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Intermittent hypoxic preconditioning relieves fear and anxiety behavior in

post-traumatic stress model mice
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Abstract: Intermittent hypoxia (IH) has preventive and therapeutic effects on hypertension, myocardial infarction, cerebral ischemia
and depression, but its effect on post-traumatic stress disorder (PTSD) has not been known. In this study, we used inescapable electric
foot shock combined with context recapture to build PTSD mouse model. The levels of fear and anxiety were valued by the open field,
the elevated plus maze (EPM) and the fear conditioning tests; the level of spatial memory was valued by Y maze test; the number of
Fos positive neurons in hippocampus, amygdala and medial prefrontal cortex was valued by immunohistochemical staining; and the
protein expressions of hypoxia inducible factor-1a (HIF-1a), vascular endothelial growth factor (VEGF) and brain derived neuro-
trophic factor (BDNF) in these brain area were valued by Western blot. The results showed that IH and model (foot shock) had an
interaction on percentage of entering open arms (OE%) in EPM and freezing time and the number of fecal pellets in fear conditioning
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test. IH increased OE% in EPM and reduced the freezing time and the number of fecal pellets in fear conditioning test in PTSD model

mice. At the same time, IH reduced the number of Fos positive neurons in the hippocampus, amygdala and medial prefrontal cortex of

PTSD model mice, and increased the protein expression levels of HIF-1a, VEGF and BDNF in these brain tissues. In conclu-

sion, IH pretreatment can relieve fear and anxiety behavior in post-traumatic stress model mice, suggesting that IH may be an effective

means of preventing PTSD.
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SPF 2%, 8~10 A%, W H 4@ EAEmERA
FRAF, YFAMIES : SCXK (3T ) 2016-0006, SLHRTEE
ANEROE R VEMESE 1A, /N RE SR TIEIR [(22 £ 2) °C).
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BB B2

1.3 SLERE Wl PR, HAAHE2 A, ##H7
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OFT, EPM, Y-maze test)
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WB for expression of HIF-1, VEGF and
\_ BDNF in hippocampus, amygdala and
mPFC

Fig. 1. Experimental flow chart. IH: intermittent hypoxia; OFT: open field test; EPM: elevated plus maze; IHC: immunohistochemistry;

WB: Western blot.

14.2% O, ; %% J& = 108.8 mmHg ; KX [k = 525
mmHg), 44 h G, HAY T IR T
T IR, JLEFLE 14 K. ZhW) S e IR R AR FR A
40%~50%, R EARFFAE 22~24 °C. XFIRZLAN FS 41
INERAMBAT AT AR B, 7E— MR B T IE R A 25 5 A
L5 JNREBEESEN  PERRRE, HEY
HLHE B R B B /N ol /N R B B 2 b 118, BR H
PREE M AR R . A8 K/ AL B8 235 B Je e /I
BREES, FTIFAF R B S5, AXERP] E B
BB E SR PRIRATR Ko, B R
Jei, AT g I .

1.6 NRILEMEER RIS, BREREUML,
FHERTHE & LF M brsti g IS 50 pL BL B, 2 h
PIERE, H U BRAE DB AR A R R AN B
w5 R AR 55 o

1.7 PTSD #AUNRAHIE " IR k)
F, L O 482 2 R (/)N BRUPE PR A& S 5 min S,
Y5 E R N 0.8 mA [ EEHE T, Hdr 15Kk,
FF8210s, [A16F 10 s) 5 1E% X HEAL/N R E T f e 46
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time, OT; close-arm time, CT)( LA/ B KT~ 7 0o i N
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o) SN E I (F = 22.37, P < 0.01). #AH
X IR EL (F = 18.70, P < 0.01). e [XIRiE 5 1)
IS A] (F = 27.16, P < 0.01) LA S S [X B2 5 1 BR 25
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Table 1. The physiological parameters in mice after intermittent
hypoxia treatment

Parameters CON IH

Weight increment (g) 2.24 +£0.09 2.13+£0.12
Heart rate (beats/min) 418.8 £23.6 4234+235
Breath rate (breaths/min) 137.0 £ 6.6 139.9+6.6
Blood oxygen saturation (%) 97.06 £ 0.67 95.18 £ 0.96

Mean + SEM, n = 8. CON: control group; IH: intermittent
hypoxia group.
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Table 2. The blood routine in mice after intermittent hypoxia

treatment

Parameters CON IH

WBCH# (x 10°/L) 424 +0.47 4.00 + 0.66
Lymph# (x 10°/L) 3.53+0.37 3.56+0.54
Mon# (x 10°/L) 0.16 +0.03 0.15+0.03
Gran# (x 10°/L) 0.96+0.13 0.98+0.18
Lymph% (x 10°/L) 68.26 + 1.80 62.49 + 4.50
Mon% (%) 4.04 +0.35 4.06 +0.43
Gran% (%) 27.70 + 1.49 28.05 +2.53
RBC (x 10"%/L) 8.06 £ 0.30 8.80+0.16"
HGB (g/L) 123.4+3.2 134.0 +3.4"
HCT (%) 40.24 + 1.48 4438 +1.0"
MCYV (fL) 47.44 +0.32 47.86 + 1.60
MCH (pg) 14.85+0.08 1533 +£0.15"
MCHC (g/L) 311.30 + 1.85 311.50 + 1.40
RDW (%) 15.46 +0.21 15.74 + 0.30
PLT (x 10°/L) 1354 +52.25 1387 +49.69
MPV (fL) 5.99+0.12 5.61+0.34
PDW 16.24 +0.03 16.46 +0.13
PCT (%) 0.45+0.07 0.47 +0.07

