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CHAPTER 1 - INTRODUCTION

" A. INTRODUCTION

The applications of ultrasound have been expanding since the discovery
of the piezoelectric effect in 1880.] Sonar applications for military pur-
poses were one of the first acoustic developments of the piezoelectric ele-
mentoz’3 Soon thereafter the effects on biclogical systems wére ncted when
it was noticed that small fish were killed if they swam into the sound beam.
Farly real time u]tfasonic imaging in 1929 and low intensity ultrasonic
therapeutics in 1939 marked the beginning of medical applications of ultra-
spund, Today, the largest diagnostic medical application has been in
obstetrics and gynecology. However, therapeutic and other diagnostic applica-
tions include ophthomology, cardiolegy, and surgery to name a few.

Within obstetrics and gynecology its uses include fetal imagery scanning
to diagnose fetal abnormalities, such as malformation, fetal position, and
age of the fetus. The most common ultrasonic diagnostic tool is a continucus
wave Doppler Instrument.} The Doppier shifted backscattered signal produces
audible sounds which are used to monitor the fetal heart duriag delivery.

The fetal heart rate is a good indication of stress, thus giving the cobstetri-
cian valuable information about the status of the fetus.

A survey conducted with the help of the American Institute of Uitrasound
in Medicine, the Biomedical Engineering Society, the Bureau of Radiological
Health, the United States Pubiic Health Service, and the United Kingdom Medi-
cal Research Council, showed that there was an average annual increase of
about 10 percent per year in the use of clinical ultrasound for the pericd

li'

between 1963 to 1971. At this annual incresse it has been estimated that

virtualily the entire population will be exposed to ultrasconic energy in utero



by the.year 1984.5 This is an alarming situation should some problem later
arise as was the case of X-rays.

To help the clinician, biceffect studies such as the ones reported herein
should be used to examine the risk vs benmefit. It is not possiblé to prove
ultrasound safe, that is an absence of effect or not involving risk. Instead
these studies aid in the overall assessment of risk associated with exposure

5

to uitrésound. While much useful diagnostic information is obtained with
ultrasound, it is necessary to justify its use in low-risk situations. This
justification must come from the physician that administers the ultrasound
only after the evaluation of the benefit-risk assessment.

This thesis concentrates on two studies, viz., the effects of ultrasonic
irradiation on fetal and post partum weight changes after iz utero exposure
and the effects of functional impairment after testicular irradiation (herein
referred to as Weight Study and Fecundity Study respectively).

Other investigators have done similar studies as those reported in this
thesis. O0'Brien previously reported fetal weight ‘changes as the result of
in utero ultrasonic irradiation at spatial averaged intensities of 0.5 W/cm2
to 5.5 WJcmz for time durations of 10 to 300 seconds.6 On the same strain of
mice, Stratmeyer7 found & post partem weight gain but no significant weight
change of the fetus at the same day of necropsy 0'Brien used. The spatial
averaged intensities of 0.25 H/cm2 and 0.8 %/cmz for 120 seconds were used by
Stratmeyer.7’8

The study reported here examines both fetal and post partem weight changes
but on a different strain of mouse than those used by 0'Brien and Stratmeyer.
The spatial peak intensity usad was 2.5 ‘,v'/cm2 for 20 seconds as described in

the irradiation Parameters Section of the Weight Study. {Chapter 1|}. Section A,

Part lc.)



Ultrasound is a technique which is considered non-surgical for imaging
scrotal sweHings.9 This clinical assessment enables abnormalities as small
as a few millimeters to be disp]ayed.9 Scrotal gray scale ultrasonography
is also being used clinically in cases where differential diagnosis of the
enlarged scrotum is difficu?t.}o

It has previously been reported}} that gross morphological damage occurs
as a result of ultrasonic irradiation at the same intensity reported in this
thesis. The disruption of testicular tissues from ultrasound raises questions
as to whether a functional impairment is present. Others have reported that
after testicular irradiation on rats at a reported intensity of b W/cm2 for
durations up to four minutes, the animals showed no desire to reproduce dur-=
ing the first three to.Four days.IZ The paper was unclear as to the intensity
parameter specified. It was also reported in the study that the potency of
those rats who had been irradiated for three and four minutes did not return.

