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Effects of exposure to infrasound on the expression of cytoskeleton filament F-actin in vascular endothelial
cell-304 WANG Bing-shui, CHEN Jing-zao, GUO Guo-zheng, REN Dong-qing, LI Ling, ZENG Gui-ying, FANG
Heng-hu, LIU Jing, CHEN Dan. Department of Rehabilitation, Xijing Hospital, The Fourth Military Medical Univer-
sity, Xian 710032, China

[ Abstract] Objective To investigate the effects of exposure to infrasound of different intensities on the ex-
pression of F-actin in vascular endothelial cell-304 (ECV-304). Methods The ECV-304 primary culture cells were
exposed to infrasound of O dB (the control group) , 90 dB, 110 db, 130 dB, respectively, for 2 hours. Laser scanning
confocal microscope was used to examine the changes of F-actin after immunofluorescent staining at 0 h, 1 h, 2 h, 4 h,
8 h, 12 h and 24 h after treatment and the photos were taken for further analysis of the cell average fluorescence. Re-
sults In the control group, most fluorescein-labelled substance was scattered in the cells, and few actin filaments were
observed with irregular alignment, while the expression of F-actin in the experimental groups was thicker, longer and
showed in longitudinal arrangement after exposure, and the intensity of fluorescence was significantly increased. In all
groups, complete and strong fluorescence was observed at cellular membrane. The over-expression of F-actin in the ex-
perimental groups was kept obviously for 8h, however there was no significant difference of the F-actin expression be-
tween the experimental groups and the control group 24 h later. The expression of F-actin in all the experimental groups
was synchronous, and there was no obvious difference at each time point. Conclusion F-actin expression in ECV-
304, exposed to infrasound with intensity output of 90 dB, 110 dB, 130 dB and frequency of 16 Hz, could be changed,
and recuperated 24 h after infrasound exposure.
ECV-304; F-actin; Laser scanning confocal microscope

[ Key words] Infrasound;

SRR 0.000 1 ~20 Hz F—28550% , &) 2
FAET AR B Tl 2B S8l LR RIR R, A
H—fAREEE L, (HUCFE WX AR A2 22 A W27 4%
Wit AR RS AN IR T B W £

PEE B 710032 P52, 57 DU ZE B 4V ot B e W B s 2 5 B 52
(EVROK ST R0 E ) 5 5F D0 22 B8 K 2 10 B I 4 0B 22 (SR E 1 AT AR
T EEYE D7 E ) s FEREH R O (BT U U LA 304 IR B AR
B2 (2R RS

KB —E P TGRS Al X rR AR 22 RGO A &R
g8 PRSI E R AR G M R B IIRE A
SN AT A0 P A ) RO ) A4 T i A T
B P2 BT AN 2R R —Bh, 5 T AN 4k Ry i P
& S5 R ALEEh AN B s R AE T
TFAFZFHINRERUIMISG ; — A o AN A - 5 3R -
240 i B R 2 2 RS2 S AU 5 s e A A
fF S E2GRA"  AFOIE T 2ARIRS K



Chin J Phys Med Rehabil, January 2006, Vol.28, No. 1 - 29 .

rRAE S A 5 REE 2 2006 4F 1 145 28 45 1 1)
FEAE RIS L4519 B2 40 F-actin ik A9728 4k, DA#E— 25
BT (5 S i N e ik ie, BB T,
MRS TS
— SIS HE

1. R TR U R IR 258 S 75 Kl R 45 Hh 4
DUZE B R SRR Tl s 7] B bRk B 7 2 i BV
il s U AR R G SRS R AR AR DR |
L Bl 7 g SRR ; R 2R 8 2 A 35 U AL AR TR
FlESERRE T RS,

2. AN 88 R ) . PRMI-1640 40 it 35 33 5L 1 2 [
Gibco ), B5FEMUE I Costar 23 7 ; S FUER ¢ G 2R -
BLEEFRBK ( FITC-phalloidin ) AL P 6E (PL) 0 [ J2 [
Sigma 2y ;51 A Bio-Rad 28 7] H & I A5 1 06 1
i H T X&) (Laser scanning confocal microscope,
LSCM) , B 9 Wi i Carl Zeiss ARIA =,

3. AR A % 5 R pR B B I A8 PN e 24
ECV-304 ( S VU2 K24 T B 2 R PR IL ) VR 5 s 7%
TR K4 2 x 10" N4/ FLEEF T e s A
YUARBIEIC 1 24 FLIEFRARCH , FR 400G Bk S Fe e
IEpLZ S

