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RESUMO

A obesidade induz um estado inflamatdrio de baixo grau e tem sido associado
com alteracbes comportamentais e de ansiedade. Estudos anteriores indicaram
que o consumo cronico de uma dieta rica em gordura leva a inflamacéo
sistémica e alteracdes no metabolismo em humanos e em modelos animais.
Aqui, foi investigamos o impacto da dieta materna hiperlipidica (HFD) durante a
gravidez e na lactacdo no comportamento da prole (comportamento tipo a
ansiedade), e nos marcadores bioquimicos (triglicerideos, colesterol, glicose e
corticosterona), e inflamatérios (fator de necrose tumoral alpha (TNFa)
interleucina-1B3 (IL-1B) e interleucina 6 (IL-6)) no plasma de camundongos.
Observamos que a HFD materna aumentou o comportamento ansiogénico e o
ganho de peso em descendentes do sexo feminino. Além disso, a
descendéncia (feminina e masculina) dos camundongos fémeas alimentadas
com HFD também apresentaram aumento nos niveis de triglicerideos,
colesterol, glicose e de corticosterona, inflamatdérios e nos niveis plasmaticos
TNFa, IL-1B e IL-6. Esses dados sugerem que a HFD materna age de um
insulto pré-natal/perinatal que impacta significativamente o comportamento da
prole, os parametros metabdlicos e inflamatérios. Em conclusdo, esses
resultados sugerem que a assisténcia pré-natal e perinatal em um dos periodos
mais sensiveis, pode contribuir para o futuro dos individuos e os disturbios em
um periodo critico no desenvolvimento podendo comprometer sua saude.
Consequentemente, a assisténcia nutricional na gestacdo pode dar acesso a
conhecimentos Uteis sobre o risco de distarbios metabdlicos e na saude

mental.

Palavras-chave

Obesidade, Dieta materna hiperlipidica, Inflamacéo, Alteracdo metabdlica.



ABSTRACT
Obesity is related to chronic inflammatory state and has been associated with
behavioral and anxiety alterations. Previous study have indicated that chronic
high fat consumption leads to systemic inflammation and alterations in
metabolism in humans and animal models. Here, we investigated the impact of
maternal high fat diet (HFD) during pregnancy and lactation on offspring
behavior (anxiety-like behavior), and biochemical (triglycerides, cholesterol,
glucose and corticosterone) and inflammatory (tumor necrosis factora (TNFa),
interleukin-1B (IL-1B) and 6 (IL-6)) plasmatic markers in mice. We found that
maternal HFD increased weight gain and anxiety in female offspring.
Additionally, offspring (female and male) from HFD-fed dams also exhibited
increased biochemical (triglycerides, cholesterol, glucose and corticosterone)
and inflammatory (TNFa, IL-1B and IL-6) plasmatic levels. These data indicate
that maternal HFD acts as a prenatal/perinatal insult that significantly impacts
offspring behavior, metabolism and inflammation. In conclusion, these results
suggest that prenatal and perinatal care is one of the most sensitive periods,
which may contribute to the future of individuals and disorders in a critical
period in development and may compromise their health. Consequently,
nutritional assistance in gestation can provide access to useful knowledge

about the risk of metabolic disorders and mental health.
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Obesity, maternal high-fat diet, Inflammation, Metabolic alteration.



Este trabalho esta na forma de artigo cientifico seguindo as normas da
revista

Revista de nutricdo/ Brazilian Journal of Nutrition

PRENATAL AND PERINATAL EXPOSURE TO HIGH-FAT DIET INDUCED
METABOLIC ALTERATIONS AND ANXIETY-LIKE BEHAVIOR IN MICE
OFFSPRING

Categoria

Bioquimica Nutricional

Autores

Nathalie Savedra Gomes, Cristiano R. Jesse*

Laboratory of Pharmacological and Toxicological Evaluations Applied to
Bioactive Molecules, Federal University of Pampa, Itaqui, CEP 97650-000, RS,

Brazil.

