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Maternal obesity and consumption of a high-fat diet (HFD) ding pregnancy has a
negative impact on offspring, including an increased rislof the development of obesity
in adolescence. The mechanism for this transferred metabial risk is unclear, but many
studies have focused on the brain due to its important role ippetite and body-weight

regulation. Two main pathways regulate appetite in the braj homeostatic regulation that
occurs predominantly in hypothalamic circuits and hedoniaegulation of feeding that
occurs via dopaminergic pathways. The current proposal exained the impact of early
HFD exposure on the dopaminergic control of hedonic feedingathways in a translational
nonhuman primate model. Japanese macaque offspring from mihers consuming a
control (CTR) or HFD were weaned onto control or HFD at an avage 8 months of age

yielding four groups: maternal and post-weaning control @t (MCTRpCTR), maternal
control diet and post-weaning HFD (mCTRpHFD), maternal HF@nd post-weaning

control diet (nHFDpCTR) and maternal and post-weaning HFDNHFDpHFD). Brains
from 13-month-old offspring were evaluated for expressionof neuropeptides that
regulate dopaminergic pathways including orexin, melaniooncentrating hormone

(MCH) in the lateral hypothalamus (LH), and tyrosine hydrglase expression in the ventral
tegmental area (VTA). Orexin cell numbers in the LH were sigrantly increased in animals
exposed to a post-weaning HFD, while no difference was obsered for orexin mRNA
content or MCH cell numbers. Orexin ber projections to the ostral VTA were signi cantly
reduced in mCTRpHFD, mHFDpCTR, and mHFDpHFD groups, but tlse differences
were not signi cant in the caudal VTA. There was no differere in the percentage of
dopamine neurons receiving close appositions from orexinbers in either the rostral
or caudal VTA, nor was there any difference between groups ithe number of orexin
contacts per TH cell. In conclusion, the current study nds hat prolonged early exposure
to HFD during thein uteroand postnatal period causes alterations at several levels the

dopaminergic circuits regulating reward.
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INTRODUCTION group at the time of conception was 11.80.7 kg with a range
of 7.5-17.1kg. Dams were either maintained on a control diet

Maternal obesity and diabetes are associated with an isetea (CTR, 15% calories from fat; Purina Mills Monkey Diet no.
risk of childhood obesity in ospring {-3). Given that an 5052) or placed on a HFD (37% calories from fat; Purina Mills
estimated 41% of women in the United States are ob@séhis  TAD Primate Diet no. 5LOP) providedd libitum for 1-5 years
represents a signi cant health risk for future generatiofs).  prior to o spring delivery and throughout lactation. Detailed
The mechanism for this conferred risk remains unclear. Ongjietary information has previously been describeg § 23).
hypothesis is that maternal obesity programs the o spring dgri  pual energy X-ray absorptiometry (DEXA) body composition
critical periods ofn uterodevelopment, which predisposes themanalysis and intravenous glucose tolerance tests (ivGTTg wer
toward obesity in adulthood. However, given the myriad ofperformed as described previousB) (n the early fall prior to
organs that participate in regulating body weight, it remainspregnancy and are summarized Supplemental Table 1along
unclear where this programming may occur. Our laboratory hasyith weight and age near the estimated time of conception.
developed and characterized a model of early high-fat dieDHF Obesity and insulin resistance did not necessarily folldetaty
exposure in nonhuman primates to investigate where and howroups and for the current analysis, dams were solely sephrate
this disposition for obesity might arise<9). by the diet they consumed. Female and male o spring were

