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ARTICLE INFO ABSTRACT

Intestinal alkaline phosphatase (IAP) is an endogenous enzyme that promotes gastrointestinal homeostasis by
detoxifying inflammatory mediators, tightening the gut barrier and promoting a healthy microbiome. Oral IAP
administration was efficacious in ameliorating diabetes in a high fat diet (HFD)-induced murine model. In hu-
mans, maternal obesity and diabetes during pregnancy have been associated with an increased risk of autism
spectrum disorders (ASD). In mice, HFD-induced maternal obesity leads to offspring with cognitive deficiency.
Here we investigated whether IAP administration to obese dams could ameliorate autism-like disorders in mice.
Using a HFD murine model, we recapitulated that maternal obesity leads to male offspring with social deficits as
shown by the three chamber test and reciprocal social interaction analyses. Notably, oral delivery of IAP to dams
improved those deficiencies. In addition, a jumping behavior was noted in pups from obese dams, which was
rescued by maternal IAP treatment. Our findings suggest that maternal treatment with IAP can relieve some
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1. Introduction

Prenatal maternal stress is a risk factor for both autism and attention
deficit hyperactivity disorder [1]. In particular, obesity and diabetes
during pregnancy have been associated with an increased risk of Autism
Spectrum Disorders (ASD) in offspring [2]. While the mechanisms by
which obesity leads to cognitive impairment are not well understood, a
recent report suggested that changes to the microbiome as a con-
sequence of high fat diet (HFD) maybe a potential cause of neurode-
velopmental imbalances in offspring mice [3]. The role of the micro-
biome in ASD is further supported by recent evidence showing an
amelioration of ASD symptoms in children treated with fecal micro-
biota transplantation [4]. In addition to changes in the gut microbiome,
high fat diet causes local intestinal as well as systemic inflammation,
which may also contribute to neurodevelopmental abnormalities [5].

IAP is an endogenous enzyme produced in the GI tract that main-
tains gut health by several mechanisms: 1- detoxifying inflammatory
mediators, such as lipopolysaccharide (LPS), flagellin, CpG DNA and
nucleotides [6]; 2- upregulation of the tight junction proteins zonulin,
claudin and occludin resulting in tightening of the gut barrier [7]; and
3- favoring symbionts to pathobionts and promoting gut microbiome
homeostasis [8]. The protective role of IAP in the context of obesity and
diabetes has been demonstrated in humans and animal models. High
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fecal levels of IAP were shown to be protective in humans with type 2
diabetes (T2D) irrespective of obesity as obese individuals with high
IAP levels did not develop T2D [9]. In mice, consumption of HFD re-
duced IAP activity, and oral TAP administration during HFD feeding
prevented diabetes and metabolic syndrome [10,11]. Furthermore,
subsequent studies demonstrated that IAP prevented antibiotic-asso-
ciated diabetes and metabolic syndrome in mice [12]. The protective
role of IAP was also corroborated in a transgenic murine model where
overexpression of IAP solely in the GI tract was sufficient to attenuate
HFD-induced phenotypes [13].

The ASD clinical phenotype is heterogeneous and encompasses a
wide range of behaviors. Creating appropriate research animal models
to study the disease is therefore challenging. However, some of the
human ASD phenotypic features can be mirrored in mice [14]. Similar
to humans, mice display robust and well-replicated social interactions.
For example, when placed together in a confined arena, mice engage in
reciprocal social interactions such as sniffing and physical play, all of
which can be measured by automated software. Mouse repetitive be-
haviors, such as self-grooming, jumping, and circling, while dissimilar
from humans, are important parameters to test, with variation from the
baseline levels representing ASD-like symptoms. Anxiety, which occurs
in approximately 30% of ASD individuals [15], can also be replicated
and measured in mice. Furthermore, the role of maternal immune
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activation during pregnancy, which is associated with ASD in humans,
is also reproduced in mice [16]. Because of these similarities, inbred
mouse strains are currently considered a good research model to study
idiopathic autism and are extensively used to evaluate new therapeutics
[17].

Based on IAP roles in ameliorating HFD-induced diabetes and pro-
moting a healthy microbiome, we hypothesized that IAP administration
to obese dams would prevent ASD-like symptoms in offspring mice.
Here, we report that indeed maternal obesity resulted in offspring with
cognitive deficiency and that maternal IAP treatment improved some of
their abnormal behaviors.

