Kynurenine production is reduced by acute tryptophan depletion: Implications for cognitive impairment in

brain-gut axis disorders
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* Acute tryptophan depletion (ATD) has commonly been used to examine the behavioral and cognitive consequences of challenging the serotonergic system in healthy and

vulnerable populations. However, the specificity of ATD to modulate serotonergic activity alone has recently come under scrutiny (1) iy CNS alterations
g}z —— * The impact of ATD on kynurenine production, the predominant pathway of tryptophan metabolism (Figure 1), has yet to be determined - gy Cognit
e i * Irritable bowel syndrome (IBS) is a brain gut-axis disorder (Figure 2), in which altered tryptophan metabolism along the kynurenine pathway (2) and impaired visuospatial memory 3.1},::.;..7 cefiet
performance (3) have been reported .  GUIN ot iStl:
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 Manipulating kynurenine and downstream metabolites may modulate central nervous system glutamatergic and cholinergic signaling, key neurotransmitter systems in regulating
cognitive function, in addition to affecting gastrointestinal symptomatology (Figure 3)
 However, whether altered tryptophan metabolism along the kynurenine pathway underlies cognitive impairment in IBS is currently unknown
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Figure 1. Tryptophan metabolism along the serotonergic pathway
or kynurenine pathway. Tryptophan metabolism along the

kynurenine pathway is dependant in the availability indoleamine- e Determine if ATD Significa ntly alters peripheral kynurenine levels in healthy pa rticipa nts and in patients with IBS Figure 3. The potential effect of altered tryptophan metabolism along the
2,3-dioxygenase (IDO) and tryptophan-2,3-dioxygenase (TDO). The Figure 2. The brain-gut axis . . . . . . L. kynurenine pathway on cognition in brain-gut axis dysfunction. Figure courtesy
expression of IDO and TDO can be induced by stress elevated ® |nveSt|gate If mOdU|at|ng perlpheral kynurenlne pl"OdUCtIOﬂ affeCtS COgnltlve perfOrma nce of Dr Marcela Julio-Piper : (http://www.facebook.com/imagenesciencia).

glucocorticoids or inflammatory cytokines.

Study Design: Baseline Sample Characteristics Effects of ATD on Plasma Tryptophan & Kynurenine Levels
* Double blind, placebo controlled, crossover design. . e e = =
S d P I ) ’ p. ’ g g > (@) —» Protein metabolism Healthy Controls (n=14) IBS (n=9) p-value Plasma Free Tr}fp(g-phan Change o s e Plasma Total Tryptnphan Change From Baseline Total Kynurenine Change From Baseline
tu y opu atlon' (<) Age 21.54 £ 0.45 22.78£1.24 0.37 a b 20000 20004
* 9 female, Rome lll positive IBS patients & 14 matched female healthy control participants T SomenmmepeiEn BMI 23.92+2.84 24.12£1.19 0.8 + A0 . C.
« 4 . Serergic WAIS-R Full Scale IQ 106.28 £ 2.23 108.56 + 2.16 0.48 ad
(see Table 1 for sample characteristics at baseline) SO, o T | 10000+
Years of Education 16.93 +1.59 17.56 £+ 0.84 0.47 r
o« . . . _ o« s . . . . . - 2000 - EWI}U-'
* All participants screened for psychiatric co-morbidity using the MINI Psychiatric interview T _— e~ 4185101 544+ 0.86 0.6 - E 3
* Females not using contraceptive tested during follicular phase of cycle Hormonal Contraceptive Use (%) 12 (85.7%) 7(77.8%) : o) = c 50
Acute Tryptophan Depletion (ATD): =~ 1BS Symptoms 25.92+7.65 14244 £ 1876 <0.001+++ o e A
Participants consume a drink containing a number of amino acids but lacking tryptophan. As B muramine metabolism STAI Trait 34.5%2.28 34+2.24 088 o
. . . . . STAI Stat 27.36+ 1.06 32.44+2.71 0.057 . =
tryptophan competes with other amino acids to cross the blood brain barrier (BBB), Jdimedter - - YET ey o 2000 Trps Trp- 2ol Trp# Trp- Trp# Trp
expel’imenta”y redUCing bIOOd |eV€IS ||m|t5 the amount CrOSSing the BBB for fU rther meta bOIism Figure 4. Summary of tryptophan metabolism in the central nervous system. a) most PSS 11.93+£1.69 14.38+1.74 0.36 l Control
(See Figure 4) peripheral tryptophan is bound to plasma albumin (~90%) and is dissociated by PsQl 4.21+0.72 6.11 + 1.32 0.18 .IBS

interactions between the complex and glycoalyx of the endotheial cell membrane in