*Correspondence should be sent to:
Cristiano R. Jesse
Phone and FAX number: +55-55-34321853

E-mail; cristianoricardojesse@yahoo.com.br



mailto:cristianoricardojesse@yahoo.com.br

Sumario

I 011 Yo [T £ o I 10
2. Materials and Methods. ... 11
2.1 ANIMAIS i 11
2.2. Maternal High fat diet (HFD) EXPOSUIE ........ccoovviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 11
2.3. 0pen field teSt (OF T) .uuuuiiii e e e e e e e e eeannes 12
2.4. Elevated plus maze test (EPMT) ..o, 12
2.5, LIGht-dark t€St (LDT) ..uuuuuieieeeee ettt e e e e e e e e e eeeeens 12
2.6. Plasma determinations ..........oooouiiiiiiiiiiee e eeeeeeees 13
2.6.1. Measurement of metabolites ..............uuviiiiiiiiiiiiiiiiis 13
2.6.2. Cytokine and corticosterone levels...............ueeeueiiiiiiiiiiiiiiiiiiiiinenns 13

2.7. Statistical @NalYSIS .......ccovviiiiiiiiiiiiiii 13

3. RESUIS e 13
3.1. Effects caused by sex and diet on behavioral tests in nice.................... 13
3.2. Effects caused by sex and diet on plasmatic determinations in mice .... 16
N B L= Tod U 131 (o] PR 18

D R B I ENCES ..o 21



1. Introduction

The prevalence of obesity and overweight have increased substantially
over the past three decades, with variations across countries in levels and
trends [1]. Currently about one-third of pregnant women are obese [2]. Thus,
maternal obesity may be one of the main complications in children's brain
development during the pre and post-natal period. Epidemiological studies have
shown that maternal obesity has harmful effects on children's brain
development, which can result in cognitive disorders associated with
depression, anxiety, attention deficit and Alzheimer's disease [2,3]. Maternal
obesity also predisposes children to metabolic disorders, such as hypertension,
diabetes, dyslipidemias, and metabolic syndrome [4].

One study showed that the offspring of obese rats show abnormalities in
the development of neural circuits [5]. Maternal obesity may alter hypothalamic
sensitivity to leptin, which is the satiety hormone, and increase the expression
of hypothalamic peptides by regulating the offspring's appetite. It is suggested
that a high fat diet (HFD) may have harmful consequences on the cognitive
ability in pups [6]. Similarly, animal studies indicated that obese mice kept on an
HFD diet showed deficiency in memory and cognitive function. These deficits
may be related to the effects of these diets on regulation of brain-derived
neurotrophic factor (BDNF) and the increase of preinflammatory cytokines such
as tumor necrosis factor alpha (TNF-a), interleukin-13 and interleukin-6 in the
hippocampus [7]. These results suggest that the reduction in BDNF resulting
from a long-term ingestion of a HFD can impair learning and memory by
interfering with hippocampal function [8]. Recent studies indicate that HFD
consumption may lead to an increase in free radicals. In addition, the diet
induced in genetic models of obesity, increased oxidative stress in the brain of
rodents [9]. Maternal HFD consumption during pregnancy can also cause
dysregulation in the metabolism of triglycerides and adipose tissue, leading
offspring to a metabolic syndrome [10].

Despite this, it is unclear how HFD-induced obesity can cause anxious
behavior and metabolic abnormalities in offspring, thus the aim of the study was
to analyze anxious behavior and metabolic abnormalities in the offspring of

mice treated with a HFD.



