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Abstract

Objective: Compulsive-like rigidity may be associated with hyposerotonergia and increased
kynurenine (KYN) pathway activity. Conversion of tryptophan (TRP) to kynurenine (KYN),
which may contribute to hyposerotonergia, is bolstered by inflammation, and could be related
to altered gut microbiota composition. Here, we studied these mechanisms in a naturalistic
animal model of compulsive-like behavioural rigidity, i.e., large nest building (LNB) in deer

mice (Peromyscus sp.).

Methods: Twenty-four (24) normal nest building (NNB)- and 24 LNB mice (bou . sey.es)
were chronically administered either escitalopram (a selective serotonin reuniake . »hib.cor;
50 mg/kg/day) or a control solution, with nesting behaviour analyses oefor¢ and after
intervention. After endpoint euthanising, frontal cortices and striata were wialysed for TRP
and its metabolites, plasma for microbiota derived lipopolysacchar.fe {!zPS) and its binding
protein (LBP), and stool samples for microbial DNA.

Results: LNB, but not NNB, decreased after escitalopzam exposure. At baseline, LNB
associated with reduced frontal cortical TRP conecatraions and hyposerotonergia that was
unrelated to altered KYN pathway activity.' 1. LNB mice, escitalopram significantly
increased frontal-cortical and striatal T. P withou. altering serotonin concentrations. Treated
LNB, compared to untreated LNB- an! trec.zd NNB mice, had significantly reduced plasma
LPS as well as a microbiome showing & decreased inferred potential to synthesise short-chain
fatty acids and degrade TRP.

Conclusion: These finaihas’ support the role of altered serotonergic mechanisms,
inflammatory process’s. ~nd gut microbiome involvement in compulsive-like behavioural
rigidity. Our reslts 7lso highlight the importance of gut-brain crosstalk mechanisms at the

level of TRF met7bolism in the spontaneous development of such behaviour.

Keywcrds: Deer mouse, obsessive-compulsive disorder, rigidity, serotonin, microbiome
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Significant outcomes

e Behavioural rigidity is associated with decreased brain tryptophan, but not kynurenine
metabolites.

e Escitalopram increases brain tryptophan, but not serotonin, in behaviourally rigid
mice, highlighting a non-serotonergic impact of the gut microbiota on rigidity.

e Rigidity predicts changes in plasma lipopolysaccharide (LPS) and gut microbiome
function after escitalopram treatment, but is not directly founded upon altered .S,

i.e., gut-microbiota-related inflammation, at baseline.

Limitations

e Since mice showing phenotype-specific variation in nesting scerecere included in
the LNB and NNB cohorts, larger groups will allow tho. study of sex-dependent
effects, and thereby enable correlational analysis _of .esiing behaviour and its
association with different biological parameters.

e A post-drug-exposure LPS challenge in escita.opre m1-exposed NNB- and LNB mice
would have been valuable to trace a direct i !ationship between LPS and nesting
expression. Similarly, an investigation «f inilammatory processes, i.e. IDO and TDO
activity, cytokine expression, anc . artisol release would have been beneficial.

e The microbiota of P. manici:'~tL kairdii is not a well characterized ecosystem yet. It
is therefore likely unde-rep.~saiited in the databases used for taxonomic identification

and inferred functioria. nowntial.
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1 Introduction

Behavioural rigidity, as found in obsessive-compulsive disorder (OCD) (Ramakrishnan et al.,
2022) and autism spectrum disorder (ASD) (Poljac et al., 2017), is variably associated with
aberrant cortico-striatal serotonergic (Luo et al., 2024) and glutamatergic (Naaijen et al.,
2017) signalling. Serotonin is derived from the essential amino acid, tryptophan (TRP;
Lissemore et al. (2018)), and is synthesised de novo in the central nervous system from
dietary sources. TRP is metabolised along distinct mammalian pathways. The kynurer, ne
(KYN) pathway, through which TRP is converted to KYN and its downstream me*4bol es,
accounts for more than 90 % of TRP breakdown. In contrast, TRP can be-co.verd to
serotonin via the actions of TRP hydroxylase 1 and 2 (H6glund et al., 20%9).  This process
accounts for only 1 —3 % of TRP breakdown. Thus, increased KYN.na.wy activity may

reduce the available TRP needed for the synthesis of serotonin (Sur et al., 2020).

Along the KYN pathway, TRP is first converted to KYN th:cugh tie actions of tryptophan-
2,3-dioxygenase (TDO) and indoleamine-2,3-dioxygenase (:0) in hepatic and extrahepatic
tissue, respectively (Gao et al., 2018, Stone et al., 2012". ~YN is subsequently metabolised
to anthranilic acid (AA), 3-hydroxykynurenine (C'4K), and kynurenic acid (KYNA). OHK is
then degraded to either quinolinic acid. (QA) o. nicolinic acid (PA) (Lovelace et al., 2017)
Although several KYN metabolites displc.t neuroactive properties, KYNA and QA are the
two primary neuroactive metaboliics, wciing as glutamate N-methyl-D-aspartate (NMDA)
receptor antagonists and agoni. s, irer.ectively (Schwarcz and Kéhler, 1983, Schwarcz et al.,
2012).

The expression and activity 0. DO and TDO are accelerated under inflammatory and stress
states, respectively (Strasser et al., 2017). An important trigger of inflammation is
lipopolysaccharide (LPS), an endotoxin derived from the cell walls of gram-negative bacteria
that ¢ _*vates tne innate immune system via its interaction with toll-like receptor 4 (TLR4)
(Rosacini and Kagan, 2017). Increased plasma LPS concentrations (Fujigaki et al., 2001),
which are associated with systemic infection, gut microbiota composition alterations, and
increased gut permeability (Hasegawa et al., 2015), is therefore an important driver of
bolstered IDO activity. Closely related to altered LPS concentrations are dynamic shifts in
the expression of lipopolysaccharide binding protein (LBP), an endogenous acute phase
polypeptide that is synthesised in response to increased concentrations of inflammatory

cytokines and other inflammatory components, including LPS (Zweigner et al., 2006). The
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main function of LBP, after binding to LPS, is to present LPS to other cellular and humoral
components of the immune system, thereby bolstering the immune response (Zweigner et al.,
2006). Several central nervous system disorders are associated with gut microbiota-related
changes in plasma LPS and LBP concentrations that variably present in combination with
altered KYN pathway activity. These include Parkinson’s disease (Hasegawa et al., 2015),
ASD, and anxiety disorders (Just et al., 2021).

