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Abstract : Objective 'To study the effects of vibration on the activities of mitochondrial respiratory chain
enzymes and ATPases in the skeletal muscle of rabbits. Methods Thirty-two rabbits were randomly divided
into low-intensity group,medium-intensity group, high-intensity group and control group (n =8). The vibra-
tion loading test was carried out on each intensity group. After the test,the activities of mitochondrial respira-
tory chain enzymes and ATPases in the skeletal muscle of each group were measured. Results The activities
of mitochondrial respiratory chain enzyme complex [ in the skeletal muscle tissue of control group,low-in-
tensity group, medium-intensity group and high-intensity group were 248. 30 +40. 43,180. 89 +84.67,172.01 +
40.00 and 77.87 £52.72;The activities of respiratory chain enzyme complex [[ were 71.47 +5.25,63.91 +
8.09,52.19 +9. 21 and 28. 62 + 5. 84. The activities of respiratory chain enzyme complex [l were 31. 85 +
11.62,22.63 +8.84,14.26 +6.66 and 7. 92 +3. 35. Respiratory chain enzyme complex IV were 32.76 +4.75,
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12.56 £2.91,11.83 £1.77 and 7. 11 + 1. 64, respectively. Compared with the control group,the activities of

mitochondrial respiratory chain enzyme complexes [ ~ [V in skeletal muscle of each intensity group were

significantly decreased (P < 0.05). The activities of Na*-K"-ATPase in skeletal muscle tissue of control

group ,low-intensity group ,medium-intensity group and high-intensity group were 34.23 +4.20,15.17 0. 68,
16.16 +0.47 and 11. 56 + 1. 76 ,and the activities of Ca’*-Mg’* -ATPase were 12.17 +1.11,7.15 +1.19,5.40 =
0.92 and 4. 90 + 1. 05, respectively. Compared with the control group,the activities of Na*-K*-ATPase and

Ca’*-Mg’* -ATPase in the three intensity groups were significantly decreased (P <0.05). Conclusion The vi-

bration can lead to the decrease of activities of mitochondrial respiratory chain enzymes and abnormal energy

metabolism of skeletal muscle in rabbits, which may become an important factor of vibration-induced skeletal

musclular injury.

Keywords : Vibration ; Skeletal muscle ; Mitochondrial respiratory chain enzyme; ATP enzyme ; Energy me-

tabolism

FHRB VR —Fh i DL R, 1226
(R mWNI)GE R ERNE NP S oS IR
GIIRE. FerP RS I SR S LA R G0 1
R, AL A DI RER 1R
PIEAE SR B i TAR A S W 2 o SR, IR 31
BRSO R Al R0 TR T8I RE, 4504 T
PRI 16 4 R B RS R, I F AT — I Bk 3
PATE IS 2200 O i sl P LA 49 1) 2 2 I
TETRRZAG A0 1A 2 S e A {ELFC A DAL ) 1 oA
o SoRiiAAE  an i Re AU T 2225 b, e
HHNIRERE E N R, 2O 0IESE, 7Eis 3§
BB LA 17 27 R LR A A 57 BT G
HEAREE BRI AE 0 AT HER R B B U LRE
AU LB AR AR EEAT T IUE S 00T, BAE N
R Sh B LB 3 B AL o) B L B 3 fF 7 4 AL S
Bk

1 #MR5EFZE

1.1 ##

L1.1 S e k4R 2 A A 2245 =
AR BT S HUET s O3 A1) 18y 52 5 0t
2,332 HOfREN 2.0 ~3.0 ke, MEMERF . K
GBENL T AR FE AL R B SR A 3 S
IRLHAN 1 X AR A 8 Ho hipis sy g [
FR S0 By e 54 PS5 el 4 e DA R T R
ST e Ly/K=gLiF ST

1.1.2 U8 &%ik%  D-150-1 3R 8 &, D-150-
1 IRBNFEHL RN IRAL AR ) s RCSC sy 3 R
BLOHL( S ERHR AR A A s ND2 RUNS 25 A5 91t
(VLVHLLFE AT ) s PR DT IR 4 il 52 A A T .
I I IV & (R IR AE B AR AR A A 5

ATP R & I & ( m aU i A ) TR 5T
B o
1.2 Fik

1.2.1 fRahfmils  Z0EE T A H kR
[ 5E #v b, XUG I D) 4% fik D-150-1 L ik 3h &
11, {1 KD-3 RO IR 3 2 8. 7Pk 3 1
i R b RS R T i B2 ZH A W) R B3
w7 AN i 2, LA o e 7 o S 56 Y
T IR BRI E] 20 45d. JrA FE AR5
JE HYRIN E] PRI RS KP LR 1,

