Maternal immune activation affects offspring ultrasonic
vocalisations and impairs cognition in rats
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RESULTS

INTRODUCTION
Epidemiological evidence suggests a link
between maternal immune activation
(mIA) and increased morbidity for
diseases such as schizophrenia (sz) in the
adult offspring[1] (Figure 1).
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Indeed, animal models of mIA implicate
maternal interleukin-6 (IL-6) production in
mediating deficits in the adult offspring[2].
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Figure 3: Poly I:C induces mIA including elevated plasma cytokine
concentration after 3 hours and impaired weight gain during late
gestation in pregnant Wistar rats. A) baseline plasma IL-6 and TNF-α
concentration in non-pregnant Wistar rats. Connecting line denotes
matched values from individuals, which shows no significant correlation
(R2=0.116, p=0.131, linear regression, N=24). TNF-α value not
shown=315.4pg/ml. Poly I:C induces a significant increase in plasma B)
IL-6 (**p<0.01, Mann-Whitney test, N=8) and C) TNF-α (***p<0.005,
Mann-Whitney test, N=8). D) Poly I:C reduces maternal weight gain on
GD20-22 (*p<0.05, †p=0.090, 2-way repeated measures (RM) ANOVA
with Sidak’s multiple comparisons) as well as E) reducing maternal food
intake during the 24 hours after treatment (*p<0.05, Mann-Whitney
test). Data shown = mean ± SEM.

Poly I:C does not affect litter size but impairs offspring weight gain on PD14
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Figure 4: Poly I:C doesn’t affect fetal
survival but impairs offspring growth on
PD14. Poly I:C has no effect on A) litter
size (Mann-Whitney test) or B) the
number of males and females within
litters on PD1 (±p=0.060, 2-way ANOVA).
Poly I:C causes a significant reduction in
percentage weight gain on PD14 in both
C) male and D) female offspring (*p<0.05
and **p<0.01 respectively, both 2-way
RM ANOVA with Sidak’s multiple
comparisons). Data shown = mean ± SEM.

We have used the viral mimetic
polyinosinic:polycytidylic acid (poly I:C) to
model the effects of mIA.

Figure 1: the mIA paradigm.

Impaired maternal care during key neurodevelopmental stages of
postnatal life is a risk factor for sz in the adult offspring[3], inducing a range
of behavioural[4] and molecular deficits[5] in the brain.

Currently it is not known whether poly I:C affects offspring behaviour
through the maternal cytokine response, or by impairing maternal care
behaviours in early postnatal life.

mIA affects female pup USVs on PD6 and maternal self-directed behaviour on PD14
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Figure 5: mIA has a sex- and postnatal day-specific effect on offspring
USVs and affects maternal resting behaviour on PD14 without affecting
maternal pup-directed behaviours. Poly I:C does not affect A) total time
spent vocalising in males on any postnatal day (2-way RM ANOVA) but B)
increases female offspring USV time on PD6 (*p<0.05, 2-way RM ANOVA
with Sidak’s multiple comparisons). C) Poly I:C does not significantly
affect maternal pup-directed behaviours i.e. sniffing (Sn), licking (Li),
suckling (Su), nursing (Nu), or longest care bout (LB). D) Poly I:C
significantly reduces maternal resting (R) on PD14 (*p<0.05, 2-way RM
ANOVA with Sidak’s multiple comparisons) but does not affect maternal
general activity (GA), feeding (F), autogrooming (Au), or digging (D). Yaxis is broken for clarity of data. Data shown = mean ± SEM.

Poly I:C treatment on gestational day 15 (GD15) in pregnant Wistar rats
induces mIA by an increase in plasma cytokine concentration.
mIA impairs pup communicative and maternal care behaviours in early
postnatal life.
mIA and associated impaired maternal behaviours results in offspring
behavioural deficits in adolescence and adulthood relevant to sz.

METHODS
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Sn = sniffing
Li = licking
Su = suckling
Nu = nursing
LB = longest care bout

Inducing maternal immune activation
Baseline
non-pregnant

= poly I:C

Poly I:C induces maternal inflammation and reduces weight gain towards birth

The increased risk for sz is likely to be
driven by the effects of released maternal
cytokines on placental function, fetal
neuro-development,
or
maternal
behaviours.

Impaired fetal
neurodevelopment

= vehicle;

D

GA = general activity
F = feeding
Au = autogrooming
D = digging
R = resting

Tail vein blood sample for plasma
IL-6 and TNF-α concentration.

Timed mating

Copulatory plug was designated GD1.
Dam and food weighed daily.

