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Effects of low- and high-frequency local vibration on
the occurrence of intimal thickening of the peripheral

arteries of rats

by Ryoichi Inaba, DMedSc, Toshio Furuno, DMedSc, Akira Okada, DMedSc’

INABA R, FURUNO T, OKADA A. Effects of low- and high-frequency local vibration on the occur-
rence of intimal thickening of the peripheral arteries of rats. Scand J Work Environ Health 14 (1988)
312—316. Rats were exposed to local vibration in a study of the differences in the effects between low
and high frequencies of vibration on the vessel wall of peripheral arteries. The vibration was delivered
at frequencies of 30 and 480 Hz under a constant acceleration of 5g. The duration of the vibration ex-
posure was 30 d. The changes in the arteries were studied pathohistologically and hematologically. Three
of the five rats exposed to 30 Hz and three of the five rats exposed to 480 Hz showed disruption of the
internal elastic lamina. The disruption was followed by focal cell proliferation with regenerative forma-
tion of collagen and elastic fibers. The vascular changes observed after vibration exposure could not be
explained by changes in plasma lipid concentrations. These results suggest that not only low frequencies
of vibration, but also high frequencies have harmful effects on the intima of small arteries.
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Prolonged exposure to hand-arm vibration produces
Raynaud’s phenomenon, which is one of the main
symptoms of the vibration syndrome. The mechanism
leading to Raynaud’s phenomenon in vibration syn-
drome is not yet well understood. So far, conclusive
evidence for this mechanism is lacking.

Some investigators (2, 5, 9) have reported histolog-
ical changes in the peripheral arteries of workers who
had used vibrating tools and had experienced Ray-
naud’s phenomenon. It is necessary, however, to ascer-
tain experimentally whether or not these changes are
specific to exposure to local vibration. Recently, we
(7) demonstrated experimentally the occurrence of in-
timal thickening in peripheral arteries of rats after
90 d of exposure to local vibration (60 Hz). It is also
important in the investigation of vibration hazards to
determine the frequencies which may have serious ef-
fects on the arteries. The purpose of the present study
was to determine the differences in the effects of low
and high frequencies of vibration on the occurrence
of intimal thickening in the peripheral arteries of rats
after 30 d of exposure to local vibration.

Material and methods

Twenty-one male Wistar rats, initially weighing 230—
250 g, were used in groups of five or six.
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The apparatus used to induce vibration comprised
an electromagnetic shaker (Emic 513-A) with a shak-
ing power of 7.5 kg (vibration frequency range 5-5000
Hz) coupled to an amplifier (Tachikawa TA-100), a
function oscillator (Torio AG202), and a vibration
meter (Emic 505-D).

The animals were placed prone in individual mesh
cages. Their hind legs were outside the cage, and the
plantar surfaces were horizontally fixed to the vibrat-
ing plate by means of double-sided adhesive tape so
that the vibration would be transmitted only to the hind
legs. The part of the cage containing the rest of the
animal was fixed on a nonvibrating plate separated
from the shaker. The hind legs of the rats were exposed
to vertical sinusoidal vibration with frequencies of
30 Hz and 480 Hz under a constant acceleration of 5g.
The duration of exposure was 4 h/d for 30 d. The con-
trol animals for each experiment were also placed in
the same position as the exposed animals in wire mesh
cages, which were placed near the electromagnetic
shaker during the exposure experiment 4 h/d for 30 d
so that any noise produced would be experienced but
not the vibration.

Before the experiments the rats were trained for one
week to ride on the vibrating platform.

The temperature in the laboratory room was kept
at 18 to 22°C and a 12-h ““light-dark’’ cycle was main-
tained in the animal room. Food and water were
provided freely each day before and after the period
of vibration.