2. Materials and methods
2.1Animals

Experiments were performed using C57BJ/6 mice (3 months old,
weighing 30—40 g). Animals were maintained at 22-25°C with free access to
water and food, under a 12:12h light/dark cycle, with lights on at 7:00 a.m. All
manipulations were carried out during light phase on the day. All efforts were
made to minimize animal suffering and to reduce the number of animals used.
The procedures of this study were conducted according to the guidelines of the
Committee on Care and Use of Experimental Animals Resources (#001/2015)
and with the approval of Ethical Committee for Animal Use of Federal University

of Pampa, Brazil.

2.2. Maternal High fat diet (HFD) exposure
For the purpose of maternal HFD exposure (60% energy from fat),

female mice sere exposure to HFD 3 weeks during gestation and 3 weeks
during lactation. Control dams were exposed to the normal laboratory chow
(control diet; 10% energy from fat, Puro Trato, RS).

All offsprings were weaned and sexed on postnataly day (PND) 21.
Littermates of the same sex caged separately. All animals were maintained
under and libitum food (laboratory chow) and water, and were kept in a
temperature and humidity controlled animal vivarium under a 12:12 h reversed
light-dark cycle. Offspring from eight independent litters (8 HFD and 8 control)
were randomly selected for the behavioral and molecular test. Both male and
female offsprings were include in all the tests described below to assess
potential sex-dependent effects of the maternal HFD exposure. A first cohort of
HFD and control offspring was subject to behavioral testing in the following test
order: (1) open field test, (2) elevated pluz maze, and (3) light-dark test. An
independent cohort of HFD and control was use for body weight, composition
(fat body) and plasmatic determinations. All behavioral test were carried out
when the offsprings reached adult stage of development (post day 90 (PND
90)). Total body weight was measured using a standard top-loading laboratory
balance. Body composition was measured post-mortem for adult offspring.

Adiposity is expressed as a percentage of fat relative to total body weight.



2.3. Open field test (OFT)
The OFT was carried out to evaluate if the diet produced effects on

locomotor activity. The animals were submitted individually for a period of 5 min
to an OFT apparatus (Insight model EP 154C). The total distance (unit: mm)

was computed [11].

2.4. Elevated plus maze test (EPMT)
This test has been widely validated to measure anxiety in rodents [12].

The apparatus consists of two elevated (26cm high) and open arms (16 x 5¢cm)
positioned opposite to one another and separated by a central platform
(5x5cm) and two arms of the same dimension, but enclosed by walls
(16 x 5 x 10cm) forming a cross. The maze is lit by a dim light placed above the
central platform. During a 5min test period, the number of entries either the
open and enclosed arms, plus the time spent in the open arms was recorded.
An entry was defined as placing all four paws within the boundaries of the arm.
The following measures were obtained from the test: (1) time spent in the open
arms relative to the total time spent in the plus-maze (300s), expressed as
percentage; (2) number of entries into the open arms relative to the total
number of entries into both open and closed arms, expressed as percentage.
The anxiolytic effectiveness of a drug is illustrated by a significant statistical

augmentation of parameters in open arms (time and/or entries).

2.5. Light-dark test (LDT)
The light—dark box is a sensitive model to detect activity in disorders

related to generalize anxiety [13]. The test is based on the innate aversion of
rodents to brightly illuminated areas and on the spontaneous exploratory
behavior in response to novel environment and light. The apparatus consisted
of two compartments: an open topped rectangular box (46 x 27 x 30 cm high),
is divided into a small (18 x 27 cm) area and a large (27 x 27 cm) area with an
opening door (7.5 x 7.5 cm) located in the center of the partition at floor level.
The smaller compartment was painted black and covered with a roof. The other
compartment had no roof and was brightly illuminated by a 60W bulb located
25cm above the box. Each animal was placed at the center of the illuminated
compartment, facing one of the dark areas, and total number of transitions
between the two compartments, latency to enter the dark and the time spent in

the light compartment was recorded during 5min. Anxiolytic activity could be



evaluated by time spent in the illuminated compartment and the number of

transitions.

