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Fig. 1. Frequency analysis of noise associated with driving of the electro-

magnetic shaker.
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Fig. 2. Effect of acceleration on plasma corticosterone level. Frequency
was constant with 20 Hz for 240 min. Each group represents a mean *
S.E.M. of 4 rats. *p < 0.05;**p < 0.01 (t-test).
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Fig..3. Effect of frequency on plasma corticosterone level. Acceleration
was constant with 0.4G for 240 min. Each group respresents a mean =
S.E.M. of 4 rats. *p < 0.05 (t-test).
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Fig. 4. ' Effect of acceleration on brain NE level. Frequency was constant
with 20 Hz for 240 min. Each group represents a mean + S.E.M. of 4 rats.
*p < 0.05 (t-test).
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Table 1. Mean weights for rat whole brain and
various brain regions dissected from eight
animals +S.D.

Mean weight g+S.D.
1.95%0.07

Whole brain

Brain region Mean weight mg+S.D.

Cerebellum 29117
Medulla oblongata 207x15
Hypothalamus 6610
Striatum 20314
Midbrain 182£20
Hippocampus 161+23
Cortex 824133
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Fig. 5. Effect of acceleration on brain DA & DOPAC levels. Frequency
was constant with 20 Hz for 240 min. Each group represents a mean +
S.E.M. of 4 rats. *p < 0.05(t-test).
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Fig. 6. Effect of acceleration on brain 5-HT & 5-HIAA levels. Frequency
was constant with 20 Hz for 240 min. Each group represents a mean *
S.EM. of 4 rats. *p < 0.05;**p < 0.01 (t-test).
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Fig. 7. Effect of frequency on brain NE level. Each group represents a
mean + S.EM. of 4 rats. Acceleration was constant with 0.4G for 240
min. No significant changes were observed.
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Fig. 8. Effect of frequency on brain DA & DOPAC levels. Acceleration
was constant with 0.4G for 240 min. Each group represents a mean
S.E.M. of 4 rats. No significant changes were observed.
600 ~900
@ 5-HT
ok
~
o
g
=
x
L control l600
control @
2
300 - .
3
=
:
-
b - 300
0he ] t ' L Jo
0 5 20 30

Frequency of vibration (Hz)
Fig. 9. Effect of frequency on brain 5-HT & 5-HIAA levels. Acceleration

was constant with 0.4G for 240 min. Each group represents a mean *
S.E.M. of 4 rats. *p < 0.05 (t-test).
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Fig. 10. Effect of vibration on NE levels in rat brain regions. Acceleration
was 5.0G and frequency was 20 Hz. For each region the left bars indi-
cate control and the right bars vibration exposed animals. Each group
represents a mean + S.E.M. of 4 rats. **p < 0.01;sug p < 0.10 (t-test).
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Fig. 11. Effect of vibration on DA levels in rat brain regions. Accelera-
tion was 5.0G and frequency was 20 Hz. For each region the left bars
indicate control and the right bars vibration exposed animals. Each
group represents a mean + S.E.M. of 4 rats. sugp < 0.10 (t-test).




EHREO T v FRAEET 3 L RBINOBE 125

REE 20Hz IRENNEE 5.0G 2 HRHE 240
ALY BADI v F B0 NE SBOXE
fteznFhnu BRI TR 10 KR L /2, KNS
& LTRAETHRN LI TR D» TRES
For. MTREAENLEMCHEE, A cRk#$A
HEERLTHB. .20 5 T AL OS5 5 Hypothalamus
LBV TIRBAMEETREIC KL, BohrkEd
R L1 (fERE 1 %BLUT). % 72, Hippocampus ic &
VT IRIREEEE RO ER (BREOULT) 280
pehs, ZOMOBWALCREREBED im -1,

10. 2HRBEFICKLIMNEHLO DA &

*

l' 1
3000 -

2000 -

5-HT, ng/g
T

9. LRIEHCTREBMLBEOKMERGO
DAZEBOE{LER 11 ic/R L7, DAIRNMBEEICIL,
Cortex THMER (fERE 10 ZLITF), Striatum T
B (ERE 10 %LT) 2R LK. ftho 5 8BhLic
BOTIIMBELRBHAMHLOMICIE DA SRICE

E R o R AW N

N. 2{/HEFCLIREPLO5 ~ HT S8

K2Rk d&Ldic, 28E#Hicsy, 5 - HTSR

iZid Cerebellum 3 & Of Hypothalamus TXHEE i
W URBAMBCHERT LREZDB0 1 (BRE5 %L
). Mo SEc3EELEERDEBES, -1,

