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Feeding is one of the most important activities to maintain energy homeostasis in animals.
While neural mechanisms responsible for the regulation of calorie intake have been extensively
studied, the neural basis of food selection for macronutrients is less studied. My lab previously
reported that a subset of corticotropin-releasing hormone (CRH) neurons expressing fasting-
responsive  AMP-activated protein kinase (AMPK) in the paraventricular nucleus of the
hypothalamus (PVH) is necessary for a high carbohydrate diet (HCD) selection over a high fat diet
(HFD) under fasting. However, neuronal mechanisms for HCD intake in other conditions such as
glucoprivation remain unknown. Glucoprivation induced by a glucopenic reagent, 2-deoxy
glucose (2-DG) is known to increase HCD intake, and neuropeptide Y (NPY)-expressing neurons
projecting to the PVH might be involved in the food selection. In this study, I investigated the role
of NPY-CRH neural axis in the PVH in mice in glucoprivation-induced change in food selection
of HCD and HFD after intraperitoneal (IP) administration of 2-DG.

First, I selectively expressed AAV encoding Cre-dependent hM4Di, an inhibitory
DREADD (Designer Receptor Exclusively Activated by Designer Drugs), into the PVH of CRH-
Cre mice. I performed the food selection assay for 4 h after IP injection of 2-DG. 2-DG injection
increased HCD intake while it decreased HFD intake. By contrast, chemogenetic inhibition of
PVH CRH neurons significantly suppressed the food selection of HCD over HFD. I next examined
whether inhibition of CRH neurons affects NPY-induced HCD selection, using the inhibitory
DREADD system. Intracerebroventricular (ICV) or intra-PVH injection of NPY led to a rapid
increase in HCD intake within 1 h and then a slow increase in HFD intake. By contrast, inhibition
of PVH CRH neurons suppressed the HCD intake with no effects on HFD intake. To further
examine whether 2-DG-induced change in food selection is mediated by a direct action of NPY
on the PVH, I next investigated the effects of pharmacological blockade of NPY receptors Y1R
and Y5R expressed in the PVH. Intra-PVH injection of Y1R and Y5R antagonists blocked the 2-
DG-induced HCD intake but not HFD intake. I further knocked down AMPK alpha subunits in
PVH CRH neurons. AAV encoding Cre-dependent shRNA towards AMPK was injected into the
PVH of CRH-Cre mice. Both intra-PVH injection of NPY and administration of 2-DG activated
AMPK in the PVH, and preferential knockdown of AMPK in PVH CRH neurons suppressed both
NPY and 2-DG-induced HCD intake but not HFD intake. These results suggest that the NPY-CRH



neural axis in the PVH is necessary for 2-DG-induced HCD selection.

Melanocortin-4 receptor (MC4R) in the PVH is important for normal feeding. I
investigated the possible role of PVH melanocortin-4 receptor (MC4R) in NPY-induced food
selection. Injection of a MC4R agonist, MTII, into the PVH preferentially inhibited HFD intake
but not HCD intake after the intra-PVH NPY injection, indicating that the food selection of HFD
is mediated by a distinct neural circuit in the PVH from that of HCD selection.

To investigate which NPY neurons project to the PVH and are activated by 2-DG, I
introduced the retrograde AAV encoding Cre-dependent tdTomato into the PVH of NPY-Cre mice
and administered saline or 2-DG. I found that NPY neurons in various brain areas innervate the
PVH, and among them, PVH-projecting NPY neurons in the nucleus tractus solitarius (NTS),
ventrolateral medulla (VLM), periaqueductal gray (PAG), and arcuate nucleus of the
hypothalamus (ARC) are strongly activated by 2-DG. Since NTS NPY neurons have been reported
to be involved in the 2-DG-induced increase in total calorie intake. I next examined the effect of
optogenetic activation of PVH-projecting NTS NPY neurons on food selection. AAV encoding
Cre-dependent ChR2-EYFP was injected into the NTS of NPY-Cre mice and optic fibers were
bilaterally implanted above the PVH to activate the PVH-projecting NTS NPY neurons
specifically. Optogenetic activation of PVH-projecting NTS NPY neurons increased c-fos
expression in the PVH and led to an increase in HCD intake along with a slow increase in HFD
intake similar to those observed after ICV or intra-PVH injection of NPY. These results suggest
that NTS NPY neurons projecting to the PVH play an important role in 2-DG-induced HCD
selection.

Collectively, my results suggest that the NPY-CRH neural axis in the PVH is necessary
for 2-DG-induced HCD selection and food selection of HFD is mediated by a distinct neural circuit

in the PVH.
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