A handful of exploratory studies in children and adults presenting with conditions of
behavioural rigidity, e.g., OCD (Heyes et al., 1992), tic disorder (Hoekstra et al.' 20.7),
Tourette’s syndrome (Rickards et al., 1996), and ASD (Carpita et al., 2023), hav.. not
reported any differences in KYN pathway activity or its metabolites. That.<aiu clinical data
pertaining to TRP metabolism in these conditions remain scant. Altho:ah <heories of the
potential involvement of altered KYN pathway dynamics in QCL nave been based on
findings of immune abnormalities (Cosco et al., 2019, Marazz.*i et ul., 2018b, Kant et al.,
2018, Teixeira et al., 2014, Rotge et al., 2010), there is ne direct-evidence of inflammation-
mediated neurochemical alterations in OCD, or of chany»s i gut microbiome composition

that could lead to alterations in plasma LPS and LEP.

The North American deer mouse (Peromyscus i..aniculatus) is commonly used to investigate
the potential mechanisms underlying~n>munological resilience and infection tolerance
(Milovic et al., 2024) and those unzerpi.=ing contributions of the gut microbiome to overall
health (Mistrick et al., 2024, Zuciar, 2023). Also, subpopulations of laboratory housed
prairie deer mice (P. man.cu atus bairdii), spontaneously develop phenotypically distinct
persistent and repetitivc sehcriours, i.e., high motor stereotypy (40 — 45% of mice; Hadley et
al. (2006), Davis etal. (7523), Burke et al. (2022)), large nesting behaviour (LNB; 30 — 35%
of mice; Stopnzl >*4. (2024)), and high marble burying behaviour (10 — 15% of mice de
Brouwer et 2! 2020a)). These phenotypes are displayed by mice of both sexes and
identivies b, means of bidirectional separation between mice showing these behaviours and
those trat do not. Moreover, deer mice have been studied for their resemblance of
compulsive-like rigidity (for a detailed review of the model’s relevant validity, please refer to
Theron et al. (2024), Scheepers et al. (2018)). For this purpose, bidirectional separation is
useful. The application of ‘repetition’ and between-test ‘persistence’ to categorise mice into
‘normal’ and ‘rigid’ cohorts (supplementary Fig. S1; collated nesting data of 942 mice
studied in our lab), delivers a repeatable framework for behavioural separation that can be

exploited to investigate psychobiological uniqueness mice displaying rigid behaviours. For
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example, LNB mice identified in this manner previously showed a unique gut microbiota
composition that is proposed to associate with a distinct immune-inflammatory profile in
LNB, compared to normal nesting (NNB) mice (Scheepers et al., 2019). Further, LNB
parallels central serotonergic, dopaminergic, and adenosinergic perturbations (de Brouwer et
al., 2020a, Saaiman et al., 2023), with LNB, but not normal nest building (NNB) behaviour
showing moderation after chronic, high-dose oral exposure to the selective serotonin reuptake
inhibitor (SSRI), escitalopram (De Brouwer et al., 2020b). At the level of cognition, . NB
mice show impaired flexibility (Hurter et al., 2023, Marx et al., 2024) and decreasc. risi
aversion (de Brouwer et al., 2020c, Wolmarans et al., 2022), speaking to dysfui.ztional
executive decision making that could contribute to rigidity (Ramakrishna.: et a.., 2022,
Servaas et al., 2021). However, to what extent alterations in the gut microbiome of LNB
mice may associated with changes in brain serotonin levels, TRP raet=olism, and plasma
LPS and LBP is unknown.

Therefore, we aimed to build on earlier findings by invetriga. ng whether LNB and NNB
deer mice present with distinct cortico-striatal TRP-relatec. metabolic profiles. Further, based
on the established relationship between systemic ijificmiiation and TRP breakdown, we also
aimed to investigate how such differences m’aht ¢3sociate with changes in the microbiota
composition and plasma LPS and Lt concentrations. Last, we sought to explore the
biobehavioural actions of escitalopram in the model by investigating its potential effects on

central TRP metabolism, gut micrehkiots composition, and plasma LPS and LBP.

2 Materials and meth~ds

2.1 Mice

Considering ‘hat‘approximately 30 % of deer mice (Peromyscus maniculatus bairdii) engage
in LN3 ken.viour (Wolmarans et al., 2022, de Brouwer et al., 2020a), 80 mice of both sexes
(first ard second generation), aged 12 - 14 weeks at the onset of experimentation, were
randomly selected from the offspring of 20 breeding pairs (of which the nesting phenotype
were unknown at the time of pairing) and screened for nesting behaviour. Mice were bred
and housed at the vivarium (SAVC reg: FR15/13458; AAALAC accreditation file: 1717) of
the North-West University (NWU), Potchefstroom, South Africa. All experiments were
conducted in said facility. Ethical approval for this work was obtained from the AnimCare
Research Ethics Committee of the NWU (NWU-00523-20-A5). Deer mice were housed in
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individually ventilated cages [35 (I) x 20 (w) x 13 (h) cm; Techniplast® S.P.A., Varese, Italy]
that were maintained at 23 °C on a normal 12-hour light/dark cycle (lights on at 06:00).
Cages were cleaned, and new corncob bedding provided, weekly. Throughout the course of
the study, food and water (or drug solutions) were available ad lib. All experimental
procedures were conducted in accordance with the guidelines of the South African National
Standard (SANS) for the Care and Use of Animals for Scientific Purposes (SANS 10386).

2.2 Nesting assessment

Before any other intervention was made, all 80 mice were screened for nesting ber.2viour
(baseline expression) over a seven-day period, since nesting activity w ries ‘netween
consecutive days. From these, the respective NNB and LNB mice were selected for further
study (see later). From this point onwards, mice were single-h=.sed through study
termination (De Brouwer et al., 2020b). Each day, an exces: ot 2re-weighed, unscented
cosmetic cotton wool was introduced to the roof of each hou:ing cage between 07:00 and
08:00. Since mice mostly engage in nesting behaviour.< ring the few hours before dawn (or
lights on) (Jirkof, 2014), built nests were also only *amo 24 and discarded between 07:00 and
08:00. Thus, mice had access to the nesting macer. >l for at least 23 hours of each day. Every
day, the unused cotton wool in the roof of the ca, g was weighed to calculate the daily usage.
These seven daily values (in grams) were o 'ded and a total nesting score calculated for each
mouse (Wolmarans et al., 2016). ™ce included in the LNB cohort were those that expressed
nesting behaviour of which the totar nesting scores broadly clustered within the upper 75"
percentile of the average: otai nesting score distribution and that also showed the lowest
degree of between-dey varia. ~e (as reflected by the percentage coefficient of variance; %
CV; supplementary Fiyg. S2A; n = 24; equally distributed between sexes). Conversely, mice
selected for AnnNB wehaviour (n=24; as far as possible also equally distributed between
sexes).were tiose with nesting scores of which clustered between the 25™ and 50" percentile
of the total ‘nesting score distribution (supplementary Fig. S2A). These group sizes were
based on extensive prior study in our laboratory that investigated NNB and LNB as
distinguished by means of bidirectional separation (Marx et al., 2024, Hurter et al., 2023,
Wolmarans et al.,, 2022). To ensure that bidirectional separation between cohorts is
adequately established, the remaining 32 mice were either used for unrelated studies or
euthanised, as described before (Marx et al., 2024). During periods of nest building analysis,

mice were not provided with any additional form of nesting material. Nesting assessment
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was again assessed after 28 days of continued water or escitalopram exposure, over another

seven days of control or drug exposure.

