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The fundamenta]

have heen Investigated largely because the latte
provide a model system for the more highly organ

(2) a continuous supply of materia] may be pro-
duced under rigorously controlled conditions at
low cost; and (3) since all cells treated are of the
Same type, it is possible to apply specific tests of cel-
lular activity to the entre population. The limita-
tions of such experimental materia] a5 model sys-
tems for mammalian Structures seem to be less
widely appreciated. It must, however, be recog-
nized that significant differences exist between the
situations where cells are irradiated in suspension.
and in more highly organized structural arrange-
ments. Cells in suspension may be heated to a
much lesser degree than are cells in tissue, owing

Stress to which they are subjected, while cells in tis.

Sue are more constrained by the established archi.

tecture. Further, cells in suspension are free to
Stream out of the high mntensity region of the field,
dpending upon the sample container size and
shape. Thus considerable caution must be exer-
cized in the reporting of results of investigations of
these model systems and the ensuing interpreta-

interactions between the
acoustic field parameters ang cells in suspension

I  tions listed abdve.
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tions (and extrapolations) relative to mammalian
systems must take account of the kinds of limita-

- Nevertheless considerable attention has been
1zed animals; for example, mammals which are 1 i

kHz, 1.5 W/cm? for 60 seconds show gross damage

8

under electron microscopy (4). The high particle

acceleration forces associated with the sound wave

are considered important, though the type of
S=tonsiaere

damage reported is typical of cavitation damage.

The death of mouse lymphoma cells has been cor-
related with cavitation activity ar | MHz using a
technique of container rotation (5). Microstream.
Ing_about stable bubbles was suggested as the

mechanism of breakage. Two reviewers, (1, 6)
NM
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while noting some claims for noncavitating mecha-
nisms, conclude that most recorded effects are due
to cavitation. Comparatively few studies have been

aimed ‘at determining whether _damage can_be

produced in the absence of cavitation. The effects
of sound at 400, 700 and 1,000 kHz on erythro-
cytes and plant cells have been studied using 2
standing wave system (7) where haemolysis and
cavitation showed maximum activity at the pres-
sure antinodes. Degassing the solutions of erythro-
cytes, or increasing the pressure on them, reduced
damage and also cavitation. The work on plants
_ showed an effect which appeared first at the pres-
sure nodes in a degassed solution. Degassed sus-
pensions of erythrocytes have been irradiated over
the frequency range 1-6 MHz with an unfocused
field at intensities of hundreds of watts per square
centimeter using millisecond pulses, Mark; space
ratio of a 1:1000 for 5 minutes (8). It was found
necessary to raise the temperature of the cells to
the range 45° - 55° C. in_order for membrane
breakage and haemoglobin release to occur. More
recently it has been shown that cells matntained at
49° C. for 10 minutes spontaneously shed micro-
spheres and release 1 - 2 percent of their haemo-
globin into solution, while at 56° C. half the haemo-
globin is released into solution in 10 minutes (9).
An expression derived for the unidirectional stress
produced by microstreaming on the surface of the
cell, which was assumed to be a_rigid _sphere,
showed the forces to be independent of frequency
above 3.5 MHz. in_fair agreement with the experi-
mental results (8). Chemical tests for the presence
of cavitation were performed and it was found that
350 W/cm? were required to give a positive result.
The treating intensities were seldom higher than
950 W/cm?. A search for cavitation bubbles using
ultrasonic absorption failed to detect any. If the
cavitation threshold continues to rise, in the neigh-
borhood of 6 MHz at the high rate at which it is
known to increase in the vicinity of 1 MHz (10),
then the frequency dependence of cavitation lysis
would be expected to be considerably different
from that observed.

At least one report (11) seems to show that cavi-
tation, and thermal processes, do not account for
the observed effects on rotifers. Here, very high
frequency sound, 200 - 600 MHz, was employed at
extremely low intensities, 10-3 W/cm?2, with the
observed affect occurring at the discrete frequen-
cies of 270 MHz and 510 MHz. As these frequen-
cies are nearly harmonically related, a resonance

phenomena is suggested, though no other studies
are available to support this contention.