2. Materials and methods
2.1. Animals

The study was performed by CNS|CRO, a contract research orga-
nization based in Charlottetown, Canada, and the National Institutes of
Health guide for the care and use of laboratory animals was followed.
Male and female C57Bl/6J mice (Jackson Laboratories, USA) were
housed alone (males) or in groups (females) at 2-3 per cage in a specific
pathogen free facility and maintained on a standard 12 h day/night
lighting schedule with temperature and relative humidity regulated at
set points of 22—23 °C and 40-60%, respectively. A standard rodent
chow (Lab Diet 5001) or high fat diet (Research Diets D12492) and
reverse osmosis purified water were provided ad libitum. The study was
approved by the local Animal Care Committee (Charlottetown, PEI),
and all animal husbandry and experimental procedures conformed to
the guidelines established by the Canadian Council for Animal Care.

2.2. Experimental design

Study design was similar to that of Buffington et al. [3]. Sixteen
female C57BL/6J mice were assigned to one of three treatment groups:
1 - standard diet (SD) and vehicle; 2 - high fat diet (HFD) and vehicle;
and 3 - HFD + IAP. IAP (or vehicle control) was administered in the
cage drinking water from the time of diet initiation until weaning of the
offspring. At 8 weeks post-initiation of feeding, females were paired
with males to breed overnight. Females were returned to their home
cages each morning and checked for the presence or absence of a co-
pulatory plug. Presence of a plug indicated gestational day 0. Females
with an observed plug were transferred to single housing.

As is standard practice in the field, male pups were used to in-
vestigate the behavioral changes. There is a sex-difference in the onset
and severity of ASD-like disease, which, in both humans and animals, is
more pronounced in males [18]. Pups were weaned at 3 weeks of age,
at which time male pups were weighed, sorted into fresh cages by
treatment group, and ear notched for tracking purposes. All pups, re-
gardless of pre-weaning treatment group, received standard rodent
chow and had access to water ad libitum. IAP or vehicle administration
was discontinued at weaning.

Following weaning of their litters, dams re-entered the breeding
cycle for a maximum of 3 rounds. Stud mice were paired only with
females from a single treatment group to avoid contamination through
coprophagic activity.

2.3. Experimental drug

The IAP used in this study is the recombinant form of the native calf-
derived IAP produced in CHO cells. IAP was delivered to mice by ad-
dition to the cage water at a final concentration of 800 U/mL in 0.4 mM
Tris —HCI buffer, pH 7.5, supplemented with 20 pM MgCl, and 2 pM
ZnS0,. As control, the same buffer used for IAP formulation but without
the drug (vehicle) was added to cage water. Cage water was replaced
daily with fresh IAP (or vehicle).
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2.4. Behavioral testing

All the tests were executed at CNS|CRO by experienced personnel
and followed the company"s SOPs. Behavioral testing was performed on
male pups between postnatal weeks 7-12, with each test presented to
each animal once during this time period. All offspring underwent the
tests in the same order and at approximately the same age. All tests
were video recorded for scoring and documentation purposes and
analyzed by experimenters blinded to treatment. Analyses were per-
formed using a combination of manual scoring and ANY-maze™ Video
Tracking System (Stoelting Co., USA) evaluation. Male offspring were
evaluated in the open field, three-chamber social interaction, marble
burying and reciprocal social interaction tests as described below.

2.4.1. Open field

The open field test was administered during postnatal week 7 —9.
Mice were placed in the center of a brightly lit (48 x 38 cm) arena and
allowed to explore freely for 10 min. Behavioral measures included
latency to reach the outer wall region, time spent in thigmotaxic be-
havior, number of entries into and time spent in the center region,
distance travelled, average speed in each region, and comparison of
activities during the first and last minute.

2.4.2. Three-chamber social interaction test

The Three-Chamber test was administered during postnatal weeks
8—10. This test arena consisted of three equally sized rooms (20 x 45
cm each) divided by clear Plexiglas, and with an access door between
each compartment. The test occurred in three distinct stages: (1) ac-
climatization phase (baseline), where the test animal was placed in the
center compartment and allowed to freely explore the entire empty
maze for 10 min; (2) sociability phase, where an unfamiliar male mouse
was contained within a wire mesh container in an outer chamber of the
maze and an identical clean and empty container was placed in the
chamber at the opposite side of the arena; and (3) social novelty phase,
where a familiar animal was presented in one compartment while an
unfamiliar mouse was presented in the other.