Eighteen hours after the last exposure, blood was
collected into heparinized tubes after the rats were
decapitated. The blood was used for measuring the
whole blood viscosity, hematocrit, and plasma lipid
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Figure 1. Small artery of the hind leg of a rat after exposure to local vibration (30 Hz, 5g), 4 h/d for 30 d. [Elastica-Van Gieson

stain; magnification: upper figure 330x, lower figure 550x].

components [total cholesterol, high density lipoprotein
(HDL) cholesterol, and lipoperoxide].

For the microscopic examination, cross-sections of
the foot, 1.5 cm peripheral from the ankle, were ob-
tained and were stained with hematoxylin-eosin and
elastica-Van Gieson.

Whole blood viscosity was measured with a Wells-
Brookfield cone plate microviscometer (model LVT)
at 37°C at two shear rates, 115 and 230 s

The plasma concentrations of total cholesterol and
HDL cholesterol were measured by enzymatic
methods; the plasma concentrations of lipoperoxide
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were determined with the fluorometric method devel-
oped by Yagi (11).

The statistical significance of the results was tested
with Student’s t-test.

Figure 2. Normal small artery of the hind leg of a control rat.
(Elastica-Van Gieson stain; magnification 330x).

Results

After 30 d of exposure, almost the same histological
changes were observed in the small arteries at the ex-
posed site in three of five rats exposed to 30 Hz and
in three of five rats exposed to 480 Hz. The changes
were observed only in the intima. Namely, neither the
media nor the adventitia showed any histological
change. Figure 1 shows the histological changes in the
artery of the hind leg of a rat after exposure to 30 Hz
for 30 d; disruption of internal elastic lamina and
focal cell proliferation with formation of collagen and
elastic fibers can be observed. These alterations were
not observed in the rats of the control groups (fig-
ure 2).

Table 1 shows the effects of local vibration exposure
on the whole blood viscosity measured at shear rates
of 115 and 230 s! and on the hematocrit level. There
were no significant differences in the levels of whole
blood viscosity or hematocrit between the controls and
the exposed groups at any frequency of exposure.

Table 2 shows the effects of local vibration exposure
on the plasma lipid concentrations. There were no sig-
nificant differences in the plasma concentrations of to-
tal cholesterol, HDL cholesterol or lipoperoxide be-
tween the controls and the exposed groups at any fre-
quency of exposure.

Discussion

Takeuchi & Imanishi (9) reported that intimal thick-
ening was observed in skin biopsies of the fingers of

Table 1. Whole blood viscosity, measured at shear rates of 115 and 230 s, and hematocrit levels of rats whose hind legs were
exposed to vibration (30 or 480 Hz) for 4 h/d for 30 d and of their controls.

Whole blood viscosity

Hematocrit
Exposure group Number Shear rate 115 s Shear rate 230 s (%)
Mean Se Mean SE Mean SE

30 Hz

Control rats 6 4.55 0.18 3.89 0.12 42.1 0.3

Vibration-exposed rats 5 4.72 0.22 3.95 0.14 42.7 0.8
480 Hz

Control rats 5 5.04 0.26 4.35 0.19 40.5 0.5

Vibration-exposed rats 5 4.67 0.20 4.09 0.16 41.0 0.8

Table 2. Plasma lipid concentrations of rats whose hind legs were exposed to vibration (30 or 480 Hz) for 4 h/d for 30 d and

of their controls.

High density ) )
Total cholesterol lipoprotein Lipoperoxide
/dl cholesterol nmol/ml
Exposure group Number (mg/d) (mardl ( )
Mean SE Mean SE Mean SE
30 Hz
Control rats 6 55.7 37 33.0 20 3.42 0.27
Vibration-exposed rats 5 60.6 43 33.8 23 3.70 0.22
480 Hz
Control rats 5 52.8 23 25.3 1.4 2.85 0.11
Vibration-exposed rats 5 53.8 3.0 25.0 18 2.96 0.11
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only a few workers who used vibrating tools and who
also experienced Raynaud’s phenomenon. On the other
hand, Ashe & Williams (2) reported that vibration-
exposed workers with intimal thickening in skin biop-
sies suffered from a more severe degree of Raynaud’s
phenomenon than those without intimal thickening.
In the present study, we found that vibration exposure
for only 30 d produced intimal thickening in the small
arteries of the hind legs of rats. Therefore, the data
from the present study suggest that there is some rela-
tion between intimal thickening in small arteries and
attacks of Raynaud’s phenomenon. In addition, our
results support the theory proposed by Ashe & Wil-
liams (2) that intimal thickening is related to the severi-
ty of the attack.

