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Effects of Different Frequency Acoustic Wave Loading on Behavior and
Expression of 5-Hydroxytryptamine, Dopamine and D, Receptor
in Hippocampus of SD Rats

Deng Zhidan, Ren Yang, Zhao Yajin, Chen Dong, Hou Man, Wang Xiang*
(College of Biological Engineering, Chongqing University, Chongqing 400045, China)

Abstract The aim of this study was to investigate the effects of different frequencies of acoustic wave
loading on the behavior of depression, the secretion of 5-hydroxytryptamine (5-HT), dopamine (DA) and the ex-
pression of dopamine D, receptor in the hippocampus of SD rats. This study focused on rhythm elements of music
based on music analysis. We created various different rhythm (frequencies) sound waves with composition soft-

ware Finale2011 for sound stimulation providing playable audio files. Taking the heart rate frequency of normal,

ek H 393: 2019-02-28 B2 HIW: 2019-05-13

5 R FE S GIHE S 11072275, 10572159) %% Bl 155

SEWSEE . Tel: 13594611907, E-mail: xwangchn@vip.sina.com

Received: February 28, 2019 Accepted: May 13,2019

This work was supported by the National Natural Science Foundation of China (Grant No.11072275, 10572159)
*Corresponding author. Tel: +86-13594611907, E-mail: xwangchn@vip.sina.com

X128 Hi RIS 1] 2019-09-12 15:07:12 URL: http://kns.cnki.net/kems/detail/31.2035.Q.20190912.1506.038.html



1570 BRI -

anesthetized and stressed rats as standard, the audio files with a frequency of 350 beats/min, 300 beats/min, 400 beats/min
were simulated and loaded into SD rats. The concentrations of 5-HT and DA in the left and right sides of the hippocampus
were measured with a kit, and the expression of D, receptor was analyzed by immunofluorescence intensity. The re-
sults showed that compared with the control group, the rats in the 300 beats/min group had more positive behavior
changes, higher body weight, higher sugar-water preference rate, and higher concentrations of 5-HT and DA, and
increased 0.098 8 ng/mL and 808.5 ng/mL respectively (P<0.01). The behavioral changes of 350 beats/min group
and 400 beats/min group tended to be depressed, body weight and glucose-water preference rate decreased signifi-
cantly. 5-HT and DA in 350 beats/min group decreased 0.005 3 ng/mL (P<0.01) and 308.5 ng/mL (P<0.01), re-
spectively. In 400 beats/min group, 0.031 5 ng/mL and 1 067.5 ng/mL were decreased (P<0.01) and 1 067.5 ng/mL
(P<0.01), respectively. In addition, the expression of D, receptor was significantly enhanced by acoustic wave load-
ing at the frequency of 300 beats/min, while the expression of D, receptor was decreased in the other two groups.
The results showed that different frequencies of acoustic loading have different effects on behavioral changes, body
weight, glucose-water preference rate, 5-HT and DA secretion in SD rats, and the loading frequency is close to that

of heart rate in anesthetized rats. It is also beneficial to the changes of hippocampus behavior and body weight, the

increase of glucose and water preference, the secretion of 5-HT and DA, and the expression of D, receptor.
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Table 1 Heart rate values of three different states of anesthesia, normal and stress in SD rats

‘ LA (IR 8)
AFERZES .
Heart rate (beats/min)
Different state
1 2 3 4 5 6 7 8 9 10 Mean

Normal 349 349 362 355 352 347 346 358 349 336 353
Anesthetized 301 297 305 295 302 298 294 301 303 298 299
Stress 405 402 398 400 398 400 408 400 396 400 407

1~10RE KRR 5 -

1-10 represented rat numbers.

i

(A)

CUL

(D)

J= 400

i |

PR r T
S G i

FEYETTET:
SRS S i

T ErErEr T
> > > >

A: Finale2011 & 455> T4 4F; B~D: {3 F E AKX AFHIAE H SR 1452 43 31 9300 beats/min(B)+ 350 beats/min(C). 400 beats/min(D) ) 7 I & it -
A: Finale2011 audio analysis softwar; B-D: a sound spectrum with a frequency of 300 beats/min (B), 350 beats/min (C), 400 beats/min (D),

respectively, made with the software shown in figure A.