Amino ACid Drink COmPOSitiOn: addition to regional changes in cerebral blood flow. b) Unbound free tryptophan is
° The ATD (Trp_) amino acid mixture (100 g’- Glanbia Nutritionals} Germany GmbH) was based on transported across the blood brain barrier (BBB) via the L-type amino acid transporter

(LAT1)/ heavy chain complex but competes with the aromatic amino acids tryrosine

d preViOUSIV pu blished com pOSition (6,7) (Tyr), phenylalanine (Phe) and the branched-chain amino acids leucine (Leu), isoleucine
. ey (lle) and valine (Val) for transport across the BBB. Once in the extracellular or
* The ContrOI (Trp+) mIXture had the add|t|0n Of 3g Of L-Tryptophan cerebrospinal fluid in the brain, tryptophan can be metabolised to kynurenine and
e A maintenance mix of approximately 305g ("’78 % malodextrin (MD) to ~22% sunflower Oil), further downstream metabolites including kynurenic acid and quinolinic acid (not
. . . . . shown) as well as serotonin, tryptamine and is used for protein synthesis (5)
was added to the amino acid mixture to provide caloric sustenance.

* The total quantity of the amino acid mix was reduced by 20% to account for lower body weight of females.

Table 1: Comparisons between IBS patients, and healthy controls on demographic and Figure 5. a. There was a significant main effect of treatment on plasma free tryptophan levels (F(1, 21)= 20.618,

clinical characteristics. Study participants were matched on the basis of age, |Q’ years p <0.001, r]p2= 0.495) but no differential effect between patients with IBS and healthy controls (F(1, 21)=0.812,
of education, body mass index (BMI) and units of alcohol consumed per week. P= 0.378, np2= 0.037). Plasma free tryptophan significantly increased following the control (Trp+) drink (p=0.008)
Patients and controls did not significantly differ on state/ trait anxiety, depression and significantly decreased following the ATD (Trp-) drink (p<0.001); b. There was a significant main effect of
. : ’ . | | han levels (F(1, 21)= 55.582, p < 0.001, n 2= 0.72 iff ial
perceived stress, or sleep quality. Data are expressed as meanx SEM. Independent treatment on plasma total tryptophan levels (F(1, 21)= 55.582, p < 0.001, n,= 0.726), but no differential group

effect (F(1, 21)= 0.506, p= 0.485, n.2= 0.024). Plasma total tryptophan significantly increased following the
samples t-tests using IBM SPSS V20.0 were used to determine group differences. IBS, (F ) P o ) yptop 8 Y 8

e _ ) control (Trp+) drink (p=<0.001) and significantly decreased following the ATD (Trp-) drink (p<0.001). c. There was
irritable bowel syndrome; WAIS-R, Wechsler Adult Intelligence Scale-Revised; STAI, j gisnificant main effect of treatment on plasma total kynurenine levels (F(1, 21)= 46.601, p < 0.001, ny2= 0.689),

. . . State-Trait Anxiety Inventory; BDI-Il, Beck Depression Inventory; PSS, Perceived Stress pyt no differential group effect (F(1, 20)= 2.963, p= 0.101, n.,2= 0.129). Plasma total kynurenine significantly
. . . V4 . Vi . ) p . .
Experlmental Day Timeline (Separated by at least 7 days). Gl symptoms/Mood/Arousal Gl symptoms/Mood -CANTAB Scale; PSQl, Pittsburgh Sleep Quality Index. increased following the control (Trp+) drink (p=<0.001) and significantly decreased following the ATD (Trp-) drink
Vitals/ Blood Sample 1

Az\rousal/ Blood sample (p<0.001). Data are expressed as mean* SEM.

Plasma free and bound tryptophan/ total kynurenine:
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ATD modulates visuospatial memory performance in IBS
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CANTAB I N o et oo Figure 6. a. There was a significant main effect of group (F(1, 21)= 4.479, p = 0.046, r]p2= 0.176) for PAL total errors (F(1, 21)= 2.197, p = 0.153, r]p2= 0.095). Following the control (Trp+)
top iIgha eaction Time api isual Information patla pan ective Go/No-Go
(ssT) Processing (RVP) (s5P) (AGN) drink (t(21)= 2.924, p = 0.016), patients with IBS made significantly more errors on the PAL; b. Using a Bonferroni correction, t-tests showed no group differences following the control

(Trp+; p=0.032) or ATD (Trp-; p>0.9) drink. c. similarly, t-test with Bonferroni correction showed no group difference following each treatment for PAL mean trials to success (bot
p>0.025). Data are expressed as meanx SEM.
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ATD had no effect on additional cognitive, mood or symptom related measures in patients or controls
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memory impairments. However, this effect only emerged in our vulnerable IBS cohort who have pre-
existing alterations in both kynurenine production and cognitive performance. Scan QR Code for VD>, . osjfl
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