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Chronic Early-life Stress in Rat Pups Alters Basal
Corticosterone, Intestinal Permeability, and Fecal
Microbiota at Weaning: Influence of Sex

Nabila Moussaoui,* Jonathan P Jacobs, Muriel Larauche, Mandy Biraud, Mulugeta Million, Emeran Mayer, and Yvette Taché

G. Oppenheimer Center for Neurobiology of Stress and Resilience, CURE: Digestive Diseases Research Center, Vatche and Tamar Manoukian
Division of Digestive Diseases, Department of Medicine and Brain Research Institute, University of California, and VA Greater Los Angeles
Healthcare System, Los Angeles, California, USA

Background/Aims

Wistar rat dams exposed to limited nesting stress (LNS) from post-natal days (PND) 2 to 10 display erratic maternal behavior, and
their pups show delayed maturation of the hypothalamic-pituitary-adrenal axis and impaired epithelial barrier at PND10 and a visceral
hypersensitivity at adulthood. Little is known about the impact of early life stress on the offspring before adulthood and the influence
of sex. We investigated whether male and female rats previously exposed to LNS displays at weaning altered corticosterone, intestinal
permeability, and microbiota.

Methods

Wistar rat dams and litters were maintained from PND2 to 10 with limited nesting/bedding materials and thereafter reverted to
normal housing up to weaning (PND21). Control litters had normal housing. At weaning, we monitored body weight, corticosterone
plasma levels (enzyme immunoassay), in vivo intestinal to colon permeability (fluorescein isothiocyanate-dextran 4 kDa) and fecal
microbiota (DNA extraction and amplification of the V4 region of the 16S ribosomal RNA gene).

Results

At weaning, LNS pups had hypercorticosteronemia and enhanced intestinal permeability with females > males while body weights
were similar. LNS decreased fecal microbial diversity and induced a distinct composition characterized by increased abundance of
Gram positive cocci and reduction of fiber-degrading, butyrate-producing, and mucus-resident microbes.

Conclusions

These data indicate that chronic exposure to LNS during the first week post-natally has sustained effects monitored at weaning
including hypercorticosteronemia, a leaky gut, and dysbiosis. These alterations may impact on the susceptibility to develop visceral
hypersensitivity in adult rats and have relevance to the development of irritable bowel syndrome in childhood.

(J Neurogastroenterol Motil 2017;23:135-143)
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Introduction

The impact of early-life stress events on the development of
psychiatric illnesses and gastrointestinal disorders such as irritable
bowel syndrome (IBS) is well recognized in humans."” In preclini-
cal studies, rodents raised under conditions of intermittent maternal
separation develop features of IBS-like manifestations and altera-
tions in behavior when they are adults.”* Another model of early-life
adverse events is the rearing of pups by dams subjected postpartum
to conditions of limited bedding and nesting stress.”* This model
has face validity in humans”® where the mother is continuously
present but provides an altered repertoire of maternal behaviors in-
dicative of fragmented and erratic care” and altered dam-pup inter-
actions." Tt has also the advantage of minimizing variability linked
to handling of the pups to perform daily maternal separation.™"
Disturbance of maternal behavior by limited nesting stress (LNS)
exposure during the post-natal days (PND) 2 to 10 impacts signifi-
cantly on the development of the hypothalamic-pituitary-adrenal
(HPA) axis in offspring with contrasting effects on corticostero-
nemia according to the strain studied. Indeed, Sprague-Dawley
pups showed either no change”"” or increased" levels at PND9,
whereas PND 10 Wistar pups exhibited a delayed maturation of the
adrenal glands with significant reduction in plasma corticosterone.*
PND10 Wistar pups also showed elevated intestinal barrier perme-
ability selectively in males.™

At weaning, the HPA axis is still in development'™'® and the in-
testinal barrier permeability to macromolecules is high and declines
thereafter although it remains more permeable up to PND40.""
During this period, bacterial colonization is in process and promotes
the development of food tolerance and immune function.” Of im-
portance, recent reports in rodents indicate that early-life stress may
influence the microbiota which could be associated with long lasting
effects.”™ In particular, maternal separation for 3 hours per day
from PND2-9 results in a distinct fecal microbiota in adult rats.”
However, whether early life adverse event is associated with altera-
tions of gut microbiota diversity and community structure during
development is yet to be established.