2.3 Drug administration

The selected 24 NNB and 24 LNB mice of both sexes were randomly assigned to two
different exposure groups (n = 12 per cohort per exposure group). One group of each cohort
was exposed to normal tap water (control) while the other group was exposed to high-70se
escitalopram (50 mg/kg/day) for 35 days, as described before (Wolmarans et al., 2.2 ac
Ridder et al., 2022, Burke et al., 2022, de Brouwer et al., 2020a, Wolmarans e al., 2513).
Escitalopram oxalate (BLD Pharm® Shanghai, China) was administered . the ‘drinking
water at a concentration of 25.4 mg/100 ml, calculated according to the average daily water
intake of deer mice (0.25 ml/g/day; Wolmarans et al. (2022), de Broiesor et al. (2020c), de
Brouwer et al. (2020a)) to deliver the desired 50 mg/kg/day dos~. F.=sh drug solutions were
constituted daily, and the fluid intake of both drug- and ccnual-exposed mice measured to
confirm drug intake. Oral drug administration via-i>e G.inking water is the preferred
administration route in deer mice since intraperitanei! injections or oral gavage over a
chronic period is detrimental to health (Wolmaranc et al., 2013). Mice were exposed to these
interventions for at least 28 days before the post-t <posure nesting assessment commenced.

2.4 Sample collection

Between 06:00 and 07:00 on ‘t.» morning following the last night of post-exposure nesting
assessment, fresh stool stmples were collected using sterile tweezers, and shap frozen in
liquid nitrogen. Mice were thoneuthanised by means of cervical dislocation (Underwood and
Anthony, 2020). 'Whole blood was collected in ethylenediamine tetra-acetic acid-containing
vacutainers (Bectori, Dickinson and Company®, Sandton, South Africa), the colon and brains
remo 24 on Ice, the frontal cortices and striata dissected, and samples snap frozen in liquid
nitrogen. Blood samples were centrifuged at 1000 RCF for 10 min at 4 °C, and the plasma
collected. All stool, plasma, and brain samples were stored at -80 °C until the day of

analysis.
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2.5 Analysis of TRP and its metabolites

2.5.1 Reagents, chemicals, and instrumentation

L-TRP, L-KYN, KYNA, QA, serotonin (as creatinine sulphate), 5-hydroxyindoleacetic acid
(5-HIAA), ethyl-4-hydroxy-2-quinolinecarboxylate (EHQC; as internal standard), and
LC/MS grade methanol, formic acid, acetonitrile (CAN), and glacial acetic acid were all

purchased from Merck® (Johannesburg, South Africa).

2.5.2 Sample preparation and analysis

A stock solution of the internal standard was prepared at a concentration of 109 ug/mL using
a solvent mixture of 0.1 M formic acid in ACN after which a warkinq internal standard
solution with a final concentration of 250 ng/mL was prepared fron. the stock solution using
the same solvent mixture. The working solution was also“cred Jor the preparation of the
different biological sample matrices. Brain and colon.sanles were individually weighed
prior to preparation. 200 pL of the internal standard was added to each of the samples
followed by homogenisation (two rounds of scination for 12 sec, at an amplitude of 14 y;
MSE® ultrasonic disintegrator, Nuaillé. France,. Mixtures were left on ice for 20 min to
complete protein precipitation and centritued at 20 817 RCF for 20 min at 4 °C. A Kinetix
C18 analytical column (Phenomeiex ;~ Torrance, CA, USA, 2.1 x 100 mm, particle
@ =2.6 um, pore size 100/  su.7uce area 200 m?/g), attached to an Ultivo® Triple
Quadrupole LC/MS syster1 ccatrolled by MassHunter™ software (Agilent Technologies®,
Inc., Santa Clara, US); a.1d c.nsisting of a quaternary pump, column oven, autosampler and a
triple quadrupole ii.ass wctector, was used to quantitate metabolites. 1 pL of the supernatant
was injected siito o LC/MS system. The results were converted from ng/mL to ng/g of the

wet weight 0, 2uIn tissue.

2.6 LPSand LBP analysis

Immediately prior to the analysis, plasma samples were allowed to thaw on ice. Both
markers were analysed by means of enzyme-linked immunoassay, using commercially
available kits according to the manufacturer’s instructions (LPS: SEB526Ge, Cloud-Clone®
Corporation, USA; LBP: E-EL-M2686, Elabscience® Biotechnology, Inc., USA). The
respective absorbances were read at a wavelength of 450 nm +10nm for LPS and

450 nm £ 2 nm for LBP. The results were converted to and reported as ng/mL.
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2.7 Microbiome analysis

DNA extraction and sequencing

Microbial deoxyribonucleic acid (DNA) was extracted from faecal samples (approximately
0.25 g per sample) using a QlAamp® PowerFecal® DNA kit (QIAGEN®, Valencia, CA,
USA). Extraction was performed as per the manufacturer’s instructions. The quality and
quantity of extracted DNA was assessed by NanoDrop (ThermoFisher®, Johannesburg, South
Africa). As a positive control, genomic DNA was extracted from mock bacterial commtini.
cells with equal colony-forming units from each of the 22 known species (r.M-230,
Biodefense and Emerging Infections Research Resources Repository [BE'). 'Xtracted
genomic DNA was amplified by PCR in triplicate using primers targeting he V3-V4
hypervariable region of the 16S rRNA gene using the 357F/806R prini..is, as described
previously (Dabee et al., 2021). Negative controls during DNA ¢€,‘raction and primary and
secondary PCRs were included. Amplified libraries were prrifiecusing AMPure XP beads
(Beckman Coulter®), quantitated using Quant-iT dsDN+» High Sensitivity Assay Kits
(ThermoFisher®), pooled in equal molar amounts, anu pai ¢d-end sequenced using a MiSeq
Reagent Kit V3 (600-cycle, Hlumina®).