Treatment
GD15

10mg/kg bodyweight low molecular weight poly I:C
(InvivoGen) or endotoxin-free physiological water
(vehicle) by intraperitoneal injection.

mIA affects adult female offspring cognitive flexibility but not object recognition
Tail vein blood sample for plasma
IL-6 and TNF-α concentration.

3 hours
post-treatment

NOR

ADOLESCENT (PD34)

ADULT (PD120)

Time spent exploring objects

Recorded on postnatal days 6 (PD6), 10, and 14
1 hour maternal separation.
Ultrasonic vocalisations (USVs) recorded
with BatBox from individual pups for 3
minutes each.
Total number and sound
frequency of USVs analysed
using Avisoft SASLab.

MATERNAL-OFFSPRING INTERACTIONS
Scored live by blinded experimenters
immediately after maternal separation.
Parameters include nursing,
suckling, licking, and
grooming.
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PUP ULTRASONIC VOCALISATIONS

MALES

Pup growth, USVs and maternal-offspring interactions

30 minute trials.

Offspring behavioural testing
Novel object

Novel object recognition (NOR)

ASST

Short term recognition memory.

3 minute acquisition → 30 minute inter-trial
interval → 3 minute retention (Figure 2).

Elevated plus maze (EPM)

Familiar object

Figure 6: poly I:C has no
effect on retention in the
NOR task in males or
females at adolescence or
adulthood. Offspring of
poly I:C-treated dams are
able to distinguish the
novel object after a 30
minute ITI until at least
PD120 as well as those
born to vehicle-treated
dams (*p<0.05, **p<0.01,
****p<0.0001, 2-way
ANOVA with Sidak’s
multiple comparisons;
n=15-24). Discrimination
index showed no
differences between males
or females at either time
point (data not shown,
unpaired T-test). Data
shown = mean ± SEM.
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Radial arm maze (RAM)

RAM

Figure 7: adult female poly I:C offspring
spend less time in the open arms of the EPM
(dashed line, p=0.056, Mann-Whitney test,
N=9). Data shown = mean ± SEM.

ADULT FEMALES (PD125)

Figure 7: poly I:C
has no effect on
performance in the
first five trials of
the radial arm maze
task in adult
females. Adult
female poly I:Cexposed offspring
show no difference
in time to criteria
(visiting all eight
arms; above) or
number of errors
(revisiting explored
arms; below). Both
2-way RM ANOVA
witth Sidak’s
multiple
comparisons; n=7-9.
Data shown = mean
± SEM.

Figure 8: mIA induces a clinically-relevant deficit
in the extra-dimensional shift (EDS) phase of the
ASST task in adult female ofspring. mIA increases
the number of trials to reach criteria in the EDS
phase (***p<0.001; left panel) and the number of
errors in the EDS reversal (R3) phase (*p<0.05;
middle panel) without affecting mean trial time
across phases (right panel). All 2-way ANOVA with
Sidak’s multiple comparisons; n=7-9. An attentional
set in vehicle animals was assessed by a paired ttest which approached significance for number of
trials (p=0.073) and errors (p=0.093; both dotted
lines). Data shown = mean ± SEM.
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Anxiety phenotype.
5 minute trials recording time spent in open arms.

(PD121)

ADULT FEMALES
(PD130)
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Spatial working memory.
Time taken and errors (number of re-entries) to
enter all eight baited arms.

Figure 2: acquisition (top) and
retention (bottom) stages of the NOR
task including the familiar (A) and
novel (B) objects.

Attentional set-shifting task (ASST)
Cognitive flexibility and problem solving.
Executive function underpinned by the prefrontal
cortex.
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CONCLUSIONS
Poly I:C treatment on GD15…
Induces mIA in pregnant Wistar rats at 3 hours posttreatment, evidenced by elevated plasma cytokine
concentration, reduced food intake, and reduced
weight gain.
Does not affect pup survival, but impairs growth
during the first 2 weeks of postnatal life.
Alters pup USVs in a sex- and time-specific manner.
Impairs adult female cognitive flexibility in a
clinically relevant domain, without affecting object
recognition and spatial working memory.

FUTURE DIRECTIONS
Further characterise the offspring socialisation phenotype
during adolescence and adulthood.
Longitudinally analyse the molecular effects of mIA in the
offspring brain (hippocampus, prefrontal cortex, and
hypothalamus at PD21, 35, and 160) including:
Global DNA methylation.
Expression of candidate genes (by qPCR) relating to
synaptic, immune, and epigenetic function.
Expression of these gene products (by Western blot)
including parvalbumin.
Dendritic spine complexity (by Golgi staining and Scholl
analysis).
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