2.4.3. Marble burying

Marble burying was performed during postnatal weeks 9 —11. Each
mouse was placed in a 17 x 28 cm arena filled with clean bedding (5
cm depth), with 20 regularly spaced marbles in a 4 X 5 marble grid
sitting on top of the bedding. After 20 min, the number of marbles that
had been buried (i.e. covered to at least two thirds of its depth) were
counted.

2.4.4. Reciprocal social interaction

Dyadic testing was performed during postnatal weeks 10 —12. Mice
were simultaneously placed in an open, unfamiliar arena (25 X 25 cm)
with either a familiar cage-mate or an unfamiliar partner (presentation
counterbalanced across groups). In all cases, pairs were from the same
treatment group. Mice were allowed to interact freely for 5 min, with
latency to first interaction, number of and time spent in bidirectional
interactions (e.g. nose-to-nose sniffing), and total time spent interacting
quantified. Interaction was defined as any of the following: bidirec-
tional encounters, close following, touching partner, allogrooming,
nose-to- anus sniffing, and crawling over/under.

2.5. Statistical analysis

Data were analyzed using one-way ANOVA with or without re-
peated measures, or with Independent or Paired t-tests as applicable.
Correction factors were applied as required. Statistically significant
main effects were further investigated using post-hoc analysis (Tukey’s
or other appropriate tests depending upon sample size). Data are re-
ported as mean = SEM. Significance level for all tests was p < 0.05.
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Fig. 1. Study schematic. Dams were coupled with male mice for
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3. Results

To induce maternal obesity, female mice were fed a high fat diet
(HFD) for eight weeks (Fig. 1). Standard diet (SD) was provided to a
cohort of mice as normal control. During the eight weeks, one cohort of
HFD mice received IAP at 800 U/mL in their drinking water, while the
other two cohorts (HFD and SD) were administered wvehicle.
Throughout the eight weeks of HFD (or SD) treatment, both the HFD
groups were significantly heavier than the control SD group (p = 0.017
and p = 0.022 for vehicle and IAP groups respectively). By week 8,
dams weighed 19.1 = 0.2, 22.9 * 1.5, 24.7 = 1.5, respectively for SD,
HFD + vehicle and HFD + IAP. Water and food consumption amounts
were the same for each group. After 8 weeks, female mice were paired
with males for breeding.

Pups were weaned at 3 weeks of age and weights were recorded
weekly. At the time of weaning, male pups from maternal HFD (MHFD)
+ vehicle and MHFD + IAP were heavier than pups from maternal SD
(MSD) pups with weights of 9.9 = 0.3, 10.4 = 0.2, and 8.2 + 0.4, re-
spectively (p = 0.011 and p = 0.021 respectively; Tukey’s post hoc)
(Fig. 2A). By week 4, however, pups in all groups were similar in
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Fig. 2. Maternal obesity produced heavier offspring that did not gain as much
weight over time compared to controls.

A) Weight of pups at weaning (3 weeks old) showing that MHFD pups are
significantly heavier than MSD pups. *p = 0.011 and p = 0.021 for vehicle and
IAP, respectively; Tukey’s post hoc; mean = SEM; MSD n = 14; MHFD + ve-
hicle n = 14; MHFD + IAPn = 5.

B) Weight gain in offspring over time. An evaluation of weight gained post-
weaning compared to weaning weight revealed that both MHFD groups did not
gain as well as MSD offspring. Asterisks indicate a statistically significant dif-
ference between MHFD groups and MSD mice (p < 0.001; Tukey’s post hoc);
mean SEM + ; MSD n = 14; MHFD + vehicle n = 14; MHFD + IAP n = 5.

up to three rounds of breeding, thus pre-conception period varied.

Weeks 7-12

Behavioral

testing

weight. Interestingly, when analyzed by percentage of weight gain, the
difference in weight reached statistical significance with both MHFD
groups not gaining as well post-weaning as MSD pups (p = 0.001;
Fig. 2B). These results are similar to what is seen in other mouse models
of ASD [19,20].

Male pups were assessed for neurobehavioral deficiencies. Offspring
were first tested in an open field paradigm, in which no differences
between any of the groups were noted, as was also shown in Buffington
et al. [3]. Similarly, the marble burying test resulted in no differences
among groups.