The brain plays a critical role in the regulation of body horn naturally and remained on dam's diets until weaning.
weight, particularly in modulating appetite. Regulation of doo Average age of weaning was 25%.2 days, corresponding to
intake is controlled by two interacting pathways in the brain 8 months of age. Before weaning, animals were housed in
those controlling metabolic homeostasis and those enapftiod  ejther small group (4-12 individuals, male:female ratiolef
reward (L0-12). Alterations in both pathways are associated3:10) or large groups (150—200 individuals) in indoor/outdo
with increased food intake and obesity%-1€). Previous work enclosures. At weaning, all o spring were group housed in
has illustrated that maternal HFD consumption and obesityenriched indoor/outdoor environments with 6—10 similadged
elicits changes in ospring expression of neuropeptides ifuveniles and 1-2 unrelated adult females per group. O spring
the hypothalamus, which play a critical role in regulatingfrom both maternal diet groups were assigned to a postnatal diet
appetite homeostasis/,(9, 17, 18). Importantly, these studies of ejther CTR or HFD vyielding four o spring groups: CTR/CTR
nd maternal obesity and/or HFD consumption decreasesn D 8 (5 females, 3 males), CTR/IHFD D 9 (4 females, 5
o spring expression of hypothalamic orexigenic factors likemales), HFD/CTRh D 8 (4 females, 4 males), HFD/HFD D
neuropeptide Y and agouti-related peptide that stimulate food (4 females, 4 males). O spring underwent ivGTTs atl2—
intake and decreases in hypothalamic anorexigenic facies | 14 months of age and this data along with weight at ivGTT is
proopiomelanocortin which decrease food intake. In additton  suymmarized irSupplemental Table 1
alterations in these homeostatic pathways, previous workfro
our laboratory has reported that maternal HFD consumptionTissue Collection and Processing
in a nonhuman primate model results in increased hedoninimals were necropsied at13—-14 months of age and brain
feeding during a food preference test, which was associatad Wtissue was collected as previous]y descriuédz(zl_, 25) O Spring
decreased dopaminergic bers and receptors in the prefrontajere deeply anesthetized with a surgical dose of sodium
cortex (L9). Work in rodents has hypothesized that reward pentobarbital (30 mg/kg i.v.) and then exsanguinated. Psofu
signaling is encoded in part by the neuropeptides of the lateraf the brain occurs via the carotid artery by ushing with 9
hypothalamus such as orexin, and to a lesser extent melanieparinized saline (0.5-1L) followed by 4% paraformaldehyde
concentrating hormone (MCH), regulating dopamine neuronsi (pF,  1-2L) bu ered with sodium phosphate (NaPO4, pH
the ventral tegmental area (VTAR(-22). VTA projections to  7.4) until xed. The brain is then partitioned into specic
the prefrontal cortex are hypothesized to encode higher rdwarareas and post- xed followed by cryoprotection in glycerol and
processing. The current study utilized a nonhuman primateash freezing in 50 C 2-methylbutane. Brains were stored
model of maternal and postnatal HFD exposure to determingn 80 C until sectioning (25am-thick; 1:24 series) using a
whether changes in the lateral hypothalamus and VTA neuronadjiding microtome. Sections were stored in cryoprotectani
populations are causative for previously observed increases dubsequent immunohistochemistry utilized every 12th secti

hedonic feedingX9). for analysis.
METHODS Immunohlstochemlstry . .

_ All immunohistochemistry, imaging, and analysis was done
Animals blinded to animal groups. Coronal tissue sections were washe

