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SUMMARY

Ultrasound has become an increasingly useful tool to the
physician. One of the reasons for this is the supposed safety with
which non-invasive data can be obtained. Although current publications
indicate that no harmful effects exist, only gross measurements have
been made. No effects on embryonic development have been studied.

This study investigated the possible harmful effects of pulsed
diagnostic ultrasound (under 50 mw/cmz) on developing chick embryos. A
2.0 MHz transducer and a commercially available clinical ultrasound
diagnostic unit were used. Two studies were performed.

In the first experiment fertile White Leghorn eggs were incubated
for two days, insonated at one of two intensities (15 mW/cmZ or
49 mw/cmz) for three minutes through the shell and allowed to incubate
for two more days before analysis. Using the total number of somite
pairs as a growth indicator, the insonated embryos showed a small but
consistent growth retardation when compared with controls which had
been subjected to a dummy transducer. This experiment was repeated a
total of six times with similar results.

In the second study fertile eggs were treated as before except
that they were allowed to develop in the incubator until they were four,
eight, or twelve days old. These embryos were then dissected and the
brain and trunk regions were assayed separately for total RNA, DNA, and
protein content. The results indicated that by eight days the brains

showed a measurable decrease in total protein content.
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Although the statistical significances were not extremely large
due to the high degree of variability of the embryos, the consistency
of these results clearly indicate some effect due to ultrasound in the

diagnostic range. Only further study can determine if these effects

are biologically significant.



CHAPTER I

INTRODUCTION

Background

Ultrasound has become an increasingly useful tool to the
physician. In recent years, it has entered into virtually all areas
of treatment and diagnosis [1-7]. One of the reasons for this is the
supposed safety with which non-invasive data can be obtained, as
opposed to ionizing radiation, such as x-rays, the harmful effects of
which are now known.

Ultrasound is usually considered to be the range above human
hearing, about 20,000 Hz. In diagnostic work today, the range is
commonly between 1 and 10 MHz. It has been shown that high intensities
(1-15 W/cm?) can produce biological alterations [8-16].

Of particular interest, however, are the low level intensities
(1-50 mN/cmz) which are being widely used today, especially in pulsed
ultrasound, where each pulse may have a peak intensity of 1 W/cmé or
more. However, since these peaks are only one microsecond in duration,
followed by long periods of inaction (one millisecond or more), the
time-average intensity is still in the low level range.

The biological effects of ultrasound were first investigated by
Wood and Loomis in 1928 [17]. Since that time, there have been count-
less reports to show that no harm is caused at these low intensity

levels [18-30]. However, a careful examination of these reports show



that the question of safety is far from answered in the minds of the
investigators. Most of the reports investigated the safety of diag-
nostic pulsed ultrasound as used in obstetrical examinations, since
it is logical that damage would be most pronounced in a developing

embryo.

Freimanis [18], after stating that there is no present reason
to be concerned about such effects, said, "Nevertheless, it would be
quite desirable to obtain some more studies of the possible effects of
diagnostic ultrasonic radiation on the earliest stages of embryonic

and fetal development.”
Donald et al [19] said similarly

I would suggest, however, examining litters that have been
irradiated with ultrasound in utero and put through intelligence
testing subsequently, such as being made to learn and unlearn
simple tricks. Their performance would be compared with control
litters on a statistical basis ... Tet us not forget it took
forty years to find out the harmful results from ionizing
radiations. Everyone of us is exposed to a real condemnation

by history if we don't get this problem sorted out pretty
quickly.

Kohorn et al [20], after showing no change in the EEG's of
insonated newborn babies, still said, "The possibility that abnormal
electrical activity might be associated with exposure to diagnostic
ultrasound has not been investigated."

A statement in a summary in Lancet [21] on the safety of obstet-

rical ultrasonic investigations said

So far no adverse effects have been recorded from the use of sonar
but no one who uses it should be unaware of the possible types of
damage, which are: (1) structural damage to already formed organs
and to organs not fully developed; (2) behavioral changes in the
organism and disorders of functions; and perhaps most sinister of
all, (3) the possibility of genetic damage - teratogenesis and
mutagenesis.



Bobrow et al [22], who was disproving the genetic damage
alledged by MacIntosh et al [31], still said;

Nevertheless, further work on this subject, combined with studies
of chromosome damage in infants and fetuses exposed in utero to
ultrasonic irradiation are clearly needed. It is urgently
necessary, not only to detect any possible harmful effects of

this widely used diagnostic technique, but also if no such effects
exist, to remove any possible stigma from a most useful clinical
tool.

Several studies have been published recently which supposedly
investigated the Tow intensity effect on embryonic tissues. The
results of these experiments are far from complete. Smyth [23] used
adult rats, not fetal rats, when he reported no change due to low
intensities on rat brain tissue. Dunn [24] simulated embryonic tissue
by using newborn animals to get his threshold data. This study,
therefore, really did not tell what effects would be caused in embryos
which were developing much faster than neonatal subjects.