1000 |
*
|’ 1 T
. =
0
Cerebellum Medulla Hypo- Striatum Midbrain Cortex Hippo-
Oblongata thalamus campus

Fig. 12. Effect of vibration on 5-HT levels in rat brain regions. Accele-
ration was 5.0G and frequency was 20 Hz. For each region the left bars
indicate control and the right bars vibration exposed animals. Each

group represents a mean = S.E.M. of 4 rats. *p < 0.05 (t-test),

Table 2-1. Correlation coefficients between plasma
corticosterone and brain NE, DA and 5-HT. Ac-
celeration was changed 0.4G, 2.0G, 5.0G under

Table 2-2. Correlation coefficients between plasma
corticosterone and brain NE, DA and 5-HT.
Frequency was changed 5Hz, 20Hz, 30Hz
under the constant acceleration of

the constant frequency of 20 Hz. N =16. 04G. N=16
NE DA 5-HT NE DA 5-HT
Correlation Correlation
) —0.63* 0.32 0.93** ) 0.42 0.27 0.58*
Coefficient Coefficient
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f£), 5.0CAMBTRIRIEECHBEHO 5.5
THhoic.

9. BEMELLSELBEOMPaILVF IR T
o ViEENERCH L, BRRSE SHe, 20Hz, 30Hz
OBRBLOICEERER (p<0.05)ZRLTWAM
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BERZBIES, OGRS 5 5 & MERNZ S -
FRFAERLE R BHoBERLET. SO THER
FAEEO ARSI EMERROTRAEREER, B
MR EICE @B L Eyed.

X 28

1) FEESR: EEEE OMNR - [E - 3R, 349 -
362 B, ®WH, MILE. 1975

2) EER - hREAE: BY, B GHRopEBELH
o5, | MR, 272 — 288 H,H5, AR & Bifret. 1970,
3) Roth, E. M., Teichner, W. G. & Graig, RLE. &
- RRR: AE-BER, AMBE Y F7Ty 7,
287 — 530 B, W, AM&Bitt. 1977.

4) MER: ABORBME. BBEN, 34, 443 -
450 (1980).

5) FLEE: s BB ARBIBERCFELY -
) -BERELARLETLHE, oW, 2BHLL
Gl B RB A O K RER TS S v Rk
hoFEScbLETBEE. AEREHRFRE. 20,
24 — 34 (1969).




SEREO T v MRNERT 2 CREADBEE 129

6) Glowinski, J. & Iversen, L. L. Regional
studies of catecholamines in the rat brain - |
J. Neurochem,, 13, 655—-669 (1966).

7) Karasawa, T., Fukuda, K. Yoshida, K. &
Shimizu, M. :
simultaneous estimation of norepinephrine,

A double column procedure for
normetanephrine, dopamine, 3 -
methoxytyramine and 5 —hydroxytryptamine in
brain tissues. Japan. ]J. Pharmacol., 25, 727 —
736 (1975).

8) Bogdanski, D. F., Pletscher, A., Brodie, B. B. &
Udenfried, S.
serotonin in brain. J. Pharmacol. exp. Ther., 117,
82—88 (1956).

9) Karasawa, T., Nakamura, I. & Shimizu, M. :
Simultaneous

Identification and assay of

microdetermination of
homovanillic acid and 5 — hydroxyindoleacetic
acid in brain using Sephadex G — 10 and QAE-
Sephadex A - 25. Life Sci, 15, 1465 — 1474
(1974).

10) Murphy, G. F., Robinson, D. & Sharman, D.
F.: The effect of tropolone on the formation of
3, 4 - dihydroxyphenylacetic acid and 4 -
hydroxy— 3 — methoxyphenylacetic acid in the
brain of the mouse. Brit. J. Pharmacol., 36, 107
-115 (1969).

11) Kagi, J.,, Burger, M. & Gieger, K.
Modifikationen zur Fluorescenzme-Hode von
Weil-Malherbe und Bone zur Bestimmung von
Adrenalin und Noradrenalin im menschlichen
Blutplasma. Naunyn Schmiederberg’s Arch.
exper. Path. Pharmacol., 230, 470~478 (1957).
12) Guillemin, R., Clayton, G. W. & Lipscomb, H.
S. : Fluorometric mesurement of rat plasma and
adrenal corticosterone concentration. J. Lab.
Clin. Med., 53, 830 - 832 (1959).