2.6. Plasma determinations
After behavioral tests, mice were euthanized with barbiturate overdose

(pentobarbital sodium 150 mg/kg; i.p. route) and blood was collected by cardiac

puncture into tubes containing heparin (1 Ul/Il) and EDTA.

2.6.1. Measurement of metabolites
The plasma glucose concentration was measured by using a glucose

reagent strip and a glucometer (Glucotouch, Lifescan, Milpitas, CA). Fasting
plasma lipids (ie, triglycerides and total cholesterol) were measured in plasma
samples by using an automated system (Konelab 20; Thermo Electron

Corporation).

2.6.2. Cytokine and corticosterone levels
Levels of tumor necrosis factor alpha (TNFa), interleukin-1 beta (IL-18),

interleukin-6 (IL-6) and corticosterone in plasma were measured using sample
aliquots of 10 yL and mouse cytokine ELISA DuoSet Kits from R&D Systems
(Minneapolis, MN, USA), according to the manufacturer’s instructions (protein
range of 31.25-2,000 pg). The level of cytokine was estimated by interpolation
from a standard curve by colorimetric measurements at 450 nm (correction
wavelength 540 nm) on an ELISA plate reader (Berthold Technologies-Apollo 8-
LB 912, KG, Germany). Results are shown as pg/mg.

2.7. Statistical analysis
The data distribution was verified by applying the Kolmogorov-Smirnov

test. Results are presented as the mean + standard error of the mean (SEM).
Comparisons between the experimental and the control groups were performed
by two-way ANOVA (sex X diet treatment = independent variables) followed by
Bonferroni post hoc test, when appropriate. A value of P < 0.05 was considered
to be statistically significant. All tests were carried out using the GraphPad
software 5.0 (San Diego, California, USA).

3. Results

3.1. Effects caused by sex and diet on behavioral tests in nice
Statistical analysis of the % open arm entries yielded significant effect of

sex (F1, 24 = 6.04, p < 0.02), diet (F1, 24 = 4.57, p < 0.04), but not sex x diet

interaction (F1, 24 = 3.17, p < 0.09). Post hoc comparisons showed that HFD



significantly decreased the % open arm entries of female mice when compared
to control/female and to HFD/male (p < 0.01) (Fig. 1A).

Two-way ANOVA of the % time in open arms demonstrated a significant
effect of sex x diet interaction (F1, 24 = 4.24, p < 0.05), nor main effect of sex (F1,
24 = 0.68, p < 0.42) and diet (F1, 24 = 1.59, p < 0.22). Post hoc comparisons
showed that HFD significantly decreased the % time in open arms of female

mice when compared to control/female and to HFD/male (p < 0.01) (Fig. 1B).

Figure 1
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Fig. 1. (A) Effect of high fat diet exposure on on the % open arm entries and (B)
on the % time on open arms the elevated pluz maze. Values are mean + S.E.M.
(n=8 per group). **: p<0.01 when compared with control group (male or female);
#: p<0.01 when compared with male groups (control or HFD) (Two-way ANOVA
and Bonferroni comparison test).

Statistical analysis of latency Light to dark side (L-D) did not
demonstrated effect of sex (F1, 24 = 0.89, p < 0.35), diet (F1, 24 = 0.05, p < 0.96)
and sex x diet interaction (F1,24= 1.62, p < 0.22) (Fig. 2A).

Two-way ANOVA of the number of transitions did not shown effect of sex
(F1, 24 = 0.05, p < 0.82), diet (F1, 24 = 1.26, p < 0.27) and sex x diet interaction
(F1,24=1.70, p <0.21) (Fig. 2B).