In our experiment, the total cholesterol, HDL
cholesterol and lipoperoxide concentrations in plasma,
which are considered to be related to atherosclerosis
(12), were not significantly different between the ex-
posed and control groups at the two frequencies of
vibration studied. These results suggest that there may
be no relation between plasma lipid concentrations and
the intimal thickening observed after vibration ex-
posure. Therefore, we presume that the intimal thick-
enings observed in our experiment were very likely
caused by the vibration exposure, and they have no
relation to the atherosclerotic changes that are induced
by the elevation of plasma lipids.

The whole blood viscosity did not change in our ex-
periment with any frequency of vibration after 30 d
of exposure. Fujinaga (3) reported that, in workers
who used vibrating tools and experienced Raynaud’s
phenomenon, the whole blood viscosity was signifi-
cantly higher than that in normal workers. We (7)
previously reported that the whole blood viscosity was
significantly increased, and a complete stenosis of the
lumen of the small artery was observed after 90 d of
exposure at 60 Hz. Therefore, there may be some re-
lation between the increase in whole blood viscosity
and the duration of vibration exposure and/or between
the increase in whole blood viscosity and the severity
of intimal thickening.

It is important to clarify the role of vibration fre-
quency in the pathogenesis of vibration hazards. Earli-
er we (7) observed no histological change in the inti-
ma of the small arteries after 30 d of exposure at
60 Hz, 5g. However, in our present experiment, we
found that intimal thickening in the small arteries of
rats was induced by exposure not only to 30 Hz, which
is a lower frequency than 60 Hz, but also to 480 Hz,
which is a higher frequency than 60 Hz. These results
suggest that considerably lower frequencies, as well as
higher frequencies, of vibration can cause intimal
thickening of small arteries. In addition, as has already
been described, we (7) reported that intimal thicken-
ing in the small arteries was observed after 90 d of ex-
posure at 60 Hz, 5g. Therefore, effects of exposure
to 30 Hz and 480 Hz on the arterial intima were in-

duced by a shorter period of exposure than those
produced by 60 Hz.

Hunter et al (6) reported that Raynaud’s phenome-
non occurred the most frequently among workers us-
ing vibrating tools with a frequency range of 33—
50 Hz. Agate & Druett (1) have suggested that the fre-
quency range of 40—125 Hz is possibly the most
hazardous in the genesis of Raynaud’s phenomenon.
On the other hand, Gerbis et al (4) considered the fre-
quency range from 280 to 600 Hz as the most danger-
ous. Therefore, our present study and past studies
(1, 4, 7) indicate that not only low frequencies, but
also high frequencies of vibration can be potential etio-
logic factors for the occurrence of Raynaud’s phe-
nomenon.

Ross et al (8) reported that repetitive injury to the
endothelium is important in the production of intimal
thickening. Therefore, from our present results, one
can assume that repetitive vibration exposure causes
endothelial damage. Recently, Vanhoutte (10) pro-
posed a new hypothesis stating that endothelial cells
play a major role in the vasodilatation evoked by a
number of neurohumoral substances, such as acethyl-
choline, substance P, catecholamines, etc. According
to this hypothesis, the absence or dysfunction of the
endothelium would favor the occurrence of abnormal
vasoconstriction (vasospasm). We assume from this
hypothesis that the dysfunction of vasodilation based
on the endothelial damage caused by vibration ex-
posure may one be of the etiologic factors of the oc-
currence of Raynaud’s phenomenon in vibration syn-
drome.
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