A1 B G AR IR B 3R IR A 1)

BRAE  BREH  BABR aw() s RFRE

A /He WE/M-d A/e /mest /dB(A)
popieeil - - - - 77.27
Kig 125 0.5 10 4.33 77.15
iR B 63 0.5 10 8.67 71.27
BigEm 63 0.5 20 17.34 81.13

Eeodh FREAE IR EA R

1.2.2 ARARRRESAH  Prah i 545
Jei , BRGNS - AL, 7 R A7 T - 70°C K
Fh e

1.2.3 SRARIYME 1) LORL AR M I 5 B 2 5 14
TG T E o AR & UL B 5 D R T KB il
B SJ 9% )5 , 283 2 B0 AR ORI , P25
FE LR FS 0 SNV, 1 T 43 D' 0 B ¥ 43
MTEP AL 340,605,550 ,550nm A0 il 7 e i A< - W
3R N BN | N || IR \EOL & % [ B TR 15517
O e IR B o et S OB AR P I S 1 ) B
TR LR AW 0 B i 5 7 B A7 (ol + mg-
prot "' - min~') = [ ( AA /min - AT /G
RE/RRAR B A& i, W Folin-1y gk #E 172k
KRR L RE I 3 o 2) ATP G ) pgilsE o Ky



TrT R

&

B4k 2019 422 A8 42 55 18] Jining Med Univ, February 2019, Vol. 42, No. 1 <17 -

FIr IR S B B L A 9%, FF 8 10% AHEZ 513K
Wi FAYJEIERE LI 2 Na®-K*' -ATP fif§, Ca®" -
Mg -ATP B 77, LA /N 22 50 41 42 1 1 AL
Zirh ATP 53/ ATP 774 1 wmol JCHLIE Y HEAE A
1 > ATP J§i% J 8037 (umolPi - mgprot” « h™) , %
e i A AR P R A R S
1.3 %it®sik

N SPSS 20. 0 H 4 Ak FRAR 4 X 25 R E AT 58
THR S22 bR

2 HR

2.1 sHHh—HER

3 ASEI A G G 4 L AN [R) AR B ) 8 £ o
D G AR TR BB 2 SO, H RS
55 BsJ (1] P9 A T 0, I DA s B A o L . X R
TESE S F v o] R 284k
2.2 BUERIE KT B T ARE R

FHFWNERAEZ AT I IVEE S22
FBAGI R (P <0.05), SR AL, %
IR R BRI RSB Gk 1T ~ IV
(3 7 IR s (P <0.05) o W2,

£ 2 BUFBIEF KR Ak B L AR E A

(pmol + mgprot” + min" x £5)

asl i A6kl 2641 244 A%V
AR 8 248.30+40.43 71.47+5.25 31.85£11.62 32.76+4.75
REBEA 8 180.89+84.67° 63.91£8.09* 22.63+8.84  12.56+2.91
PREA 8 172.01£40.00* 52.19£9.21% 14.266.66* 11.831.77

SREA 8 T77.87+52.72% 28.62+5.84% 7.92£3.35*  T.11:l.64*
F1a 25.43 68.90 16.56 112.63
P 0.00 0.00 0.00 0.00
E B BAKE, « P<0.05
2.3 RaFpHImr s ATP 8% 51 4
LI, A T B L4 % Na”-K " -ATP
fifi .Ca®* -Mg” " -ATP BT F7 Ho e HAT B 51 22 Sk
(P<0.05) 5XJHEH He#,3 9G4, Na-K ™ -
ATP Jif§  Ca®" -Mg”* -ATP [ 1 ¥ 0 W F A% (P <
0.05) L3 3,

k3 BUEBIALR ATP BE ) 547
( umolPi + mgprot’ - h' x +s)

R A Na'-K*-ATP & Ca®* -Mg?* -ATP B
xF 18 48 8 34.23 £4.20 12.17 1. 11
IREEEM 8 15.17 +0.68 7.15£1.19*
il 2 16.16 £0.47* 5.40 £0.92*
HIREE 8 11.56 +1.76 4.90+1.05*