13) Dolkas, C. B..”eon, H. A. & Chackerian, M. :
Short term response of insulin, glucose, growth
hormone and corticosterone to acute vibration
in rats.

Aerospace Med., 42, 723 — 726 (1971).

14) Blivaiss, B. B., Litta-Modignani, R.
Galansino, G. & Foa, P. Endocrine and
metabolic response of dogs to whole body
vibration. Aerospace Med. 86, 1138 ~ 1144
(1965).

15) EFER - RETEF - BH4NE- BAR : &
BRI L5y +OBE - MFhIAFIRTFO Y
& NADP (H) o %&4k. B %3, 27, 347 — 352
(1972).

16) Coermann, R., Okada, A. & Frieling, L
Vegetative Riaktionen des Menschen bei
niederfrequenter Schwingungsbelastung. Int. Z.
angew. Physiol. Arbeitsphysiol., 21, 150 — 168
(1965).

17) Edwards,R. G., Mccutcheon, E. P. & Knapp, C.
F. : Cardiovascular changes produced by brief
whole-body vibration of animals. J. App.
Physiol., 32, 386 -390 (1972).

18) Grether, W. F. Vibration and human
performance. Hum. Factors, 13, 203 - 216
(1971).

19) Zenker, N. & Bernstein, D. E. : The
estimation of small amounts of corticosterone
in rat plasma. J. Biol. Chem., 231, 695 — 701
(1958).

20) Bush, L E. Species differences in
adrenocortical secretion. J. Endocrinol., 9, 95—
100 (1953).

21) Euler, U. S. V. : A
sympathomimetic ergone in adrenergic nerve
fibers (sympathin) and its

specific

relations  to
adrenaline and nor-adrenaline. Acta Physiol.
Scand., 12, 73-97 (1947).

22) Twarog, B. M. & Page, L. H. Serotonin
content of some mammalian tissues and urine
and a method for its determination. Am. J.
Physiol.,, 175, 157~ 161 (1953).

23) Weil-Marherbe, H. & Bone, A. D. : The effect
of reserpine on the intracellular distribution of
catecholamines in the brain stem of the rabbit.
J. Neurochem., 4, 251 -263 (1959).

24) Dahlstrom, A. & Fuxe, K. : Evidence for the
existence of monoamine-containing neurons in
the central nervous system. I. Demonstration of
monoamines in the cell bodies of brain stem
neurons. Acta Physiol. Scand., 62 (Suppl. 232), 6
—55 (1964).

25) Dahlstrom, A. & Fuxe, K. : Evidence for the
existence of monoamine neurons in the central
nervous system. [ . Experimentally induced
changes in the intraneuronal amine levels of



130 =)

bulbo-spinal neuron systems. Acta Physiol.
Scand., 64 (Suppl. 247), 7—85 (1965).
26) RBEE : B >FOE(E. BRFERES, 7.
1009 — 1020 (1977).
27) Thoa, N. B., Tizabi, Y. & Jacobowiz, D. M. :
The effect of isolation on catecholamine
concentration and turnover in discrete areas of
the rat brain. Brain Res., 131, 259—269 (1977).
28) Palcovits, M., Kobayashi, R. M. & Kizer, J. S.
Effects of stress on catecholamines and
tyrosine hydroxylase activity of individual
hypothalamic nuclei. Neuroendocrinol., 18, 144
~-153 (1975).
29) Nabeshima, T, Yamaguchi, K., Yuge, M. &
Kameyama, T. : Changes of brain monoamines
in mice exposed to high temperature and
humidity. Japan. J. Pharmacol. 27, 123 (1975).
30) Lee, C. H., Morita, A., Saito, H. & Takagi, K. :
Changes in catecholamine levels of mouse brain
during oscillation-stress. Chem. Pharm. Bull. 21,
2768—2770 (1973).
31) Dixit, B. M. & Buckley, J. P. :
hydroxytryptamine and

Brain 5-—
anterior  pituitary
activation by stress. Neuroendocrinol. 4, 32 -
41 (1969).

32) Bliss, E. L., Ailion, J. & Zwanziger, J.
Metabolism of norepinephrine, serotonin and
dopamine in rat brain with stress. J. Pharmacol.
exp. Therap. 164, 122134 (1968).

33) Weiss, J. M., Glazer, H. I. & Pohorecky, L. A.
: Effects of chronic exposure to stressors on
avoidance-escape behavior and on brain
norepinephrine. Psychosom. Med., 37,522 — 534
(1975).

34) Ritter, S. & Pelzer, N. L. : Magnitude of
stress-induced brain norepinephrine depletion
varies with age. Brain Res., 152, 170 — 175
(1978).