Offspring were evaluated in the three-chamber social interaction
test. One of the features of ASD patients is being less “sociable”, a
feature that can be assessed in this set of experiments. An analysis of
baseline exploration revealed no bias for left or right chambers with any
treatment group. During the sociability phase, there were no between-
group differences in time spent or number of entries into any of the 3
chambers (stranger mouse, novel object, or center; p > 0.05). However,
there was a trend for MHFD + vehicle offspring to spend less time
interacting, hence mimicking one of the human ASD features. This
behavior was rescued by maternal IAP treatment (Fig. 3) with offspring
showing an improvement in their ability to socialize with other mice.
Overall, the three chamber tests suggest that treatment with IAP may be
ameliorating some of the ASD-like social anomalies in this model.

Alterations in social behavior is a key component of ASD and the
reciprocal social interaction testing provides a more complex evalua-
tion of social activities in rodents. When tested with a familiar cage
mate, offspring showed no differences in any measure of social inter-
action behavior for any group. However, when tested with an un-
familiar mouse, MHFD + vehicle pups showed different behavior
compared to the MSD and MHFD + IAP groups (Fig. 4). In particular,
there was a significant increase in the number of head-to-head (re-
ciprocal) interactions for the MHFD + vehicle pups as compared to
both the MSD (p = 0.022, Tukey’s post hoc) and MHFD + IAP (p =
0.046, Tukey’s post hoc) groups. Similarly, the number of nose-to-tail

3 Chamber: Sociability Phase
Time Spent Interacting

p=0.082

150+

1004

Time spent interacting (sec)
8

o
1
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Fig. 3. Decreased overall interaction time in offspring from MHFD. MSD and
MHFD + IAP offspring spent more time interacting compared to MHFD +
vehicle during the sociability phase (novel mouse plus novel object) of the three
chamber test. Mean + SEM. MSD n = 10; MHFD + vehicle n = 14; MHFD +
IAPn = 5.
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Fig. 4. Increased number of interactions and decreased contact time in MHFD pups. When tested with a stranger mouse, MHFD + vehicle offspring performed an
increased number of reciprocal social interactions but showed a trend toward decreased reciprocal contact time compared to both MSD and MHFD + IAP mice.

Mean + SEM. MSD n = 14; MHFD + vehicle n = 16; MHFD + IAP n = 6.

Reciprocal Social Test:
Preference Index
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% Offspring engaged in reciprocal activity

Fig. 5. Decreased contact duration time in MHFD pups. MFHD + vehicle ani-
mals demonstrated a preference to engage in individual (i.e. following) rather
than reciprocal interactions during dyadic social interaction testing which was
not seen in MSD pups and was rescued by IAP administration. Mean = SEM.
MSD n = 14; MHFD + vehiclen = 16; MHFD + IAP n = 6. Asterisk indicates
a significant difference between the MSD and MHFD + vehicle groups
(p = 0.030; Tukey’s post hoc).

(following) interactions was also increased in the MHFD + vehicle
group compared to the MSD and MHFD + IAP (Fig. 4A). The increase
in the number of contacts did not translate to an increase in social
behavior, however, as analysis of the mean contact duration showed a
different behavior in MHFD + vehicle, with pups engaging in a shorter
head to head contact duration time compared to MSD and MHFD + IAP
(Fig. 4B). No differences were observed between groups for mean
contact duration in head-to-tail interactions. When examined in the
context of preference for individual interactions versus preference for
social contact, the MHFD + vehicle group was found to have a sig-
nificant decrease in social interaction overall during dyadic testing
compared to MSD controls (p = 0.030; Tukey’s post hoc), a difference
not noted in MHFD + IAP mice (Fig. 5). Overall, this set of results
showed that MHFD + vehicle offspring preferred to spend more time in
individual interactions, a feature that is common in ASD patients,
whereas MSD and MHFD + IAP offspring did not present this bias. This
social interaction test further confirms the trend noted in the three
chamber test, and provides additional support for the association of
maternal obesity with offspring dysfunction while demonstrating that
maternal treatment with IAP can ameliorate these social deficits.

In addition to social measures during reciprocal social interaction
testing, pups from MHFD + vehicle exhibited an unusual jumping be-
havior. This activity may be used by ASD-like mice to reduce anxiety

Reciprocal Social Interaction

Jumping
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Bl MHFD + IAP
g,
£ 3
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Fig. 6. MHFD alone resulted in offspring displaying a jumping behavior.
Quantification of jumping behavior during dyadic testing revealed that MHFD
+ vehicle mice jumped more than either MDS and MHFD + IAP groups. This
effect persisted regardless of whether pairing occurred with a familiar or a
stranger mouse. Error bars represent SEM. Mean + SEM. MSD n = 14; MHFD
+ vehicle n = 16; MHFD + IAP n = 6.

levels and may model behavioral patterns commonly seen in humans
with ASD (Fig. 6). MHFD + vehicle pups exhibited a significant number
of jumps during testing when encountering stranger and familiar mice.
This behavior was completely reversed by oral administration of IAP,
suggesting reduced anxiety levels in those mice.

