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(CRE-01, ZLANKRUAR, IARAH- TH¥) BI23~4 8] f7
FORDAT I TR ST, TERL 7MY A1, PBS Tl
%, 0.01% Triton-X100 THLILL, Z D% 7Ty
77— TS 2L THURHUASOR DIRTE (L L T2, £ D
%, 10%/3 05 %5 e PBS T 20 /rffl7my¥ 7L,
#t (7 T Rabbit polyclonal anti-CRF (1 :100, H-019-06,
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Fig. 1 Effects of salt intake on the behaviors and the freezing during TMT and the active coping behavior during TST

(A) Behavioral patterns of water-intake mice before, during and 5 min after inescapable fear stress of TMT,

(B) Behavioral patterns of high salt-intake mice before, during and 5 min after inescapable fear stress of TMT, a~c: distance traveled, d~f:
time spent in,

(C) Freezing time during TMT-induced fear stress,

(D) Distance traveled in the avoidance area,

(E) Time spent in the avoidance area,

(F) Number of entries into the avoidance area,

(G) Immobility time in the first half and the last 5 min during TST,

(H) Relationship between distance traveled and freezing time in the TMT zone during TMT (first 5 min),

(I) Relationship between freezing time and time spent in the TMT zone during TMT stimulation,

(J) Relationship between freezing time and number of entries into the TMT zone during TMT stimulation (first 5 min)
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Fig. 2 The effect of 2% NaCl intake on mouse anxiety levels while using the elevated plus maze (EPM) and the correlation

between immobility time during tail suspension test (TST) and the anxiety level.

(A) Schematic drawing shows the EPM and the schedule of TST.

(B) Traces of water- and sodium-intake mice moving on the EPM.

(C-E) Comparison between water- and sodium-intake mice in terms of distance traveled (C), number of entries (D), and time spent (E) in
the open arm of the EPM.

(F, G) Comparison between the number of entries (F) and time spent (G) in the central zone of the EPM for water-intake mice (n = 10) and
sodium-intake mice (n = 11).

(H) The time course of immobility time during 10 min of TST for water-intake mice (n = 10) and sodium-intake mice (n =11).

(I) Immobility time during the first 6 min, except the first 1 min, of TST for water-intake mice (n = 10) and sodium-intake mice (n = 11).

(J) Summary of cumulative immobility time during the first (0—5 min) and last 5 min (5-10 min) 1 h after exposure to inescapable innate
fear for water-intake mice (n = 10) and sodium-intake mice (n=11).

(K-M) Correlation between immobility time during the first 5 min of TST and the distance traveled (K), number of entries (L), and time
spent in the open arm of the EPM (M) for water-intake mice (n = 10) and sodium-intake mice (n = 11).

(N-P) Correlation between immobility time during the second 5 min of TST and the distance traveled (N), number of entries (O), and time
spent in the open arm of the EPM (P) for water-intake mice (n = 10) and sodium-intake mice (n = 11). Statistically significant
differences between two Pearson’s correlation coefficients by Fisher’s r-to-z transformation (##p < 0.01, #p < 0.05) are indicated. NS
means not significant. R2 is Pearson’s correlation coefficient.
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BUZRIETH D BERO R EHHEICT 272D T
CRF FBIL ~L & KB~ T AL B~ ATk
L7, ZORER, BRIAEBIRL TV~ A TlE, TMT
(DR B2 D EHRIR TS PVN 2B 5
CRF 23T 5DIZxt L, BEEE~Y AT, TMT (2
LD 2 5 2 THRIR T PVN I2B1T5
CRF FEBL DI KBE T ADF I~ TR ITH)
S TWDZ ED RS 7z (Fig. 3A and B) .
3. 4 fHIKTH CRF BREIRBFETILIVRATA:

BHEROMR

Fig. 4 CIERKL7= AAV VAL A% 0.1 uL 2l D4R
RIS GL, 2 BE%ICATENERA T o7, a0 bR
—/L¥TAIZIE, CRF B FE2fH AL TR AAV X

2 —HROTANAE G L, GFP 27 ZFHEIZ H DAL
BT ANVADREE L TODD % GFP Hiikz v Tz
e, LA SBEMEEIC CRESR L 72, CRF BRIF B ~Y
2D T, RFP 27 DMPNTEY, Zivh [REEIC RFP #i
WERWCTRERAL, B RBEMEEICTYAVANRHE
DN EIZ G- CDDy, 72 CRF 2NERENC I
RS ALY IRAS R i Ay

