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Regulatory role of AMP-activated protein kinase in
corticotropin releasing hormone secreting neurons in the
social stress—induced

paraventricular hypothalamus in

alteration of food selection behavior
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INTRODUCTION

Psychological stress often stimulates intake of sweet foods or high carbohydrate diets.
The paraventricular hypothalamus (PVH) plays a key role in macronutrient selection
between carbohydrate and fat in mice and rats. Our laboratory recently revealed that
AMP-activated protein kinase (AMPK) in a subset of corticotropin releasing hormone
(CRH) expressing neurons in the PVH (PVH-CRH neurons) increased a high-
carbohydrate diet (HCD) selection over a high-fat diet (HFD) in mice after overnight
fasting or neuropeptide Y (NPY) injection into the PVH. CRH is involved in the
regulation of stress-related behavior as well as adrenocorticotropic hormone (ACTH)
secretion from pituitary and subsequent glucocorticoid secretion from adrenal gland
[hypothalamic-pituitary-adrenal (HPA) axis]. However, the role of AMPK in
PVH-CRH neurons in stress-induced change in food selection behavior remains
elusive. The objective of present study is to unravel whether AMPK in PVH-CRH
neurons regulates food selection behavior between a HCD and HFD in mice in
response to stress.

METHODS
C57BL/6J mice were subjected to social defeat stress, which was composed of 5 min
of direct interaction and 24 h of sensory contact to an ICR mouse (as an aggressor).
CRH mRNA expression in the PVH, plasma corticosterone concentration, and
locomotor activity were measured as stress markers. Phosphorylation of AMPK was
measured by immunoblot and immunohistochemical analysis. NPY mRNA expression
in hypothalamic nuclei was examined by gquantitative polymerase chain reaction.

Lentivirus expressing short hairpin RNA (shRNA) for CRH (shCRH) was
injected into the PVH of C57BL/6J mice. Lentivirus expressing shRNA for al- and a2
subunits of AMPK (shAMPKs"") or constitutively active form of AMPK
(CA-AMPK™") in a Cre recombinase (Cre)-dependent manner was injected into the
PVH of Cre-knock-in mice expressing Cre under the control of CRH gene promoter
and enhancer (CRH-Cre mice). Adeno associated virus (AAV) expressing inhibitory
DREADD (Designer Receptors Exclusively Activated by Designer Drugs), hM4Di, in
CRH neurons was injected into the PVH of CRH-Cre mice. Neuropeptide Y (NPY) Y1
receptor (Y1R) selective antagonist BIBP3226 was injected into the PVH of C57BL/6J
mice.

Mice were subjected to measurements of stress markers and food selection
before and after social defeat stress. Food selection experiments were performed with
a combination of a HFD (55% of calories from lard) and a HCD (HCD1: 57% of
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calories from sucrose; HCD2: 50% of calories from starch). Constituents other than
carbohydrate and fat were same among HCDs and HFD.

RESULTS

Social defeat stress increased CRH mRNA expression in the PVH and plasma
corticosterone concentration, and decreased locomotor activity. All mice chose HFD
over HCDs when fed ad libitum. In contrast, social defeat stress increased selection of
HCDs (HCD1 or HCD2) and decreased that of HFD in a two-diet choice experiment.
Total calorie intake did not change. Inhibition of CRH expression in the PVH by
shCRH blunted the enhancement of carbohydrate selection as well as the increased
CRH mRNA expression and plasma corticosterone concentrations after social defeat
stress. Specific inhibition of neural activity of PVH-CRH neurons by DREADD
system also suppressed stress-induced increase in carbohydrate selection. Immunoblot
and immnohistochemical analysis revealed that social defeat stress increased the
phosphorylation of AMPK in a subset of CRH neurons in the rostral part of the PVH.
Specific inhibition of AMPK expression in PVH-CRH neurons by shAMPKs®
abolished the social defeat stress-induced change in food selection. In contrast, it did
not affect change in CRH mRNA expression, plasma corticosterone concentration, or
locomotor activity after social defeat stress. Expression of CA-AMPK" in PVH-CRH
neurons increased selection of HCD and decreased that of HFD, similar to those after
social defeat stress. However, it did not affect stress markers: CRH mRNA expression,
plasma corticosterone concentration, and locomotor activity. Social defeat stress
significantly increased mRNA expression of NPY in the dorsomedial hypothalamus
(DMH) but not in the arcuate hypothalamus. Administration of NPY receptor Y1R
antagonist, BIBP3226, into the PVH partially suppressed stress-induced carbohydrate
selection.