2.8 Statistical analysis

To analyse changes in nesting exp esc.cit over time, as well as differences in TRP, its
metabolites, relevant ratios as ' ‘ell caslasma LPS and LBP, two-way analysis of variance (2-
way ANOVA) was appliea. 2 each instance, statistical significance of interactions, main-
effects and pairwise cui.ipai sons (Bonferroni post-hoc), was set at p < 0.05. All pairwise
comparisons werginic...ied by calculations of Cohen’s d (with confidence intervals) to

establish the magi. =wue of effect sizes (Cohen, 1988).

For n -axabiome data analysis, a Divisive Amplicon Denoising Algorithm (DADA) 2 (version
1.22.0,(Callahan et al., 2016) in R (version 4.2.0) (Gandrud, 2016) was first used to create an
amplicon sequence variant (ASV) table. Reads were pre-processed using DADA 2 (Quast et
al., 2012), learning error rates, dereplication (eliminating redundant comparisons).
Taxonomy was assigned using the SILVA reference database (v 138) as a reference (Quast et
al.,, 2012). Downstream statistical analysis was performed with R (version 4.2.0) and
RStudio (version 2022.7.1.554). The ASV table was transformed using Cantered Log Ratios
(CLR). The iNEXT library (version 3.0.0) was used to compute alpha diversity (Chaol,
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Shannon entropy, and Simpson’s index). PERMANOVAs were calculated using the adonis2
function from the vegan package (version 2.6.4) using Aitchison distance with the formula
“distance ~ group treatment * nest building behaviour”, using 10000 permutations. Principal
component analysis (PCA) was conducted after CLR transformation using R.

PICRUSt2 (version 2.4.1) (Douglas et al., 2020) was used to infer the genomic content from
16S rRNA gene data using the KEGG database (Kanehisa et al., 2016) as a reference.
Inferred annotated genomes were used to compute the abundance of Gut Brain Modules
(GBMs) (Valles-Colomer et al., 2019) using the OmixerRpm package (version 0.3.3) (Darzi
et al., 2016). Differential abundance analysis of GBMs between groups was performed using
the Tjazi R package (version 0.1.0.0) with the formula: “GBM ~ group treatment * nest
building behaviour + sequencing batch” per each GBM (Bastiaanssen et al., 2023b,
Bastiaanssen et al., 2023c). The variable sequencing batch was included to account for batch
effects in the sequencing runs. p values were adjusted using the Benjamini-Hochberg FDR
procedure and a g value below 0.2 was deemed as significant (Bastiaanssen et al., 2023b,
Bastiaanssen et al., 2023c). This procedure is also suggested for exploratory studies that aim
to report results for later replication, and where the risk for reporting false positive results is
low (McDonald, 2014). For visualization purposes, the CLR-transformed abundance of each
GBM was standardised using the Z-score procedure, using the values across all the
combinations of drug exposure and nest building behaviour. Host metabolites measurements
were correlated with the inferred GBMs in the gut microbiome using Pearson’s rho
correlation method. The anansi R package (version 0.5.0; Bastiaanssen et al. (2023a)) was
used to define the subset of host metabolite-GBMs correlations to be tested for statistical

significance.

3  Results

3.1 Nest building expression

3.1.1 Selection of mice for inclusion in the NNB and LNB cohorts

Of the 80 mice selected for the NNB and LNB groups, one mouse had to be excluded due to
death prior to completing nesting assessment. A significant negative correlation between the
total nesting scores and between-day nesting variance of the remaining 79 mice was shown
[rs(77) =-0.54, 95CI: -0.69 — -0.36, p <0.0001] (supplementary Fig. S2A). From this
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data, 24 LNB and 24 NNB mice were identified as explained in section 2.2. Subsequently, a
significant difference between the median total nesting scores of the 24 NNB and 24 LNB

mice respectively, was shown (U =576, z = 5.94, p < 0.0001, data not shown).

3.1.2 Nesting response to drug exposure

With respect to the percentage change in the total nesting scores observed in NNB and LNB
mice at the end of five weeks of either control or escitalopram exposure (supplement. *y
Fig. S2B), no significant two-way interaction was shown between phenotype .and 2xpos Jre
[F(1,44) =0.50, p=0.48]. However, a significant main effect of phenotyp> v.2s siawn
[F(1,44) = 13.2, p=0.01]. Specifically, escitalopram exposed LNB mice_show>d decreased
nesting scores compared to that of NNB mice (-11.07 £32.73 % v>.71.8 + 95.56 %,
p=0.01, d=1.12, 95CI [-2.0 — -0.3]). The same trend was obs>rved for control-exposed
LNB, compared to NNB mice, although this difference did not .2ach statistical significance
(p=0.09,d=0.92, 95CI [-1.8 —-0.1]).

3.2 TRP, metabolites and ratios

All descriptive data (mean = SD) and statisti al a_scriptors of the results are indicated in
supplementary Tables S1-S3 & Fig ' -5, unless stated otherwise. Where attention to
other comparisons is drawn, the statistic 2l dz2scriptors are provided in the text.

3.21 Fig.1& 2, Table S1 (rov's A —F): concentrations of TRP and its metabolites

Frontal cortex

Significant two-'vay /interactions between nesting phenotype and drug intervention were
shown for T'RP (row A), serotonin (row B), and 5-HIAA (row C), but not for KYN (row D),
KYN.~ 2w E) or QA (row F). Further, whereas phenotype significantly influenced frontal-
cortica: TRP concentrations, drug intervention had a significant effect on serotonin, 5-HIAA,
and QA concentrations.

Control-exposed LNB mice presented with significantly lower TRP concentrations compared
to control-exposed NNB mice (Fig. 1A). This was reversed by escitalopram exposure, so
that LNB mice presented with TRP concentrations akin to that of both control- (NNB:
2641.41 £ 467.27 vs. LNB: 2503.57 £ 527.19 ng/g, p > 0.99) and escitalopram-exposed NNB

mice.
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Control-exposed LNB mice also presented with lower serotonin (Fig. 1C), 5-HIAA (Fig. 1E)
and QA (Fig. 2E) concentrations compared to control-exposed NNB mice, while the same
trend was observed for KYN and KYNA in both groups. With respect to the effect of drug
exposure on frontal-cortical metabolite concentration, serotonin and 5-HIAA were reduced in
NNB, but remained unaltered in LNB mice after escitalopram exposure, whereas QA was

increased in LNB, but not NNB mice.
Striatum

In the striata, a significant two-way phenotype-exposure interaction was oniy. snwn . for
serotonin (row B). However, a significant main effect of drug exposure was dem. ristrated
for TRP (row A), KYN (row D), KYNA (row E) and QA (row F).

