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Effects of 40 Hz multisensory stimulation on trauma-induced

anxiety-like behavior in rats
YIN Jia-yi'**, GAO Xiu-jie®*, ZHANG Xin-yao'*, ZHENG Peng-fang’, LI Xiao-fang®,
WANG Rui'®, CUI Bo'?*
(1. Shandong First Medical University, Shandong Academy of Occupational Health and Occupational Medicine, Jinan 250062 ;
2. Institute of Environmental and Operational Medicine, Academy of Military Medical Sciences, Tianjin 300050, China)
[ ABSTRACT] Objective: To investigate the effects of 40 Hz acousto-optical stimulation on anxiety like symptoms of post-traumatic
stress disorder (PTSD) , with emphasis on the possible molecular mechanism stimulation. Methods: Thirty SD rats were randomly di-
vided into three groups: Control group, PTSD group and PTSD+40 Hz group,ten rats in each group. The SPS&S model was established
in the rats of the PTSD group and PTSD+40 Hz group and, then PTSD+40 Hz group rats were stimulated with 40 Hz acousto-optical
stimulation for 7 days. The behavior of anxiety was tested by elevated plus maze (EPM) and open field test (OFT). The expressions
of brain-derived neurotrophic factor ( BDNF) , tyrosine kinase receptor B (TrkB), synapsin I and postsynaptic density protein 95
(PSD95) in the rat prefrontal cortex (PFC) and hippocampus ( HIP) were detected by Western blot. The mRNA transcription level of
BDNF genes in the PFC and HIP was verified by real-time quantitative PCR ( RT-PCR) and the distribution of BDNF in the PFC and
HIP was determined by immunofluorescence. Results: Compared with the Control group, in the OFT the total distance and the time
spending in the center, and in the EPM the total distance were decreased significantly (P<0.05) , the number of entering into the open
arm as a percentage of the total number of entering in two arms was decreased ,and the expression levels of BDNF, TrkB, PSD95, Syn-
apsin I protein in HIP and PFC, and the mRNA expression level of BDNF were reduced significantly (P<0.01), the immunofluores-
cence expression of BDNF was reduced in CA1, DG and PFC in the PTSD group rats; Compared with the PTSD group, the total dis-
tance and the time spending in the center in OFT (P<0.05) , the total distance and the number of entering into the open arm as a per-
centage of the total number were increased significantly ( P<0.05) , the protein expression levels of BDNF, TrkB, PSD95, Synapsin I
in the PFC and HIP, the mRNA expression level of BDNF were increased significantly ( P<0.05), and the immunofluorescence ex-
pression of BDNF was increased significantly in CAl, DG and PFC in the PTSD+40 Hz group rats. Conclusion: 40 Hz acousto-optical



R A AR 2024, 40(1)

35

stimulation improves the formation of anxiety-like symptoms in rats with PTSD, which may be related to the synaptic plasticity influ-

enced by BDNF-TIkB signaling pathway.
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Tab. 1 Behavioral results of the rats (x+s, n=10)

oo | OFT | EPM ‘

Total distance (cm) Duration in center(s) Total distance (cm) Open arm entries ( % )
Control 6379.43+1941.49 8.53+3.03 2323.81+ 678.66 0.39+0.22
PTSD 4353.46+1668.53 " 2.65+1.81" 1133.33+ 770.05"° 0.16+0.24
PTSD+40 Hz 6621. 10+ 987.84" 8.35+4. 45" 2276.65+1198. 44" 0.56+0.37"

PTSD: Post-traumatic stress disorder; OFT: Open field test; EPM: Elevated plus-maze
*P<0.05, "P<0.01 vs control group; *P<0.05,"P<0.05 vs PTSD group
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[5] ( dentate gyrus, DG ) #1572 A BDNF 1% i5# Eb

PTSD 34/ (& 2)
PFC Control PTSD PTSD+40 HZ HIP Control PTSD PTSD+40 HZ
kel RS o SRR
Psmsm PSDOS | M . e e e |