AR FH BRI T

1. 2 KR s % 58 f IR A BEAIL 43 %o R 2
90 dB ZEFEL (KA 16 Hz) (110 dB ZZ& 4 (W45
16 Hz) J 130 dB ZFE4] (RFEHR16 Hz) , SCHRHT,
PR TH BRI A, W5 45 R R A A B 37 0L A8 N 1R
2 h, RS R 16 Hz, 53715 B AH I 8 U 1 F ok
BE(4M9014 90 dB 110 dB 130 dB) ; % HEZH o & A [l k¢
IR VR R, BURT Y 75 PR R 0 dB, 24
VS R KA AL AR I i A 46, e
7 B (BPYR S EREEPZI 1 h2h 4 h 8 h 12 h
24 ) 53 N} 25 7 i L A RLIEA ARSI, B4 () S 6
AFLA AN IARAR 5[] I BSOGT REZH A A AR AR 5 2 X AR

2. FITC-phalloidin 5 PI A% XUbR 4 {4 K 58 & 43 H7
53 ) A5 AR B[] S B B R TE R A A, I A 4%
LR RSP 2 30 min (FIRHEE ), PBS I L
3 min x 2, BfiJ5 B A 0.2% Triton X-100 % W N & 1%
10 min, FRR A PBS 3H U6 3 min x 2 ; 85 A FITC-
phalloidin(5 mg/ml,37 CHIE T ) B F 30 min, F PBS
W VE 3 min x 2, FHINA PI(20 mg/ml) YEFI30 min,

PBS ¥ &k 3 min x 2, )5 F 50% H i 5 IF bRy
Fi, LSCM RI¥UA FITC F=rEgp st Pl =L i
(AR AT YY) . MEEHIE AN E, H LSCM H
A RN A PG v B A Y FITC %6 ik B (H (5
— IR MIIC R AT 8 6 31 FIE 128 B9 40 e 22 0
S WU E) |

= GtE o

SEHG AR A LA R A LA (& = 5) R, R
FH SPSS 11. 0 FRGE 4K 14 f i e & I 19 5 25 43047
2 [ P 19 LR F SNK-q /56, P < 0. 05 S 22 57 BLAT
Gt EE L,

# R

KL T U 7= FE AL B X R ZH ECV-304 4T g4 [
FEP), TR E BT T T H| F-actin 2
LRI, SR B RIERE, AR S BE |
WL S, FLRRTE 2 | B e s, a2 mg ol /b
WIS I £F gk 22 7 ) ASEUN LA A — 30434/
FEEEWRIR AT B IR T 2 22 nT R BT A 421 48 P A
Y AN 2T 0, SM LR [E X R 2 40 i 7 45 AN TR
KA a] s 0 22 S R L (K 1), g
ML VERIR hs BDZIAIN , o & ST 38 I 2 ol E
WY RIE K& 28 % W, SR IE#E, MK F-actin
AV TR R S = 27/} W NE A E 28 N i N VA
F14% , 2B A NHES , /N o3 S R 22 HES, 5
AL R IER S AR F-actin #35
S S e A I N, LA A Y S S ) B A 2
o, 450 5e 4 HAE i e (&1 2) . 3 415 e2 414 iy
AN RS E R, 768 hINH: F-actin Y940 T
FIRIRE (K 3) , SXT IR Hd, 2 R A G it
S5 45 F R U A A A5 B R B AR AL R B AR — B, 22
SRG A B R A ANMTE 12 h B Y F-actin 3
KR EE Z WD, 35T 24 h 0T % IR 20 7K - (&
4) , PENCHE LRSS T A IR SR 2 SR AR — 2, Bk
FEVEFHIEHT 8 h N, 45 B 5R2H 40 56 Yo B 2 A B i T
XL (P <0.05) ; Fifi 2 st (] R 4 | Lo G i iR ko
fI%, T 24 h B}, &S FERA 5 X R E] F-actin FRAET T
R 2E S 5 A T R L AN A A [ 8] A %) 20 i e
HEERIE 22 RG24 L (P >0.05) , 4 aEqE
ANTR ) o5 R i B (S A A a3 L 1 ML S,

R 1 LUGEE RG2S LA A R I 8] P B OG0 LA (n =6, % +5)

41 5l

YR e e A i ]