All animal procedures were approved by the Oregon Nationain 0.05M potassium phosphate-bu ered saline (KPBS) and
Primate Research Center (ONPRC) Institutional Animal Carencubated in blocking bu er (2% normal donkey seru@ 0.4%
and Use Committee. Adult female Japanese macaques wdmgton X-100C KPBS) for 30 min at room temperature. Tissue
assigned to the study, with an average age of 7@.35 years sections were then incubated in a cocktail of primary antilesd
ranging between the ages of 3.6-10.7 years. The averade wefgr 24 h at room temperature. A mouse anti-tyrosine hydroxglas
in the CTR fed group at the time of conception was 8.®.4kg (TH; Millipore MAB218) was used at 1:1,000 to label dopamine
with a range of 6.1-12kg. The average weight in the HFD fedeurons and has been previously validated in primate tissue
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(19, 26). A goat anti-orexin antibody (Santa Cruz, sc-8070)through individual ImM z-planes to ensure close apposition
was used at 1:1,000 and has previously been valid&tdd ( occurred on the same z-plane. A close apposition was de ned as
A rabbit anti-melanin concentrating hormone (MCH; Phoenix an abutment of an orexin-immunoreactive ber that was preisen
Pharmaceuticals, H-070-49) was used at 1:3K and has préviousn all orthogonal views, and resulted in either an overlapping
been validated Z7). After incubation, tissues were washed inof pixels or an absence of negative (black) pixels between the
KPBS, and incubated for 1 h in the following Alexa uorophore labeling. The percent of TH-IR cells receiving close appositions
(1:1,000): TH — Donkey anti-mouse 647, Orexin — Donkey anti-as well as the average number of appositions per contacted cell
goat 568, MCH — donkey anti-rabbit 488. Tissue was mounted owere calculated independently for Section 1 and Section 5.
gelatin-coated slides and coverslipped with bu ered glycerol

In situ Hybridization
Imaging and Analysis In situ hybridization for orexin was performed on the same
Orexin, MCH and TH Cell Counts set of animals used for orexin IHC in the lateral hypothalamus

For cell count analysis imaging was performed on an Olympugnd has been described previously Z8). Brie y, a 1:12 series
Slidescanner BX61VS using a 20x objective. Sequentiainignag©f arcuate hypothalamic tissue was mounted onto slides in
of uorophores was performed to avoid bleed-through. ForRNase free conditions for each animal. Brain sections weré xe
the lateral hypothalamus/posterior hypothalamic area, threé 4% paraformaldehyde (pH 7.4), treated with proteinase K
sections per animal were imaged for both MCH- and orexin-at 37 C to increase penetration, and then with 0.25% acetic
immunoreactivity. Cells were counted for one side of theiora anhydride in 0.1 M triethanolamine (pH 8.0). Sections wererth
only. For the VTA, six sections were analyzed per animalinsed in 2X SSC, dehydrated through graded series of alspho
for tyrosine hydroxylase (TH)-immunoreactivity. All TH e  delipidated in chloroform, rehydrated through a second sedé
visible along the midline were counted. MCH cells were gasilalcohols and air-dried. The sections were exposed to a human
identi able; therefore, an automated macro was creatediage] Orexin probe labeled witd3P UTP overnight in a humidi ed

to count MCH neurons. Briey, a common threshold was setchamber at 55C. The probe was generated from a pBluescript
for all images and a mask was created. The “Fill Holes” functio!l plasmid with an insert corresponding to base pairs 378-774
was utilized followed by Analyze Particles with 650-inyjtixel ~ Of the macaque orexin mMRNA sequence (NM_001194432.1) and
setting. Orexin and TH-cell bodies were intermingled wittnge ~ transcribed in the antisense direction (plasmid manufaetlr

ber networks and were counted manually using a commonby Genscript). After incubation, the slides were washed in 4X
threshold for each antibody across all sections and condme SSC, in RNase A at 3¢, and in 0.1X SSC at 60. Slides were

with DAPI nuclear labeling. then dehydrated through a graded series of alcohols andidrie
For visualization of the probe, labeled sections were exposed
Orexin Fiber Density to Im (Biomax MR, Kodak) overnight and imaged using a

For ber density analysis, 6 VTA sections per animal wereCoolSNAP charge-coupled camera (Photometrics) and analyzed
imaged along the midline on a Leica SP5 AOBS confocalsing Imagedn situ hybridization mRNA labeling matched the
microscope (Leica Microsystems, Bu alo Grove, IL) using alistribution of orexin cells by immunohistochemistry as well
10X objective with M z-plane stacks. Fluorophores wereas previously published description of orexin distribution in
again imaged sequentially to avoid bleed-through. A commonprimates @9). Three lateral hypothalamus sections were analyzed
threshold for all images was set for orexin immunoreagyivit unilaterally per animal. A common threshold was set for all
Tyrosine hydroxylase-immunoreactivity was used to place thimages and a de ned region of interest that incorporated one
region of interest for analysis in the most dopamine rich VTAside of the lateral hypothalamus was utilized. The percerd are
region for each section analyzed. Percent area of the regfion of pixels over the threshold was quanti ed within the regioh o
interest that contained pixels with staining above threshehs interest for three sections per animal and then averageddohe
calculated using ImageJ for termiM stacks with the highest animal.
intensity, then normalized for the tissue area analyzed. o