35) Ishikawa, M., Shimada, S. & Tanaka, C. :
Histochemical mapping of catecholamine
neurons and fiber pathways in the pontine
tegmetum of the dog. Brain Res., 86, 1 — 16

#

(1975).
36) Krieger, H. P. & Krieger, D. T. : Chemical
stimulation of the brain effect on adrenal
corticoid release. Am. J. Physiol, 218, 1632 -
1641 (1970).

37) Fadda, F., Argiolas, A, Melis, M. R., Tissari,
A. H, Onali, P. L. & Gessa, G. L.

induced

Stress-
increase in 3. 4 -
dihydroxyphenylacetic acid (DOPAC) levels in
the cerebral cortex and in N. accumbens. :
reversal by diazepam. Life Sci., 23, 2219 - 2224
(1978).

38) Valzelli, L. & Garattini, S.
and behavioral changes induced by isolation in
rats. Neuropharm., 11, 17 — 22 (1972).

39) Takagi, H. & Kuruma, L. : Effect of bacterial
lipopolysaccharide on the content of serotonin

Biochemical

and norepinephrine in rabbit brain. Japan, J.
Pharmacol., 16, 478 —479 (1966).

40) FAHESR: BHOARICRETEECO>VT, E]
&, ANEIC BT AR OEEBERE SRRSOV T
DEPIL I RS BT 5 BRIV, LHEE
#d, 17,1 — 18 (1958).

41) Kumeda, H., Uchimura, H., Kawabata, T,
Maeda, Y., Okamoto, O., Kawa, A. & Kanehisa, T.
: Role of brain noradrenaline in the regulation
of  pituitary-adrenocortical functions. J.
Endocrinol., 62, 161 —162 (1974).

42) Van Loon, G. R., Scapagnini, U., Moberg, G.
P. & Ganong, W. F.
adrenergic neural inhibition of ACTH secretion
in the rat. Endocrinol., 89, 1464~ 1469 (1971).
43) Abe, K. & Hiroshige, T. : Changes in plasma
corticosterone and hypothalamic CRF levels

Evidence for central

following intraventricular injection or drug-
induced changes of brain biogenic amines in
the rat. Neuroendocrinol., 14, 195~-211 (1974).
44) Rastogi, R. B. & Singhal, R. L
Adrenocorticoids control 5—hydroxytriptamine
metabolism in rat brain. Neural Transmis., 42,
63—-71(1978).




EHIRED T v MENEKRT L RBAOE 131

Effects of Whole Body Vibration on Brain Biogenic Amines in Rats. Makoto Ariizumi,
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Abstract

To investigate the effects of whole body vibration on Central Nervous System, the rats were
exposed to various whole body vibration and examined for the change of levels of brain biogenic
amines and their metabolites, Norepinephrine (NE), Dopamine (DA), Serotonin (5-HT), 3, 4-
dihydroxyphenylacetic acid (DOPAC), and 5-hydroxyindoleacetic acid (5-HIAA) in whole brain
or regional brain. Plasma corticosterone levels were also measured and analyzed, in relation to
brain biogenic amines above-mentioned. The results obtained were as follows ;
1. Plasma corticosterone levels were elevated as the acceleration increased from 0.4G to 5.0G,
2. As the vibration frequency was changed from 5Hz to 30Hz, plasma corticosterone levels were
significantly elevated (p<0.05) but approximately the same grade of elevation in each frequency.
3. Brain NE decreased significantly (p<0.05) at 5.0G with 20Hz and the decrease was observed
in Hypothalamus (p<0.01) and Hippocampus (p<0.10). DA level was not affected by increased
acceleration, but DOPAC level was significantly elevated at 5.0G (p<0.05). The levels of 5-HT
and 5-HIAA were significantly elevated as the acceleration increased from 0.4G to 5.0G, and the
increase of 5-HT was observed in both of Hypothalamus and Cerebellum,
4. Concerning the change of vibration frequency, only 5-HT and 5-HIAA levels of brain biogenic
amines above-mentioned were significantly elevated at the frequency of 20Hz (p<0.05).
5. In increasing the acceleration, the correlations between brain NE and plasma corticosterone
levels (r=—0.63, p<0.05), and between brain 5-HT and plasma corticosterone levels (r=0,93, p<
0.01) were significant,
6. It was suggested in exposing the rat whole body to acceleration that the roles of brain NE and
S5-HT (especially in Hypothalamus) were competitive.