Fry reporteda statiéticaily significant reduction in litter size on the
same strain of mice as used in this thesis after testicular Erradiation.13
The spatial peak and temporal peak intensity was 1525 W/cm2 for a duraticn of
20 seconds, however the source was pulsed and burst time was varied to yield
30.5 W/cm2 and 68.6 W/cm2 average intensities. A reduction in litter size
suggests that spermatogenésis is disrupted. Others investigated the effects of
ultrasonic testicular irradiation on spermatogenésis by examining sperm counts
in the rat.lé It was reported that atspatial averaged intensities of up to
4 W/cm2 for durations of 5 to 10 minutes, no effects on reproductive function
were observed as determined from sperm counts, reproductive organs weights,
and testicular histolegy.

This thesis describes separately the two studies. Chapter i1 comprises

the Weight Study which includes sections om Methods of Procedure, Data and



Results, and Discussion of Resuits. Chapter 11l comprises the Fecundity Study,
including sections on Methods of Procedure, Analysis, and Discussion of Re-
Since there is some duplication in the instrumentation of the two

sults.

studies, the balance is found in Chapter [I for purposes of conciseness.



CHAPTER 11 = WEIGHT STUDY

A. METHODS OF PROCEDURE

To investigate fetal and post partum weight change dua toin utero
ultrasonic irradiation in the mouse the following procedures were established.
éix month old proven LAFT/J mice {(Jackson Lab, Bar Harbor, Maine) were used.
Proving was done after the mice reached the age of 13 weeks by placing one
male with three females in a cage for a period of approximately two weeks.
The females were examined to determine pregnancy. If any females were preg-
nant, that female and the male in that cage were cons{dered proven and
eligible for use in the study.

The mating procedure used in the study was as follows. Approximately

10 proven females and five proven males were placed in a cage. After two

hours the males were removed and the females inspected for the presence of a
vaginal plug which is suggestive of coitus. These animals were ultrasonically

irradiated on the eighth day of gestation, day zero being the day of mating.

1. lIrradiation Procedure

The irradiation procadure can be divided into three aspects, induction
of anesthesia, irradiation preparation, and irradiation parameters.

a. lInduction of Anesthesia

On the eighth day of gestation the females were anesthetized with
Metofane (methoxyflucrane, Pitman-Moore, Inc., Washington'Crossing, NY 095605,
an ether based liquid which is sufficiently volatile to easily obtain & gas-
eous mixture suitable to administer to the animals. The anesthetic squipment
is‘shown in Figure 1. The chamber shown in the left foreground of ngure i

was used for initial induction of anesthetic for both studies reported in this



Anesthetic equipment for induction and
maintenance of anesthesia throughout
irradiation procedures



thesis.. The animal, handled by its tail, naturally runs intg the heolding
chamber once its head was inserted into the open end. With the animal in
position, & gate was inserted nearly sealing the chamber from the external
environment. Tension must be applied to the mouse's tail until itwassuffici-
ently anesthetized to prevent the mouse from turning around in the chamber,
thus maintaining the animal's nose In close proximity to the anesthetic
chamber. The partition was removed allowing the gas to enter the holding
chamber while a perforated stainless steel wall and copper wire screen pre-
vents the mouse from coming into direct contact with the Metofane soaked
cotton. The rate and depth of respiration, which were closely monitored visu-
ally, were used as subjective indicators of anesthetic level. At the desired
anesthetic level the animal was removed from the holding chamber.

b. Irradiation Preparations

The following is the chronological procesdure used to prepare the
mice for irradiation after induction of anesthetic. This irradiation prepara-
tion consisted of segquentially numbering the animals by using 2 binary coded

12
ear punch system shown in Figure 2 which allows 4096 (2°7) individual animals
to be ijdentified without repetition. Anesthetic level was maintained during
this time by using a syringe containing a Metofane soaked cotton wad (center
of Figure 1) whichwas periodically slipped over the head of the animal.