Escitalopram exposure was associated with significantly increased t>*~i TRP (Fig. 1B) and
KYN (Fig. 2B) concentrations of both NNB and LNB mice cornare.' o their water-exposed
counterparts, while KYNA (Fig. 2D) and QA (Fig. 2F) were s.niticantly increased in NNB

mice only.

3.2.2 Fig.3 &4, Table S2 (rows A — F): turngv.r rat.os of TRP to its metabolites

Frontal cortex

To explore directionality of TRF _ureandown, turnover ratios TRP and its downstream
metabolites were analysed. N siginiicant phenotype-exposure interactions were shown for
any of the frontal-cortical-turncver ratios calculated, i.e., KYN/TRP (row A), serotonin/TRP
(row B), 5-HIAA/serownin (row C), KYNA/KYN (row D), QA/KYN (row E), and
QA/KYNA (row ). huwever, a main effect of drug exposure was shown for serotonin/TRP
and 5-HIAA/serotu an.

Speci e _escitalopram exposure associated with decreased turnover of TRP to serotonin
in LN mice (Fig. 3C), with a similar trend also observed in NNB mice. Also, the

conversion of serotonin to 5-HIAA was decreased in NNB, but not LNB mice (Fig. 3E).
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Striatum

A significant two-way interaction between phenotype and exposure was shown with respect
to the striatal serotonin/TRP (row B), but not for any of the other turnover ratios calculated.
A significant main effect of drug exposure was shown for serotonin/TRP (row B) and
QA/KYN (row E).

Escitalopram significantly reduced the turnover of striatal TRP to serotonin in NNB mice
(Fig. 3D), while there was a strong trend of a decreased KYN-to-QA turnover in both. NNR
and LNB mice.

3.3 Plasma LPS and LBP

A significant phenotype-exposure interaction was shown for plasina l.ro5, but not LBP
concentration Fig. 5, Table S3 (row A). Further both phenoty~e und exposure had a
significant main effect on LPS concentration, while phenotvea siyaificantly influenced LBP

concentrations.

Pairwise comparisons revealed a significant rcaecticti in the LPS concentrations of
escitalopram-exposed LNB compared to .con.el-exposed LNB mice, while LBP
concentrations were significantly loveer in escitalopram-exposed LNB, compared to
escitalopram-exposed NNB mice.

3.4  Gut microbiome analysi¢

3.4.1 Effects of nesting .expression and escitalopram exposure on the taxonomic

compositior.0i th2'gut microbiome

No statistica’ differences were detected between groups at the level of escitalopram exposure,
nestiry 2ohort or their interaction for any of the three indices for intra-sample (alpha)
diversiy (Fig. 6A), i.e., Chaol [F(4,38)=0.51, p=0.727], Shannon Entropy
[F (4,38) =0.05, p=0.994] and Simpson Index [F (4, 38) =2.07, p =0.104]. Significant
effects on the between sample (beta) diversity were detected due to escitalopram exposure
[pseudo-F = 1.58; p=0.035], but not due to nesting cohort [pseudo-F =1.11, p =0.30]
(Fig. 6B). However, the interaction between the two factors was also significant [pseudo-
F =154, p=0.04]. Analysis of the relative gut bacterial relative abundances (Fig. 6C)
revealed Firmicutes to be the most abundant phylum across all groups regardless of
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condition, with a mean relative abundance of 44.6 % (SD = 8.8 %). Unknown phyla across
all groups accounted for a mean relative abundance of 43.6 % (SD = 7.0 %). The rest of the
bacterial community was composed of nine other main bacterial phyla, indicating that neither
escitalopram, nesting cohort, nor the interaction between these factors induced significant

changes in the taxonomic composition at the phylum level.

3.4.2 Effects of escitalopram on the brain-modulatory potential of the gut microbiome

depend on the baseline nest building behaviour of the host

Additionally, the predicted neuroactive potential of the gut microbiome in deer mice was
assessed in NNB and LNB deer mice exposed to either normal water or escita anram using
the gut-brain module (GBM) framework (Valles-Colomer et al., 2019, _“hanges in the
inferred abundance of each GBM in the deer mouse gut microbiecme was determined using
GLMs (Fig. 7). Escitalopram exposure caused an increase in .2e inferred potential of the
deer mouse gut microbiome to synthetise butyrate and‘rop.snate (Benjamini-Hochberg
corrected g values <0.2). The same models, howeve’, si.awed that the abundance of every
inferred GBM of escitalopram-exposed mice responc: oirferently depending on the baseline
nesting expression of the host. Specifically,”. NB .nice exposed to escitalopram showed a
significant decrease in the inferred pou ntial to synthesise four different short chain fatty
acids (SCFAs) as well as a lower irferreu potential to degrade TRP and its metabolite
quinolinic acid. Additionally, the Same group showed a significant increase in its inferred
potential to metabolise nitric.2xiw2(Benjamini-Hochberg corrected q values < 0.2). Notably,
there was no significant ie.xtioriship between the baseline nesting behaviour of mice and the
abundance of any pre'icte’dd GLM. Even so, our data suggest that the impact of escitalopram
on the neuroacti /e potential of the gut microbiome is dependent on the baseline nesting
expression of the host (Fig. 7).

3.4.3 'Tissue-specific changes in host TRP metabolites correlate with the brain-modulatory

potential of the gut microbiome

Finally, correlations between the inferred neuromodulatory potential of the gut microbiome
and the relevant neuroactive compounds measured in different host tissues also suggest that
these associations are dependent on the baseline nestbuilding behaviour of mice with
escitalopram inducing changes on both their strength and magnitude. Indeed, statistically

significant correlations driven by baseline nestbuilding behaviour across different tissues are
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shown in supplementary Fig. 3A, while correlations that showed a non-linear interaction
between baseline nesting expression and drug exposure are shown in supplementary
Fig. 3B.

3.5 Discussion

The main findings of this work are that 1) LNB, but not NNB, decreased after escitalopram
exposure, 2) LNB is associated with reduced frontal-cortical TRP concentrations  ind
hyposerotonergia, 3) the latter is unrelated to altered KYN pathway activity or inflarrii..tory
involvement, as reflected by plasma LPS concentration, and 4) although e:cita.2sram
exposure associated with changes in the microbiota, the effects of escita. pram on the
inferred neuromodulatory potential of the gut microbiota depends on the baseline nesting

expression of the host.