Statistics
Orexin Close Apposition to TH Cells Analysis between the four groups was performed by two-way
For close apposition analysis, sections were imaged agaimeon tANOVA for maternal and post-weaning diet factors apdst-hoc
Leica SP5 AOBS confocal microscope using a 40x objective (amdkey comparison between the four groups in Prism GraphPad.
zoom factor of 2) with InM z-plane stacks. Two VTA sections Analysis of TH-IR cells and orexin ber density across saudiof
were analyzed per animal, corresponding to the rostral moghe VTA was analyzed by repeated measures ANOVA for Tukey
section which contained the largest disparity between groupsost-hocomparison between the four groups for each section of
in orexin ber density (Section 1), and a more caudal sectiorthe VTA. All data was checked for normality, with D'Agostino
containing the largest disparity of VTA TH-IR neurons betwee and Pearson normality tegt > 0.05. MCH cell count was log
the groups (Section 5). For each section, analysis was perormgansformed to pass normality testing; however, no di erence i
immediately left and right of midline per section, correspamgl  2-way ANOVA analysis was observed with either log transfatme
to the most TH cell dense region. The number of TH cellsor raw data, so raw data is presented. All data was checked for
in each photomicrograph was counted manually and labeledutliers, using Prism GraphPad outlier detector (settind>Q@)
Each cell was then examined for close appositions by orexirand identi ed outliers were removed. All measurements were
immunoreactive bers using ImageJ. Images were scannesvaluated for the in uence of o spring sex and maternal age
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and weight near conception in SPSS; however, these factbrs diom HFD-fed mothers weigh less initially but demonstrate
not have signi cant main e ects and were left out of nal data rapid catch-up growth, and those that were weaned onto a
analysis. All data are presented meanstandard error of the HFD weighed more than control animals at 13 months of
mean. age 0). The speci c metabolic parameters of the dams and
o spring cohort utilized in the current study are provided in
Supplemental Table 1 The current study sought to determine

RESULTS how these metabolic changes may be regulated by reward
. circuitry in the brain. MCH and orexin cell were identi ed

Lateral Hypothalamus Orexin and MCH in the region spanning the posterior hypothalamic area (PH)

Protein and mRNA Content and lateral hypothalamus (LH) and counts were investigated

Previous metabolic proling of this animal model, which using immunohistochemistry. There were no dierences in
includes many animals in the current study, found that o spgi  the number of MCH cells in the PH/LH between the four

FIGURE 1 | Quanti cation of melanin-concentrating hormone (MCH) cebodies in the posterior hypothalamic area and lateral hypbalamus by
immunohistochemistry. The number of MCH-IR (green) cell boes was counted unilaterally across 3 sections/animal, rosil and caudal extent of sections analyzed
are depicted in line drawings, with lateral hypothalamus ggon indicated in blue. Left photomicrograph is roughly 2,60 2,500 mm with the inset region shown in
white, which is roughly 500 500 mm. Analyzed sections correspond roughly to Figure 59 from Pdaonos Rhesus Atlas. 3V-third ventricleN D 6-8 animals/group.