Andrew [25], using frog and perch spawn, Woodward et al [26],
using mice, and Hellman et al [27], actually using pregnant women, saw
no change in gestation time of offspring, but only gross observations
were made in each case. Therefore, these studies still left several
questions unanswered about diagnostic levels of ultrasound and its

effect on the developing embryo, especially in the first trimester

when the development is fastest.

Purpose of Research

It was the purpose of this research to irradiate developing
chick embryos with diagnostic Tevels of pulsed ultrasound and measure

changes, if any, in these embryos. The parameters studied included



the total number of somite pairs and a biochemical assay of RNA, DNA
and total protein of the head and trunk portions of these embryos. All
of these parameters are growth indicators. In addition, a test
facility was designed and fabricated to determine if the output of the
ultrasonic transducer was actually in the diagnostic range and to

quantitate the average output.

Biological Model

White Leghorn chick eggs were selected as a model because they
offered several advantages to the experiment. There is an abundance
of documentation of the developmental stages of the chick embryo since
they are a classical life form for embryological study. The embryos
are self-contained so no feeding or cage maintenance is required. In
addition, fertile eggs are inexpensive, readily available from a local
source, easily handled, and require Tittle in the way of support
facilities. Therefore, Targe quantities could be utilized both as
tests and controls.

A1l fertile eggs used for these experiments were purchased from
Chiks of Dixie, a Decatur, Georgia firm. This egg source had the added
benefit that all eggs used were not only from the same breed of chicken,
but from the same strain (S-288) and flock (#2), thus reducing
variability of the embryos. A1l eggs were considered to be zero hours
old as received. This assumption was not quite valid since variations
exist between eggs due to several factors. Eggs fully developed in the
hen but not laid immediately are, in effect, incubated inside the hen's

uterus. Also, some eggs are not fully developed when laid, which



somewhat offsets the previous problem. In addition, the eggs are laid
at incubation temperature (38°C) and the embryos continue to develop
until they cool to the temperature of their surroundings. Therefore,
the eggs laid on warmer days are slightly more developed than those
laid on cooler days. Since eggs were delivered only twice weekly,
some variability between eggs existed.

After collection, the eggs were placed in coolers (approximately
15°C) until delivery to the laboratory, where they were ready to be
placed in the incubator (38°C). Since some eggs had thicker shells than
others, some eggs cooled and warmed more readily than others, therefore
causing additional variability. This last variation was somewhat
reduced by allowing the eggs to stand at room temperature (approximately
25°C) for 24 hours before being placed in the incubator. This allowed
all eggs to warm more evenly and tended to raise the viability of the
€ggs, possibly due to the smaller temperature changes to which the
eggs were exposed. Using this procedure, the eggs hatched at 21 to 22
days of incubation and intermittant opening of several of the eggs
showed that they were at the correct level of development for their
particular incubation period. It is for this Tast reason that the
assumption of a zero hour age for the eggs as they entered the incubator

was made.



CHAPTER 1II

EQUIPMENT AND INSTRUMENTATION

Ul trasonic Source

The ultrascnic source supplied by Hoffrel Instruments of Norwalk,
Connecticut was a Model 310A 2.0 MHz transducer powered by a Model 101A
Ultrasonoscope. It was designed for use as a brain midline echo check
or abdominal scanner and had an output capability of both A and B modes.
This unit was designed for the commercial market and models like it are
in common usage today. The only alteration to the equipment was that
the display phase had been modified so that only the strongest return
signals would be shown on the cathode ray display tube. Since this
alteration did not affect in any way the output of the transducer, the
unit was considered for the purposes of these experiments to be typical
of such commercially available units. In all experimentation, a constant
voltage source powered the ultrasonic units so that the output of the
ultrasonoscope did not vary with fluctuations in 1ine voltage.

In order to further ascertain the character of the pulsed ultra-
sound, several experiments were performed to measure relevant parameters.
These experiments and their results follow.

Average Intensity

The strength of the output of the transducer was measured using
a radiation pressure balance based on Hill's design [32]. Figure 1

shows a representation of this balance. The balance used a brass plate
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suspended from a very sensitive balance into a tank of degassed
distilled water. The transducer was held in the water above the

target facing down toward it so that when the transducer was activated,
the target plate would experience a slight downward force, measured

as fractions of a gram on the balance.

If the target plate was suspended horizontally below the trans-
ducer, an estimate of the amount of sound reflected and the amount
absorbed would have had to been made since, if the signal were totally
reflected, the power relationship would have been

W=F -2V (1)
(where W = power, F = force on target and V was the velocity of sound
in water): But the power for totally absorbed sound was

W=F- -V (2)
since the former had twice the momentum change of the latter.

