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Fig. 1 Chronic restraint stress induced anxiety—like behavior and suppressed food intake

(a) Paradigm of restraint stress model. (b—d) Representative track plot of activity (b), percentage of time in center area (c) and total distance (d) in

OFT (n=10). (e-g) Representative track plot of activity (e), percentage of time (f) and number of entries (g) in the open arm in EPM (n=8).

(h) Cumulative food intake in Ctrl and CRS mice after 1- and 2-hour following restraint stress (#=10). Student’s 7 test was used. Data represent

mean+=SEM. *P<0.05, **P<0.01, ***P<0.001, n.s. no significance. OFT: open field test. EPM: elevated plus maze test. CRS: chronic restraint stress.
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Fig.2 PVN CRH neurons are activated by chronic restraint stress
(a) Representative immunohistochemical staining of c-Fos expression (green) in PVN CRH neurons (red) in response to restraint stress.
(b) Quantification of cell expressing c-Fos in the PVN CRH neurons (n=40 sections from 3 mice in Ctrl group and n=34 sections from 3 mice in CRS

group). Student’s ¢ test was used. Data represent mean+SEM. ***P<0.001.
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Fig.3 Activation of PVN CRH neurons triggered anxiety—like behavior
(a, b) Schematic of virus injection (a) and images showing selective expression of hM3Dq (red) in the PVN CRH neurons (b). (¢, d) Activation of
PVN CRH neurons decreases time spent in center area in OFT (1n=9) (c), but not affects the total distance (d). (e, f) Activation of PVN CRH neurons
decreases time spent in open arm (e) and the number of entries in open arm in EPM (f) (=9 mice). Student’s # test was used. (g) Activation of PVN
CRH neurons suppresses dark phase food intake (#=5). Two-way ANOVA analysis between CNO and saline injections in PVN-CRH-hM3Dq mice

was used. Data represent mean+=SEM. *P<0.05, **P<0.01, ***P<0.001, n.s. no significance.
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Fig. 4 Ablation of PVN CRH neurons relieves CRS—induced anxiety
(a, b) Schematic of virus injection (a) and images showing selective expression of AAV-DIO-EGFP in Control mice and AAV-DIO-Caspase3+AAV-

DIO-EGFP in Caspase3 (Cas3) mice (b). (c—e) Representative track plot activity (c), percentage of time in center area (d) and total distance (e) in

OFT in Control and PVN-CRH-Cas3 group after CRS (n=4). (f~h) Representative track plot of activity (f), percentage of time in open arm (g) and the

number of entries in open arm (h) in Control and Cas3 group after CRS (rn=4). Student’s ¢ test was used. Data represent mean+SEM. *P<0.05,

**P<0.01, n.s. no significance.
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Fig. 5 Exercise relieves chronic restraint stress—induced anxiety like behavior
(a) Experimental scheme. (b—d) Representative track plot of activity (b), percentage of time in center area (c) and total distance (d) in the OFT in Ctrl,
CRS and CRS with exercise (CRS+Ex) groups (n=10). (e-g) Representative track plot of activity (e), percentage of time in open arm (f) and the
number of entries in open arm (g) in EPM in Ctrl, CRS and CRS with exercise (CRS+Ex) groups (#=10). (h) Cumulative food intake in CRS (n=6)
and CRS+Ex (n=5). Student’s ¢ test was used. Data represent mean+=SEM. *P<0.05, **P<0.01, ***P<0.001. n.s. no significance.
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Fig. 6 PVN CRH neurons correlate with exercise—induced stress resilience

(a) Representative immunohistochemical staining of c-Fos expression (green) in PVN CRH neurons (red) in CRS and CRS+Ex group.

(b) Quantification of CRS and CRS+Ex group induced c-Fos expression in PVN CRH neurons (=36 sections from 3 mice in CRS group and n=34

sections from 3 mice in CRS+Ex group). ***P<0.001.
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Abstract Objective To investigate the role of paraventricular nucleus (PVN) corticotropin releasing hormone
(CRH) neurons in chronic restraint stress (CRS)-induced anxiety-like behavior. And whether exercise relieves
chronic restraint stress-induced anxiety through PVN CRH neurons. Methods Twenty 8-week-old male C57BL/
6J mice were randomly divided into control (Ctrl) group and chronic restraint stress (CRS) group. The open field
test (OFT) and elevated plus maze (EPM) were used to evaluate anxiety-like behavior of the mice. Food intake
was recorded after CRS. Immunofluorescence staining was used to label the expression of c-Fos expression in
PVN and calculate the co-expression of c-Fos and CRH neurons. We used chemogenetic activation of PVN CRH

neurons to observed the anxiety-like behavior. 8-week treadmill training (10-16 m/min, 60 min/d, 6 d/week) were
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used to explore the role of exercise in ameliorating CRS-induced anxiety behavior and how PVN CRH neurons
involved in it. Results Compared with Ctrl group, CRS group exhibited significant anxiety-like behavior. In
OFT, the mice in CRS groups spent less time in center area (P<0.001). In EPM, the time in open arm in CRS
group were significantly decreased (P<0.001). Besides, food intake was also suppressed in CRS group compared
with Ctrl group (P<0.05). Compared with Ctrl group, CRS significantly increase c-Fos expression in PVN and
most of CRH neurons co-express c-Fos (P<0.001). Chemogenetic activation of PVN CRH neurons induced
anxiety-like behavior (£<0.05) and inhibited feeding behavior (P<0.01). Exercise relieves chronic restraint stress-
induced anxiety (P<0.001) and relieved the anorexia caused by chronic restraint stress (P<0.05). Aerobic exercise
inhibited the CRS labeled c-Fos in PVN CRH neurons (P<0.001). Furthermore, ablation of PVN CRH neurons
attenuated CRS induced anxiety-like behavior. Conclusion CRS activated PVN CRH neurons, induced anxiety-
like behavior and reduced food intake. 8-week exercise attenuated CRS-induced anxiety-like behavior through
inhibiting PVN CRH neuron. Ablation of CRH PVN neurons ameliorated CRS-induced anxiety-like behavior.
These finding reveals a potential neural mechanism of exercise-relieving CRS-induced anxiety-like behavior. This

provides a new idea and theoretical basis for the treatment of anxiety and related mental disorders.
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