To insure good coupling from the transmitting medium (370C degassed mam-
malian Ringers) into the abdominal cavity, the females were shaved from the
sternum, posterioriy on both ventral and dorsal surfaces, excluding the legs,
and a commercial depilatory (Neet) was applied éor a period of threse minutes
to remove stubble. To assure thorough wetting of the skin surface the animals
were immersed in a detergent solution (Prell) and rinsed in warm tap water.

The animals were mounted on the holder in spread eagie fashion as shown



BINARY CODED EAR PUNCH SYSTEM

FIGURE 2

’
’

in Figure 3 with the anesthetic hood placed over its head and positioned in
the irradiation tank as shown in Figure L, AQ alignment pointer was used to
define the origin in the two dimensional array of exposures to be administered
by the computer. The 1 cm disc on the pointer'’s endwss p6sitioned so that

the upper edge of the discwasat the postarior end of the xiphoid process as
shown in Figures 4.

c. Irradiation Parameters

In wtero irradiation was performed with a 0.95 cm diameter
aperture transducer operating at an ultrasonic frequency of 1 MHz. The ultra-
sonic intensity reported herein represents the free field value determined in
the far field at 12.5 cm from the transducer, where the animal is positioned
but without it in place.

The calibration facility utilizes two techniques tc obtain the ultrasonic
field parameters. The radiation force technique, the primary calibration

system, uses a stainless steel ball suspended by bifilar nylon moncfilaments.
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The acoustic intensity is related to the radiation force and can be determined
by measuring the displacement of the ball.}5’76

The intensity determined with the radiation force technique is referred
to as the spatial peak intensity. The.second technique is used to obtain
the spatial distribution of the field. The transient thermoelectric technique
utilizes a thermocouple embedded in Dow Corning 710 acoustic absorbing fluid.
The output of the thermocouple is related to the acoustic Intensity!6’17’18’]9
and by meving the thermocouple across the beam axis an intensity distribution
profile is obtained. The precision of the reported yltrasonic intensities Is
£ 2% by utilizing these techniques.!6 The estimated overall uncertainty in
determining the acoustic intensity for this field is 5 #ercent. The unfocused
wave source has a half-power beam width of 20 mm at the distanée the mouse was
placed. ’

The irradiation parameters are programmed into a PDP-8 minicomputer wnich
contains a library of arrays the user selects to be implementad for irradia-
tion. The specific array utilizad in this experiment was a sixX exposure array
(Figure 5) permitting exposure over the entire abdominal region. The computer

permits a blind study by selecting in a pseudo-random fashion the irradiated

and sham animals. The exposure system also makes transducesr voltage and po-

sitional checks prior to irradiation, minimizing erroneous exposures oOr operator

error. These periodic checks also allow the system to respond to equipment
failure and also operator initiated interrupt signals.

Appendix A is an example of a typical exposure parameter specification
available to the user vig the teletype. Note that ultrasonic intensity and
exposure time of each shot in the designated array can be chosen. Also speci-
fiad is the number of mice to be incorporated in the irradiation procedures

and the number to be pseudo-randomly selected for irradiation.
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. 2 L, 2
The spatial peak intensity for each exposure was 2.5 W/em~ and C W/cm

(sham) for a duration of 20 seconds.

Sham irradiated mice received identical preparations and exposure dura-
tions but did not receive ultrasonic energy. After the irradiation the mice
were removed from the holding assembly, wrapped in a tissue to help keep the
mice from becoming chilled during their recovery, and placed in individual
cages.

A control group was also included in the study and these animals were
randomly selected after mating and placed into individual cages .identical to

the irradiated and sham groups but did not leave the animal room except to be

weighed.

2. Scoring of Data

The fetuses of each group were weighed at a gestaticnal age of 18
days. To obtain the weight data prior to delivery (18th day of gestation)
the mothers were sacrificed and fetuses extracted by laparotomy. The position
of the fetuses, early and late resorptions, ancmalies, and empty sites in the
uterus were recorded in addition to the weight of each fetus. The post partum
data was obtained by weighing the pups at 21, 29, and 42 days post conception.
These mothers were allowed to deliver and individual pup weights were recorded
on each of the development days.