Synapsin | m----i Synapsin | ;"----1

GADPH | s g s s s s | GADPH | s s e s s

Fig. 1 Protein expressions of BDNF and related factors in the
cortex and hippocampus(n=6)
PFC. Prefrontal cortex; HIP:; Hippocampus; BDNF.
Brain-derived nerve growth factor; PTSD: Post-traumatic
stress disorder
"P<0. 05, P<0. 01 vs control group; “P<0.05 HP<
0.01 vs PTSD group

Tab. 2 The relative protein and mRNA expression levels of BDNF(x+s, n=6)

BDNF protein/ GAPDH

BDNF mRNA/GAPDH

Group

PFC HIP PFC HIP
Control 1.00+ 0. 10 1.00+ 0.24 1.00+ 0.09 1.00+ 0.09
PTSD 0.54+ 0.21 " 0.54+ 0.15™ 0.81+ 0.07 0.86+ 0.06 "
PTSD+40 Hz 0.90+ 0.19% 0.84+ 0.17* 0.93+ 0,07 0.96+ 0.04"

PFC. Prefrontal cortex; HIP. Hippocampus; BDNF: Brain-derived nerve growth factor; PTSD: Post-traumatic stress disorder;

TrkB: Tyrosine kinase receptor B; PSD95: Postsynaptic density protein 95
*P<0.05, "P<0.01 vs control group; *P<0.05,"P<0.01 vs PTSD group

Control

PTSD PTSD+40HZ

BDNF BDNF/DAPI BDNF

Cortex

DG
CAl

BDNF/DAPI BDNF BDNF/DAPI

Fig. 2 Effects of 40 Hz acousto-optical stimulation on the expression of BDNF immunofluorescence in PTSD rat (Immunofluorescence

x200)

DG: Dentate gyrus; PTSD: Post-traumatic stress disorder
2.3 40 Hz FXR#x PTSD AR EE. @5 H
BDNF kK SR it X & B RIEH N

SRR LE , PTSD 2H B¢ JZ= At Eh A S g 2
152 A s S R e D JULBR A A DG BB B ((tyrosine
kinase receptor B, TrkB) 2 [1 2K K- B Z B4R ( P<
0.01), 5 PTSD K EUAH e, PTSD+40 Hz 4 J% 2
TrkB £ FHRB K- BE TR (P<0.05) . 5X I

FHEE, PTSD 4K B AY T B 55 B J2 Hh R LA 2 il )= 2%
JE 55 1 95 (postsynaptic density protein 95, PSD95) |
M2 1 (synapsin 1 ) 8 £ I8 B EH L (P<
0.01) ,5 PTSD 1AL, PTSD+40 Hz 41 PSD95 4 14
FEIRIKF B B (P<0. 05) Synapsin | 75 1155
TRIKAF S I (P<0. 01) HLR A 2% R /K- (&
1,33),
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Tab. 3 The relative protein expression levels of TrkB, PSD95 and Synapsin I (x+s, n=6)

PFC HIP
Group TrkB/GAPDH PSD95/GAPDH  Synapsin [ /GAPDH ~ TikB/GAPDH PSD95/GAPDH  Synapsin | /GAPDH
Control 1.00+ 0.16 1.000.15 1.00£0.17 1.000. 18 1.000. 18 1.000. 12
PTSD 0.55+0.19" 0.64+0.16™ 0.62+0.16 ™ 0.60+ 0.15™ 0.66+0.10 0.60£0.17
PTSD+40 Hz 0.96+ 0.29* 0.92:0.21" 0.98:0. 17* 0.86+ 0.15" 0.90+0. 17" 0.94:0.20"

PFC. Prefrontal cortex; HIP: Hippocampus; PTSD: Post-traumatic stress disorder; PSD95. Postsynaptic density protein 95;

TrkB: Tyrosine kinase receptor B

*P<0.05, " P<0.01 vs control group; *P<0.05,"P<0.01 vs PTSD group
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