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Fig. 1. Effects of different vibration frequencies
on total plasma creatine phosphokinase (t-CPK)
activity. The hind limbs of rats were exposed
for 4 hours to the vibration of different freque-
ncies under the constant acceleration of 50 m/
sec’®. Each group represents a mean=+SD of 5
rats. Statistical significance of differences of
mean between control and Jocal vibration
exposed groups were tested by students t-test
(abbreviated to t-test). Values of statistical

significances are ; *, p<0.01: **, p<0.001.
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Fig.2. Effects of different vibration frequencies
on plasma CPK-muscle muscle (CPK-MM)
fraction activity. The conditions of vibration
are the same as those shown in Fig.1. Each
group represents a mean+SD of 5 rats. Values
of statistical significances are; *, p<0.01; **,
p<0.001; (t-test).
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Fig.3. Effects of different vibration frequencies
on the activity propotin of CPK-MM fraction to
t-CPK in plasma. The conditions of vibration
are the same as those shown in Fig.1. Each
group represents a mean=+SD of 5 rats.
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Fig.4. Effects of different vibration frequencies
on plasma aldolase activity. The conditions of
vibration are the same as those shown in Fig. 1.
Each group represents a mean+SD of 5 rats.
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Fig.5. Effects of different vibration frequencies
on plasma LDH activity. The conditions of
vibration are the same as those shown in Fig. 1.
Each group represents a mean+SD of 5 rats.

Table 1. Effects of different vibration frequencies on plasma ingredients

Control 30Hz

60Hz 120Hz

240Hz 480Hz 960Hz

GOT (Karmen unit/1)

64.6+9.91 70.4%£12.05 64.2£7.63 70.8L7.66 83.6%110.40* 80.0%15.47 78.2%15.33

GPT (Karmen unit/1) 23.2%2.95 30.8+7.46 24.4%£3.29 26.2+2.28 27.0%5.87 27.0+4.58 24.0%+4.06
ALP(King-Armstrong unit/l) ~ 25.3+8.59 32.0%7.54 24.9%7.24 34.8£9.05 25.7%7.29 29.1%8.55 27.6410.01
TCH (mg/dl) 42.0+5.83 53.6%9.61 43.814.09 47.6+9.05 49.2+7.87 49.0%8.00 47.0%8.51
TG (mg/dl) 36.6714.78 35.6+7.64 31.2%4.55 28.6%6.58 16.8%£3.90 36.0410.00 19.4*+4.16
TP (mg/dl) 5.46£0.43 5.52+0.31 5.66%0.49 5.72%0.08 5.74%0.03 5.60+0.42 5.82%0.24

Mean+SD

The hind limbs of rats were exposed for 4 hours to the vibration of different frequencies under the con-
stant acceleration of 50m/sec?. Each group represents mean+SD of 5 rats. Values of statistical signifi-
cances are; * p<0.05. (GOT, glutamic oxaloacetic trasaminase ; GPT, glutamic pyruvic trasaminase ;
ALP, alkaline phosphatase ; TCH, total cholesterol, TG, triglycerides; TP, total protein)
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Fig.6. Effects of different vibration ferquencies
on plasma-t-CPK activity. The rats hind limbs
were exposed for 4 hours a day to the vibration of
different frequencies under the constant acce-
leration of 50 m/sec?, for 2 weeks. Each group
represents a mean+SD. The figures in parent-
heses indicate the number of rats. Values of
statistical significances are; *, p<0.001; (t-test).
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Fig. 7. Effects of different vibration frequencies
on plasma CPK-MM fraction activity. The
conditions of vibration are the same as those
shown in Fig.6. Each group represents a
mean*SD. The figures in parentheses indicate
the number of rats. Values of statistical
significances are ; *, p<0.001 ; (t-test).
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Fig.8. Effects of different vibration frequencies
on the activity propotion of CPK-MM fraction to
t-CPK in plasma. The conditions of vibration
are the same as those shown in Fig.6. Each
group represents a mean®=SD. The figures in
parentheses indicate the number of rats.
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Fig.9. Effects of different vibration frequencies
on plasma aldolase activity. The conditions of
vibration are the same as those shown in Fig. 6.
Each group represents a mean+SD. The figures
in parentheses indicate the number of rats.
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Fig. 10. Effects of different vibration frequencies
on plasma LDH activity. The conditions of
vibration are the same as those shown in Fig. 6.
Each group represents a mean=SD. The figures
in parentheses indicate the number of rats.
Values of statistical significances are; *, p<0.
05 ; (t-test).
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Fig.11. Histological pictures of plantaris of
control rat (a) and rat exposed to chronic
vibration (b) (Hematoxylin and eosin stain, X
400). The hind limbs of rat were exposed for 4
hours a day to the vibration of frequency of 30
Hz under the acceleration of 50 m/sec® for 2
weeks.
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BB D S, FxvY —BEOBOBEIRERO
A2 bV, 13 A QRT3 Hz 2 5 1000
Hz DEFETH 2 LW I AERERDBH0, TOEE