Statistical analysis of the time in light demonstrated a significant effect of
sex x diet interaction (F1, 24 = 4.44, p < 0.05), nor main effect of sex (F1,24=2.18,
p < 0.15) and diet (F1, 24 = 2.49, p < 0.12). Post hoc comparisons showed that
HFD significantly decreased the time in light of female mice when compared to
control/female and to HFD/male (p < 0.01) (Fig. 2C).
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Fig. 2. (A) Effect of high fat diet exposure the latency Light-dark (L-D) (B)
number of transitions and (C) on time of light (seconds- s) in the LDT. Values
are mean * S.E.M. (n=8 per group). **: p<0.01 when compared with control
group (male or female); #: p<0.01 when compared with male groups (control or
HFD) (Two-way ANOVA and Bonferroni multiple comparison test).

Two-way ANOVA of the locomotor activity in the open field test did not
demonstrated effect of sex (F1, 24 = 0.39, p < 0.54), diet (F1, 24 = 0.05, p < 0.93)
and sex x diet interaction (F1,24 = 0.05, p < 0.93) (Fig. 3A).

Statistical analysis of body weight at 8° day demonstrated a significant
effect of sex (F1, 24 = 10.26, p < 0.005), diet (F1, 24 = 4.56, p < 0.04) and sex x
diet interaction (F1, 24 = 4.70, p < 0.04). Post hoc comparisons showed that HFD
significantly increased the body weight at 8° day of female mice when
compared to control/female (p < 0.01) (Fig. 3B).

Two-way ANOVA of body weight at 90° day demonstrated a significant
effect of sex (F1, 24 = 13.05, p < 0.002), diet (F1,24=11.01, p < 0.004) and sex x
diet interaction (F1, 24 = 4.57, p < 0.04). Post hoc comparisons showed that HFD
significantly increased the body weight at 90° day of female mice when
compared to control/female (p < 0.01) (Fig. 3C). In addition, the body weight



was significantly lower of the control-female when compared to control/male (p
<0.01) (Fig. 3C).

Statistical analysis of total body fat demonstrated a significant effect of
diet (F1, 24 = 17.65, p < 0.001), sex x diet interaction (F1, 24 = 10.23, p < 0.005),
but nor main effect of sex (F1, 24 = 0.34, p < 0.56). Post hoc comparisons
showed that HFD significantly increased the total body fat of female mice when
compared to control/female and male/HFD (p < 0.01) (Fig. 3D). Moreover, the
total body fat of the control/female group was significantly decreased when

compared to control/male (p < 0.01).
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Fig. 3. (A) Effect of high fat diet exposure on the locomotor activity in the Open-
field test (OFT) (L-D), (B) on the body weight at 8° day, (C) on the body weight
at 90° days and (D) total body fat (grams — g). Values are mean + S.E.M. (n=8
per group). **: p<0.01 when compared with control group (male or female); #:
p<0.01 when compared with male groups (control or HFD) (Two-way ANOVA
and post hoc Bonferroni multiple comparison test).

3.2. Effects caused by sex and diet on plasmatic determinations in mice
Two-way ANOVA of the triglycerides levels yielded a significant effect of

diet (F1,24= 18.51, p < 0.001), but nor main effect of sex (F1, 24 =0.29, p < 0.59)
and sex x diet interaction (F1, 24 = 0.34, p < 0.56). Post hoc comparisons showed



that HFD significantly increased the of triglycerides levels in mice when
compared to control diet in both sexes (p < 0.01) (Fig. 4A).

Statistical analysis of the total cholesterol levels demonstrated a
significant effect of diet (F1, 24 = 16.99, p < 0.001), but nor main effect of sex (Fu,
24 = 2.24, p < 0.16) and sex x diet interaction (F1, 24 = 0.60, p < 0.45). Post hoc
comparisons showed that HFD significantly increased the of triglycerides levels
in mice when compared to control diet in both sexes (p < 0.01) (Fig. 4B).

Two-way ANOVA of the glucose levels showed a significant effect of diet
(F1,24=16.82, p < 0.001), but nor main effect of sex (F1,24=1.58, p < 0.23) and
sex x diet interaction (F1,24= 2.04, p < 0.17). Post hoc comparisons showed that
HFD significantly increased the of glucose levels in mice when compared to
control diet in both sexes (p < 0.01) (Fig. 4C).