CONCLUSIONS

A social defeat stress induces carbohydrate selection via AMPK activation in a subset
of PVH-CRH neurons in C57BL/6J mice. AMPK activation in PVH-CRH neurons is
necessary and sufficient for the alteration of food selection behavior after social
defeat stress. Neural activation of PVH-CRH neurons and CRH expression in the PVH
are also necessary for the social defeat stress-induced carbohydrate selection. In
contrast, activation of HPA axis by social defeat stress is independent of AMPK
activity in PVH-CRH neurons. Thus, AMPK in PVH-CRH neurons plays a crucial role
in stress-induced carbohydrate selection, via a distinct mechanism for activation of
HPA axis. NPY neurons in the DMH and Y1R in the PVH are likely involved in the
social defeat stress-induced food selection behavior.
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DEE e A N L AX, A, FRICHERE e CHELRRAKEOBREZEMIE S, =
NE TORITHIFEIZ L » T, paraventricular hypothalamus (PVH) @ corticotropin releasing
hormone (CRH) & ==—1 > (PVH-CRH==—m1 ) 7', AMP-activated protein kinase
(AMPK) ZJr LT, RARIHELENEOZKEEERITHZHE T2 AP LNITE
TW5b, CRH=z2—na v ix, ALV RIZE > THEMALT 5728, PVH-CRH= 22— v ®
AMPK2Y, A ML ABEO BEEERINRITEIO LI HLEET 2 BEN® 5, Kigix, s
PEA NV RAERBAME~ 7 AICAR L, 2RV EREIN D BEHRRITHHOZLIZ,. CRH
Za—BYOAMPKR ED X 5 RGIERZ RIFL TWDInE, UAINVART Z—%
T EMFEN TR THREMETH D,

HFE# X, 2 L 2§l & L Tsocial defeat stressZz V72, WEM DO EHWICRY 7 A D7
— U2, CB7BL/6I~ 7 A% AFLTHA MIE L=, Wi Z &M T T C 245 ] I 4% fi ]
R E 2T o7, A ML AAKHE, C57BL/I6I~ 7 AT, PVHIZ B\ TCRHD MRNAZE 3
ML, mParFazxsa BENEMLE, £/, v~V ACHEBHR L SRKIED &
ZERICEZ, EHLOLORBMBEZERT 20272, TOME., A MLV 2AAMAT, v U X
TEEMAEEZ 2 <ER LN, A MLV RAAME, BRAKCHEORRSEEICHENT S Z
&%ﬁmbko%ﬁmu—ﬁﬁﬁ’ﬁmiﬁ#oto& . PVH-CRH= =z —81 8 X | L

fii e D LEALBHRATHO BT ED X 5 R EN ZzELr 2zl 6T 272D, 1)
C57BL/6J<”?7<0>PVH Lo F AN AZHWTCRHIZK T 2shRNAZ BEL S~ T & |
2) ##HYEDREADD (Designer Receptors Exclusively Activated by Designer Drugs) (hM4Di)
% CRH-Cre knock-inv 7 Z OPVH-CRH= =2 —ua 7 7 J Btk 7 A v 2 & v TRIRWIZ
BRIV~ T AZER LA NV AAMICL D BEERIATEIOELZ P N1, E DORER,
A& RIRITENICPVH-CRH= 2 — B U A METH D Z & ZaEH L 7=,

WIZ, ANV RAAMICE D BEERRITEIOZ (I, PVH-CRH= 2 — 1 " ®D AMPK) & D
Lo RPFEERZRIET 0 E2RHN-, ANV RZARMTH L. PVHYIIEOCRH= = — 11
VIZB W TAMPKAIEMEIL LTz, £/, U A /L A2 X — L CRH-Cre knock-inv 7 X % fj\»
T. 1) PVH-CRH= = — 1 V" BEIRIICAMPKO R H 2 M L=~ v A, 2) {EMHE(LRAMPK
ERBLIE~T ZAEERL, BERRITH~OREZFH -, TOMKE, AMPKO R %
BIRAICHH T D & A P L 2ABOBEHRFITEHOE (LMK SN D Z & AT, 1EHEM
AMPKZ BEH S5 & A ML A AW & RERIZ, R EOERER NS 52 & 2 R
L7z, AL AEAM%ZDOCRHMRNADOREEIE N, 2 vF axTa Oy inicZ{bidZs
Mmofo, ST, HEFIL, AMPKATEM L S #25 LK 7-& LT, MiRR~<7TF R
neuropeptide Y (NPY) DB G AT ~7-, ZOFEFR, A MU AAMIC L0 HK T EHE NAEZ
IZFB W TNPY MRNAD R BN HIIN T 25 Z & PVHIINPY-YIZFIKO T v 2 =2 N & &5
THE, APV RICEDEBERRITEIOZENH MBS xR LT, BLED
FER D, PVH-CRH= 2 — B 3, AMPKZ /" LT, A b L AT X 5 BEHRNTTE) Z i £
T5HZ &, AMPKOIEMHALIZNPY R G L TWAHREEMERH D 2R LTz, —F.



(AR 3)
(Separate Form 3)
PVH-CRH= = — 1 > ® AMPKIX, K FH#- FTEMA- BIBFLZEROHEIZIEEEG L

Ezbhbd,
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