Since streaming motions of subcellular particles
were reported by early workers ( 19-14), it was Inev-
{Table that this mechanism would be considered as
The cause of monthermal, noncavitational, damage.
Uniditectional forces as a possible Thechanism have
Been strongly mmplicated in studies involving intra-
Cellular motions and rotations of cell contents,
Tany of which are explainable in terms of radia-
fion pressure and acoustic_streaming (15).. The
motions have been produced by applying needle-
like probes with rounded tips of dimensions no
greater than the smallest radius of curvature of the
cell to the cell surface and driving them ultrason-
ically at 25 and 85 kHz. In one such study (16) uti-
lizing eggs of sea urchins, clams, and starfish (using
the 85 kHz probe) reported rotations and move-
ments of the nucleolus within the nucleus and
pinching off of smaller bodies from the nucleolus
leading sometimes to disintegration_of the whole
nudleolus into a large number of small bodies. In
plant cells chloroplasts can be released from the
cytoplasmic structure and circulate freely in the
vacuoles.

Some observations of the biological response of
cells to these motions have been made. Changes
have been observed in the growth pattern in moss
cells derived from single treated apical cells (17).
Changes in the caldum permeability of muscle
cells have been reported (18). Irradiation of ferti-
lized Arbacia eggs interferes with the normal
course of cell division (19). If treatment is begun
sometime in the first mitotic cycle the first cleavage
is delayed and may be abnormal. The magnitude
of the delay and degree of abnormality depend on
sonic amplitude, time after fertilization, and dura-
tion of treatment. If only one of the daughter cells
is treated in the second mitotic cycle, cleavage of
the treated cell occurs later than that of the un-
treated cell. It is to be hoped that more sophisticat-
ed biological tests will be performed with these sys-
tems producing unidirectional stresses in cells so
that impairment of biological function can be asso-
ciated with degrees of structural change in the
cells. ’ :

Microstreaming about bubbles and cylinders
resonant at 20 kKHz has been shown to be capable
of breaking erythrocyte membranes and_causing
DNA back-bone scission (3, 9, 20, 21). It has been




ugeested (15) that since small scale nonuniformi-
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S must exist in the sound field 1o produce uni-
, tional stresses, small oas bubbles would he
W ticularly effective in producing the local period-
B¢ volume changes necessary to _produce mem-
Uriie vibration in_tssue. '
Evidence exists to support the view that uni-
kdirectional streaming contributes to damage in ir-
idiated plants (1), viz., the chloroplasts of fern
sedted for 5-10 minutes at 9 W/em?2 lose starch
woles, become ovoid in shape and agglutimat-
It is believed that the rapid and pronounced
langes induced immediately in the physioco-
emical state of the cell contents are partially
g scd by an enhancement of the activity of certain
[i7ymes due to loosening of the submicroscopic
pructures of the chloroplasts.

f Inamore recent study (23), an amoeba possess-
g many features typical of higher order animal
swas irradiated with 1 MHz ultrasound while
pended in ordinary growth medium and in
owth medium with increased VISCosity. The ul-
ifisoni(’ally produced cavitation was monitored

‘e-ly n iid a strong correlation found between the num-
: % of discrete cavitation events occurring and the
sponse o caease n_cell numbers, on treating The susoen

lons ar 515 W/em2 for 10 minutes. Evidence was
5o found such that a noncavitational contribution
Qo cell death could not be ruled out, Increasing the
iscosity of the suspension by the addition of 0.5
ent Methocel (to the 1- percent mycological
jcptone). produced a situation wherein transient
tion was suppressed, as well as, cell damage.
ispending cells in a gel, so that cavitation would
suppressed and the cells less free to move out of
¢ field, produces conditions more comparable

th irradiation in tissue. Moause, lymphoma_cells.

ve been irradiated in a gel for 5 minutes at 15 W/
2 without significant ill effects (24). The tem per-~

[cchnique may be used at greater sound intensities.
Alleged mutagenic effects of ultrasound under-
ndably produce extreme concern among those
he medical profession who find it of importance
use this agent in the treatment of human disor-
icrs. However, the published literature is virtually
devoid of reports of an alarming nature. The abili-
f ultrasound to interact with the genetic appa-
1S seems to be restricted largely to plant cells.
ven here it is considered to be a very inefficient
utagenic agent (25-27)/, indeed if it can at all be
cld responsible for the meagre results reported.
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Ultrasound can produce chromosomal aberra-
tions, but at such high intensities that the treated

material does not survive. Further, the mutagenic -

responses illicited appear to be lethal as the inherit-
ed characteristics are passed on to at most one gen-
eration.

Thus, the recent reports (28) of chromosomal
aberrations produced among human blood cul-
tures exposed to ultrasound from a fetal heart de-
tector need not have attracted wide spread atten-
tion because other explanations (29) for these find-
ings are quite likely and because these results, in
themselves, do not presage pernicious effects of
clinical ultrasound. Further, it must be pointed out
again (30) itis an important piece of data that phy-
sicians using ultrasonic instrumentation have not
reported undesirable effects resulting from their
clinical practice.
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