F i 148.03 63.42

P 0.00 0.00

E: G pRakig, « P <0.05

3 it

AR T REFEZAN T, 2R
ZU AL BERE A1 T, 2 20 MR T SRR ) 32
BT, LRI A T4 i R R4 ATP 2
I XA L T e R SRR R B S AR T
0TIV A 28 I e A G 4%, — S
NADH ffbiFmk st (E 64K 1 M. N&Y5), &
BRI AEMITREE(E AT . N2Y), 4
& 1 (NADH 36 ) KRS I F B9 H 22 NADH
B4 CoQ, [AI I 4 4 AN R - AL J5 % 1% 31 Ji 1]
B, A A T (BE A MR S0 ) 5 L T M BRI R 1%
B4 CoQ, B A (CoQ-4l I (0 % C i Ji ) #4
LT CoQ fEb 45 A (1 2 C, [ 4 R TR
R P, Z ARV (A6 R C A LE) ¥
T E C L 0,, 4Rk, 3F 7 4
ATP'™ [RGB 0 S i ¢ e
S B S A AU N R, R B LR B A
RERS , S AL BERR 1L A RE IE # WEA T , A5 RE 15 31 41 g
TEH BRI Ih e BT

Na*-K*-ATP [l B 4A40 5 , A7 A6 T 40 a1
2 11 5, 2 AR AR ATP, R4 41 i Py 41
BN ER A, LAZESRR A0 R A = B S AR R b e Y
FEFRPE A AR Ca®-Mg® T -ATP il R4S 5, fE
A1k, 290 6L 5 5, 240 L P A AT K e B ik i i, LA
Y 200 0 P9 S B8P R T P S ) A B R S
AT L, 3% R 4R kR R e
(ATP) , B U, 454 440 A0 B 1 A 2B 57
AT 5 v B G o £ 55 M T 5 R 2 Y 7 2

14]
i

o

ASCEER R, G P s far i 0, 45 S22
KOG e B R AR VI B S SR T ~ IV
I 7 ¥ 5 0 2 T R 3 278 NADH %A LT
W 5 5 B FARR AL T I 5 (0 Sh R B T S, O
J SR h B LR ATP P R [, 72 X i
LR AT RE S LT A 560 1) JR 3w HLK
1) FE B A ] L Sl Rk W e e 2, S B0 e
WLZH 2R AR sl it R 40, T FEAIR S8R R BT, % s 44
BRI LR T RS2 B S , FUT I B A A
R T ~ VAL BRI BE S S T I, Rl A ik
VKL F A 2 C (3845 O, B, ATP [ 7= it
WRFE. 2) %3 A w3 A HLRGE 3, & Al A
BRI T B LA G (ol EL 20 g e 40 e %



- 18 - T BE2ERFER 2019 4R 2 A% 42 K55 1 81 J Jining Med Univ, February 2019, Vol. 42, No. 1

R MR AR ZE F 305 5, DI 52 M 5 R 44 1)
REAH DG () T W4 i 2 S R B TE 0 3) ksl 7
RS A PR L S0 PR L LS P R T PR B Y
st R 26 T A L A B4R TR
RLAANT 5, D Re 8 o B, AR SCZ5 e
BN RSN AT IR S5 45 SE g 41 Na ™ -K ™ -ATP i
Je Ca®* -Mg®* -ATP % J1 5 e, I A5 4 3 4y
o X PAPEEY)RE A LB, KT ATP, 2 £
LA WA 52 A ARG 7 TS 350 ATP A= L F
REi), Na*-K*-ATP [ % Ca’*-Mg’ " -ATP [ /1
WABRES IR W, DT 2 i 306 LG S B
TER IS TFAL R S A i TN o BT BB L
TR WUNZE8 5, AT e S IA A E R
AT N BE AU Y A B2 ARV T R 3h T Bk
JULE 493 1 S R RAATL AR, B 0% LR A4 i
BEE A T ~ IVIG I W s2 e 2 R Y, T 330
F14) 2 WP 2 % T ) R P AT B, T DX iR 1y
WP D RE S 3R )z, R AR T A
BAERNIE T TR &R, X IR E# L
P B S AL T AR, B LR R 3
JEE R HE L2 408 S 3 B A e, — EL g L
I T RE R AT RN ZE 4R , LA R AT RR R AN AT ik

S Xk

[1] Aarhus L,Stranden E,Nordby KC,et al. Vascular com-
ponent of hand-arm vibration syndrome:a 22-year fol-
low-up study[ J]. Occup Med (Lond),2018,68(6) :
384-390. DOI; 10. 1093/ 0ccmed/kqy085.

[2] Campbell RA, Janko MR, Hacker RI. Hand-arm vibra-
tion syndrome:a rarely seen diagnosis[J].J Vasc Surg
Cases Innov Tech,2017,3(2) :60-62. DOI;10. 1016/].
jvscit. 2017. 01. 002. eCollection 2017 Jun.