The data sheets shown in Appendix B facilitated data transfer for computer
analysis. The time of day of each weighing was reccrded and this parameter
was maintained nearly constant so that each group was weighed st approximately
the same point of development, that is between 10 AM toc 2 PM. ther data

scored included mouse identifier number, days post conception, and date.
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8. DATA AND RESULTS

Table 1 summarizes the average fetal and pup weight data and the results
of the statistical analysis.

The histograms shown in Figures 6a, 6b, 6c, and 6d represent the distri-
bution of individual pup weights that were obtained for each weight group.
The number at the very top of each histogram is the average weight of that
group. The underiined number to each side represents plus and minus 30% of
the average which establishes an indication of the norm, that is the circled
number is the number of animals which are either considered stunted or giants.
The histograms of the individual pup weights was done to investigate overall
“trends and follow weight developments of the pups. '

The data was analyzed by administearing varicus statistica¥.:ests to

determine the significance of any effect from im uferc ultrasonic exposure on
i

the weight of the devéloping mice. The first statistical test performed on
the data was a two-factor mixed design: repeated measures on one factorzo
which tests the significanca of differences of overall weight gain, and rate
of weight gain between groups.

Apprendix C lists the FORTRAN program written for the 1BM 360 which
performed the statistical test and determined various other parameters.
Examples of the program.printouts are shown in Appendix C. This program ccm-
puted standard deviations, average pup weights, and the number of pups included
in each litter at the time of the weighing. The number of pups weighed is an
important aspect to follow throughout the successive weighings, in that it
shows cannibalism due to handling of the mice or developmental problems which

13

could have pessibly been caused from the irradiation. A linear regression
analysis was done and the average pup weight vs time of weighing was plotted.

This examined weight development trends and any possible difference in trends.
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TABLE 1
DATA AND RESULTS
I RRADIATED
Day of | Average Pup
Weighing (DPC) wt./Litter Stand. Dev. - Litters P Value
18 1.020 0.176 13 NS
21 1.797 0.148 21 < -5
29 5.983 0.806 21 NS
L2 12.818 1.778 21 NS
SHAM
Day of Average Pup
Weighing (DPC) Wt./Litter Stand. Dev. Litters i
18 1.036 0.075 i0
21 1.869 0.167 17
25 5.947 0.551 17
L2 12.819 1.126 17
IRRADIATED
Day of Average
Weighing (DPC) individ. Wt. St. Dev. # Pups P Value
18 1.053 0.163 91 NS
21 1.778 0.245 184 < .Q1
29 5.780 0.904 173 < .5
42 12.409 1.509 179 < .1
SHAM
Day of Average
Weighing (DPC) Individ. Wt. St. Dev. { of Pups
18 1.045 0.118 71
21 1.861 Q.249 152
29 5.884 0.768 152
L2 12.738 1.695 152
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The other statistgcai test used on the data was a t-test for a difference
between two independent means.z1 Here the objective was to determine if a
weight difference was present between im utero ultrasonic irradiation at
2.5 W/cmz and 0 W/cm2 (sham exposure group) at each weighing. A FORTRAN
program (Appendix D) performed the t-test and compared the 18th day weight
data of the irradiated grou# to that of the sham group. The program also
compared the 2Ist, 29th, and L2nd day post conception weighings and printed
out the t-test values and degrees of freedom from which the level of signifi-

cance was determined.

C. DISCUSSION OF RESULTS

No significant difference between groups was found for the overall weight
gain or for the rate of weight gain as determined from the two-factor mixed
design statistical test.. The question arises as to whether or not there is
any significant weight difference at any of the intermediate weighings. To
test this, the average pup weight per litter was tested'using the t-test.
Examining the inaividua1 pup weight using the t-test showed greater signifi-
cance than the average pup weight per litter. A statistically significant
level is indicated by a P-value of 5% or less. Of ail the weighing days, 18,

21, 29 and 42 days post conception, the only significant weight difference be-
tween irradiated and sham occurs for the 21st day weighing. The mean of the
individual weights for the irradiated and sham are 1.78 and 1.86, respectively.
This weight reduction in the irradiated group is significant (pa < 0.01).
The histegrams in Figures ba, 6c, and 6d show that in these weight day
groups the irradiated groups have more animals considered outside the norm.