Statistical analysis of the total TNFa levels yield a significant effect of diet
(F1,24=18.22, p < 0.001), but nor main effect of sex (F1,24=0.13, p < 0.72) and
sex x diet interaction (F1,24=1.01, p < 0.33). Post hoc comparisons showed that
HFD significantly increased the of TNFa levels in mice when compared to
control diet in both sexes (p < 0.01) (Fig. 4D).

Two-way ANOVA of the IL-1B levels demonstrated a significant main
effect of sex (F1, 24 =8.19, p < 0.01) and diet (F1, 24 = 22.40, p < 0.001), but not
sex x diet interaction (F1, 24 = 0.08, p < 0.78). Post hoc comparisons showed that
HFD significantly increased the of IL-1B levels in mice when compared to
control diet in both sexes (p < 0.01) (Fig. 4E). In addition, the IL-1B levels were
significantly higher in the female/HFD group when compared to male/HFD
group (p < 0.01) (Fig. 4E).

Statistical analysis of the IL-6 levels yield a significant main effect of sex
(F1, 24 = 6.73, p < 0.02) and diet (F1, 24 = 78.41, p < 0.001), but not sex x diet
interaction (F1, 24 = 0.07, p < 0.79). Post hoc comparisons demonstrated that
HFD significantly increased the of IL-6 levels in mice when compared to control
diet in both sexes (p < 0.01) (Fig. 4F). In addition, the IL-6 levels were
significantly increased in the female/HFD group compared to male/HFD group
(p <0.01) (Fig. 4F).

Two-way ANOVA of the corticosterone levels showed a significant main
effect of sex (F1, 24 = 20.68, p < 0.001) and diet (F1, 24 = 31.61, p < 0.001), but
not sex x diet interaction (F1, 24 = 0.14, p < 0.71). Post hoc comparisons



demonstrated that HFD significantly increased the of corticosterone levels in
mice when compared to control diet in both sexes (p < 0.01) (Fig. 4G). In
addition, the corticosterone levels were significantly higher in the female groups
compared to male groups (p < 0.01) (Fig. 4G).

Figure 4
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Fig. 4. Effects of high fat diet exposure in triglycerides (A), cholesterol (B),
glucose (C), TNFa (D), IL1B (E), IL-6 (F) and corticosterone (G) levels in
plasma of mice. Values are mean £ S.E.M. (n=6 per group). **: p<0.01 when
compared with control group (male or female); #: p<0.01 when compared with
male groups (control or HFD) (Two-way ANOVA and post hoc Bonferroni
multiple comparison test).

4. Discussion

Obesity has become a worldwide epidemic and we have not yet fully

understand the effects of maternal diet on offspring health [14]. In developed



countries, approximately 30% of all pregnancies are now complicated by
maternal obesity [15]. HFD exposure during development may lead to multiple
deleterious health outcomes, including anxiety-related mental disorders. The
mechanisms by which prenatal events impact offspring behavioral, metabolic,
and brain outcomes are usually complex, though poorly defined, and may
involve several physiological pathways, as well as changes in maternal-
offspring interactions after birth [16,17]. The present study demonstrated that
maternal high-fat diet for 6 weeks during gestation and lactation contributed to
the exaggerated weight gain, anxiety-related behavior and inflammatory
markers in the adult offspring. These alterations in anxiety behavior are
associated with changes in body weight gain and biochemical (triglycerides,
cholesterol, glucose and corticosterone) and inflammatory (TNFa, IL-18 and IL-
6) levels in plasma of adult offspring, indicating a dysregulation on inflammatory
response.