CON:: control group; IH: intermittent hypoxia group; WBCH#:
white blood cell count; Lymph#: lymphocyte count; Mon#:
monocyte count; Gran#: granulocyte count; Lymph%: percentage
of lymphocytes; Mon%: percentage of monocytes; Gran%: per-
centage of granulocyte; RBC: red blood cell; HGB: hemoglobin;
HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; RDW: red cell distribution width; PLT: platelets;
MPV: mean platelet volume; PDW: platelet distribution width;
PCT: plateletcrit. Mean + SEM, n = 8. "P < 0.05 vs CON group.
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P=0.30)( K 21, J).
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DG [X : F=49.84, P<0.01; #/{# : F=120.6,
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o Fos PHE & LR IB A A B2 (CAL X : F=
1.14, P=024;CA3 [X:F=3.04, P=0.09; DG [X:
F=221, P=0.15), {HX}#1-#%F mPFC * Fos [
PERRZ JuRIKFEN 2% (A 1-#%: F=5.74, P <0.05,
mPFC: F=4.93, P<0.05); fEA{_#ZAES DG X,
B (H s ) A TH X P A PR 352 BAE T2 (DG X
F=1037, P<0.01; #{-# : F=8.19, P<0.01).
HIE Pt Rwos, BRAAHLL TR, X
=ZAMIX Fos PHMERIZ B W B8N, HZER A
AGit 7= X (P <0.01) ; 1 H AL AR 20 AH
ST R, = ANX Fos [FHPEMIE TR LA BT
kb, HAEMED DG X, H{-#%M mPFC 1, %5
BA G2 L (P<0.05 8 P<0.01)( & 3).

2.4 THFACEE MPTSDR A /)R iR H LR FHIF-
la. VEGFXBDNFERKFE

5 5 o DX (PR R BT 35 07 22 4 i R S B (R
o ) X HIF-lo 88 AR IAEAEH, TH X HIF-1a &
(R IAA W R (F = 43.72, P < 0.01), {HiXp§A
N 2= 2 M 22 AR AR E (F =030, P=0.59)( &
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Fig. 2. Effect of intermittent hypoxic preconditioning (IH) on behavior of post-traumatic stress disorder (PTSD) model mice. A-B:
Effect of IH on freezing time (4) and the number of fecal pellets (B) in the fear conditioning test of PTSD model mice. C—F: Effect

of IH on distance (C), center zoom entries (D), center zoom time (£) and center zoom distance (F) in open field test (OFT) of PTSD

model mice. G—-H: Effect of IH on the percentage of open-arm entries (OE%) (G) and the percentage of open-arm time (OT%) (H)
in elevated plus maze (EPM) of PTSD model mice. /-J: Effect of IH on the number of arm entries (/) and alternation behavior (J)
in Y-maze of PTSD model mice. CON: control group; FS: PTSD model group; IH: IH preconditioning group; IH+FS: PTSD model
group preconditioned with ITH. Mean = SEM, n = 8-10, 'P < 0.05, "P < 0.01.
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Fig. 3. Effects of intermittent hypoxic preconditioning on the number of Fos-positive neurons in hippocampus (CA1, CA3, DG),
amygdala (AMY) and medial prefrontal cortex (mPFC) in PTSD mice. 4: The representative image of Fos immunohistochemical
staining in hippocampus (CA1, CA3, DG area), AMY and mPFC. Scale bar, 100 pum. B—F": Statistics of Fos immunohistochemical
staining in hippocampus (CA1, CA3, DG area), AMY and mPFC. CON: control group; FS: PTSD model group; IH: IH preconditioning
group; IH+FS: PTSD model group preconditioned with IH. Mean + SEM, n = 3. P <0.05, "P <0.01.
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Fig. 4. Effects of intermittent hypoxic preconditioning (IH) on expression of HIF-1a, VEGF and BDNF in hippocampus, amygdala
and mPFC of PTSD mice. A4: The representative Western blot images of HIF-1a, VEGF and BDNF protein expression in hippocampus
of PTSD mice by IH. B—-D: The gray scale analysis of the potein expession of HIF-1a (B), VEGF (C) and BDNF(D) in hippocampus.
E: The representative Western blot images of HIF-10, VEGF and BDNF protein expression in amygdala of PTSD mice by I[H. F—H:
The gray scale analysis of the potein expession of HIF-1a (F), VEGF (G) and BDNF(#) in amygdala. /: The representative Western
blot images of HIF-1a, VEGF and BDNF protein expression in mPFC of PTSD mice by IH. J-L: The gray scale analysis of the potein
expession of HIF-1a (J), VEGF (K) and BDNF(ZL) in mPFC. CON: control group; FS: PTSD model group; IH: IH preconditioning
group; IH+FS: PTSD model group preconditioned with IH. Mean + SEM, n=4. "P < 0.05, "P < 0.01.
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