The number of animals included in each histegram is indicated on its respective

figure.
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While the number of animals in the irradiated groups is larger for each
pair of histograms, this difference does not account for the increase in
stunted and giants seen in the 18, 29, and 42nd day post conception weigh=
ings. Even though there is not a significant weight difference found for
the 18, 29, and 42nd day weighings, the histograms and standard deviations
at these days suggest that there is an expansion of the weight distribution

due to ultrasonic irradiation.
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CHAPTER 111 - FECUNDITY STUDY

A. !NTRODUCT!ON

It has been shown that gross morphological damage occurs as a result of
in vivo ultrasonic irradiation to mammalian testis.H A normal histological
section of mouse testis ‘appears in Figure 7. At least two types of damage
occur after ultrasonic irradiation. One‘type is shown in Figure 8 wherain an
increase in the interstitial space between the tubules is observed. A second
type is shown in Figure 2 wherein a detachment of the germinal epithelium
from the basement membrane and free floating cells into the lumen of the
tubule is observed. These findings pose the question as to whether the dam-
age observed morphologically has an effect on testicular function. To investi-
gate this, the following study was proposed using nearly identical experimental
procedures and ultrasonic exposure variables as those used in the morphological

studies.]1’22

8. METHODS OF PROCEDURE

In vivo testicular irradiation of six montﬁ old LAF}/J mice (Jackson Lab,
Bar Harbor, Maine) is accomplished with a 2.5% cm ape?gure transducer shown
in Figure 10. At 0.395 MHz the unfocused continuous wave source has a half-
power beam width of 10 mm at 12.5 cm from the source. The spatial peak inten-
sity used was 10 W/cm2 and the exposure duration applied to each testis was
30 seconds. Each testis was sequentially irradiated without any attempt to
shield acoustically the opposing testis. The alignment of the transducer was
performed manually with the center of the aiignment disc positioned over each
testis (as shown in Figure 11). The alignment pointer was then swung out of

position during the irradiation.



FIGURE 8

Normal histological section of mouse

tastis

Histological section of irradiated mouse
testis showing increase in interstitial
space

22
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1

Male in irradiagion tank with pointer
aligned for testicular exposure
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1. Irradiation Preparations

Prior to irradiation the males were anesthetized with methoxyflucrane
{metofane, Pittman Moore, Inc., Washington Crossing, NJ 09560). The induction
system and procedures were'identicai to those used in the Weight Study (Figure
1). The scrotum and surrounding inguinal regions were shaved and a ligature
was tied to secure the testis énd prevent retraction of the testis into the
sbdomen. The shaved region was bathed in a mild detergent solution to assure
wetting of the surface for medium coupling and reflection minimization. The
surfaces were rinsed lightly to remove excess suds and the animal was mounted
in a specially designed support structure in spread eagle fashion to restrict
movement (see Figure 12). The holder was positioned in a lucite irradiation
tank and 37°C degassed mémmalian Ringers solution served as the coupling
medium with acoustic absorbing material (SOAB, B. F. Goodrich) lining portions
of the tank to minimize reflections and prevent standing waves from deveioping

(see Figure 11)

2. Groupings

The animals were randomly placed into one of three groups. Animals
in the irradiated group received ultrasonic energy at an intensity of 10 w/cmz
and exposure time of 20 séconds (each testis) as described in the Methods of
Procadure (Chapter 111, Section B). Animals in the sham group were prepared
identically to the irradiated group, however no ultrasound was administered
(Q W/cmz}. Animals placed in the control group did not leave the animal room.

After recovering from the anesthesia each male was placed in a cage with three

normal six month old proven females.

3. Scoring of Data

The cages were examined daily for pups. If a Titter was found in the



FIGURE 12

Male mounted in constraint sys
and testes ligated

.
e

m

26



27

cage tge date and size of the litter were scored on a card. The pups were
removed to prevent accumulation and to discontinue lactation in the mother.
The mother's estrous cycle resumed and tﬁe females were again receptive to
mating. This daily scoring continued Tor approximately six months at which
time the males were sacrificed and the testis fixéd in formalin for future

histological examination.