In the present study, we investigated whether chronic post-natal
stress induced by exposure to LNS from PND2 to 10 influences
basal corticosterone and in vivo intestinal-colonic permeability at
weaning after 11 days of normal housing. To assess the specificity of
the changes induced by NS we also included a group of offspring
subjected to a brief maternal separation (BMS) for 15 minutes per

day from PND2-9 and similarly assessed plasma corticosterone

levels and gut permeability at weaning. This BMS procedure is
known to improve resilience and HPA axis response to stress in
adulthood.”* Lastly, we examined changes in fecal microbiota of
LS offspring at weaning using high-throughput 16S rRNA taxo-
nomic profiling. Based on recent reports showing that NS from
PND2-9 impacts on the visceral hypersensitivity in a sex-dependent

. 2627
manner in adult rats,

the study included pups of both sexes to
evaluate whether sexual dimorphism was maintained at weaning as

we reported at PND10."*

Materials and Methods

Animals

Primiparous pregnant Wistar rats obtained on embryonic day
E-15 from Harlan facilities (San Diego, California, CA, USA)
were housed individually in polypropylene cages under conditions
of controlled temperature (23 = 1°C) and lighting (12:12 hour
light/dark cycle—6 PM lights oft/6 AM lights on). Food (Prolab
RMH 2500; PMI Nutrition International, Inc, Brentwood, MO,
USA) and water were available ad libitum. Bedding was changed
3 days before the expected parturition. Cages were inspected for
the presence of pups at a 12-hour interval and the date of birth was
labeled as day 0. On PND2, between 9 AM and 10 AM, pups
were sexed and litters were mixed and culled to a maximum of 12
pups and minimum of 10 with an equal number of each sex as in
our previous study."* All experimental protocols (#09026-11) were
approved by the IACUC Committee of the VA Greater Los Ange-
les Healthcare System which is under the auspices of the OLAW
Assurance of Compliance (A3002-01) in accordance with NTH
guidelines.

Limited Nesting Stress

The LNS conditions were similar to those originally described
by Gilles et al” and detailed in our previous studies.'* Briefly, on
PND2, each mother with pups was placed in a standard cage fitted
with a wire mesh bottom (IMcNichols Quality Standard Expanded
Metal, Aluminum Type 3003-H14, 3/16 .032 Standard; McNich-
ols Co, Los Angeles, CA, USA) that was positioned 2.5 cm above
the floor to allow passage of excrements. The bedding was reduced
to cover the cage floor sparsely and nesting material consisted of
half a piece of paper towel (10 X § cm) that the dam shred and
used to construct a rudimentary nest area. Control groups (CTL)
were maintained in standard cages with direct contact with stan-

dard amount of bedding, and one paper towel as nesting material.
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Thereafter, dams and pups were left completely undisturbed. Cages
were unchanged from PND?2 to 10 and located in a separate room
dedicated to this study. At PND10, pups and dams were returned

to normal bedding until PND21 when parameters were monitored.

Brief Maternal Separation

The BMS was performed as described previously. *** Housing
conditions were similar to those of the CTL. group except that from
PND2 to 9, pups were separated from the dam for 15 minutes
daily starting between 9 AM and 10 AM. For each litter; pups were
removed all together from their home cage and kept in temperature
controlled cages at 28 = 1°C with normal bedding.

Blood and Fecal Sampling at Post-natal Day 21
PND21 male and female pups from CTL. and LNS litters (2
each) were weighed and in one litter of each group, PND21 male
and female pups were euthanized by decapitation and the adrenal
glands were harvested and weighed. In all pups, blood sample was
collected from the facial vein at 1 PM in lightly hand restrained
conditions for corticosterone plasma determination and intestinal
permeability. The time of blood collection was dictated by the 4-h
permeability assay. Feces were collected after the permeability assay
from CTL and LNS litter (one litter each) at PND21 and stored

at —80°C until microbiota analysis.