FIGURE 2 | Quanti cation of orexin cell bodies in the posterior hypotheamic area and lateral hypothalamus by immunohistochemigt The number of orexin-IR (red)
cell bodies was counted unilaterally across 3 sections/anial corresponding to the same brain regions indicated ifrigure 1. Left photomicrograph is roughly 1,800
1,800 mm with the inset region shown in white, which is roughly 500 500 mm. 3V- third ventricle.N D 6-8 animals/group. Statistically signi cant effects by twoway
ANOVA are denoted as text within the graph.
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groups Figure 1). Post-weaning HFD consumption increased Dopamine Content and Orexin Fiber
orexin-immunoreactive (-IR) cell number in the PH/LH [post- Contacts in the VTA

weaning diet,F3, 26y D 9.12, p < 0.01], but there were The total number of TH-IR cells in the VTA was quanti ed
no post-hocdi erences between the four individual groups for each group. Interestingly, the total number of TH-IR cells
(Figure 2). Orexin mRNA content was also examined in thejn the VTA was increased with post-weaning HFD exposure
PH/LH by in situ hybridization. Surprisingly, there was no [post-weaning dietF, 7y D 4.45,p D 0.04;Figure §. This

di erence between the four groups for orexin mRNA content, jnhcrease appeared to be specic to the caudal portion of
indicating a discordance between protein content (quardii®y  the VTA (Section 5), with dopamine cell numbers similar
immunohistochemistry counts of cell bodies) and overall /RN petween groups in the rostral VTA (VTA section number

content Figure 3. corresponds to the same anatomical locations specied in
Figure 4). To examine whether decreased orexin content in the
Orexin and MCH Projections to the VTA VTA was speci cally linked to decreased input to dopamine

Both MCH and orexin ber projections to the VTA were neurons, close appositions between orexin-IR bers and TH-
examined. MCH-IR bers were present in the brainstem,IR neurons were examined. Contact analysis was performed
but largely absent from the VTA region where dopaminein Section 1 and Section 5, corresponding to the rostral
neurons are found (data not shown). Orexin-IR bers wereand caudal VTA respectively, since this is where di erences
present in the VTA near dopamine neurons, analysis ofn orexin density and TH-IR cell numbers were observed.
average ber density across the 6 sections analyzed revealtde percent of TH-IR neurons receiving orexin ber close
an interaction between maternal diet and post-weaning die@ppositions was not dierent between the four treatment
[Fi1,26) D 8.10,p < 0.01;Figure 4. Both mCTRpHFD and groups at either the rostral or caudal VTAFigure €). Most
mHFDpCTR groups had a signicant decrease in orexin-TH-IR cells with close appositions had between 2 and 3
IR ber density in the VTA compared to the control potential contacts/cell, which also did not di er across theifo
group (p's < 0.05). Analysis between individual VTA regions groups.

(Sections 1-6) revealed this reduction in orexin ber dépnsi

was predominantly within the rostral VTA (Section 1), DISCUSSION

where all three treatment groups showed decreased orexin

ber density compared to the mCTRpCTR groupgpq{ < The current study nds that post-weaning consumption of a
0.05). HFD alters the reward neurocircuitry of the brain in nonhuma

FIGURE 3 | Quanti cation of orexin mRNA content in the posterior hypothlamic area and lateral hypothalamus byn situ hybridization. The percent area of pixels
elevated over threshold was quanti ed unilaterally across 3ections/animal corresponding to the same brain regions indated in Figure 1. N D 6-8 animals/group.
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FIGURE 4 | Quanti cation of orexin bers in the VTA by immunohistochemisy. The percent area of a xed region of interest with an intesity over a set threshold was
quanti ed for orexin-IR in the VTA (top right). Fiber quanti cion was also broken down by VTA section (1-6; bottom right)Line drawings depict rostral (Section 1) and
caudal (Section 6) extent of sections analyzed with VTA remi indicated in green. Photomicrographs are approximatel$80 380 nm. N D 7-8 animals/group.
Different letters denote signi cant differencef{ < 0.05). *denotes statistically signi cant difference betwen mCTR/pCTR group and the other three groupsR < 0.05).
Statistically signi cant effects by two-way ANOVA are denad as text within the graph.