C. ANALYSIS AND RESULTS

Three of the seven irradiated animals died within the first 12 days post
irradiation, however one male impregnated a female prior to.death. One con-
trol animal was not included in the ana}ysis due to an obviocus problem in
mating as indicated by the small number of litters and high mortality rate of
the pups. Of the initial seven animals in each group, all seven are included
in the sham group (Figure 14), six in the control group (Figure 15), and four
in the irradiated group (Figure 13). |

The pericd of time between litters was compared to the known gestational

h

ot

eriod of about 19-20 days for the mouse in order to assign esch litter wi
P g

£

a specific femaie, thus assessing whether or not each female had been mating
and was fertile. For example, if three litters were found in'the cage within
the period of 19 days, that is, one gestational period, all females were con-=
sidered fertile. With this determination, a cumulative record of the number
of pups per female was made with each litter recaiving equal weight in the
analysis. The cumulative pups per female as a function of days post irradia-
tion was plotted and a linear regression and least squares analysis was per-

formed to obtain the best fit linear and quadratic curves. The analysis
1 Y

package used was a SQUPAC program fTor least squares on the 18M 360 computer

-

(Appendix E). Table 2 is data e&é}pted from Appendix F and shows how the data
&
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was scored and computed.

TABLE 2

DATA EXAMPLE

DAY OF IRRADIATION 6/8

SCORED DATA

LITTER SIZE DAYS POST CUM PUPS/
LITTER DATE (PUPS/LITTER) IRRADIATION FEMALE
6/28 b 20 1.33
7/20 3 L2 2.33
3/9 7 62 4.67
8/15 n 53 8.33

8/19 8 72 11.00

From the scored data the day of fhe litter was conyerted to days post irradia-
tion. As an example, the first litter which occurred on 6/28 is 20 days post
irradiation relative to 6/8, the day of irradiation. . To calculate the cumula-
tive pups per Femé]e each litter size was normalized by the number of fertile
females and summed. For the data in Table 2 there were three fertile females
since litters occurred at 8/9, 8/15, and 8/19. The]first lTitter of four was
normalized to 1.33 and the second 2itter.of three to 1.00. Their sum of 2.33
represents the second data point. The rest of the litters were normaiized and
summed to yield the cumulative pups per female data found in the last column
of Table 2. The data, plotted for each of the three groups, irradiated(Figuras

i3), sham (Figure 1&), and control {Figure 15), wers encoded on data cards and
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submitted for SOUPAC least squares analysis. Figure 16 shows the first order
linear regression plots for control, sham,and irradiated. The time intercept
of the first order cumulative pups/female curve (Figqure 16) gives an indication
of the time coitus was initiated and the slope may be considered a measure of

the males'mating capabilities referred to as fecundity. The first order equa-

tions are:

0.317¢t - 1.38 {1

control cumulative pups =
time intercept = 6.27
sham cumulative pups = 0.322t - 3.679 (g)
time intercept = 11.h4
irradiated cumulative pups = 0.297t - 4.0k6 (3)
time intercept = 13.63

A comparison of the time intercepts of the linear regression equat?ons of cumu=-
lative pups/female above, shows that the irradiation procedures édministered

to the sham group introduced a time delay of 5.2 days as compared with the con-
trol group. The irradiated group showed an additional delay of 2.2 days, in-
dicating a2 longer recovery periocd pricor to coitus initiation. A éomparison of

the slopes show the control and sham groups have virtually the §a@g_slope. The

TN e

, S
irradiated group has a lesser slope suggesting a decrease,.in mating capability

post irradiation. To test the significance of the data the two-factor mixed
design: repeated measures on one factor test used in the Weight Study was

. 20 - ‘ . .. . . .
applied. To use this test it was necessary to block the data into 30 day
groups. The cumulative pups data was grouped into six groups and analyzed
similar to the weighings of the previous study. Ncne for the data was signifi-

cant at at least the 5% level.
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Ekamination of the data suggested that a first order analysis did not
- completely describe ii. A second order ana1§sis revealed additional informa-
tion about a time varying slope indicating the changing delivery rate of
pups.