Plasma Corticosterone Determination

Blood samples were collected from the facial vein in lightly
restrained conscious rats with a collection time less than 30 seconds
as performed in our previous study."*'"” Samples were centrifuged
(10 minutes, 2500 g) and plasma was stored at —80°C until assay.
Plasma corticosterone concentration was determined by enzyme im-
munoassay (Cayman Chemical, Ann Arbor, M1, USA) according
to the manufacturer’s instructions. The sensitivity of the assay was

150 pg/mL and interassay variability was 11%.

In Vivo Intestinal Permeability

Total (small and large intestine) permeability was measured in
vivo as detailed in our previous studies.™"” Briefly, at 9 AM pups
received oral gavage (70 pL.) of fluorescein isothiocyanate (FITC)
labeled 4 kDa dextran (FD4) (4 kDa; Sigma, Milwaukee, W1,
USA), at the dose of 750 mg/kg body weight in 0.9% NaCl. After
4 hours, a sufficient transit time for FD4 to be recovered into the
colon lumen, " rats were lightly hand restrained and blood (200
pL.) was withdrawn from the facial vein using heparin-coated

capillaries (SARSTEDT Saint James Church Road, NC, USA).

LNS, Gut Permeability, and Microbiota in Rats

Samples were placed immediately on ice and centrifuged. Intestinal
permeability to FD4 was determined by measuring plasma FD4
concentration using an automatic Synergy HT multi-detection mi-
croplate reader (Ex 485 nm and Em 525 nm; BioTek, Winooski,
VT, USA).

Microbiota Analysis

Feces were collected from PND21 male and female rats for
DNA extraction and amplification of the V4 region of the 16S
rRNA gene. Genomic DNA was extracted using the Powersoil
kit as per manufacturer’s instructions (MoBio Laboratories Inc,
Carlsbad, CA, USA). The V4 region of 16S ribosomal RNA genes
was amplified and underwent paired end sequencing on an Illu-
mina MiSeq using the 2 X 150 bp v2 kit as previously described.”
The 253 base pair reads were processed using QIIME v1.9.1 with
default parameters.” Observable taxonomic units (OTUs) were
picked against the May 2013 version of the Greengenes database,
pre-filtered at 97% identity. Sequence depth ranged from 75 603
to 110767. Alpha diversity metrics (ie, bacterial diversity within a
sample) and beta diversity (differences in composition across sam-
ples) were calculated in QIIME v1.9.1 using OTU-level data rar-
efied to 75 603 sequences. Alpha diversity metrics included Faith’s
phylogenetic diversity metric, Chaol, and Shannon index.

Statistical Methods

Data are expressed as mean = SEM and were analyzed using
GraphPad Prism 4 software (GraphPad, San Diego, CA, USA).
Plasma corticosterone in CTL and LLNS groups were compared by
Student’s ¢ test. Pearson’s correlation coefficient was used to assess
the correlation between corticosterone plasma levels and adrenals
weights/100 g body weight and between corticosterone plasma
levels and Akkermansia abundance. Correlation analysis between
corticosteronemia and adrenal weights were only reported in fe-
male rats as no significant change in adrenal weights was observed
between male pups exposed or not to LLNS procedure. One-way
ANOVA followed by Tukey post hoc test comparisons were used
to analyze in vivo intestinal permeability. Interaction between treat-
ment and sex was analyzed by two-way ANOVA followed by Bon-
ferroni post hoc test. A P-value < 0.05 was considered significant.
The significance of differences in alpha diversity was calculated us-
ing the Mann-Whitney U test. Beta diversity was calculated using
unweighted UniFrac and visualized by principal coordinates analy-
sis. Adonis, a permutational analysis of variance, was performed
using 100000 permutations to test for differences in beta diversity
between the NS and control groups.” Association of microbial
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genera and OTUs with LNS or control groups were evaluated
using DESeq?2 in R.” Unrarefied 16S rRNA count data was first
filtered to remove OTUs present in only one sample then fitted to
multivariate negative binomial models with NS group and sex
as covariates. P-values for differential abundance were converted
to g-values to correct for multiple hypothesis testing (P < 0.05 for
significance).” DESeq2 models were also run with intestinal per-
meability or plasma corticosterone as covariates in addition to LNS

group and sex to identify taxa associated with these parameters.