To eliminate this problem, the target plate was suspended at a
45° angle from level. In this way, any reflected signal was transmitted
away from the system at right angles to the plane measured by the
balance; thus, the system acted as if the target plate were perfectly
absorbing. The sound energy reflected horizontally in this way was
absorbed in fiberglas so that once the waves left the target area, they
did not return to distort the measured signal. The speed of sound at
20°C in degassed distilled water is 1485 m/g + 2.4 AT [33]. Therefore,
using equation (2) a correction factor was obtained for changing the
balance readings to power readings. It was found that 67.5 mg. were

measured for every watt of power output at 25°C. The Hoffrel ultrasonic



unit power output was controlled by a knob labeled "pulse power" which
had eleven discrete settings from one to eleven. A set of ten readings
were taken at settings three, four, seven and eleven in distilled
degassed water at 25°C. The average of each of these ten readings was
divided by the correction factor already obtained to calculate the

total transducer time average power at each of these settings. Since
the width of the transducer beam was one-half inch, these power output
values were each divided by 1.27 cmé to obtain the time-space average
intensities plotted in Figure 2. It should be noted that readings ob-
tained for a given pulse power setting were very close to one another,
thereby demonstrating the reproducibility of the system. This is
consistant with Hill's balance data which showed a precision of

+ 0.3 mW (the varjance he found for ten measurements). However,

if the entire balance setup was taken apart and then reassembled, a
different average value was obtained. This disassembly and reassembly
was necessitated by the lack of continuous access to the Mettler balance.
The different average value was believed caused by having to aim the
transducer by hand, and was the price to be paid for a portable system.
Ten readings were made from ten different setups to assess this error.
Care was taken to misalign the transducer as much or more than would
have reasonably been expected in a given calibration study. The results
demonstrated that the greatest error calculated as the difference between
the highest and lowest reading divided by the Towest reading was 18%.
This error was split into two parts, representing the error that the

value read was too low, and the error that the value read was too high.
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These two curves (minimum and maximum) are plotted in Figure 2 and

represent an error envelope.

These calibrations were made both before and after the insonation
of the fertile eggs. No detectable change was found between these
readings. Therefore, it was concluded that the intensities shown were

those leaving the transducer during insonation.

Frequency Computation

The transducer was supposedly delivering ultrasonic pulses at a
frequency of 2.0 MHz. However, this figure was found to be calculated
by the manufacturer based on the thickness of the piezoelectric crystal
used as an ultrasonic source. There is a direct relationship between
the thickness of this crystal wafer and its free-free natural frequency;
that is, its natural frequency with no boundary restrictions. Therefore,
to manufacture a 2.0 MHz transducer, the thickness of the wafer is
calculated, the wafer is cut and the transducer is stamped with the
theoretical frequency of 2.0 MHz.

Obvious errors exist in this procedure. Even discounting the
natural variations that must have existed in the piezoelectric crystal
material, a much larger error is inherent in this procedure. To create
pulsed ultrasound, a voltage is applied across the piezoelectric
material for an instant and then turned off. This charge of energy
causes the crystal to vibrate at its natural frequency as its output
decays. The decay of the signal is caused by the damping material the
piezoelectric crystal is packed with in the transducer. This damping

material has the side effect of causing boundary restrictions on the
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crystal, thus altering its natural frequency. Figure 3 shows a typical
pulsed ultrasonic signal. Note that the frequency of the input pulses
of voltage is several magnitudes lower than the vibrating frequency of
the transducer. In order to calculate the actual frequency of the
transducer's output, the ultrasonoscope was connected to a Tektronix
Type RM35A oscilloscope as shown in Figure 4. The output shown on the
cathode ray display tube of the oscilloscope was very similar to Figure
3. The abscissa of this plot was calibrated in units of time.
Therefore, to calculate the natural or ringing frequency of the trans-
ducer, all that is needed is to divide the number of peaks of the
ringing signal by the time these peaks encompass. This was found to be
1.45 MHz.

Repetition Rate

The repetition rate of the ultrasonic unit is the number of in-
put voltage bursts per second. This was determined using the same
method as the ringing frequency. This particular unit had a repetition
rate of 454 Hz.

Stability

In order to determine the constancy of the output of the
transducer, a study was done by photographing the "ringing" input signal
to the transducer on an oscilloscope. Photographs of the scope display
were made over several days, both when the ultrasound source had just
been turned on as well as several random times afterward. A comparison
of these photos revealed that there was no change in the input signal

that could be visually detected. It was assumed that the output of the
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transducer was stable given that the input signal was stable.

Miscellaneous Equipment

Several different units of instrumentation were employed during
the procedures described in Chapters III and IV. The following is a
list of this equipment and instrumentation. Remarks concerning the
use of these instruments are given where pertinent.
Balance

The balance used to measure the time-space average intensities
described earlier in this chapter was a Mettler Model H20. This unit
contains a weighing platform which was removed during the intensity
measurements. It was replaced with a steel plate containing a central
hook to suspend it from the same point from which the weighing platform
had hung. The brass target plate was suspended from this steel plate.
Steel was used to make the dead weight of the new target system approx-
imately the weight of the weighing platform. Only in this way could
the balance be "zeroed".

Freeze Dryer

The embryonic samples which Tater were biochemically assayed as
described in Chapter IV were first freeze dried in a Thermovac Freeze
Dryer.

