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INTRODUCTION

The use of anima models to investigate the
effects of low frequency noise (LFN) (5500 Hz,
including infrasound) on the respiratory system
has been ongoing since 1992. The motivation for
these studies has been a LFN-induced pathol ogy
designated as vibroacoustic disease (VAD)3.

In VAD, a systemic, extra-aural pathology
caused by long-term exposure to LFNY3, early
signsinclude repeated oropharynx infectionsand
bronchitis (in smokers and non-smokers alike)?.
Although these may be aggravated by the altera-
tionsin the immune system, there is evidence to
suggest that other mechanisms may be at play,
especialy given the intense and irreversible cel-
lular changes observed in the trachea of LFN
exposed rodents, and briefly described above.

The involvement of the respiratory system in
VAD and in LFN-exposed workers (smokersand
non-smokers alike) has already been demons-
trated*’, and with the data collected to date from
LFN-exposed anima models, some of

the human pathology has aready been par-
tially explained®6&10,

Previous studies of the tracheae of LFN-ex-

posed Wistar rats showed that the respiratory
brush cell (BC) had an extraordinary response to
the presence of LFN: itsmicrovilli fuse, forming
acentral indentation which, with time, continues
deepening until the cell eventually dies".

The goal of this paper is to describe the mor-
phologica changes observed in the parenchyma
and alveoli of LFN-exposed Wistar rats, and in
particular, the BC.

METHODS
Noise exposure

A sound signal was generated by a digital
noise generator, amplified and frequency filtered.
Fig. 1 shows the overall linear and A-weighted
noise levels, as well as the spectral analysis of
the excitation signal collected at the position near
the rat test group inside the chamber. The resul-
tant acoustic energy was predominantly <500 Hz,
with dBA levels at 85 and dBLin levels at 108.
(Fig. 1). Sound pressure levels (in dBA and
dBLin) were measured with amodular precision
sound level meter (Bruel & Kjaer, 2231, Den-
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Fig. 1 — Frequency distribution of the acoustic environment of the exposed rat population. Acoustic energy is predomi-
nantly within the lower frequency range (<500Hz). Average levels: 108 dB,, (dBL), 85 dBA.
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mark). Frequency spectrawere obtained using a
real-time frequency analyzer (Hewlett Packard,
3569 A, USA) in 1/3 octave frequency bands
(from 6.3 Hz to 20000 HZz). Microphone calibra-
tion was achieved with a 250 Hz pistonphone
(Bruel & Kjaer, 4228, Denmark) to asound pres-
sure level of 124 dB re: 20 pPa.

Animals

Ten Wistar rats were continuously exposed to
LFN for atotal of 2160 hours, after which they
spent one week in silence before sacrifice (to at-
tenuate the effects of edema). Ten age-matched
rats living in continuous silence were used as
controls. Rodents were obtained from a local
breeder (Portuguese Institute of Oncology, Lis-
bon, Portugal), had unrestrained access to water,
and were treated in accordance with the Euro-
pean Commission on Animal Protection for Ex-
perimental and Scientific Purposes (86/609/CE).

Lung fragmentswere excised and prepared for
light microscopy, and scanning (SEM) electron
mi croscopy.

Microscopy

The animals were sacrificed by a lethal in-
travenous injection of sodium-pentobarbital
(40mg « kg™ BW) and the tracheawasdivided in
two along the saggital line. The specimens for
light microscopy were formalin-fixed, para-
ffin-embedded, and stained with hematoxyli-
neosin, and fucsin-rhesorcin.

The specimens for electron microscopy were
placed in a solution of 3% gluteraldehydein 0.1
M phosphate buffer, pH 7.2 and then washed with
several changes of 5% sucrose in 0.1 M phos-
phate buffer, pH 7.2, for ultrastructural studies.

Specimens for scanning electron microscopy
(SEM) were dehydrated, critical point-dried and
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coated with gold-palladium. Examination with
the electron microscope (JEOL JSM-35C, Japan)
was performed at an accelerating voltage of 15kV.

RESULTS
Parenchyma

In the non-exposed, alveolar walls were thin,
and wall structurewaswell defined (Fig. 2). Ho-
wever inthe LFN-exposed, wallswerethickened and
wall structure was almost effaced (Fig. 3). Nu-
merous macrophages were found in the non-ex-
posed specimens (Fig. 4), but were not so fre-
guent in the LFN-exposed. Both vein and artery
walls were thickened. Artery intima were thi-
ckened and both internal and external elastic lami-
nae exhibit disruptions. This feature was first
observed in the autopsy of a VAD patient de-
ceased in 1987, in large and small arteries and
veins?, and has since been observed in
L FN-exposed Wistar rats'.