HpZ 1h 2 h 4 h 8 h 12 h 24 h
poiste:| 79.6 +19.7 81.2+23.8 76.5+19.0 83.4 £24.9 79.6 +18.7 77.2+18.3 75.6 £12.5
90 dB 4 121.6 £23.6**  130.2+28.4"" 129.8 +31.2** 123.9+23.8"* 105.7+25.5" 87.3£17.3 80.1+19.9
110 dB 41 125.1 £27.9%*  127.7£30.1°" 133.4£29.4™" 125.6+31.1"" 104.3+22.7" 89.0+19.8 77.9 £22.4
130 dB 41 132.7+22.4""  134.6£27.6" " 137.6 £36.2"* 122.7+30.5"" 113.3+29.1" 93.8 +25.3 77.6 +21.4

T GXTIRL AT, * P <0.05, * * P <0.01 ;45 £ 2 AH N i 7] 55 38, P > 0. 05



- 30 - e e

SR 2 2006 4F 1 4528 45 1 )

Chin J Phys Med Rehabil, January 2006, Vol.28, No. 1

B 1 XL ECV-304 4IHIEAIEAS (1.1 x400) 5
130 dB .16 HzKHEVE )G 4h I, ECV-304 4B 22099825 (1.3 x400) ;
x400)

140
= 120
#

5 100
FT} 80

0'1'2'4'3'12 24
i@ (h)
Bl 5 &AM 1R G B 98 B (AR 15 1l

—— MR

—=— 16 Hz, $0dB
=& 16 Hz, 110 dBj|
—»— 16 Hz, 130 dBJ

it

FHRHIFFE R , — 2 75 G U AT 3 A 46 0 |
i BT PN A 2R B RS — A AR e AT
SHRA YA LILYR | IR AU e b o A= Y5 5 5
G URA W o F AU | TS 445 R A= 238000, n
YA AT 5 | I PN B A4 i A 4 40 e el 2 T
B AR O A SR BERR P00 iy =2k . AR
A, K2 8 Hz, 120 dB MR ARG, AN U i
SER ] S A A AR TR) s LA P B A B Rz 6,
11175 | 2 i S5 o 25 P 448 7% 5 10 8 Hz 110 dB K
FEAE 3 hJE BT | ke K BRI 6 6 20 1 A5 2T A i e 4
T A I AR T RERERT T 8 Hz 130 dB AR
AT 5 RO LA MR S R B 4 1k e R i K R
O IEPN B 4 A5 1, I WS B A I R 20 B 0 T A
Bax Bel-x S5 T B 23k . UCR 5 L4 PN B 400 JH 4
15, FTRE SN K (ET-1) NO- ' KAy 45t 25 )k
TH K,

S R 2R R A 1) B B B 2 — , A
HAALA 3 MEEARSE M A AE 2z AR S a2z, 0
JL B SR 54 55 20 M S B AR b 2R TR B o A
B rMIE SIS 50z 8 M E LT Tie, 25
JBE 1 2 A5 S A 3 B A5 R LA, 02 20 L DL A= A7 oAk
AR B E ZE NI IEA, Actin TEAIEHN LIRS
% F-actin FIFE A G-actin JTERFEFE, G-actin 5 B4R
SFERIEEMA, FTE T, F-actin SEEF4RIR, 2 A
MM PR B NSy, F-actin # G-actin ELAA 5 B B 1Y

B2 2130 dB .16 Hz /EAJE BN Z] ECV-304 il B 2R TE A (1.3 x400) 5

B3 £

B4 %130 dB.16 Hz IKFEVEMJG 24 h i, ECV-304 40 B 22 A9 45 (1.0

HEWPEON o 22t U F-actin B2 5E 0 2H 25 1 B, 1F
WL T A0 B PR actin Ab T B BLHRIRA, 232
Bl — 2 B Z B , M I 25 19 G-actin 1 ML 45 A
TE Y, F-actin , #F i i [ B R E L 25 i 22 , e 7
RRA AR sEHE, oG IR AR B UR 2 iE R R
TER R 2 S s, A F-actin 18 RS M 2 B0 Mt
BT M R BG4 2 WL AN S R TS
E S H S IR 2wk As -2 x4 it i ok
ey 7= 28, H g H 10 778 A 5T i LR R
PRIRIELHE ARB K 1 B UR ) AU AR T ik
) 7 LA A S U 8 5 2% 40 i it LA T A 1)y 45
HRXHR ARSI 1 0 AR W AN A SR B 22 IR S n] )y
A — R, W — R B, DR i O TR
. MW VEH T it a] pe A — o B AL R
fREg5N 7, T A BB AS (G540 5 7= A — e B2 ),