Colorimeter

The biochemical assays described in Chapter IV were based on a
comparison of the absorbances (optical densities) of light at various
wavelengths. Unknown solutions were compared with standard ones. The

unit, a Bausch and Lomb Spectronic 20, introduced a small error of its
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own. It is one of the few instruments of its type that has round input
vials contaijning the solutions to be read for optical density. Most
units have rectangular vials which can only be placed in the unit for
analysis one way. The optical density readings can be greatly changed
by variations in the optical characteristics of the vial through which
the interrogating 1ight beam passes. These rectangular vials eliminate
this problem significantly by forcing the interrogating 1light beam to
pass through the same two points in the vial.

Although no significant error was introduced into the experiment-
al system due to this problem, it should be noted that most other
colorimeters available on the commercial market do not share this
error. By choosing another type of colorimeter, when available, the
frustration of not being able to produce identical consecutive readings
while analyzing the same solution would be eliminated.

Centrifuge

The centrifuge used in the separation procedures described in
Chapter IV was the Dynac model manufactured by Clay-Adams, Inc. This
unit was made largely of plastic, was portable, small and very inexpen-
sive compared to other centrifuges commonly found in biochemical
laboratories. 1Its only drawback was that the procedures required all
centrifuging to be done at a temperature of about 4°C. This was easily
remedied by placing the entire unit in an existing cold room already
at this temperature.

Incubator

The forced-draft incubator used in the experiments described in
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Chapter III and IV was a Favorite model made by Leahy Manufacturing
Company., This unit had a larger egg capacity than necessary and was
relatively inexpensive. Although it was acceptable for this work,
several drawbacks should be noted. The humidity was controlled by
placing pans of water on the heating element at the bottom of the
incubator. This caused some fluctuation in the humidity. In addition,
the temperature control was a thermocouple that was set by hand after
observing the temperature on a separate thermometer. The manufacturer
claimed that once set, the temperature would not vary more than 0.5°C.
in either direction. However, the internal temperature of the

incubator appeared to be somewhat affected by the external temperature,
that is, the temperature of the room. Therefore, although the incubator
did not vary about its mean temperature more than stated by the manufac-
turer, the mean temperature experienced some small changes. Small
changes in the jincubator temperature mean caused the rates of develop-
ment of the embryos to rise and fall accordingly. This was one of

the reasons that all the control groups of chick embryos did not have
the same level of development when measured by somite counting as

described in Chapter III.
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CHAPTER III
SOMITE EXPERIMENTS

A study was made to determine the effects of diagnostic levels
of ultrasound on the rate of growth of developing White Leghorn chick
embryos. The number of somite pairs was chosen as the growth parameter.
These block~1ike cell masses of mesodermic tissue first appear when the
embryo is between twenty-three and twenty-six hours old. The
subsequent regular increase in number of these somites makes them the
most reliable criterion for determining the stage of development of
young chicks [34]. Although there is much variation in somite number
for chicks incubated for a given period of time, there is little
variation between embryos with the same number of somites. Figure 5
shows the relationship between hours of development and number of somites.
It should be noted here that the somites are actually arranged in pairs
and, although the word "pairs" is usually omitted, it is understood
that a fourteen somite embryo is one with fourteen pairs of somites.

Two separate experiments are described. In the first, the
embryos were insonated, that is, subjected to ultrasound, with the
shell left intact. However, serious questions arise as to the effects
of the shell on the ultrasonic wave propogation. Therefore, a second
series of experiments was performed, similar to the first except that
the embryos were irradiated through windows cut in the shell. The

results of both these experiments are compared.
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First Somite Experiment

After fifty hours of incubation in the forced-draft incubator,
the eggs were removed approximately a dozen at a time and placed on
their side for several minutes. The shape of the egg is such that it
has a blunt end and a pointed end. In cross-section the former is
roughly circular while the latter is more elliptical. There is a point
where these two contours "join" that represents the highest place on
the side of the egg. By allowing the egg to rest on its side, the yoik,
which is Tess dense than the surrounding albumin, floats to a position
directly under this high point. Since the embryo formed on the surface
of the yolk is more buoyant than the yolk, the embryo rests directly
under this high point on the egg side (See Figure 6).

After several minutes of laying on their sides, the eggs were
placed two at a time side by side in a gauze based holder. Care was
taken to not rotate the eggs. The transducers were aimed straight down
and placed against the shells of the eggs directly above the embryos.
One transducer was a dummy, the other emitted ultrasonic pulses. A
contact gel was used for coupling the transducers to the shells. In
this way, any electromagnetic radiation from the "hot" transducer was
exposed to both embryos approximately equally. Two intensities of
ultrasound were used, approximately 15 or 49 mW/cm? as measured on the
radiation pressure balance described in Chapter II. These correspond
to pulse power settings of 7 and 11, respectively, on the ultrasonoscope.

After insonation, the eggs were returned to the incubator for an addition-
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al fifty-two hours before opening.

When the embryos had been incubated for a total of 102 hours,
they were removed from the incubator and opened into a large petri
dish one at a time. Each embryo was separated from the yolk surface
and placed in a second petri dish where it was washed with physiological
saline (0.9% sodium chloride). The embryo was then moved to a dry petri
dish and placed under a dissecting microscope. The amnion, an extra-
embryonic membrane which encloses the embryo at this stage of develop-
ment, was removed using dissecting needles. The somites were counted
as the embryo lay on its side.