4, Discussion

In this paper, we described the amelioration of maternal HFD-in-
duced ASD-like syndrome in offspring by oral treatment of obese dams
with IAP.

ASD is a heterogeneous group of neurodevelopmental disorders.
While the exact etiology and pathogenesis are not well defined, in-
creasing evidence supports an important role of the immune system in
the pathogenesis of ASD. The increased incidence of ASD in the human
population has been associated, in part, with environmental factors. In
particular, maternal prenatal stress is a nonspecific risk factor for a
wide array of neurodevelopmental outcomes in offspring. Stress has
been associated with alterations of the immune response and hormone
production in both humans and animal models [21]. Among stressors,
obesity and diabetes during pregnancy are associated with increased
risk for ASD in offspring [22]. While the mechanisms are incompletely
understood, obesity/diabetes creates an inflammatory response that
can lead to immune system dysfunction. This in turn creates the neuro-
inflammation and neuro-immune abnormalities that have now been
established as key factors in ASD development and maintenance [23].
Moreover, inflammation is associated with changes to the gut
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microbiome. Many studies have now shown alterations in the compo-
sition of the fecal microbiota and metabolic products of the gut mi-
crobiome in patients with ASD [24,25]. With the gut microbiome har-
boring and directing the immune response, changes to the resident
bacteria may indeed not only result in local GI insult, which are
common in ASD patients, but also systemic effects, such as neurode-
velopmental deficiencies.

The role of obesity as a stressor in ASD pathoetiology has been
modeled in mice [3]. In this model, maternal obesity during pregnancy
led to offspring with social behavior impairments as shown by re-
ciprocal social interaction and three-chamber test abnormalities. The
observed neurobehavioral changes were associated with alteration of
the gut microbiome. Intervention aimed at improving the gut micro-
biome was successful in ameliorating the disease severity.

It is interesting to note that in humans an enriched-fat diet causes
metabolic endotoxemia, which is associated with obesity, diabetes and
insulin resistance [26]. HFD is also associated with a reduction in in-
testinal bacterial diversity, increased gut barrier permeability, acute
systemic inflammation and increased lipopolysaccharide (LPS) trans-
location [27]. In particular, LPS plays a central role in the pathogenesis
of metabolic endotoxemia. In humans, administration of LPS leads to
weight gain, acute inflammation and ultimately insulin resistance [28].
Similar effects are seen in animal models either fed a HFD or dosed with
LPS. Importantly, maternal inflammation induced by LPS at late ge-
station led to offspring with increased anxiety and reduced social ac-
tivity due to a pro-inflammatory reaction in the fetal brain [29].
Therefore, while the predictive value of animal models of ASD is in-
completely clear, the important role of HFD and LPS in the pathogenesis
of ASD seems to be consistent among humans and animals.

Here, we treated obese dams with IAP, an agent that functions to
preserve intestinal homeostasis and diminish inflammation [30]. IAP
administration had been shown to treat metabolic syndrome in animal
models [11]. It is anti-inflammatory, prevents gut leakage and also
promotes a healthy microbiome [31]. Therefore, here we employed IAP
with the intent of ameliorating ASD caused by HFD-related stressors. In
this first pilot study, we focused on analyzing behavioral ASD-like
phenotypes in male offspring. We did not focus on measuring some
other key parameters such as gut barrier permeability at both maternal
and offspring levels, which will be evaluated in follow-up studies.

The offspring from MHFD groups were heavier at weaning com-
pared to MSD pups. This is in agreement with the increased weight of
children from diabetic mothers [32]. However, by the second post-
weaning week, this increased weight was no longer evident, and off-
spring from HFD dams did not gain as much weight as the control
animals for the remainder of the study. These results are similar to
observations with other mouse models of ASD where prenatal zinc
deficiency and genetic deletion resulted in offspring with reduced
weight gain compared to controls [19,20]. Weight is also an issue for
children with ASD [33,34]; however, medications taken by ASD pa-
tients can confound the role of weight in the disease. The difference in
weight gain in the current study appears to be related to the HFD and
not to the IAP treatment. One explanation for this phenomenon might
be that pups from HFD dams had access only to HFD during the first few
weeks of life and thus acquired a “taste” for the softer, more easily
chewed pellets; alternatively, the microbiome of animals fed HFD early
in life could become used to digesting more calories, and when trans-
ferred to lean, standard-diet fed, these animals maintained this higher
metabolic rate, resulting in less weight gain.