Our data pertaining to the response of LNB over time, irrespective of drug intervention,
highlight unique psychobiological underpinnings in the nc‘uran stic expression of NNB and
LNB. Given that the nesting expression of NNB, but nict LNB mice inflated over time in
both control- and escitalopram-exposed mice, the prezerit findings are in line with previous
results from our lab (Saaiman et al., 2023). . Previous results also showed that chronic
escitalopram administered at the same Yose and for a similar duration prevented nesting
inflation in LNB mice (de Brouwer et 1., Zu20a, Wolmarans et al., 2016). Neurobiological
separation between NNB and LNIX'is 7lso evidenced by frontal-cortical hyposerotonergia in
LNB, compared to NNB miaa (2. 1C), a finding that is also consistent with previous work
indicating altered serotone:qic processes in compulsive-like behavioural rigidity (Greene-
Schloesser et al., 201%, Wolm.arans et al., 2022). This finding was echoed by lower TRP
(Fig. 1A) and 5-HIA/\ (Fig. 1E) concentrations in parallel with unaltered TRP-to-serotonin
(Fig. 3C) an1 TRP-to-KYN (Fig. 3A) turnover or a change in the rate of KYN breakdown to
either v "™MNA or QA (Fig. 4A & C). Thus, the lower LNB-associated frontal-cortical
serotoriin concentrations are likely related to an overall lower systemic TRP availability.
Nevertheless, and importantly, escitalopram exposure restored frontal-cortical TRP in LNB
mice without affecting serotonin and 5-HIAA concentrations. Thus, we highlight a potential
neurobiological mechanism of action of escitalopram on deer mouse behaviour that is
unrelated to direct serotonergic modulation. This finding is informative, especially
considering that escitalopram also blunted the inferred TRP degradation potential in the gut

microbiome of escitalopram-exposed, compared to water exposed LNB, but not NNB mice
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(Fig. 7). It is thus plausible that while this effect contributed to the increased frontal-cortical
and striatal TRP availability in LNB mice, the impact of escitalopram on the gut microbiota
(see below) and the associated behavioural outcomes in LNB mice, could be founded on
another, yet unresolved gut-brain mechanism that does not only depend on changes in central
serotonin concentrations. The increase in central TRP availability shown here, may be a
proxy for such a mechanism. This notion is especially intriguing, given the overall impact of
escitalopram on the inferred functional potential of the gut microbiome in LNB vs. NNBdeer
mice (see later). While frontal cortical TRP concentrations in NNB mice were unaffec.id b,
escitalopram, a significant increase in striatal concentrations was observed. FE'owe er, in
NNB mice, these observations parallelled a decreased turnover to serotoni: and o-HIAA
(Fig. 1C-E), without impacting the behavioural output in this coho't (supplementary
Fig. 2B). Further, the sampling technique used here, i.e., tissue horagenisation, mostly
allows for interpreting total serotonin concentrations in terms of.cen.:al storage capacity only
(Hale and Lowry, 2011). Taking these lines of thought toy ther, we conclude that while
LNB, but not NNB is linked to an overall hyposerotz=erg.>profile at baseline, the LNB
phenotype and its response to SSRI exposure..may ke founded upon more complex
interactions between central and peripheral /mcchaiiisms, than merely on serotonergic
modulation. This conclusion is congistent wi.> clinical literature indicating OCD to be
associated with long-term ‘atypical’’ profiles of serotonergic activity, as opposed to

hyposerotonergia per se (Goddard 2t al., 2u08).

Expanding on the above, a comrni.arn mechanism proposed to underlie reduced brain serotonin
availability relates to an‘i crease in TRP-to-KYN turnover (Marx et al., 2020). However,
despite the purported oresance.” of immunological correlates in OCD (see Szechtman et al.
(2020) for reviewn) and ASD (Meltzer and Van de Water, 2017), altered TRP-to-KYN
turnover has according to our knowledge, not been shown before, whereas the present data
also au .t reveal such a mechanism underlying the expression of LNB. Our data also do not
show a role for glutamatergic dysregulation as reflected by QA and KYNA modulation, even
though glutamatergic perturbations may be an underlying mechanism in some patients
(Marazziti et al., 2018a). Interestingly, although not significant, we show an increase in the
inferred potential of the LNB microbiome to synthesise and break down nitric oxide (NO).
Nitric oxide synthesis is directly linked to glutamatergic signalling via its activation of the
NMDA receptor (Brown and Bal-Price, 2003). However, the potential impact of
dysregulated NO metabolism in the deer mouse remains to be explored, although a possible
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role for NO has been implied (Krass et al., 2010) using marble burying as a behavioural
outcome akin to OCD-like symptoms (de Brouwer et al., 2018). Considering that LNB is
entirely naturalistic and that early- and later-life perturbations in KYN pathway activity can
have long-lasting effects on neuropsychiatric outcomes (Pocivavsek et al., 2012, Alexander et
al., 2013, Pocivavsek et al., 2014), notably so in the type of disorders referred to here
(Rickards et al., 1996, Hoekstra et al., 2007), the same was not shown with respect to the
expression of LNB. This is important, because elevations in QA are also associated »~ith
heightened NMDA receptor activation (and increased NO release), a potential mec..2isi.
that may underlie striatal activation (Nakanishi, 1992, Schwarcz and Kohler, 1983). 2atner,
we propose that since escitalopram increased the striatal concentrations of KX\, KY NA and
QA in NNB mice, an optimal homeostatic state likely already prevailed in terms of serotonin
synthesis. Therefore, TRP was merely shunted along the KYN pathway.ithout affecting the
QA/KYNA ratio (Fig. 4F). Last, that most of the reported differe 2ces between NNB and
LNB mice were demonstrated in frontal-cortical as oppescd tu striatal tissue, provides
putative proof-of-concept that LNB is founded ugan (ysfunctional psychobiological
processes related to higher order goal-directed action-c tzome planning, rather than striatal
processes that govern and facilitate the motor exec:ition of such planned behaviours (Bourne
etal., 2012, Yager et al., 2015).