Table 2. Effects of different vibration freqencies on plasma ingredients

Control 30Hz

60Hz 120Hz 240Hz 480Hz 960Hz

GOT (Karmen unit/1)

60.4%12.84 66.4%12.22 68.8+8.39 70.8%17.65 63.8%10.94 74.5+£9.47 76.8+12.23

GPT (Karmen unit/1)

26.2%8.19 31.6%7.02 21.6%11.52 25.2%£3.96 24.514.36 24.3%3.50 24.8%4.57

ALP(King-Armstrong unit/1)

27.2%11.97 36.0+8.28 23.7+6.94 41.2%6.09* 23.7+3.69 22.5%£2.71 31.0%12.07

TCH (mg/dl)

43.8+6.83 50.2+11.77 42.2%+4.55 48.0%9.30 38.0£3.74 37.5+2.89 51.0%5.83

TG (mg/dl)

35.4%10.74 29.4£11.97 37.2%6.73 21.8%5.98 24.8%7.14 24.8%£7.14 24.5%7.18

TP (mg/d1)

5.88+0.19 5.75+0.23 5.70%0.48 5.70%0.45 5.43%0.33 5.00£0.37 5.60%0.12

Mean=xSD

The hind limbs of rats were exposed for 4 hours a day to the vibration of different frepuencies under the
constant acceleration of 50m/sec? for 2 weeks. Each group represents a mean=+SD of 4 or 5 rats. Values
of statistical significance are; * p< 0.05. Refer to the abbreviations in Table 1.
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p, &5 CRBREHIC OV THRBIIR R EED
P LREPRRECHIR TS vwi &5, CPK
1% 1934 £ Lohmann*™ic & - TH R & 17z 235 INHE
DIE creatinine 5 creatine phosphate ~NER ¥ % K
ERTHECAE T ABETH D, EERTIHERGO
sarcoplasm X £ED BRLIEHNEE S, EHET
RS, BT T S OIS IIE L A VRS &
nkheEbhTwa, FIFETCPKIERICIRER
Bk o BEISEECED N2 i}, CPK D
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REFE O CPK FHC RIETHECELCZOR
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RFFRESHIBOBARNOBEEERT 212D E
MERBRIZE -7, BB IUERCT Y BB
HE—F (50 m/sec?) DEFRBIFIEERE LHENE
HEZRCOVLWTBEBEL RO L I hERL2EL.

1) BFFREBREERC B 2 HREERREED
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CPK &t v #REIE 30 Hz & & 480 Hz OHEE TR
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L EELEEEED, Bic 30 Hz TEAHLEE
TH-ote.
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BREGBEOHETH 5 CPK-MM SEEED LRI
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D OIREBMOMME LY FQO LROBERETLT
W ERD S pps Rz,

1) eHRARSRETY, M CPK iEH1E 30 Hz
TR EANELD o2, FEE L oXMEIzELT
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eI, RIAHBRE L 2 5 L KR 2B Db
DELA-BAIMEREBCRLI D ERE R AHELH T
T, ERHIEE, HEhEEBO D E L E RN, BEE
—BIF2 s REBAI L EF LIt REOHELER I
Bt LT,

X R

1) Loriga, G.: Il lavoro coi martelli pneumatici.
Boll. Ispett. Lavoro., 20, 35 (1913).