Results

Limited Nesting Stress from Post-natal Days 2-10
Did Not Alter Pups Body Weight at Weaning

No significant difference was observed in body weights be-
tween PND21 male and female Wistar rats in the CTL. group (36.4
*1.0g,n=9vs353 £ 12 g, n =14, respectively, P = 0.500).
Body weights in the LNS group did not differ significantly when
compared to the same sex CTL group (males: LNS 34.7 £ 04 g
vs control 36.4 = 1.0 g, P = 0.100, n = 9-12; females: LLNS 33.4
* 0.4 g vs control 35.3 = 1.2 g, P = 0.200, n = 11-14). There
was no significant sex difference in the body weight of the LNS
group (two-way ANOVA: F [1,40] = 1.8, P = 0.200).

Limited Nesting Stress from Post-natal Days 2-10
Increased Plasma Corticosterone Levels in Pups at
Weaning

In PND21 males, plasma corticosterone values showed a trend
to be higher in LNS group compared to CTL which did not reach

>
(ov)

statistical significance (4.0 = 0.4 pg/dL vs 2.4 ® 0.7 pug/dL, P =
0.050,n = 8-9) (Fig. 1A). By contrast, corticosterone plasma levels
in the NS female group increased significantly by 147% in com-
parison to CTL female pups (9.4 = 1.6 ug/dL vs 3.8 = 0.9 ug/
dL, P < 0.01, n = 6-12) (Fig. 1A). Two-way ANOVA showed
highly significant differences by treatment group (F [2, 40] =10.5,
P < 0.001)and sex (F [1,40] =12, P < 0.01).

PND21 LNS females displayed a significant increase in ad-
renal weight (mg/100 g body weight) in comparison to the CTL
group (LNS 35.1 % 0.7 vs control 30.0 = 2.0, P < 0.05,n = 4)
whereas NS male did not show significant changes compared to
the male CTL and had rather a tendency to be lower than the CTL
(LNS 29.0 = 1.1 vs control 34.6 = 3.0, P = 0.200, n = 3-4).
Positive correlation between corticosterone plasma levels and the
adrenal weights (mg/100 g body weight) was observed in female
CTL and LNS pups (Pearson r = 0.75, P < 0.05, n = 8) (Fig.
1B), but not in males (not shown).

By contrast, PND21 BMS pups, either male or female, did
not show significant changes in plasma corticosterone levels (BMS
male: 2.0 = 0.4 vs controls 2.4 = 0.7 ug/dL,, P = 0.300, n = 4-8;
BMS female: 3.5 * 0.8 vs controls 3.8 = 0.9 pg/dL, P = 0.200,
n=7-12).

Limited Nesting Stress from Post-natal Days 2-10
Increased In Vivo Intestinal Permeability in Females
at Weaning

Intestinal permeability to FD4 was not significantly different
between male and female pups in the CTL group (ug/mL plasma:
8.9 = 0.6 vs 9.4 = 0.7, respectively). Limited nesting stress in-
creased intestinal permeability to FD4 by 70% in female pups (P

PND21 female

30 4 o CTL 2 BMS m NS 30 1 Figure 1. Limited nesting/bedding
R _ stress from post-natal days (PND) 2
i 25 i‘ 25 - to 10 increases corticosterone plasma
g i g levels in PND21 pups. (A) Corticoste-
2 __P=005 2 rone plasma levels in male and female
3 20 7 3 201 PND21 pups in limited nesting stress
g " g (LLNS), brief maternal separation
< 15 3 15+ b (BMS), and control (CTL) groups.
= o ] S o® Data are mean = SEM (4-12 animals
§ 10 4 5 10 per group). **P < 0.01 LNS female vs
£ s ™ 2 CTL female pups, “"P < 0.01 LNS
é o -~ o -’ § b male vs LNS female pups. (B) Positive
s 51 O L™ =] 5 54 ° correlation (Pearson » = 0.75, P = 0.05,
© @ % F Dﬁ l-{— © n = 8) between corticosterone plasma

0 . 0 : : . levels and adrenals weights/100 g body
Male Female 0 20 40 60 weight (BW) in female PND21 pups

Adrenal weights (mg/100 g BW)

from LNS and CTL groups.