[3] Charles LE, Ma CC, Burchfiel CM, et al. Vibration and
ergonomic exposures associated with musculoskeletal
disorders of the shoulder and neck [ J]. Saf Health
Work,2018,9 (2): 125-132. DOI. 10. 1016/]. shaw.
2017.10. 003.

[4] Handford M, Lepine K,Boccia K, et al. Hand-arm vibra-
tion syndrome; workers ~ experience with functional im-
pairment and disability[ J]. J Hand Ther,2017,30(4) .
491499. DOI:10. 1016/j. jht. 2016. 10. 010.

(5] #am, g, L&, 5. 23k $FBILs X
RABMEAARE M feay Fra[]]. e wRE K
5 3R,2018,41 (1) :58-63. DOI: 10. 19582/j. cnki.
113785/¢8.2018.01.008.

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BATH IRARIR, R0, B S B RIS
M FEERAG G X A[T]. P B % KR H,2005,9
(2):103-105. DOI: 10. 3321/j. issn: 1673-8225. 2005.
02.079.

K. JE B A R KR B ILER AR i K
wAABARA P a[D]. ZM. HRRIFEXF,
2014.

TRE BRAEHLF[(M]. 7 FEBFERKX
5 4k, 2010 152-158.

Baez AL,Reynoso MN, Lo Presti MS, et al. Mitochondri-
al dysfunction in skeletal muscle during experimental
chagas disease[ J]. Exp Mol Pathol,2015,98(3) :467-
75. DOI:10. 1016/]. yexmp. 2015. 03. 034.

Mun JY,Jung MK, Kim SH, et al. Ultrastructural changes
in skeletal muscle of infants with mitochondrial respirato-
1y chain complex I defects[ J]. J Clin Neurol,2017,13
(4) :359-365. DOI;10. 3988/ jen.2017.13.4.359.
Belyaeva EA. Respiratory complex ]I in mitochondrial
dysfunction-mediated cytotoxicity : Insight from cadmium
[J].J Trace Elem Med Biol,2018,50:80-92. DOI 10.
1016/j. jtemb. 2018. 06. 009.

Dodds RM, Davies K, Granic A, et al. Mitochondrial re-
spiratory chain function and content are preserved in the
skeletal muscle of active very old men and women[ J].
Exp Gerontol ,2018,113:80-85. DOI:10. 1016/]. exger.
2018.09. 020.

Juel C. Oxidative stress ( glutathionylation) and Na-, K-
ATPase activity in rat skeletal muscle[ J]. PLoS One,
2014,9 (10) : el10514. DOI; 10. 1371/journal. pone.
0110514.

Nozdrenko DM, Abramchuk OM, Soroca VM, et al. The
effect of the aluminum chloride-quercetin complex on
Ca** -Mg’ " -ATP as eactivity and contraction dynamic
properties of muscle tibialis anterior from rana temporar-
ia[ J]. Ukr Biochem J,2015,87 (6) :76-85. DOI: 10.
15407/ubj87. 06. 076.

Mahbub MH , Kurozawa Y, Ishitake T,et al. A systematic
review of diagnostic performance of quantitative tests to
assess musculoskeletal disorders in hand-arm vibration
syndrome[ J |. Ind Health,2015,53(5) :391-397. DOI;
10. 2486/indhealth. 2014-0221.

Bovenzi M, Prodi A, Mauro M. A longitudinal study of
neck and upper limb musculoskeletal disorders and al-
ternative measures of vibration exposure[ J]. Int Arch
Occup Environ Health,2016,89(6) :923-933. DOI. 10.
1007/s00420-016-1131-9.

(F4% 23 )



WTEFBEFR 2019 4E 2 H2E 42 55 1 8] J Jining Med Univ, February 2019, Vol. 42, No. 1 « 23 -

Lk LT SR YRS F 2 M E R I N, W2
FIE R IR OB N . A SCAS R R Rk —
1 2P AT BRAEE B RN 25 20, A2 2R 7 iR F)
PSSR STE sl TR 7 S (S R 1 E90)
MR ET I, SR ARSI A Y
SRS, G OB Ty, MR 2R 0 5 i LR B
DR

S 3k :

(1] TiE&, % RR, IR, =07 BRI AR 25 3 = A5
K Aol 2 By g Hra [ J]. B A K & 25,2015,22
(1):28-31. DOI: 10. 3760/cma. j. issn. 1008-6706.
2015.01.010.