The trends of the sham and control groups showed the rate of cumuiative
pups decreasing. The derivative of the sécond “order equations for cumulative
pups/female yielded quantitative information reflecting the rates of accumu-

‘” f¥ation. Below are the second order equations which represent the curves

* found in Figure 17 and their time derivative equations (Figure 18).

Cumulative Pups/Female (t in days)

Controls

cumulative pups = - O.OOOBStZ + 0.38824t - L.53729 () Figure 17
d(cumuizzive PUBS) - _ (.0078t + 0.38824 (5) Figure 18
Sham

cumulative pups = - 0.00035t2 + 0.3501t - 6.3228 (6} Figure 17
d(CUmU]:zlve pupS) = - 0.00071: + 0-390] (7) Figure }8
lrradiated

cumulative pups = 0.00013t2 + 0.27136t - 3.05949 (8) Figure 17

d{cumulative pups)

e = 0.00026t + 0.2713% (9) Fiqure 18

As shown in Figure 18, the slope of the irradiated group increases with in-
creasing time. The rate in the first 110 days was less than the sham and
control group but increased in the latter 70 days. This suggests that the
effect seen initially recovered and the rate rsturned to that of the control.

This effect could be due either to a decrease in litter size suggesting a
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change 'in spermatogenésis or to a decrease in litter frequency suggesting a

-

. . . T

decrease in sex drive of the male. To examine this, pups per litter vs days \Qfgb
U

J

and cumulative litters per female vs days were tabulated as shown in Tab1% 27
and 3, respectively. First and second order equations and their derivatives
for pups per litter are:
Pups/Litter vs Days
Control
pups/litter = - 0.00244t + 8.23302 (10) Figure 19
pups/litter = 0.00001t% - 0.00k17¢t + 8.29483 (11) Figure 20
°(p“p§i“tt3’) = 0.00002t - 0.00417 . (12) Figure 21
Sham
pups/litter = - 0.0083t + 3.25877 (13) Figure 18
pups/litter = - 0.00016t2 + 0.02391t + 8.01615 ~ (14) Figure 20
d(pquél‘tter) = - 0.00032t + 0.02391 (15) Figure 21
Irradiated
pups/litter = - 0.01047t + 9.41921 (16) Figure 19
oups/litter = - 0.00015:% + 0.019k5¢t + 8.25642 (17) Figure 20
4 .
(pups/T1tter) —_g 00030t + 0.01945 (18) Figure 21

dt

The linear regression plot (Figure 18) of pups/litter as a function of days

post irradiation shows a slight decrease in litter size with time of the sham,

control, and irradiated groups.

For the pups per litter vs days post irradia-

tion the litter size is independent of the number of fertile females, so no

normalization was necessary. Both the first and second order plots (Figures

19 and 20) show that the irradiated and sham pups/litter are nearly equivalent
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or greater than the control group at any time during the study. Examination
of the second order approximation (Figure 20) reveals thaf the control group
pups/litter is nearly linear and decreasing slightly with time. Alsc shown
on Figure 20 the sham and irradiated curves are nearly identical and differ
from the control group in their non-linear concave down orientation. To ex-

amine the frequency of litters the data was prepared as shown in Table 3.

TABLE 3
DATA EXAMPLE

SCORED DATA

LITTER SIZE DAYS POST CUM PUPS/

LITTER DATE (PUPS/LITTER) 1RRADIATICON FEMALES
6/28 4 20 0.33
7/20 3 T 0.67
8/9 7 62 _ 1.00
8/15 i1 88 1.33
8/19 8 ) 72. 1.67

The cumuiative litters per female is the sum of the number of litters divided
by the number of fertile females. This data was subjected to SOUPAC analiysis
resulting in the following equations. The time derivatives were calculaied

from the second order equations.
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Cumulative Litters Per Female vs Days