16 Hz AV 5 A SR A T BREE Fh i DLAT R (1 1K
7T B S 8 A P 2E RN, Ana g R R, —
SETE RS (B 16 Hz) Al 528 T Pk b
2R G K N A 22T T kR 1 sh s R, K
FRZ 16 Hz I VR G , vT 5 | ke Ll 4 20 0 4 2R
KN H LA, EE R T ) ok PR BRI P A AN i O
FEAZ 301 S5 R ZE AL, SR AR R, U TR, P9 T K
AENST 4B S i I A5 PN R 40 A R A B TS e g
[CTiiRv% o) || R

AW P9 B A B R T 3538 A b, IR ORIE
Y FE 43RG B AR | BT v A b S 28 Uk S A S A
OB B s 457 5 A A M 28 A T 75 R G Uk 75 4R
FH2 hJE B2, Y mT g 21 i 22 B AR A AR K, Bl
W peehann  FIYNMIZ 16 Hz, 90 dB . 110 dB =}
130 dBIIR A A RTE S , He F-actin ZR3B3E 0, 40 HE-H
IOk, 5 85 ) s K 0 A R 2R A R ek A 2
I A 2R S AR S — 2 iR Y, He F-actin F54E
AbF R IR K-, il B[R] A9 FE K, HE Foactin 35 &
B e GEERG 8 h N, HA4H I F-actin 2656
o N X IR A, E A 24 h i, Foactin (93K



rRAE S A 5 REE 245 2006 4F 1 J1%528 545 1 ] Chin J Phys Med Rehabil, January 2006, Vol.28, No. 1 - 31 -

Z"%‘Xﬂ‘ﬁﬁéﬂﬁﬂ:gii , ﬁé‘ Euq %_\EL BTJ‘ m%fﬁfﬁﬁ EI] ﬂ 5 I @QEH on man. Aviat Space Environ Med,1978,49 .582-586.
1 2 o A g ’ P I YR 5V TS 440 e 29 £ 7 BFE FO, NG R YRR S RO St 8 i o A

N " . HE I A S A 1999 21 :134-137.
F = J L FhIh g AR ¥ FEn] A 40 41 ) ,
S AL MEARALARIR IR AT BRALIRALEN oy oy eprge, . oot s b ¢ A2 9055 (8

fﬁﬁiﬁﬁﬁﬂ/ﬂﬁi%%&ﬁﬂjo Em%’f/ﬁ}ﬂ%;ﬁﬁgﬁgﬁﬂ‘ . hARY TR EE 2 5 A 45,2000 ,22 :270-272.
[P, MY actin 7K AT BHAL TORMOIRES . AT 0 Sk, A s BREEIE, 55,8 Hz, 130 dB Y 5 R LA 41 s
JEVAL, A M-E 22 5 A B D e R S 2 U AH O, AR o8 45 5% IR, S5 U4 R0, 2004, 25 :991-993.

PR AN 7 2/ F130 dB /Y YR 75 A0 B B S AT 10 FEIRME PR, RGP TS, 45, WO 755 1 Bl JTL A0 R 970 1 R o 48

PN R . B D ZE B 22 3, 2004 ,25 .97 -99.
1oy NN 4 ALyt S I = I == i ’ e
BEAS 25 [ A g B 2R 0 A mT st P g 72 5 ] s v s ) 3 1 U R T8 Ha 130 dB Yt o U T A

B RAE SRAR, FR LA A 7 Atk 2 P )~ O Y B TR RS2 M. 5 DU ZE B R 224 4], 2004 ,25 :304-306.
SR 22 BRI TR AT HAT—M A A 12 B, SR, SOGIBR f  BO e TR EF 5 h f R . b
MIANE -2 5 2R -2 B B R R B8 2 T 205 5 I A i HEPIBR A, 2003,22:52-54.

W{g% E/‘J igﬁﬁéz_‘ , \{j—(% 7& —]:;f ;H\:,E—: m*ﬁjj ﬁ *H ,fu 13 Sims JR, Kar]? S ,. Ingber DE. Alterin.g the cellular mechanical force ba-
> ik ’fEl mﬁz: IEJZALI\ Hﬁ\fjg’ﬁfﬁﬁ E]/‘J ﬁﬁ G I @Q[ﬂ ﬂ@’%" lance results in integrated changes in cell, cytoskeletal and nuclear

. - o SN . shape. J Cell Sci,1992,103:1215-1222.
7'5&/1\9 EE ﬂ:élﬂﬂﬂ H 7&% ﬂ:ém}}@é{] ﬁﬂ:}mﬂ Zg ’ X 14 Meazzini MC, Toma CD, Schaffer JL,et al. Osteoblast cytoskeletal modu-