We have previously shown that LI'B rniice present with a distinct, potentially pro-
inflammatory, gut microbiota orofile ccmpared to NNB mice (Scheepers et al., 2020). Since
peripheral inflammatory states— xotably also in the gut—are known to bolster TRP turnover
along the KYN pathway, v 2 hypothesised that LNB mice might show a distinct microbiota-
related pro-inflammaotory: protile as reflected by increased plasma LPS and LBP
concentrations (J ist e: al., 2021, Rosadini and Kagan, 2017). It was noteworthy that while
NNB and LINB mice presented with similar plasma LPS concentrations at baseline (Fig. 5),
escita u.12m exposure resulted in a significant and meaningful reduction in the plasma LPS
concencrations of LNB, but not NNB mice. This observation further supports the view that
escitalopram uniquely impacted the gut microbiota of LNB expressing deer mice and
confirms LNB as a neurobiologically distinct phenotype, adequately identified by means of
bidirectional separation. Apart from escitalopram blunting the inferred TRP degradation
potential of the microbiota colonising the LNB gut, predicted functional analysis of the gut
microbiota also sought to explore changes in inflammation related GBMs in LNB vs. NNB
mice. Contrary to the working hypothesis, escitalopram elicited a higher inferred potential to
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synthesize the anti-inflammatory SCFAs, acetate, butyrate, isovaleric acid, and propionate in
NNB mice, compared to the group exposed to water only. Interestingly, this trend was
reversed in LNB mice, where escitalopram reduced the inferred potential of the microbiome
to synthesize SCFAs (Fig. 7). Attention should be drawn to the fact that escitalopram
trended towards modulating the relevant GBMs in LNB mice to be mostly akin to that of
water exposed NNB, i.e., normal mice (Fig. 7), potentially highlighting a ‘restorative’ effect
on the gut microbiota of LNB mice, which again could be proxy for another biological ariti-
compulsive-like process triggered in LNB mice only. Interestingly, the inferred pote:iial ¢f
the gut microbiome to synthesize propionate and butyrate were the only pathwavs kri»wi to
affect the gut-brain axis that showed statistically significant differences betv2en water and
escitalopram exposed mice, irrespective of the baseline nest building benavioui of the host
(Fig. 7). This may further emphasize other potentially brain-modula‘or:==ttects of the drug.
It can be concluded that the parallel reduction in plasma LPS cance. trauons and the blunted
inferred potential of the gut microbiota to metabolise TR .n escitalopram exposed LNB
mice, is not related to changes in the production of anti-in'ammatory SCFAs and is thus

founded upon a mechanism that is yet unknown.

In addition to the functional analysis, we als¢ 2ertc-ined a taxonomic description of the gut
microbiome of these mice. As oppost? to ou: earlier work (Scheepers et al., 2020), no
significant effect of baseline nesting be »aviodr on the beta-diversity was shown in the present
study. While this is surprising, m tigenerational shifts in the gut microbiota composition of
same-species mice are a commo. .cccurrence. Indeed, such multifactorial influences include
host genotype (Benga et’c’. 2(,24) and rearing condition (Nguyen et al., 2015). Since the
deer mice used in oui stucies wre bred wild type, shifts in the gut microbiota composition of
mice used in the Jresent investigation, compared to mice studied previously, can be expected.
However, th2 apglication of different databases for the taxonomic annotation of the 16S data
(SIL\ ~,2ersion 138 vs. Ribosomal Database Project used earlier) may also be a cause.
Since CILVA covers more taxa and was updated more recently, it is currently the accepted
standard in the field for the analysis of 16S rRNA gene sequencing data. Nevertheless, the
unique response of the LNB gut microbiome to escitalopram reiterates temporal uniqueness

among the NNB and LNB gut microbiome that is useful for studies of gut-brain relationships.

We also explored the effects of escitalopram on the taxonomic composition of the gut
bacterial communities of NNB and LNB mice. In this respect, the effect of escitalopram on

the bacterial community composition was dependent on the baseline nesting behaviour of the
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host (Fig. 6B). This change highlights a minor effect of escitalopram on the overall
composition of gut bacterial microbiota. However, even if the effects of escitalopram on the
gut bacteria are small in terms of phylum composition (Fig. 6C), escitalopram induced
important changes in the inferred functions of the microbiome community, which were
phenotype dependent. This finding is supported by a previous clinical study on the broad
effects of psychotropic drugs (e.g., antidepressants) on the microbiome, which similarly
showed affected microbial TRP metabolism post-treatment (Tomizawa et al., 2020).
Moreover, changes in the gut microbiome could mediate other differences detected v 7 !N
and LNB gut-brain axis. For instance, escitalopram restored correlations betw=en lasma
serotonin and the potential of the microbiome to synthesise molecules knox ™ to riodulate
the gut barrier integrity, i.e., acetate (Schalter et al., 2022), isovaleric acid |(Ghosh et al.,
2021), and the neurotransmitter glutamate, the latter evinced by the nra'icted synthesis and
breakdown of NO (supplementary Fig. 3B). Still, other associatiori.. between the abundance
of TRP catabolites in different host body sites and the prediciw.d nedroactive potential of the
gut microbiome remained unaltered after escitalopram < ministration (supplementary
Fig. 3A). Collectively, these findings highlight th= rel>vance of functional analyses of the
gut microbiome when assessing the effects of ‘'exarnal interventions on the biobehavioural

outputs of animals used for translationa’ researct.

Some study limitations deserve empha. is. J-irstly, in terms of behavioural separation, the 24
mice included in the LNB and I''NB. cohorts were randomised in terms of nesting score
between the two exposure oroup:./In other words, mice with varying nesting scores, albeit
selected for inclusion i1 the same nesting phenotype, were grouped together in the
escitalopram- and coitrol-2xpusure groups, respectively. Future studies that employ larger
sample sizes, al:o al'owing for the study of sex-dependent effects, may benefit from a
correlational ana'ysis of nesting behaviour and its association with different biological
paran ..z To this end, clustering mice of the same sex showing similar baseline nesting
scores ‘and neurobiological profiles in the same experimental groups will be informing.
Secondly, a post-drug-exposure LPS challenge in escitalopram-exposed NNB- and LNB mice
would have been valuable to trace a direct relationship between LPS and nesting expression.
For the same reason, a focused investigation of inflammatory processes, i.e. IDO and TDO
activity, cytokine expression, and cortisol release would have been beneficial. Lastly, the
microbiome of P. maniculatus bairdii is not a well characterized ecosystem yet. It is

therefore likely underrepresented in the databases used for taxonomic identification and
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inferred functional potential. Consequently, metabarcoding approaches for the taxonomic
and inferred functional description of this community might be limited and partial, as

suggested by the results shown in Fig. 6C.

4  Conclusion

The current investigation of LNB in deer mice as a model of naturalistic behavioural rigidity
aimed to determine whether LNB is characterised by alterations in inflammatory, TRP a, d
gut microbiota profiles. We found that LNB mice have lower baseline TRP ‘and’s rotonin
concentrations, without showing inflammation-related changes in the turnover Gf ne roaciive
metabolites. Escitalopram exposure further led to increased systemicaiiy av.ilable TRP
which associated with a blunted inferred TRP degradation potential-uf ti.c"gut microbiota.
Taken together, our data are in line with evidence of altered seixtorsigic mechanisms in
OCD and highlight the complexity of escitalopram’s actions<in ti.>.7nodel system. The data
here support the role of alterations in serotonergic mecharis ms, «nflammatory processes, and
gut microbiome content in compulsive-like behaviou.ai 1.4idity. There was, however, no
evidence for alterations in KYN pathways. Our-=2sulw. -also highlight the importance of gut-
brain crosstalk mechanisms at the level of TRF metabolism in the spontaneous development
of such behaviour. Collectively, this boay of research may contribute to our understanding of
the naturalistic mechanisms that-=-m.:~“underlie and perpetuate psychiatric disorders