In the EPMT and LDT, offspring of dams exposure to HFD showed
enhanced anxiety-like behavior. Our data are in line with previous finding that
demonstrate increased levels of anxiety in offspring born in maternal HFD [16].
In humans, maternal obesity has been linked with child obesity, increased
inflammations and anxiety disorders [18]. In this way, a maternal HFD may
disrupt anxiety responses via neural inflammation with involvement of
glucocorticoid receptor and neurotrophin signaling pathways [16,17]. Several
previous studies have indicated that behaviors characteristic of anxiety in
adulthood are also consistent with impulsive/risk-taking exploratory behaviors in
adolescent animals [19,20]. For example, in a study by Colorado et al. [21]
adolescent offspring that experienced maternal separation, known to increase
anxiety behavior in adulthood, spent an increased amount of time in the center
of an Open Field (both a novel Open Field and a familiar Open Field) and in the
lighted portion of the Light—dark transition box. Likewise, high levels of
exploration of the open arms of the Elevated Plus Maze has also been
suggested to be an indicator of impulsive behavior [22].

Another important finding of the study present was that the sex
differences in anxiety-like behavior. These data are consistent with previous
studies demonstrating that females are more vulnerable to the HFD exposure
(EFERE). In the current study, HFD exposure did not affect behavioral changes



in anxiety tests in male offspring. The data obtained in our study did not justify
the behavioral alterations only in female, thus the biochemical and inflammatory
markers analyzed was altered in both sexes. One hypothesis for the anxiety-like
behavior in female are the effects of HFD exposure are due to the inflammatory
or endocrine-disrupting effects of this obesogen during sensitive periods of
brain development [16-19].

Considering the plasmatic parameters measured, our results are
coherent with a resistance to the development of metabolic syndrome, as stated
in the medical definition of this syndrome (metabolic syndrome corresponds to
elevated plasmatic glucose, triglycerides and cholesterol). Importantly, we also
showed that, once adult, these mice demonstrated a body weight and total body
fat higher to control diet group, suggesting that our findings are attributable to
HFD exposure. In adult animals, chronic HFD exposure is well known to
enhance the activation of the HPA axis due to increased secretion of ACTH and
corticosterone [23]. Thus, the differences in body weight were found between
HFD and control mice, it remains possible that metabolic parameters and body
composition, as a result of HFD exposure may have contributed to the
differences in anxiety behavior observed in this study.

In humans, obese mothers have increased TNFa, IL-13, IL-6 in plasma
and breast milk and increased IL-6 gene expression in placental macrophages
[24-26]. In rodents, increased fetal IL-6 levels from high fat/sugar-fed dams are
also observed [26]. These results demonstrate brain effects of perinatal HFD
exposure, and suggest that changes in inflammatory pathway genes may be
relevant for anxiety behavior, at least in the present experimental context.
Currently, it is unknown if mice have similar sex differences in microglial
colonization; however, increased IL-1B8, TNFa and IL6 gene expression has
been shown in female brains [26], suggesting that during early mouse
development, female brains have a more pro-inflammatory contex compared to
males. This may be important since elevated CNS pro-inflammatory cytokines,
including IL-1B and/or TNFa, have been associated with increased anxiety,
decreased cognition, and altered social behaviors [26]. Additionally, increased
hippocampal IL-1 B has been observed in offspring of both sexes with altered
behavior [27]. Therefore, regardless of differences in the impacted sex between

studies, maternal obesity results in increased offspring inflammation that is



associated with behavioral abnormalities. Thus, the alterations in cytokines,
which occurred in a sexually dimorphic manner, may underlie distinct behavioral
phenotypes in adult male and female offspring.

In summary, these data demonstrate that HFD exposure during
pregnancy and lactation periods results in altered anxiety in offspring.
Inflammation, reflected by elevated IL-1 B, TNF a and IL-6 affected female
offspring, may be a mechanism for the enduring behavioral alterations as a
result of pre- and postnatal exposure to maternal HFD. Importantly, our data
highlight dietary intervention as a potential therapeutic strategy to offset the

deleterious effects of maternal obesity on offspring behavior and inflammation.
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