A1l eggs were insonated in random order, determined by sequen-
tially assigning a number to each egg, then drawing eggs per a random
number 1list. The eggs were opened in sequential order. 1In this way
the somite count was not biased by previous knowledge of the ultrasound
intensity given any particular egg. This experiment was performed six
times.

The raw data is listed in Appendix A and a summary shown in
Table 1. The statistical significance between each insonated group's
mean and the corresponding control mean was based on the Student's "t"
test [35]. A two-tailed test was used. A1l results of less than 80%
were considered nonsignificant and Tisted as N.S. The sign convention
was such that a positive "t" value indicated that the control mean was
Targer than the insonated mean. Although some groups of insonated embryos
were shown to have a slight but statistically significant retarded level of

development when compared to controls, other groups showed no signifi-



Table 1. Summary of Results of the First Somite Experiment

(1) (2) (3)
15 mw/cm2 49 m/cm? Controls

Sample  Standard Sample  Standard Sample  Standard
Group Mean Size Deviation Mean Size Deviation Mean Size Deviation
A 42.60 5 1.625 44.00 5 1.673 44 .67 9 1.054
B 41.00 6 2.582 42.33 ) 0.745 42.73 11 1.710
C 41.80 5 2.638 40.50 6 1.979 42.17 12 2.154
D 40.40 10 1.625 41.00 9 1.764 41.08 13 0.828
E 41.90 10 1.446 42.13 8 0.781 42 .20 15 0.748
F 41.33 6 2.809 41.00 6 1.528 41.43 7 1.591

Significance Between Significance Between

Group (1) & (2) (2) & (3)
A .98 .84
B .84 N.S.
C N.S. .84
D N.S. N.S.
E N.S. N.S.
F N: S N.S.

£¢
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cant difference at all. However, the means of even these latter groups
were smaller than their controls. It must be remembered that although
the Student's "t" test was designed for small sample sizes, the
fluctuations in standard deviations caused by having relatively few
samples could have large effects on the final statistical significance
between two means. Therefore, the data were combined to enable a
comparison to be made between means based on large sample sizes.

The initial impulse towards this end was to simply total all the
data from the seven small groups, compute one mean and standard devia-
tion for each intensity and perform the "t" test for significance
between insonated and control levels of development. However, a serious
problem would have arisen had this been done. It can be noted from
Table 1 that the means of the control groups are not all the same. This
was caused by variations in the temperature of the incubator as described
in Chapter II, Also, the ratios of the sample sizes of insonated embryos
to sample sizes of control embryos were not the same. Therefore, simple
addition of all the somite values for statistical comparison would have
caused an artificial addition to these differences between means,
especially since it had already been determined that the control means
were larger than the insonated ones. This problem would have been
alleviated if the sample sizes of the insonated embryos equalled those
of the controls. This was forced by throwing out all the “excess" con-
trol values in each group. For example, by referring to Appendix A it
can be seen that five values made up the mean of the Group A somite

counts at 15 mw/cmz. Therefore, only the first five control values
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of Group A were used to make up Table 2. In this way the sample sizes
of each intensity somite total shown in Table 2 were equal and no
artificial difference was created. The means and standard deviations
for the totals are also shown in Table 2 as are the statistical
significance between somite counts at each intensity and the control
somite counts. The same sign convention explained previously was
employed.

It can be seen from examining both Tables 1 and 2 that, although
the statistical significance was small due to large variability, a clear
trend is indicated. The trend being that for the six times this
experiment was performed, all six results showed a slight decrease in
the average number of somites of insonated chick embryos when compared
with controls. A comparison of the 15 mW/cm2 embryos with the

49 mw/cm2 embryos showed no significant difference or trend.



Table 2

Modified Results of First Somite Experiment Using Equal Sample Sizes

15 mW/ cm?
2
Group X LX;
A 213 9087
B 246 10126
C 209 8771
D 404 16348
E 419 17577
F 248 10298
TOTAL 1739 72205
X = 41.40
S=2.194

1

X

S

Control

w
222 9860
260 11276
209 8787
408 16652
422 17816
247 10183
768 74572
= 42.10

= 1.887

STATISTICAL SIGNIFICANCE

OF DIFFERENCE IS

.8

7

49 mW/cm?
Sample 2
Size Xy zxi
5 220 9694
6 254 10756
5 243 9865
10 369 15157
10 337 14201
6 246 10700
42 1669 69773
X = 41.73
S =1.830

LX .
i

]

X

S

222
260
251
368
338
247
686

42.15
1.891

STATISTICAL SIGNIFICANCE

OF DIFFERENCE IS N.S.