2) NEAS: EEZELKERBCE? SHRNEEC
20T, EKRE, 26, 506-508 (1938).

3) ME R:vwb®3[H25% ], BXEMSE
SRR (BEF0 42 4£), 58-74 H. &R HIAR, 35, 1968.
4) ANBER-8 EFR- -HTER: M TEEC
&% EECRIGMOMITRE, EELH, 1605, 1217
-1220 (1943).

5) BFAFE : FBEXMED> S & EOEMHEE
2V, EEE, 13, 320 1971).

6) ®wEERD -ER B TIBLE-Z® {§: Chain
saw ERECB T2 X BATR & RISEERMEEE, EX
&, 15, 529-530 (1973).

7) Hagen, H. J.: Erkrankugen durch Pregluf-
twerkzeugarbeit. Johann Ambrorius Barth. Verlag,

Leipzig, 22-27 1947.

8) Kasamatsu, T., Miyashita, K., Shiomi, S.,
Ito, N. & Iwata, H.: Relationships among sarco-
plasmic enzymes in serum, muscular strength and
subjective symptoms in chain saw operators,
Wakayama Med. Rep., 22, 95-102 (1979).

9) Kasamatsu, T., Ito, N. & Iwata, H. : Bioche-
mical changes in serum constituents in workers
operating chain saws. Wakayama Med. Rep., 22, 53
-60 (1979).

10) Takahashi, K., Uchikubo, S., Oimomi, H. &
Shinko, T.: Creatine phosphokinase isoenzymes of
human heart muscle and skeletal muscle. Clin,
Chim. Acta, 38, 285-290 (1970).

11) Beisenherz, G., Bltze, H. J., Buecher, T,
Czok, R., Garbarde, K. H., Meyer-Arendt, E. &
Pfleideren, G.: Diphospho-fructose-aldolase,
Phosphoglyceraldehyddehydrogenase, Milchs4ure-
dehydrogenase, Glycerophosphatdehydrogenase
und pyruvat Kinase aus Kaninchen-muskulatar in
einem Arbeitsgang. Z. Naturoforsch, 8, 555-577
(1953).

12) Wréblewski, F. F. & La Due, J. S.: Lactic
dehydrogenase activity in blood. Proc. Soc. Exp.
Biol. Med., 90, 210-213 (1955).

13) Karmen, A.: A note on the spect-
rophotometric assay of glutamic oxaloacetic tran-
saminase in human blood. J. Clin. Invest., 34, 131
-133 (1955).

14) Kind, P. R. N. & King, E. J.: Estimation of
plasma phosphatase by determination of hydr-
olysed phenol with amino-antipyrine. J. Clin. Path.,
7, 322-326 (1954).

15) KEFBRZ - ZHIFHE - T MBEREHTE
HEOWER., EBRRE, 19, 427-430 (1971).

16) Allain, C. C., Poon, L. S., Chan, C. G.,
Richmond, W. & Paul, C. F. U.: Enzymatic
determination of total cholesterol. Clin. Chem., 20,
470-475 (1974).

17) SHAEX-BARE=-SFEEN - FEEETF: B
FARBBEFNALLMBEN) YV 254 FOLESHE
DOWEY, 77 =avEEy vy RY T A, 60H, ART
7 Zaxrit, ®E, 1974,

18) Holzmann,F.: Erkrankungen durch Arbeiten
mit Pregluft-werzeugen. Umschau, 33, 1002 (1929).
19) Hellstrgm, B. & Myhre, K. A.: Comparison
of diagnosing Raynaud phenomena of occupational




RS O F R B s RS g 371

origin. Br. J. Ind. Med., 28, 272-279 (1971).