primates. Speci cally, increases in orexin-IR cells in the LHhigher order reward signaling and hedonic appetite regutatio
and TH-IR cells in the VTA were observed; however, orexin(30, 31). In addition, dopamine receptors implicated in feeding
mRNA content was unchanged. Orexin-IR projections to the(D1 and D2) were also downregulated in the prefrontal cortex,
rostral VTA were decreased in all treatment groups compared tmdicating the net e ect of maternal HFD exposure was to
controls and there was an overall interaction between nmatier decrease dopamine signaling in the prefrontal cortex whicly ma
and post-weaning HFD exposure. Interestingly, maternal HFDeduce the “reward” value for a given stimulus. Maternal HFD
exposure, in isolation and when combined with postnatal HFDdecreased orexin ber output to the VTA in the current study;
consumption, also appeared to decrease orexin-IR ber outputherefore, it is possible that decreases in orexin releasben t
to the rostral VTA indicating this alteration may be prograrech  VTA trigger the decreased dopamine signaling occurring ie th
developmentally. Despite changes in orexin output and th@refrontal cortex. Both rodent and primate o spring from HFD-
number of detectable TH-IR cells, there was no e ect ofconsuming dams display increased preference for foods high
maternal or post-weaning HFD consumption on the percentagén sugar and fat 19, 32), indicating that they may need to
of TH-IR receiving close appositions from orexin-IR bers. consume more of these foods to get the same reward sensation.
Therefore, it remains unclear whether this decrease iniarex We hypothesized that diminished dopamine signal may be one
projections speci cally alters dopamine signaling. Theseingg  mechanism that drives increased hedonic intake, since more
indicate that communication between the LH and VTA may stimulus may be required to reach the same neurological mwa
be altered with early exposure to a HFD and could underliesignal. Interestingly, this impact of HFD exposure on orexin
the increased hedonic feeding characterized in this modgirojections to the VTA did not seem to be specic to early
(19. maternal exposure, since animals receiving the HFD only durin

Although the number of TH-IR cells are increased in the VTAthe post-weaning period also showed this change. The e ects
with post-weaning HFD exposure, it is unclear what this meansf post-weaning HFD consumption were not investigated in
for the release of dopamine from these neurons. Previous wortke previous study; therefore, the impact of post-weaning HFD
from our laboratory has observed that maternal HFD exposuren TH-IR ber output to the prefrontal cortex and whether
decreased the amount of TH-IR bers in the prefrontal cortexthis also increases the drive for hedonic intake is curgentl
(19, which is a critical VTA projection for the regulation of unknown.
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FIGURE 5 | Quanti cation of tyrosine hydroxylase (TH) cells in the VTAyimmunohistochemistry. TH-IR (magenta) cells were counteshanually, con rmed by DAPI
labeling (blue), across 6 VTA sections/animal. Cell count waalso broken down by VTA section, with section number corrggonding to the same depiction in

Figure 4. Left photomicrograph is roughly 1,500 1,500 mm with the inset region shown in white, which is roughly 250 250 mm. 3V- third ventricle.N D 7-8/group.
*denotes statistically signi cant difference from mCTR/pCR (p < 0.05).