[2] FhEm, B0, BoRA 5. FFIIRE A BE S F ik
WILFIRBEARAT A X R R ARSI AFR[)]. P4
g E % 4 &,2016,50(2) ; 118-122. DOI:; 10. 3760/
cma. j. issn. 0253-9624. 2016. 02. 004.

(3] Lir, 2 4&M, A S8 54 ek 2 47 AR 22 45 46 T
ER KRR E B HR[]]. PERECE S X
&,2018,26 (7):986-990. DOI; 10. 13342/j. cnki.
cjhp. 2018.07. 010.

[4] FmAk 40D % HHFRGcBERRKESAERL
AR EIHI]. P EEYS AL E,2017,8(3):
58-60, 68. DOI; 10. 19757/ j. cnki. issn1674-7763.
2017.03.015

[5] 4RI S5k =3 8 AR LA e X B &
SA (1] A 24845 5 o 4k & #&,2015,10(3) : 268-
269. DOI:10. 3870/ sjsscj. 2015. 03. 031.

[6]

(8]

[10]

[11]

[12]

KB, B T IU A )G RS 6 BF ST
J[I]. 34 %,2017,32(5):98-101. DOI: 10.
3870/j. issn. 1001-4152.2017.05. 098
Jesse DE,Kim H, Herndon C. Social support and self-es-
teem as mediators between stress and antepartum de-
pressive symptoms in rural pregnant women [ J]. Res
Nurs Health, 2014, 37 (3) :241-252. DOI; 10. 1002 /
nur. 21600.
Zhao Y ,Kane 1,Mao L, et al. The prevalence of antena-
tal depression and its related factors in Chinese pregnant
women who present with obstetrical complications [ J].
Arch Psychiatr Nurs,2016,30(3) :316-321. DOI: 10.
1016/j. apnu. 2015.11. 012.
FNFT AR %, A, 5. 2650 ) Bda R Fe AR AR % B
M BT R T]. AR R A, 2004,6(3) : 14.
DOI:10.3969 / j.issn. 1671-8283.2004. 03. 001
Famzh MRz X bk = 86 B da 2 AT i AR EE
ik ER B T[] P EEHHFE,217,7
(10) :146-149.
BT, 48, REM A TABBERTATK
Fh S HEN—KF LB EAHMN[T]. T B
FFRFIR,2017(4) :57-61.
I AME, R, B ISR B da AR K
Ao A& A[I]. 2 E 2 K E,2017,17
(12) . 872-875. DOI: 10. 3969 / j. issn. 1671-315X.
2017.12.007.

(KFsBE 2018-12-04)

(A iE: HEEH)

(E#% 18 )

[17] Di Giminiani R, Fabiani L, Baldini G, et al. Hormonal
and neuromuscular responses to mechanical vibration
applied to upper extremity muscles [ J]. PLoS One,
2014,9 (11):el11521. DOI; 10. 1371/journal. pone.
0111521.

[ 18] Hagberg M. Clinical assessment of musculoskeletal disor-
ders in workers exposed to hand-arm vibration[ J]. Int
Arch Occup Environ Health, 2002,75 (1-2) :97-105.
DOT:10. 1007/s004200100283.

[19] Kennedy G,Khan F,McLaren M, et al. Endothelial acti-
vation and response in patients with hand arm vibration
syndrome[ J]. Eur J Clin Invest,1999,29(7) :577-581.
DOT:10. 1046/j. 1365-2362. 1999. 00502. x.

[20] Apmm, s A, AALRS-ZEKRS FHIEK
AT R KA B B e AR K[ T]. 3 5 AR

[21]

[22]

[23]

W E #2016, 33 (6):542-546. DOI. 10. 13213/ j.
cnki. jeom. 2016. 16138.
AR IRIF, G BRE,H JE METR AT R Y B R R
MR h[]]. AR %5 E 2006,20(3) :165-166.
DOI:10. 16421/j. enki. 1002-3127.2006. 03. 012.
T, M REZ,F. BRERED R o FE
BARAF TG ZBAR[T]. & BRIk E 5 ,2007,34
(2):110-112, 114. DOI; 10. 3969/j. issn. 1000-6486.
2007. 02. 008.
LR, RAZ. BAERST R G M B
WRANEEAGH R[] 5T EFKFR,2016,
39(4) :234-236. DOI: 10. 3969 / j. issn. 1000-9760.
2016. 04. 002.

(UFSEHEA 2018-10-15)

(AXHiE: AIRE)