_Control
sl e
1

9860 5
11276 6
10551 6
15052 9
14286 8
10183 6
71208 40

9¢
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Second Somite Experiment

A second series of experiments was performed to ascertain the
effect of insonating embryos through their shells. The incubation and
insonation procedures were identical to those employed in the first
somite experiments with one exception. After thirty-six hours of
incubation, the fertile eggs were removed from the incubator and window-
ed. These 1 cm? windows were cut in the egq shells by using the edge of
a cutting disk attached to a Dremel hand tool directly under where the
transducer would later be placed. Care was taken not to injure the egg
shell membrane which 1ies directly under the shell. The shell piece
was removed with curved forceps. After some practice, it was found that
about two-thirds of the eggs could be windowed without disturbing the
membrane below. Only eggs which had been successfully windowed were
placed back in the incubator. These windows provided a continuous
soft tissue and 1iquid continuum between the transducer tip and the
embryo. Note that only the 15 mw/cm2 intensity was employed in this
particular study.

As with the previous experiment, a contact gel was used to mate
the transducer to the egg during insonation. There was no apparent
effect on the embryos caused by placing the gel directly on the exposed
membrane. In fact, after the eggs were returned to the incubator
following insonation, most of the Tiquid content of the gel evaporated
in the incubator heat and a vinyl-like Tayer of residue was Teft over

the window. This residue affected the membrane by changing it from
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opaque or translucent to clear. In this way, although it was not the
purpose of these experiments, the embryo could have been observed at
any subsequent time of development through a clear window in the shell,
without having to open the egg or replace a section of the egg shell
with a glass or plastic cup as is the common practice today.

The somites were counted as previously described in the first
experiment and the results shown in Appendix B with a summary in Table
3. Since only one intensity was used, there were approximately the
same number of insonated control embryos within each of the three
groups. Therefore, the data was combined and a "t" test performed on
the total number of insonated and control somites of all three groups.
These totals and the statistical significance of a two-tailed test are
shown in Table 3. The same sign convention used in the first somite
experiment applies, i.e. positive significance indicates a control mean
larger than the insonated mean.

Table 3 shows that for all three replications of this experiment,
there was a slight but consistent increase in the average number of

somites of the chick embryos when compared with the controls.



Group

TOTAL

Table 3. Summary of the Results of the Second Somite Experiment
Intensity

11.5 mh/cm? Control

Standard Sample Standard Sample e Statistical
Mean Deviation Size Mean Deviation Size Value Significance
43,00 2.236 4 42.40 1.840 5 -0.653 -N.S.
42.42 1.076 12 42 .55 5.157 11 -0.410 -N.S.
44.00 1.09] 11 43.55 .782 11 ~2.641 -.98
43.15 1.483 27 42.93 1.719 27 -1.815 -.92

62
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Interpretation of Results

The results of the first series of somite experiments clearly show
a small but statistically significant decrease in the growth rate of
the insonated embryos. However, when the same experiments were rerun
insonating the embryos through windows in their shells, the exact
opposite results were obtained. Several conclusions were drawn from
these facts.

Both series of experiments were repeatable. The difference
between windowed and nonwindowed results gave an indication of the
effect the shell had on the ultrasound. Although no theory is presented
as to the exact mechanism of action of the shell, the fact that a shell
effect existed was obvious. It was also obvious that the embryos were
definitely affected ty the ultrasound treatment with or without the win-
dow. This difference was the rationale for the further experimentation

described in Chapter IV.
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CHAPTER 1V

BIOCHEMICAL ASSAY

Introduction

It was established in Chapter III that a small but reproducible
change in the growth rate of chick embryos subjected to diagnostic
levels of ultrasound could be detected. The change was slight enough
that it probably produced no gross effect, which was in accord with the
previous publications. However, what of the secondary effects? Would
this shift in the gestation process produce adults with behavioral
modifications or would the adult completely recover? Trauma at the
embryological level causing modification in the behavior of the adult
has been well documented [36].

No answer to these questions can be found from the previous
somite experimentation. In fact, even the questions themselves are
nothing more than speculation. There is an independence of development
between the head and trunk regions of the embryo so that retardation of
the trunk indicated by a slight decrease in somite count would not
necessarily justify the assumption that this retardation also was
occurring in the region of the embryo containing the brain. Consequently,
a series of biochemical assays of several growth-indicating macromole-
cules of the brain were performed in order to determine if changes in
these parameters between insonated and control embryos could be measured

and also to determine if these changes were of more, less, or the same
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significance as those changes in the trunk region. The three parameters
analyzed were the ribonucleic acids (RNA), the deoxyribonucleic acids
(DNA), and the total protein. The brain region of each embryo was
assayed by separating the head from the trunk and removing the beak and
eyes. What remained was mostly brain tissue and was designated as such.
The body of the embryo had its heart and 1imbs removed before assay so
that only changes in the trunk would be considered. The heart and Timbs
develop somewhat independently of the trunk and would only have confused

the results.

Method of Procedure

Preparation of Embryos

The White Leghorn fertile eggs were incubated and insonated in
exactly the same manner as described in the First Experiment section of
Chapter IV with one exception. Instead of opening all the eggs at 102
hours (approximately 4 days), some of the eggs were allowed to continue
developing in the incubator until they were eight or twelve days old
(102 hours + 48 or 96 hours respectively).