There were no differences noted in Open Field testing for any lo-
comotor measures. This result is similar to what was reported for this
model in Buffington et al. [3].

The 3 chamber test allows evaluation of both sociability and social
novelty measures. In the current study, no statistically significant dif-
ference was noted between groups for any basic measures during
sociability testing, although trends toward differences were seen that
indicated a tendency for the offspring of MHFD + vehicle mice to spend
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less time interacting with the novel mouse compared to offspring of
MHFD + IAP. When interaction time was evaluated as a whole (time
interacting with novel mouse + time interacting with novel object), a
trend toward an overall decrease in interaction time was noted for
MHFD + vehicle offspring, particularly when compared to the MHFD
+ IAP group (Fig. 3). This result is in agreement with data from Buf-
fington et al. [3] and suggests that dysfunctional social behaviors in
MHFD offspring are attenuated by maternal IAP treatment.

Reciprocal Social Interaction testing provides a more complex eva-
luation of social activities in rodents compared to the three chamber
paradigm, allowing assessment of dyadic interactions with familiar and
unfamiliar conspecifics. During dyadic testing with familiar mice, there
were no differences between groups for basic measures. With un-
familiar mice, however, MHFD + vehicle pups exhibited an increased
number of overall interactions, both reciprocal and individual(i.e. fol-
lowing), compared to both MSD and MHFD + IAP groups.
Interestingly, contact duration time for reciprocal interactions, but not
individual interactions, was decreased for the MHFD + vehicle off-
spring. To further elucidate these data, a preference index was per-
formed to compare overall reciprocal and individual activities for the
groups. Results showed MHFD + vehicle mice preferred to spend more
time in individual interactions, whereas MSD and MHFD + IAP animals
did not have this bias. Alterations in social behavior are a key com-
ponent of ASD-like models. Here, MHFD + vehicle offspring displayed
altered social function compared to both MSD controls and MHFD +
IAP mice by preferring head to tail rather than head to head contacts.
These results provide further support of improved outcome in MHFD +
IAP animals.

A final measure evaluated during dyadic testing was jumping be-
havior, as it was noted that some mice were persistently engaging in
this activity. It was discovered that MHFD + vehicle mice were almost
exclusively exhibiting such jumping behavior, while MSD and MHFD +
IAP mice rarely jumped during testing. The jumping was observed with
either familiar or stranger animals. Jumping was not, however, seen in
the home cage, a phenomenon that might be due to the more confined
conditions (i.e. from the cage lid) or that the mice experienced in-
creased agitation from a novel environment combined with direct social
stimulation. Since mice did not jump when cage lids were removed
during normal husbandry, and this behavior was also not evident
during open field testing, it is more likely the latter. Persistent jumping
has been reported in other mouse models of ASD [35,36]. Jumping is a
typical repetitive behavior seen in murine models, associated with ge-
netic modifications leading to different phenotypic functions in the
brain. The jumping activity has been proposed to be indicative of ste-
reotypes commonly seen in ASD, and it has been suggested that this
type of repetitive behavior might be used by ASD-like mice to help
reduce elevated anxiety levels that result from a primary deficit in the
ability to understand social situations. This possibility is of particular
interest for the current study, as higher corticosterone levels have also
been previously reported in offspring of HFD-fed mice with neurobe-
havioral disorders [37]. Indeed, HFD during hippocampal development
was associated with complex patterns of gene expression leading to
autism-like behaviors [37]. In a future study, it would be interesting to
assess whether IAP administration has any effect on gene expression
and therefore phenotypic changes in the brain. In addition, measure-
ments of pro-inflammatory cytokines in both dams and offspring, levels
of hormones such as corticosterone, and epigenetic assessments could
provide important information to further understand the disease model
and the effects of IAP. Once again results from reciprocal social inter-
action testing provide compelling evidence that IAP treatment nor-
malizes social behavior in the HFD model.

Taken together, the current study shows that, while IAP treatment
administered daily to dams fed HFD does not ameliorate all issues in
offspring that are associated with an ASD-like phenotype, it does appear
to rescue many of the social deficits inherent in the model. In future
studies, it would be interesting to determine if IAP administration to the
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offspring alone would mitigate the disease severity. Finally, it would
also be interesting to measure IAP levels in stools from ASD patients as
well as their mothers.
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