Theamount of type |l pneumocytesincreased
in the exposed rats, while type | pneumocytes
amost vanished. In the non-exposed, type Il
pneumocyte microvilli covered the entire surface
of the cell open to the airway, without gaps, and
all sprouted in the same genera direction (Fig. 5).
In LFN-exposed rodents, pneumocyte type Il mi-
crovilli appeared decreased in number, interspersed
with gaps, and with various sprouting directions
(Fig. 6). On the surface of type Il pneumocytes,
unidentified black holes erupting to the hypophase
were visible in both non-exposed and exposed al-
beit less frequently in the latter (Figs. 5, 6). This
feature went initially unnoticed because of the
extraordinary increase in the number of type Il
pneumocytes in exposed rodents. The frequency
of black holesper typell pneumocyteisdecreased
inexposed. But given theincreased number of type
Il pneumocytes, the number of black holes per
alveollusisnot visibly altered.
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Fig. 2— Lung Parenchyma Structure — control rat. Wallsare ~ Fig. 3— Lung Parenchyma Structure — exposed rat. Walls are
thin, and details of wall structute are visible. thickned and details of wall structute are not as ob-
vious asin controls.

Fig. 4— Lung Parenchyma Structure — control rat.Two  Fig.5— Type Il Pneumocyte — control rat. Microvilli are
macrophages are partialy visible. evenely distributed over the surface of the cell and
their sprouting directionsaresimilar. The“black hole”
is not an artifact as was observed in numerous mi-
crographs.
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Fig. 6 — Typell Pneumocyte—exposed rat. Microvilli are
disorganized. They are no longer evenely distri-
buted over the surface of the cell, and sprouting
directions are not uniform. The “black hole” are
till very evident.

The alveolar brush cdll

Two distinct types of BCs can befound in the
alveali: the externa BC which has its body ex-
ternal totheaveolar wall (Fig. 7), and theinters-
titial BC which has its body embedded within
the alveolar wall (Fig. 9). Although still featu-
ring an apical surface covered by microvilli, the
body of the external BC, protruding from the al-
veolar wall, is connected by powerful external
anchorage structures. The characteristic tuft of
microvilli is aso seen on the apical surface of
the interstitial BC. In non-exposed, the amount
of external BCsisapproximately the same asthat
of interstitial BCs. In relation to the pleura, BCs
are more numerous in the distal alveoli than in
the proximal alveoli, as previously observed 14
in the non-exposed rodents, BC microvilli are
frequently seen resting upon type |l pneumocyte
cells (Fig. 7). Thisis also seen in the LFN-ex-
posed but additional external BCs with no ap-
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Fig. 7— External BC —control rat. BC isresting
upon atype Il pneumocyte. BC micro-
villi are evenly distributed and can be
individually identifiable.

parent relationship to pneumocytes are distin-
guishable aswell (Fig. 8). In exposed, groups of
3 or 4 external and interstitial BCs bunched to-
gether can be observed. No such gatherings are
found in the non-exposed. In many micrographs,
the wall of the external BC body seems more
convoluted than in non-exposed.

In the LFN-exposed specimens both external
andinterstitial BC microvilli have fused together
and seem to spread outward forming a central
indentation (Figs. 8, 10). Thisis similar to what
was observed in the tracheal and bronchial BCs™.

DISCUSSION

Past studies investigating L FN-induced le-
sions on rat respiratory epitelia used an occupa-
tional scheduleto present the acoustics stimulus,
i.e., theanimalswere exposedto LFN for 8 hours/
day, 5 days/week and spent weekendsin silence.
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Fig. 8— Externa BC — control rat. BC microvilli are fused.
The outer of the BC appears disorganized and under
extreme stress.

Fig. 10 — Interstitial BC — exposed rat. BC microvilli are no
longer evenely distributed and microvilli appear
fused. The body-like appearance of the BC is not
the abnormal structure of the alveolar wall.
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Fig. 9 — Interstitial BC —control rat. Two BC are resting
upon a pneumocyte. BC microvilli are indivi-
dually identifiable and are evenely distributed
over the apical surface of the cells.

In this study, continuous exposure was chosen
because it simulates other work environments,
such as onboard ships, on ail rigs, or in space,
where no external damping existsand al life sup-
port systems are sources of LFN. On the other
hand, urban and suburban LFN can also be sig-
nificant sources of exposure. For example, if the
residential unit islocated near high volumeroads
or highways, near subway or bus stations, the
exposure to LFN may be constant while in the
home, albeit at alower amplitude.

Thickened artery intima and disrupted inter-
nal and external elasticlaminaewasfirst observed
intheautopsy of aVVAD patient deceased in 1987,
in large and small arteries and veins *?, and has
since been observed in LFN-exposed Wistar rats
13, The structural changes with increased thi-
ckening corresponde to the fibrosis already ob-
served in previous LFN-exposed animal stu-
dies®*t and human®*?studies. Similarly, effaced
structures as well as cellular de-differentiation
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have a so been observed in previous studies™. The
decreasein macrophages was expected given the
acceleration of the cellular life-cycles, and the
extraordinary amount of cellular death, already
observed in both the human lung*¢ and pericar-
dium'”1® of VAD patients. This feature requires
further inquiry.

Decreased amounts of type | pneumocytesis
a known and expected situation since other pul-
monary stress situations elicit this response.
However, here there is a ssmultaneous dramatic
increase in type Il pneumocytes and BCs.

Although the function of the respiratory BC
isstill unknown, some studies suggest that it func-
tions as a neuropeptide modulator'®%, The black
holes cannot be considered artifacts since they
were very frequent, and were reported in other
literature'.

In conclusion, the evidence presented herein
attests the deleterious effect of LFN on the pa-
renchymaof rats, and the urgent need to monitor
workers who must remain in LFN-rich environ-
ments for extended periods of time.
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