The four day embryos were opened one at a time into a large
petri dish. The embryo was separated from the yolk surface and placed
in a second petri dish where it was washed with physiological saline
(0.9% sodium chloride). Then the embryo was moved to a dry petri dish
and placed under a dissecting microscope. The amnion was removed using
dissecting needles. Also, the eyes and limb buds were removed, as

was the heart. The head was then separated from the trunk by slicing
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the embryo's neck laterally directly below the auditory vesicles. The
head and trunk pieces were then placed in separate vials and immediately
frozen at -10°C. Previous experience had shown that five heads or trunks
were needed to get a satisfactory assay for 4 day embryos. Therefore,
each vial of 4 day old embryological parts contained five heads or five
tails. In additjon, the parts were assigned to vials so that if five
heads were in one vial, the trunks from these same five embryos were
placed in a corresponding vial.

The 8 and 12 day embryos were prepared by opening the eggs one
at a time into a large petri dish. The embryo was removed from its
surrounding tissues with forceps. The embryo was transferred to
another petri dish where it was washed with the physiological saline
solution. Then the embryo was placed in a dry petri dish for dissection.
No dissecting microscope was used since the 8 day embryos were Tlarge
enough to work on with the naked eye. The head was separated from the
body by slicing through the neck Taterally at the neck's thinnest point.
The eyes and beak were removed from the head. The heart and 1imbs were
removed from the trunk. Then the heads and trunks were placed in
separate vials so that there were three heads or trunks in each vial.
As with the 4 day embryos, the parts were distributed so that if one
vial contained three 8 day or 12 day heads, a corresponding vial
contained the trunks of the same embryos. The vials were frozen at
-10°C. It should be noted here that although one head or trunk from
the 8 and 12 day embryos would have been sufficient tissue from which

to obtain an acceptable biochemical assay, three heads or trunks were

L]
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combined. Since there was a great variability between the exact stage
of development of these embryos, it was thought that assaying the
combined tissue of several heads or trunks would lower this variability.

The frozen tissue was stored in a freezer until collection of
all embryonic samples was complete. In all, ninety vials were process-
ed, thirty 4 day, thirty 8 day, and thirty 12 day embryos shows the
contents of each vial.

In order to simplify the assay procedure, all tissue was freeze
dried for 24 hours at -40°C at a pressure of 150 microns of Mercury.
The tissue was then ground into a fine powder with mortar and pestle
over dry ice. Equal samples of 10 mg. were weighed on the Mettler
balance from the 8 and 12 day embryo vials. The vials of 4 day embryos
already contained approximately that measure. The samples were then
ready for biochemical assay.

Although the basic methodology of the Schmidt-Thannhauser
procedure of separation of RNA, DNA, and protein was used [37], so many
modifications had to be made so that meaningful results could be
obtajned that the modified procedure is included in this text in its
entirety. In this way, anyone wishing to duplicate the results would
be better prepared to do so. The steps are listed chronologically and
explain how to separate the 10 mg. tissue samples into three solutions
containing RNA, DNA and protein respectively. In the processing of the
ninety vials, all thirty 4 day embryos were separated at once, as were
all thirty 8 day embryos and all thirty 12 day embryos. Makeup of all

solutions are given in Appendix F.
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Separation Procedure

1. Preheat the water bath to 37°C.

2. Defrost the samples.

3. Place the samples in ice bucket.

4. Weigh out 1.0 gm. of DOC (Deoxycholic acid) and 0.5 gm. of
Brij 58 (Polyoxyethylene 20 Cetyl Ether).

5. Mix in a small beaker (20 m1.) 1.0 gm. of DOC and 9.0 ml.
distilled water. (Makes 10% solution).

6. Mix in a small beaker (20 m1.) 0.5 gm. of Brij 58 and 9.5 ml.
distilled water. (Makes 5% solution).

7. Place the 10.0 mg. sample of defrosted tissue in ground glass
homogenizer tube with 4 ml. of .0IM Tris pH 7.3 SDS buffer and homogen-
ize.

8. Transfer this solution to a 12 ml1. conical centrifuge tube.

9. Wash homogenizing tube with an additional 1 ml. of Tris and
add this to centrifuge tube used in previous step.

10. Add 0.5 ml1. of DOC solution and 0.5 ml. of Brij 58 solution
to the homogenate.

11. Stir well with vortex and let the solution sit for 10 minutes
in ice. This will solubilize the Tipid.

12. Add 2 ml. of 20% TCA (trichloroacetic acid) to each tube and
let them sit in jce for 20 minutes after gently stirring with glass rod.
The precipitate formed contains RNA, DNA, and protein.

13. Centrifuge samples ©2500 rpm. for 20 minutes (use swinging

bucket centrifuge).
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14, Pour away the supernatant and Tet the tubes drain upside
down. Note; Be careful not to let pelletized precipitate slide out
of the tube.