ZNBDOSTAITKE 2% B AKZ 5 ik CAEY, 5
H HIZTMT Rl % 52 ATEVBIEE L, £ 1 RffHI#IZ TST
Z 10 mrfifTo70, ZOREE, BREERL-a hr—Ly
AVABETIL, TST HFORER NP <7272, L
ML, BUR FES CRF @B~ A Tl, AL T
HABKMITAKER~U A LARE ThoTo
(Fig. 5D-F) , 723, a2 b — LU A VAR 5HESS CRF
RN FE B~ ARE O BRI, KB I LR FR B C
&Y, TMT (DR MR TR B AT ST N2 LA ff
8L 7= (Fig. 5A-C),

A CRF (10X) CRF (40X) B
H20 B H20TNT
50 - *x B NaCl TMT
TMT
PVN £ 40
g
g 30
?_E 20
NaCl 5
E 10
™T 3
PUN 0

Fig. 3 Effects of salt intake on hypothalamic CRF expression induced by TMT fear stimulation

(A) a, b CRF expression in the paraventricular nucleus of the hypothalamus in mice without salt intake, ¢, d CRF expression in the
paraventricular nucleus of the hypothalamus in mice with salt intake,

(B) Mean CRF expression in the hypothalamus in mice with and without salt intake during TMT stimulation.
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Fig. 4 Construct of adeno-associated virus (AAV: pAAV-PHP.eB) expression vector inducing CRF overexpression
(A) CRF sequence and CRF overexpression construct of AAV-PHP.eB vector,

(B) forced expression of CRF in HEK293 cells,

(C) location of hypothalamus and concentration and dose of AAV virus administered,
(D) RFP expression when AAV control virus and CRF overexpressing virus are administered regions (a and ) and RFP expression (b and

f) and CRF expression (c and g) cells.
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Fig. 5 Effects of salt intake on behavioral changes and freezing and learned helplessness formation during TMT fear

stimulation.

(A) freezing duration during TMT fear stimuli in water- or salt-saline-fed control mice and hypothalamic CRF overexpressing mice,

(B) freezing over time during TMT fear stimuli in water- or salt-saline-fed control mice,

(C) freezing over time during TMT fear stimuli in water- or salt-saline-fed hypothalamic CRF overexpressing mice freezing during TMT

fear stimuli,

(D) immobility time during TST in control mice consuming water or saline and hypothalamic CRF overexpressing mice,
(E) immobility time during TST during TMT fear stimuli in control mice consuming water or saline,

(F) immobility time during TST during TMT fear stimuli in control mice and hypothalamic CRF overexpressing mice ingesting water or

saline.
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Fig. 6 Effects of salt intake on changes in behavioral patterns and the formation of freezing and learned helplessness induced

by TMT fear stimuli.

(A-D) Behavioral patterns of control and hypothalamic CRF overexpressing mice receiving water or salt solution before TMT fear stimulation
(A) distance traveled, (B) distance traveled in the central area, (C) time spent in the central area, (D) number of entries into the central
area,

(E-L) Control (E-H) Correlation between distance traveled (E, I), distance traveled in the central area (F, J), time spent in the central area (G,
K), number of entries into the central area (H, L) before TMT fear stimulation and freezing time during TMT stimulation in water or
salt-fed mice (I-L) or in hypothalamic CRF overexpressing mice (I-L).
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Fig. 7 Effects of hypothalamic CRF and salt intake on the behavioral pattern before TMT fear stimulation and the formation

of learned helplessness after fear stimulation.

(A-C) Behavioral pattern of Control mice before TMT fear stimulation (A) distance traveled in the central area, (B) time spent in the central
area, (C) correlation between the number of entries into the central area and immobility time during TST after TMT fear stimulation,
(D-F) Hypothalamic CRF overexpression before TMT fear stimulation Behavioral pattern of mice (D) distance traveled in the central area,

E: time spent in the central area, (F) correlation between the number of entries into the central area and immobility time during the TST

after TMT fear stimulation.
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Fig. 8 Effects of salt intake on changes in behavioral patterns and the formation of freezing and learned helplessness induced

by TMT fear stimuli.