Orexin-IR cell number was increased with post-weaningo the VTA may be decreased in the current model. With
HFD consumption, similar to previous reports in rodents decreased orexin output to the VTA and decreased TH
(33. However, this report in rodents also found increaseutput to the prefrontal cortex described previouslyo),
in orexin mMRNA expression, which were not observed inthis indicates that early exposure to HFD may dampen the
the current study. It is possible that quanti cation of mMRNA reward neurocircuitry at two distinct nuclei. No di erences
area in the current study missed changes in intensity withirin close appositions between orexin bers and dopamine
individual cells; however, intensity is dicult to accurelly neurons was observed in the current study, indicating that
quantify due to the frequent occurrence of saturation. Despi other factors may also down-regulate dopamine production
the increase in orexin cell number, projections to the VTAand/or release. This conclusion is supported by the nding
were decreased. One hypothesis is that the increase in oreximt the mHFDpCTR group demonstrated decreased orexin
cell numbers represents those cells projecting to other areaber density in the VTA but no dierence in TH-IR cell
such as the various regions of the hypothalamus and/or otherumbers. It should be noted that close apposition analysis
brainstem regions such as the locus coerelus, all of whiabnly examined a subset of cells and subtle dierences in
have previously been shown to receive orexin projectionsrexin-dopamine contacts could be missed. Electrophysicébgic
in nonhuman primates §4-36). The current study's nding studies examining endogenous orexin tone on dopamine nesiron
of decreased immunoreactivity in the VTA with early HFD following early HFD-exposure could better validate the current
exposure led to the current hypothesis that orexin signalingndings.
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FIGURE 6 | Quanti cation of orexin-IR ber close apposition to tyrosine lydroxylase (TH) neurons in the VTA. Both the percent of TH-IRI(e) cells receiving close
appositions from orexin-IR bers (red) and the number of clos@ppositions per contacted cell were analyzed in Section 1 athSection 5. Arrow indicates close
apposition depicted in orthogonal views, shown to the righand below. Photomicrograph is approximately 50 50 mm. N D 7-8 animals/group.

Interestingly, although MCH neurons are hypothesized ta(8, 19); however, a limited sample size prevented the separation
provide input to VTA dopamine neurons in the rodent of these e ects in the current study. Nevertheless, the aurre
(37, this connection was largely absent in the currentstudy provides evidence that both maternal and post-weaning
study, providing to our knowledge the rst evidence thatHFD consumption may alter neurocircuits regulating reward
this projection is not present in nonhuman primates. Thisand increase hedonic feeding in o spring. This change does
nding is consistent with electrophysiological ndings in not occur in isolation and it is likely that multiple organ
rodents, demonstrating a lack of MCH eects on VTA systems contribute to the increased obesity risk in o spring
neuron ring frequency in both dopaminergic and non- from obese mothers. As more animals from this model become
dopaminergic neurons 1). Another neuropeptide of the available we hope to correlate expression changes in the brain
lateral hypothalamus called neurotensin is also known tadsento physiological outcomes like hedonic food intake to detieren
direct projections to VTA dopamine neurons in the rodent, which changes may have the greatest impact on metabolic health
and future studies can explore whether this connection iRRecent work has found evidence that HFD exposure can alter
altered with early HFD exposure. Similarly, there are sdveraocytes in females resulting in mitochondrial dysfunctithvat
other known projections to dopamine neurons beyond theis passed on to future generation3d). In addition, maternal
LH, including neuropeptides like oxytocin and vasopressin obbesity has also been shown to alter placental function which
the paraventricular hypothalamus and neurotransmitterse lik may disrupt nutrient exchange between mother and fettd.(
serotonin, glutamate and GABA which project from the dorsalFetal defects in the liver and muscle, which are critical for
raphe (9). Future studies in this model can explore howglucose homeostasis are also altered with maternal HFD erposu
these additional inputs to dopamine neurons are aected by8). The current nonhuman primate model will continue to
early HFD exposure and may regulate hedonic feeding ibe utilized for a collaborative whole organism approach to
primates. determine how maternal HFD-induced changes across multiple

It should be noted that the current study has examinedissues are interconnected and their relative contributioward
changes in neurocircuitry driven by maternal HFD consumptio obesity risk in o spring.
and not obesityper-seLike humans, monkeys display di erent
sensitivities to the obesogenic HFD, and not all HFD-fed damAUTHOR CONTRIBUTIONS
in the current model were obese and not all CTR-fed dams
were lean, as previously reporte@).(Previous work has found CT wrote the manuscript, contributed to data analysis and
that maternal obesity and maternal HFD consumption mayinterpretation. AA, SL, and MK performed data collection and
elicitdi erente ects on o spring neuroanatomy and metabolis  analysis. ES contributed to study design. PK contributed to
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