]EZ%@?}:?H}B@&I‘%E-%%?-?EB@%%% /% é}ﬁ’fﬁ*ﬂ‘ ’TZIS lation in response to mechanical strain in vitro. J Orthop Res,1998,16:
PEA A AN, B A LA T A0 R SR A A 170-180.
T i;:_l:g ﬂ%ﬁﬁ?{ . 15 Hughes-Fulford M, Lewis ML. Effects of microgravity on osteoblast growth
activation. Exp Cell Res,1996, 224 .103-109.
5 2 X B 16 ZEME BITTER AR AF. YR AR BUM 4 2L 405 B i R A T RE Y

R, HAE ST Bl AR IR 2%k 2001 ,19 :194-197.
L BRSCEE. WTS B7= A AR 2RO, AT E R 2R R 2 A, 17 SR, Mo, sk, & WS VR KRR P i A ok £ 1

1997.194-197. ErE . rh AR BR R AF 5 A 4R, 2001 ,23 . 83-86.

2 Wang N, Butler JP,Ingber DE. Mechanotransduction across the cell sur- 18 M BRI 2 4 S SEUN RN G R AL FE AR SR Th
face and through the cytoskeleton. Science,1993,260.1124-1127. B ,2001,5:61-62.

3 Mikuni-Takagaki Y. Mechanical responses and signal transduction path- 19 #HFE R, F B 25 R AR S BRUINGER T34+ 5 1 i 57 1 74 i
ways in stretched osteocytes. ] Bone Miner Metab,1999,17 :57-60. AR AR R E R G REE 247 11999 ,21 :134-135.

4 Duncan RL, Turner CH. Mechanotransduction and the functional re- 20 Noria S,Xu F,McCue S, et al. Assembly and reorientation of stress fibers
sponse of bone to mechanical strain. Calcif Tissue Int, 1995, 57 344- drives morphological changes to endothelial cells exposed to shear stress.
358. Am J Pathol 2004 ,164 :1211-1223.

5 Zsif BHTLER ASMiEs 458 Hz Al 16 Hz UR% Xk R 2H 2 2% i 4 (11 H 1 :2005-09-19)
FOIREIISZIA. VU ZE PR R 244], 2001 ,22:1485-1489. (ASCHE . 5 W)

6 Harris CS,Sommer HC, Johoson DL. Review of the effects of infrasound

SREE=NE
REEFHHAM

ERNE—EXBFEES EFHM R EE IR ER B4R R I ARAE R, 35 90 S0 2 i AR R R e R 2
NN TN

R HOR B s BE R BT R B A S B A SO B 2% 18 T TR ) SR R ol 5 BE A A0 P 8 ) R B8 SR, A SER G2
STk FIRTE I EASNS FiN RS G . AEEE TR T LB #E IR E ARG TS,

AEXRBEMET 19 K. QFEREEZETIR) RZCER, EM 14 70, NIRRT 2E)TLHSL R4, 24 17 76 (iEsh2) i+
B 4, W 38 0 ; (I RVEMLTFIk24) ERI B 40, B4 75 J6; (CEERIVENL 22 Y BRI 3% 40, 8 21 T ; (BT 5VE Ak
Y RME RDO LS, EM 18 I0 ;¢ & HIRTT ) MR T4, M 25 JC; (B shI P HE AR F) W2k T4, e 75 7T ; (I IR
2 RYEF G, E A 60 TT; (RE LI Y PP T4, e 32 T8 (RETFIE IR VBT F 40, 2 75 J0; (G IR B BTk ) Bh
R TG, B 40 T (CUMRITIR ) &7 F 4, M 35 70 (T2 ) ek B B 40, 8 0 35 70 ( H B A TG H e S s ) ER IR £
9, M 39 T0; (U S BRI A8 28) MG = 4, 8t 48 J0; (P EE LR IR YT 28) VFEEMG | 1= SC85 24, 2t 60 JT ; ( B ik 51
M7 T ) XU SE R G, AN 25 T CREDX RIS ) X0 %5 32 5, 1€ H 40 JC.,

ANMEERE, RUFTAFEYME, RIS, BRI 100028 JC5 R BT 1AM R 4 S48 5 1t 24750 1
FZ 5 13911264672,010 - 64663331 — 3006 ; 15 H. 64626652 ,



	200601 28.pdf
	200601 29.pdf
	200601 30.pdf
	200601 31.pdf