characterized by rigidity, e.g., >CL
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Fig. 1: Differeiices w1 frontal-cortical and striatal tryptophan (TRP), serotonin (5-HT) and 5-
hydrevvindoicocetic acid (5-HIAA) concentrations.  All concentrations expressed as ng/g.
Data analysed by means of 2-way ANOVA followed by Bonferroni’s multiple comparisons.
Cohen’s d effect sizes as indicated: 0.8 < d < 1.3 < dd < 2 < ddd. ANOVA statistics
represented in supplementary table 1A-C. Data represented as mean + 95%CIl. (A)
Frontal-cortical TRP, **p =0.0015, dd =1.59; *p =0.0146, d=1.2; (B) Striatal TRP,
***p = (0.0001, dd = 1.46, ** p = 0.0024, dd = 1.84; (C) Frontal-cortical 5-HT, **p = 0.0099,
d=116; **p=0.0044, dd=1.54; (D) Striatal 5-HT; (E) Frontal-cortical 5-HIAA,
**p =0.0042, d =1.24; ***p < 0.0001, d =2.04; (F) Striatal 5-HIAA. NNB: normal nest
building; LNB: large nest building.
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Fig. 2: Diffezicnces in kynurenine (KYN), kynurenic acid (KYNA) and quinolinic (QA)
concentration.“All concentrations expressed as ng/g. Data analysed by means of 2-way
ANOV A foliowed by Bonferroni’s multiple comparisons. Cohen’s d effect sizes as indicated:
0.8<d<13<dd<2<ddd. ANOVA statistics represented in supplementary table 1D-F.
Data represented as mean £ 95%CIl. (A) Frontal-cortical KYN, d =0.85; d =0.93; (B)
Striatal KYN, ***p =0.0002, dd = 1.85, * p=0.0177, d = 1.13; (C) Frontal-cortical KYNA,
d=0.97; d=0.84; (D) Striatal KYNA, *p=0.0275, d=1.06; (E) Frontal-cortical QA,
*p =0.0493, d = 1.3; *p = 0.0463, d = 0.85; (F) Striatal QA, *p =0.0275, d=1.28. NNB:

normal nest building; LNB: large nest building.
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Fig. 3: Differences in kynurenine/tryptophan (KYN/TRP), serotonin/tryptophan (5-HT/TRP)
and 5 . droxyindoleacetic acid/serotonin (5-HIAA/5-HT) ratios. Data analysed by means of
2-way ANOVA followed by Bonferroni’s multiple comparisons. Cohen’s d effect sizes as
indicated: 0.8 <d < 1.3 <dd <2 <ddd. ANOVA statistics represented in supplementary
table 2A-C. Data represented as mean = 95%CI. (A) Frontal-cortical KYN/TRP; (B)
Striatal KYN/TRP; (C) Frontal-cortical 5-HT/TRP, d=1.28; *p =0.0438, d=0.81; (D)
Striatal 5-HT/TRP, ***p =0.0002, dd =1.61, d = 0.83; (E) Frontal-cortical 5-HIAA/5-HT,

**p =0.0067, dd = 1.62; (F) Striatal 5-HIAA/5-HT. NNB: normal nest building; LNB: large

nest building.
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Fig.4: Diffeianczs in kynurenic acid/kynurenine (KYNA/KYN), quinolinic acid/kynurenine
(QA/K Y™, :nd quinolinic acid/ kynurenic acid (QA/KYNA) ratios. Data analysed by means
of 2-wey ANOVA followed up with Bonferroni’s multiple comparisons. Cohen’s d effect
sizes as indicated: 0.8 < d < 1.3 < dd < 2 < ddd. ANOVA statistics represented in
supplementary table 2D-F. Data represented as mean + 95%CIl. (A) Frontal-cortical
KYNA/KYN, d=0.86, d =0.81; (B) Striatal KYNA/KYN; (C) Frontal-cortical QA/KYN;
(D) Striatal QA/KYN, d=98, d=0.86; (E) Frontal-cortical QA/KYNA; (F) Striatal
QA/KYNA. NNB: normal nest building; LNB: large nest building.
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Fig. 5= Diffe.ciices in plasma lipopolysaccharide (LPS) and lipopolysaccharide binding
proteir {LBP) concentrations. Data analysed by means of 2-way ANOVA followed up with
Bonferroni’s multiple comparisons. Cohen’s d effect sizes as indicated: 0.8 <d < 1.3 <dd <
2 < ddd. ANOVA statistics represented in supplementary table 3A. Data represented as
mean + 95%CI. (A) LPS concentrations, ***p =0.0005, dd=1.97, ***p =0.0005,
dd=1.99; (B) LBP concentrations, d =0.88, *p =0.022, d =0.89. NNB: normal nest
building; LNB: large nest building.
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Fig. 6: The taxonomic composition of the deer mice gut mis.2hio..c is stable in response to
escitalopram exposure regardless of host basal nest building hehaviour. (A) Alpha diversity
of the gut microbial communities as reflected by Chacl, shannon entropy, and Simpson’s
index. (B) PCA of 16S data computed as Aitc:i.2on wistance (Euclidean distances between
samples with CLR-transformed abundances). () Stacked bar plot showing the taxonomic
composition of the bacterial communities .t the level of genus. NNB mice exposed to water
are depicted in light blue, NNB micc exposed to escitalopram are depicted in dark blue, LNB
mice exposed to water are dep ‘tea .:iight green, and LNB mice exposed to escitalopram are

depicted in dark green. NN3: 1.ormal nest building; LNB: large nest building.
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Fig. 7: Effect of escitalopram on the inferred potentiai ¢..the gut microbiome to metabolise
neuroactive compounds depends on the basal nest u.'dii.g behaviour of the host. Left panel:
es (GBMs) for each
condition. A higher intensity of purpic depicts-a lower inferred abundance of the relevant

Standardized (Z-score) abundance of the irferre.'- gut-brain modul

modules, whereas a higher intensity of red «.cpicts a higher inferred abundance. Right panel:
Effect size (beta) estimate of the C I2M “or each factor applied in the formula. Positive values
(yellow) indicate higher predicicd genetic potential and negative values (blue) indicate the
opposite for gut-brain cci. murication per factor of the GLM. Data based on nestbuilding
behaviour (“N.B.B” coiumrn), .scitalopram treatment (“Esc50” column) and their interaction

(“INT” column). Stars represent statistical significance after Benjamini-Hochberg correction

(FDR; p<(C.05andqg<0.2).
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