Bl RIS AR S I R R

Fig.1 Acoustic audio production software with different frequencies and acoustic spectrum
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Table 2 Behavioral changes of rats in each group

7K 2 (mm) M FIH B (D)
JH 5 H¥ Horizontal activities (mm) Vertical activity (times)
Groups n EADN EVAGN EABN 21K
First day Twenty-first day First day Twenty-first day
Ctrl 10 1521.50+90.81 1658.0+80.82 56.4+6.23 40.3£8.59
300 beats/min 10 1611.20+98.62 2216.3£150.14* 54.8+5.48 50.3+11.45%
350 beats/min 10 1608.30+97.52 1576.3£95.96* 55.6+6.17 44.6+9.78*
400 beats/min 10 1569.34+92.54 1013.3+151.20%* 55.9+5.78 26.0+8.14*
*P<0.05, 5Ctrl4AH .
*P<0.05 compared with Ctrl group.
A) * B
¢ | N | ®) - Cul
. | N | -l 300 beats/min
T 10 1T 1 =&~ 350 beats/min
1004 5009 = 400 beats/min
g 304 —— 4004
3
5 60 & 300+
3 404 § 2004
¢
2 204 100-
0 ) 0 1 T L) )
Ctrl 300 350 400 1 7 14 21
Time (d)

Frequency (beats/min)

A: % SDA FRBE K U (AR 4k LE R B: % 24U SDK AR F AR AL L EE . #P<0.05, HCtldlM HL; €P<0.05, 15300 beats/minZLAH Lt P<0.05, 5

350 beats/minZLAH EL.

A: comparison of sugar-water bias changes among groups of SD rats; B: comparison of body mass changes among groups of SD rats. *P<0.05 com-

pared with Ctrl group “P<0.05 compared with 300 beats/min group; “P<0.05 compared with 350 beats/min group.
E2 RESHEERME G SESDAREKRFEMEENETIL

Fig.2 Changes of glucose-water preference rate and body weight in SD rats after different frequency acoustic wave loading
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A B: X84 R R I AR ZHSD K BRI 22 (A) A (B NS-HT IR B, Cv D: S BRZHLF 75 % in 2k 41SD K R i 5 22(C) 44 (D) P MDA 3 1% o

*P<0.05, **P<0.01, ***P<0.001

A,B: concentration of 5-HT in left and right hippocampus of SD rats in control group and sonic loading group; C,D: concentration of DA in left and
right hippocampus of SD rats in control group and sonic loading group. *P<0.05, **P<0.01, ***P<0.001.

E3 FESEERMEESHESDAREDS-HT. DAKERNETIL

Fig.3 Changes of 5-HT and DA concentration in hippocampus of SD rats after different frequency acoustic wave loading
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Blue for DAPI restaining, red for hippocampal dopamine D, receptor staining, L: hippocampus left area, R: hippocampus right area.
El4 EHLHSDREEDALEHE

Fig. 4 Hippocampal structure map of SD rats in each group

D, receptor DAPI Merge R D, receptor DAPI Merge

beats/min beats/min

A b
Ctrl

350
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&
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(] h— — L 15
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Ctrl 300 Ctrl 300 350 400
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Ar KERIE DAL (L) (R B IIDSZ A G5 5¢ e Ye t; Br KRR T A 72 (L) AT (R)FE D2 Ak G 58 5 L SRS 3 BT S CrlZELAH LE, *P<0.05; 5300
beats/minZH A Lk, “P<0.05.

A: immunofluorescence staining of D, receptors on both sides of left (L) and right (R) hippocampus in rats; B: immunofluorescence intensity analysis
of D, receptors on both sides of left (L) and right (R) hippocampus in rats. *P<0.05 compared with Ctrl group; “P<0.05 compared with 300 beats/min

group.
El5 HESDREEDAEARMND,Z AR ER IR E RN BE T
Fig. 5 Immunofluorescence staining and fluorescence intensity analysis of D, receptor in the left and right sides of the hippo-
campus of SD rats in the control group and different frequency acoustic wave loading groups
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