20) Volte, H.: Gelenkschidigung im Hand-Arm
Skeletsystem beit Waldarbeitern. Int. Arch. Gewer-
bepath. Gewerbehygiene, 24, 121-126 (1967).

21) Kumlin, T., Wiikeri, D. & Sumari, P.:
Radiological changes in carpal and metacarpol
bones and phalanges caused by Chain saw vibra-
tion. Br. J. Ind. Med., 30, 71-73 (1973).

92) Karjalainen, P., Alhava, E. M. & Valtola,
J.: Jhenar muscle blood flow and bone mineral in
the forearms of lumberjacks. Br. J. Ind. Med., 32, 11
-15 (1975).

23) EHEALE: ForvV—, SFITH, FTEIR, Eix
TEXRREOREROLLE, HREEST, 25, 184
-191 (1977).

%) BEFL-BR B FoErIare-ERE
r chain saw BEEEOIRBEE LT 2 HE OV
T, EEE, 17, 411 (1975).

%) K& #-BEET - -8BRXT: EBEZOS
EE T A, B 1T H, MHEECOLT, EH
&, 19, 456 (1977).

26) ISO/TC 108 : Guide for the measurement and
the assessment of human exposure to vibration
transmitted to the hand. Draft International Stand-
ard ISO DIS 5349, ISO/TC 108, Gent, 1982.

o) EEEAWIRA: Fx vV —REIOLER, E
%#[E, 12, 350-351 (1970).

28) Coermen, R., Okada, A. & Frieling, IL.:
Vegetative Reactionen des Menschen bei nieder-
frequenter Schwingsbelastung. Int. Z. Angew.
Physiol. Arbeitsphysiol., 22, 150-168 (1966).

29) IHporwmma . A., (FREEEFR) : EXCBT2
&8, 159-188 H. H@EBIMEA, HFE, 1975

30) Agate, J. N.: An outbreak of cases of
Raynaud’s phenomenon of occupational origin. Br.
J. Ind. Med., 6, 144-163 (1949).

31) de Takats, G. & Fowler, E. F.: Raynaud’s
phenomenon. J. A. M. A, 179, 99-106 (1962).

32) Hyvirinen, J., Pyykkd, 1. & Sundberg, S.:
Vibration frequencies and amplitudes in the aet-
iology of traumatic vasospastic disease. Lancet, 1,
791-794 (1973).

33) BHERE—: BRESEEIC L A2 KBERR - KE
HRROIREHIEE. T2ESREE, 92, 953-966 (1983).
34) Farkkild, M., Pyykké, 1., Korhonen, 0. &
Starck, J.: Vibration-induced decrease in the
muscle force in lumberjacks, Eur. J. Appl. Physiol,,

43, 1-9 (1980).

35) Sakurai, T.: Vibration effects on hand-arm-
system, Part 1. Observation of electromyogram.
Ind. Health, 15, 47 (1977).

36) ME R-HARBC: REESE, wEcgim sz
DEKE, 277-283 H. MFEHAR, HI, 1982.

37) Rt : LDH - CPK. Ei L®f, 58, 705-712
(1981).

38) fEEEM - HAPRX - E4aKRKER - FIRBF: 7
VEZ—¥, BEE, 38, 852-859 (1980).

39) HEEFSH-R EFth. EBANROMBEEREY
W e M AR E DB, RIS, 21, 31-41 (197D).
40) Hunter, J. B. & Critz, J. B.: Effect of
training on plasma enzyme levels in man. J. Appl.
Physiol., 31, 20-23 (1971).

41) PNFRE - FNIER - FE B - hREZ - g
HOE : EBRE O EMFHITE (TR Ay
VB IVTFY e VT F = HEBBUKREERTE
HE PT AT I F—CEHE TV T Y
EOBHE) ., REEEREZEFEMR K~ WEmE,
10, 1-15 (1972).

42) FH)\Eit-PEE 89 EB - MEER. BENS
gk, T1, 695-705 (1974).

43) KEFH - BB - ERTH - B0HEZ - BR
R EHEMICLAE M DBH £ GOT 74 Y
I A LAEEREOEEII O WT, BEME, 15, 67
-73 (1978).