(A-D) Behavioral patterns of control and hypothalamic CRF overexpressing mice ingesting water or salt solution during TMT fear stimuli
(A) distance traveled, (B) distance traveled in the central area, (C) time spent in the central area, (D) number of entries into the central

area,

(E-L) Control (E-H) Correlation between distance traveled (E, I), distance traveled in the central area (F, J), time spent in the central area (G,
K), number of entries into the central area (H, L) before TMT fear stimulation and freezing time during TMT stimulation in water- or
salt-fed mice (I-L) or in hypothalamic CRF overexpressing mice (I-L).
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Fig. 9 Effects of hypothalamic CRF and salt intake on behavioral patterns during TMT fear stimulation and formation of

learned helplessness after TMT stimulation.

(A, E) Correlation between freezing time and immobility time during TST after TMT stimulation in control mice (A) and hypothalamic CRF

overexpressing mice (E) during TMT fear stimulation,

(B-D) Behavioral patterns of control mice during TMT fear stimulation (A) distance traveled in the TMT central area, (B) time spent in the
central area, (C) number of times traveled to the central area and C: Correlation between the number of entries into the central area and

the immobility time during TST after TMT fear stimuli,

(E-H) Behavioral patterns of hypothalamic CRF overexpressing mice during TMT fear stimuli (D) distance traveled in the central area, E:
time spent in the central area, F: number of entries into the central area and the immobility time during TST after TMT fear stimuli..
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Fig. 10 Salt intake increases active coping.

Salt-fed mice showed higher central preference during the fearful stimulus, and higher central preference was associated with higher positive
coping after the fearful stimulus. This suggests that salt intake may enhance resilience to stress by increasing the level of positive coping.
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Summary

Background: We have previously reported that the 5 consecutive-days of 2% sodium salt intake which does
not cause hypertension promotes the induction of active coping behavior during tail suspension test (TST) after the
cessation of the inescapable innate fear for 5 min caused by a component of fox faces, 2,4,5-trimethylthiazoline
(TMT). In addition, we found that the active coping behaviors during TST is significantly correlated with the
preference of central zone during TMT-induced fear stress. This amount of sodium salt intake suppresses the
expression of the corticotropin-releasing factor (CRF) in the hypothalamus even when the fear stress is subjected.
In this study, we investigated whether the high salt intake affect to the anxiety level and tested whether the alteration
of the anxiety level and then the overexpression of hypothalamic CRF prevent the high salt intake produces the
correlation between central preference during TMT box and the active coping behavior during TST.

Methods: C57BL6/J mice (7-10 weeks old) with 2% salt or water-intake for 5 days were employed to the
elevated plus maze (EPM) for 10 min 1 hour prior to the 10 min of TST. The immobility time as a coping behavior
during TST for 10 min were recorded 1 hour after the TMT-induced fear stress in the acryl box (30x30x30 cm) in
hypothalamic CRF overexpression (Hy-AAV-CRF) mice which were bilaterally injections of 0.1 puL adeno-
associated virus vector (pAAV-PHP.eB) producing the CRF-AAV.

Results and Discussion: Two percent of salt-intake increased the number of entries and the time spent in the
open arm of the EPM, indicating that high salt intake had an anxiolytic effect. However, neither the number of
entries nor the time spent in the open arm of the EPM were correlated with immobility time during TST in sodium-
intake mice. In Hy-AAV-CRF mice, the number of entries into the central area and the time spent in the central
area during TMT-induced innate fear stress were similar to those in water-intake Hy-AAV-CRF mice, indicating
that the effect of salt intake was abolished when CRF was overexpressed in the hypothalamus. Furthermore, the
correlation between the preference of central zone in the box during TMT fear stress and immobility time during
TST was disappeared in Hy-AAV-CRF mice. These results suggest that suppression of hypothalamic CRF
expression by salt intake produces a central preference which is not produced by the lower anxiety level and the
high salt-intake suppressed hypothalamic CRF expression is important for inducing the active coping behavior

during TST.
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