138 Journal of Neurogastroenterology and Motility



200 1 *x

150 -

100

FITC-dextran 4 kDa
(% control)

o1
o
1

Intestinal permeability to

1 14 1

CTL BMS LNS CTL BMS LNS
Male Female

Figure 2. Intestinal permeability to fluorescein isothiocyanate (FITC)
labeled 4 kDa dextran (FD4) is increased in post-natal days (PND)
21 pups exposed to limited nesting/bedding stress from PND2-10. In
vivo intestinal permeability to FD4 in male and female PND21 pups
in limited nesting stress (LNS), brief maternal separation (BMS),
and control (CTL) groups. Data are expressed as the mean = SEM.
*P < 0.0, **P < 0.01, ***P < 0.001 compared to corresponding

control group.

< 0.01) while inducing a 32% elevation in male pups that did not
reach significance. In contrast, pups exposed to BMS showed a
significant 54% (P < 0.001), and 33% (P < 0.05) decrease of in-
testinal permeability in males and females respectively compared to
the CTL group (Fig. 2).

Two-way ANOVA revealed significant effect of treatment (F
[2,48] = 22, P < 0.0001) and sex (F [1, 48] = 4.8, P < 0.05).

Limited Nesting Stress from Post-natal Days 2-10
Induced a Lower Diversity in Fecal Microbiota and
Increased Abundance of Genera of Gram Positive
Cocci at Weaning

The LLNS group had decreased fecal microbial diversity using 3
metrics: Chaol (P = 0.0003), phylogenetic diversity (P = 0.0005),
and Shannon index (P = 0.004) (Fig. 3A). Beta diversity analysis
using unweighted Unikrac demonstrated that the LNS group had
a distinct fecal microbiota composition compared to CTL (P =
0.00009) (Fig. 3B). Differential abundance testing was performed
using DESeq2 to identify microbes associated with LNS after
adjusting for sex. The LNS group had decreased abundance of 24
genera (representing 487 OTUs) at a significance threshold of q
< 0.05 (Fig. 3C). This included fiber-degrading microbes such as
Oscillospira (47 OTUs), Ruminococcus (17), and Lachnospira (3);
butyrate-producing microbes such as Roseburia (27), Coprococcus
(10), and Eubacterium dolichum; and the mucus-resident bacteria

Akkermansia mucinophila and Mucispirillum schaedleri. There

LNS, Gut Permeability, and Microbiota in Rats

was increased abundance of 20 genera (representing 204 enriched
OTUs), of which 8 were Gram positive cocci: Enterococcus (6
OTUgs), unclassified Enterococcaceae (2), Streptococcus (4), un-
classified Streptococcaceae (1), Peptococcus (2), Aerococcus (3),
Jeotgalicoccus (2), and Facklamia (1). Additional enriched genera
included Clostridium (4), Corynebacterium (4), Desulfovibrio (1),
Granulicatella (2), Rothia (1), and Proteus (1). No genera and only
2 OTUs were significantly associated with sex.

Correlation Analyses Between Corticosterone
Plasma Level, Intestinal Permeability, and Microbiota
No correlation was observed between corticosterone plasma
levels and intestinal permeability values in both sexes (Pearson r =
—0.16, P = 0.300, n = 36) or in each sex analyzed separately (data
not shown). The association of the intestinal microbes with corticos-
terone and intestinal permeability was then assessed using a mul-
tivariate approach adjusting for LLNS group and sex. One genus,
Akkermansia, had a statistically significant negative association with
plasma corticosterone (q = 0.02). Log transformed abundances of
Akkermansia were negatively correlated with plasma corticosterone
with Pearson’s r = —0.82 (P = 0.0001) (Fig. 3D). No taxa were
associated with intestinal permeability after adjusting for LNS

group and sex.

