
presses the formation of Pseudomonas quinolone sig-
nal (PQS) in the intestine [14], the precursor of which
is anthranilic acid.

It was shown that indole-3-acetate is a metabolite
conjugating the indole and kynurenine tryptophan me-
tabolism pathways; it can also be formed in eukary-
otic cells from anthranilic acid. This metabolite is a
ligand of aryl hydrocarbon receptors and performs a
regulatory function in the human body, participating
in the immune function [15]. Indole-3-lactate is also
an agonist of aryl hydrocarbon receptors [16]. It is
known that indole-3-lactate decreases the response
to interleukin-8 after stimulation with interleukin-1
[17]. In obese patients, an increase in indole-3-lactate
is microbiota metabolic compensation to reduce the

production of proinflammatory cytokines. In further
studies, it is necessary to analyze the relationship be-
tween the concentration of proinflammatory cytokines
and indole-3-lactate in obese patients.

Indole-3-butyrate, like indole-3-lactate, is a metab-
olite of bacterial origin. So far, there are no studies that
would show the eukaryotic origin of these metabolites
of the indole pathway in tryptophan metabolism. The
involvement of indole-3-butyrate in the pathogenesis
of obesity has to be studied, while there are no stud-
ies that would determine the role of this tryptophan
metabolite. We found that in obese patients, the con-
centration of indole-3-butyrate in the blood serum was
higher than in healthy volunteers.

When serotonin is metabolized, 5-hydroxyin-
dole-3-acetate is formed, which is significantly in-
creased in the blood serum of obese patients, while
the serum concentration of serotonin itself does not
change significantly. It should be noted that the prima-
ry level of serum serotonin is determined by its over-
production in enterocytes. It can be assumed that an
excessive amount of tryptophan in the intestine is me-
tabolized to serotonin, indole-3-acetate, indole-3-bu-
tyrate, indole-3-lactate, and kynurenine.

CONCLUSION

It should be noted that all pathways of tryptophan
metabolism in the body are intensified in obese pa-
tients. Utilization of the excessive amount of trypto-
phan occurs by both gut microbiota and cells of the
macroorganism. An increase in the serum level of
quinolinic acid has an adverse effect on the macro-
organism and is a necessary consequence of immune
stimulation. An increase in the concentration of ky-
nurenic acid in the blood serum of patients with low-
grade inflammation in obesity is an indispensable
condition for simultaneous formation of a functional
antagonist of quinolinic acid.

In obese patients, we have found an increase in the
rate of tryptophan metabolism by the gut microbiota,
and it has not been studied yet whether this trypto-
phan is of exogenous origin or a product of the shi-
kimate pathway. The increased levels of kynurenine,
quinolinic acid, and kynurenic acid in the blood serum
may be a manifestation of the “kynurenine switch” of
NAD* overproduction in immune cells in obese pa-
tients. A drastic increase in indole-3-acetate in the
blood serum of obese patients performs a compensato-
ry and adaptive function, also through suppression of
the activity of some enzymes of the kynurenine path-
way in different tissues of the macroorganism. The
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increase in the concentrations of indole-3-lactate and
indole-3-butyrate in the blood serum of obese patients
reflects precisely the microbiotic activation of the uti-
lization of excess tryptophan, possibly of shikimate
origin. In obese patients, the utilization of serotonin
is intensified, and the concentration of 5-hydroxyin-
dole-3-acetate in the blood serum increases statistical-
ly significantly.
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