44) KEFFHR - FILME - REHETF AEKRDE - 8
U - BETE - BREB - FOEZ: EHA b
AT BHE, B 1k EBAFMCKTLIELZOE
MR EEOTENC DWW T, HERE, 36,801-810
(1981).

45) Ahlborg, B. & Brohult, J.: Immediate and
delayed metabolic reactions in well-trained subjects
after prolonged physical excercise. Acta Med.
Scand., 182, 41-54 (1967).

46) F1E 2 -TBRX - SHEA - BREL - B@IR
3L JHBABRE OB XIRERRRC B 1 3 mRRR T &R
GROEE, HEEE, 38, 589-597 (1983).

47) Lohmann, K.: Uber die enzymatische Aufs-
paltung der kreatinphosphorsaure ; zugleich ein
Beitrag zum chemismus der Muskelkontraktion.
Biochem. Z., 271, 264 (1934).

48) ¥EFX: BE¥M (creatine phosphokinase,
aldolase) I R.7:fHEEHR B DRI & 2 KB
e, (1) ERERHVRAZE. FEEE, 62, 106 (1960).

49) Thomson, W. H. S., Sweetin, J. C. &



372 L) H

Hamilton, I. J. D. H.: ATP and muscle enzyme
efflux after physical exertion. Clinica Chimica
Acta, 59, 241-245 (1975).

The Influence of Local Vibration Exposure on Plasma Sarcoplasmic Enzymes.  Hajime
Okuda, Department of Public Health (Director: Prof. A. Okada), School of Medicine, Kanazawa
University, Kanazawa, 920 — J. Juzen Med. Soc., 93 361 —372 (1984)

Key words: Local vibration, Frequency, Creatine phosphokinase, Aldolase, Lactate
dehydrogenase.
Abstract

The influence on muscle function and the mechanism of the occurrence of muscle disorders in
vibration hazards were studied on the rats exposed to both acute and chronic local vibration.
Rats were exposed to vibration with different frequencies of 30, 60, 120, 240, 480, and 960 Hz
under the constant acceleration of 50 m/sec?. The hind limbs of rats were exposed to acute and
chronic vibration; for 4 hours in the acute cases and 4 hours each day of 2 weeks in the chronic
cases. After vibration exposure, the activities of plasma sarcoplasmic enzymes; creatinine phos-
phokinase(CPK), aldolase and lactate dehydrogenase (LDH) were assayed. In the measurement
of plasma CPK activity, the activity of total CPK(t-CPK) and that of CPK-muscle muscle
(CPK-MM) fraction originated in skeletal muscle were assayed. And also, the activities of the
other plasma enzymes; glutamic oxaloacetic transaminase(GOT), glutamic pyruvic transaminase
(GPT) and alkaline phosphatase(ALP), were assayed. And the concentration levels of some
plasma ingredients; total cholestorol(TCH), triglycerides(TG) and total protein(TP) were mea-
sured. The plasma-t-CPK activity showed significantly high value in vibration frequencies of 30
Hz to 480 Hz, especially in 30 Hz at both acute and chronic exposures. However, any significant
influence was not observed in 960 Hz. The increase of plasma-t-CPK activity was caused by the
increase of plasma CPK-MM fraction. And also, the plasma-t-CPK activity exhibited a tendency
to decrease gradually with the increase of vibration frequency in acute exposure, but in chronic
exposure this tendency was not observed. Furthermore, the vibration did not distinctly influ-
ence the activities of aldolase, LDH and other enzymes, and the concentration of plasma in-
gredients examined. Histological preparations of the hind limbs of rats were made from the
chronic exposed groups (30, 60 & 240 Hz) and the control, and stained by the hematoxylin-eosin
method. However, no marked histopathological difference was found between the control and
the exposed groups. These results suggest that the increase of plasma CPK activity was not
caused by the morphological changes of muscle but by the acceleration of permeability of muscle
cell or other mechanisms, and that the displacement amplitude of vibration affected the increase

of the activity.