Discussion

The present study indicates that exposure of Wistar pups to
LNS post-natally from days 2 to 10 induced alteration in plasma
corticosterone levels, gut permeability; and fecal microbiota as moni-
tored 11 days after the end of NS at the time of weaning.

We reported previously that PND10 Wistar pups exposed
to LNS from PND2 to 10 had delayed maturation of the HPA
axis as shown by a significant reduction of corticosterone plasma
levels and adrenal glands weight/100 g body weight in both males
and females."* In the present study, PND21 male and female
pups exposed to similar conditions of LNS followed by 11 days of
normal housing showed 67% (P = 0.050) and 147% (P < 0.01)
higher basal corticosterone plasma levels respectively than same sex
controls with values in females being significantly superior than in
males. Exposure to early-life stress events has been reported to have
a long lasting effect on HPA axis activity in adult rodents previ-
ously exposed to repeated maternal separation’ and in adult hu-
mans.””* The present results indicate that rat pups exposed to the
NS post-natal stress associated with altered maternal behavior™"*
induces a basal state of elevated corticosteronemia which can be

detected at weaning more prominently in females while not present
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at PND10." This shows for the first time the onset of sex differ-
ences in a component of the HPA axis induced by early-life adverse
environmental factors. The hypercorticosteronemia is specific to the
chronic stress exposure from PND2-10 as BMS during the same
period did not influence basal plasma corticosterone levels either at
PND10" or at PND21 (present study) in both male and female
pups.

The LLNS model enables to study the impact of chronic post-
natal stress on the trajectory of developing intestinal barrier perme-
ability. LNS exposure from PND2-10 is associated with increased
total intestinal permeability to FD4 predominantly in PND21 fe-
male pups, even so, pups were subsequently housed for 11 days un-
der normal nesting/bedding conditions. By contrast, we described
previously that PND10 pups exposed similarly to LNS exhibited
a significant increase of intestinal permeability occurring mainly
in male pups.” The temporal sex differences observed here could
not be explained by hormonal actions as efficient secretion of sexual
hormones does not occur until PND30 in rats.” Collectively, these
findings point to a sex difference in developmental susceptibility to
early-life stress with immediate and long lasting alterations in intes-
tinal barrier function occurring later in females compared to males.
Other studies performed in male rats indicate an alteration of the
intestinal barrier at weaning in the maternal separation model” that
was detected by the significant increase of colonic short-circuit cur-
rent and horseradish peroxidase flux along with increased intestinal
permeability that was still maintained in adulthood.”** Glucocor-
ticoids play a role in the increased intestinal permeability induced
by a short acute maternal separation stress in PND10 pups'’ but

not in adult rats subjected to repeated maternal separation.”” I

n
the present study, we found no correlation between corticosterone
plasma levels and intestinal permeability at weaning, either in LNS
or BMS models, suggesting that glucocorticoids are not involved in
the mechanisms contributing to the altered permeability. Peripheral
corticotropin-releasing factor receptors and nerve growth factors
have been identified as major underlying mechanisms of the en-
hanced intestinal permeability in adult rats exposed to intermittent
maternal separation post-natally."*" Whether similar mechanisms
are implicated in the increased permeability during the develop-
mental period at weaning need to be further investigated. Intestinal
barrier disruption has been described to occur in IBS patients,”™*!
although the link between early adverse life events and increased
intestinal permeability needs to be evaluated based on the present
experimental data.