15. Add 2 ml. of 0.5N NaOH to each tube and vortex.

16. Heat the tubes in the water bath @37°C. for 2 hours. This
hydrolizes the RNA.

17. Remove the tubes and reset the water bath to 90°C.

18. Add 3N HC1 dropwise to neutralize the solution. Use 1itmus
paper to check the pH and record the number of drops added to each tube.
It should take 6-10 drops.

19. Add an equal volume of 20% TCA to each tube (2 ml. + drops).

20, Gently stir with a glass rod and let the tubes sit in ice
for 20 minutes.

21. Spin at 2500 rpm. for 20 minutes in a swinging bucket centri-
fuge.

22. Pour the supernatant (which contains the RNA in solution)
into test tubes and set them aside in a refrigerator.

23. Drain the centrifuge tubes upside down being careful not to
Tose the pellet which contains the DNA and protein.

24. Add 2 ml. of 10% PCA (Perchloric acid). This solubilizes
the DNA.

25. Stir with a glass rod to Toosen the pellet and return the
tubes to the jce.

26. Put the centrifuge tubes in the 90°C. water bath for 20

minutes.
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27. Remove the tubes from the bath and place them in ice for
20 minutes.,

28. Spin 02500 rpm. for 20 minutes in the swinging bucket
centrifuge.

29. Pour the supernatant containing DNA into test tubes and set
them aside in the refrigerator.

30. The pellet remaining in the bottom of the centrifuge is the
protein from the original tissue sample.

There should be three test tubes of material generated by this
procedure for every sample of tissue processed, one test tube with the
protein pellet, one test tube with the RNA in 4 ml. of a 10% TCA solu-
tion, and one test tube containing the DNA in 2 m1. of 10% PCA.

Several notes of caution on the above procedure should be
mentioned. If violent mixing such as vortexing is used after the TCA
or PCA is added, some of the precipitate formed will adhere to the sides
of the test tube causing a loss of material to the pellet formed since
the centrifuge cannot pelletize solid material not suspended in the
solution. In addition, this solid material on the tube sides will come
out when the supernatant is poured off, thereby contaminating the
supernatant and causing loss of material to the pellet. Also, if fixed
bucket rotors are used in the centrifuge instead of swinging bucket
rotors, instead of getting a compact pellet formed in the bottom of
the tube, the precipitate will form a smear down the lower side. This
smear is not as compact as the pellet from a swinging bucket and,

therefore, large amounts of precipitate which should remain in the
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tube will come off with the supernatant.

DNA Assay
The DNA was assayed by the diphenylamine reaction [38]. This

reaction used diphenylamine in the DNA solution as a color indicator
with acetaldehyde as a catalyst to the reaction. DNA was indicated
by a 1Tight bluish color. The more DNA in solution, the deeper the blue.
The Bausch and Lomb Spectronic 20 colorimeter described in Chapter.II
was used to measure the percent of absorbance of Tight (optical density)
at a wave length of 595 millimicrometers. A reading was also made of
each sample at 700 millimicrometers to get a background contamination
reading. The final optical density reading was the difference of the
two. In the range of DNA concentration encountered in this experiment,
there was a linear relationship between the amount of DNA in solution
and the optical density (0.D.). To demonstrate this linearity, a
standard curve was created by processing five samples each of five
different concentrations of DNA. Appendix D shows the data and
calculations for the standard curve, which is shown in Figure 7.

The exact procedure used for determining the DNA assay follows:

1. Preheat the water bath to 30°C.

2, Place a 0.1 ml. pipette in freezer.

3. Make five standards of 0.5 ml. DNA (100 micrograms/ml.
H20) + 0.5 ml. distilled water + 1.0 ml. 20% PCA.

4. Make one blank of 1.0 ml. distilled water and 1.0 ml. 20%
PCA.

5. Mix a 4% solution of diphenylamine in glacial acetic acid
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[2.0 gm diphenyl amine brought up to 50 m. in glacial acetic acid).
This solution is unstable and nust be made fresh each tine.

6. Add 2.0 m. of 4%solution of diphenyl anine to each test
tube and vortex.

7. Add 0.1 m. of the acetal dehyde solution (1.6 mg/m) to
each test tube. Use the frozen pipette and keep the acetal dehyde on
ice since this solution boils at room tenperature.

8. Mx solutions well on vortex,

9. Cover the test tubes with parafilm and place them in the
30°C. water bath overnight.

10. Read the optical density of each test tube at 595 millimcro-
meters. After all readings are made, repeat the readings and average.
Do the same for 700 mllimcrometers. The difference between the averages
of the optical densities at 595 and 700 mllimcroneters is the final
O.D. used. See Appendix E for typical method of converting optical
density to mcrogranms of DNA
RNA Assay

The RVNA assay was based on the orcinol reaction [39]. This
reaction used an orcinol reagent as a color indicator just as the DNA
was indicated by diphenyl amne. The proportion of RNA in the solution
was indicated by the intensity of green in the unknown sol ution.

Al though the unknown solutions to be assayed contained RNA in 4 m. of
a 10%TCA solution, only 0.2 m. of this solution was processed since
using all the unknown would result in a green tinted sanple too dark to

be read by the colorimeter. As with the DNA assay, all vials including