On the other hand, BMS exposure is associated with a signifi-
cant lower intestinal permeability than the CTL group at weaning

in both sexes which was already observed at PND10."* Together

LNS, Gut Permeability, and Microbiota in Rats

these findings are indicative that short maternal separation acceler-
ates maturation of intestinal barrier function during development
stages in both male and female pups. Considering the role of altera-
tions in intestinal permeability in stress-sensitive IBS manifesta-
tion,” the present data may have a bearing with our previous report
showing that exposure to BMS reduced the visceral pain to colorec-
tal distension monitored 1 hour after exposure to water avoidance
stress and prevents the hyperalgesia 24 hours later; while repeated
3-hour maternal separations resulted in a hyperalgesic response
when tested in adulthood.”

There is growing recognition that the neonatal intestinal micro-
biota plays a critical role in neurodevelopment and postnatal HPA
stress response.’ Recent evidence also indicates that the gut micro-
biota contributes to the expression of behavioral alterations in adult
mice exposed to early maternal separation.” The present study in-
dicates that PND21 rats reared in NS conditions have decreased
fecal microbiota diversity and a distinct composition compared to
CTL rats. LNS exposure results in a decrease abundance of fiber-
degrading, butyrate-producing, and mucus-resident bacteria com-
pared with controls. These bacteria play an important role in the
maintenance of the intestinal barrier.” We also found that feces of
LNS rats had decreased abundance of 19 OTUs belonging to the
Lactobacillus genus, paralleling results in one study showing the
reduction of Lactobacillus species in the distal colon of PND20 rats
exposed to maternal separation from PND4-19, although no other
taxa were investigated.” We observed in LNS rats an increased
abundance of Gram positive cocci such as Enterococcus, Entero-
coccaceae, and Streptococcus which were reported to be dominant
bacteria in fecal microbiota of PND14 rats.” Those data suggest
that LNS rats may have delayed maturation of the neonatal micro-
biota. Of note, no significant sex difference was observed in either
the diversity or composition of fecal microbiota in weaned rats, and
microbial changes did not correlate with the degree of intestinal
permeability after adjustment for the effect of LNS. However, the
analysis of the microbiota was performed in feces and not in the
intestine, and we could not exclude the possibility that alterations in
bacteria adhering to the gut mucosa could potentially be involved
in the modulation of the HPA axis and the intestinal permeability
induced by LNS.

Sustained perturbations in the intestinal microbiota related
to early-life stress may be a potential contributing mechanism by
which early adverse life events can be linked to the susceptibility of
developing IBS later in life, given the extensive literature suggesting

a role of the microbiota in the pathogenesis of IBS."”** Recent stud-
ies showed rats exposed to LNS from PND 2-9 display visceral

hypersensitivity when they are adults.*>*" Disturbance of bacterial
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colonization by antibiotic treatment from PND4 to 13 induces
visceral hypersensitivity in adult rats which is more pronounced in
males.” Conversely, probiotic treatment from PND3 to 60 has a
protective effect on the development of visceral hyperalgesia in Wi-
star rats exposed to maternal separation stress for 3 hours per day
from PND2 to 14.” Taken together, the present and previous stud-
ies point to a potential important role played by dysbiosis during the
early-life period in modulating the visceral sensitivity of the host.

In conclusion, the present study shows for the first time that
chronic early exposure of dams to LNS for the PND2-10 period
impacts the offspring development during the critical suckling peri-
od. PND21 rats had an elevated basal level of circulating corticoste-
rone and increased in vivo intestinal permeability more prominently
in females. By contrast, BMS exposure was associated with a sig-
nificant decrease of intestinal permeability to FD4 without changes
in corticosterone plasma levels compared to the control group.
Moreover, the study provides the first evaluation of the fecal micro-
biota diversity and composition in weaning rats exposed to chronic
stress during the first post-natal week. LLNS rats display lower
bacteria diversity with a decrease in fiber-digesting, mucus resident
and butyrate-producing bacteria, while other bacteria including
multiple genera of Gram positive cocci were more abundant. The
time of weaning is an important development time and our findings
may have implications in understanding the impact of early stress
on the onset of IBS in children.”’ Moreover, alterations induced by
LLNS may have relevance to the long-lasting consequences of early
adverse life events reported in IBS,; alterations of HPA axis and its

3 2,52
pr evalence in women.
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