Control

cumulative litters = 0.039t - 0.266 (19) Figure 22

time intercept = 6.77

cumulative litters = =~ 3.00004t2 + 0.0472t - 0.54925 (20) Figure 23

d(cum“*azéve litters) _ 5 00008t + 0.0472 (21) Fiqure 24

Sham

cumulative litters = 0.038t - 0.5480 (22) Figure 22
time intercept = 12.7

cumulative litters = - O.OOOOZt2 + 0.04098 - 0.60L43%4 (23) Figure 23

- - - \

d(cum”*azéve litters) - . 0.00004t + 0.04098 (24) Figure 24

{rradiated

cumulative litters = 0.03612t - 0.6156 (25) Figure 22
time intercept = 17.04

cumulative litters = O.OOOOEtZ + 0.02542t - 0.19963 (26) Figure 23

d(cumulative litters) _ 0.0001t + O.02542 (27) Figure 24

dt

The curves of cumulative litters per female (Figures 22 and 23) resemble
closely the curves of cumulative pups per female F igure 16 and 17 respectively).
The relative positions of control, sham, and i}radiated'iinear regression
curves are similar for both cases. Also, the time delay of the shaﬁ cumulative
litters (Figure 22) is shown to be six days in relations to the control group.
‘This is compared to 5.2 days for cumulative pups (Figure 16). Similarly, the
irradiated group lags the sham group's time intercept for both the cumulative

litters and cumulative pups.
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The second order curves (Figure 23) of cumulative litters also confirm
the similarity with the cumulative pups (Figure 17). The control and sham
group rates of Tittering were constént]y decreasing while the rate of the
irradiated littering increased in time. These rates were verified by examin-

ing the derivatives of the cumulative litter curves (Figure 24}.

D. DISCUSSION OF RESULTS
The first order plots of .litter size (Figure 19) all show a slight de-
crease in litter size as a function of time. This trend is expected as the
females age throughout the study.'z3
A summary of fhe trends seen in ngures 17, 20, and 23 are shown in
Figure 25. Note that thé trends of cumulative pups/female and cumulstive
litters/female are identical. The curves of sham and irradiated are nearly

identical for the pups/litter curves as previously stated. This indicates

that there is some effect on the litter sizs due to irradiation procedures

(anesthesia, etc.) but not due to the ultrasonic irradiation. . 'g ¥
e P Iy

The trends of male fecundity post irradiation appear to beisgg;eﬁ by the
number of litters produced. This may be a result of various effects, possibly
a decrease in sex drive due to change in hormonal leveis or painful coitus.
Visual examination of the testis from the males which died showed a darkening
of the tunica albuginea. This discoloration séems to be present in all the
animals which died within the two weeks post irradiation. These findings con-
tradict those inferred by the damage to the tubules seen in Figures 8 and §
and also those found in other ultrasonic toxicity studies.]3 These references
suggest that a change in spermatogenésis affecting litter size is present and
do not infer a change in fregquency of lTittering. Based upon the suggested

trends and the small number of animals this study is being repeated with
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‘APPEND!X B8  COMPUTER DATA TRANSFER SHEETS

PRE PARTUM ABNORMALITY STUDY
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(ANALYSIS DATA SHEET-1)
MOTHER'S NUMBER _
1 2 3 4
DATE OF ANALYSIS v
s MO g 7 DA 3 | s YR 19
HOUR OF ANALYSIS
©11 12
GESTATIONAL AGE
13 1n
MOTHER'S WEIGHT )
15 18 17 18 19
MATERNAL DAMAGE
(1-YES, 2-NO) 20
PREGNANT
(1-YES, 2-NO) 21
PCS MAXIMUM
22 23
CORPUS LUTEUM - LEFT .
2 25
CORPUS LUTEUM - RIGHT
26 27 -
Description of Maternal Damage:
Description of Abnormal Fetuses:
Cond Legend:
N - Normal- E - Early Resorption H - Head Abnormality
C - Cervix L - Late Resorption B - Body Abnormality
I - Empty Site D0 - Digit and/or Limb Abnormality
S - Size Abnormality
O - Other Abnormality



APPENDIX B

PRE PARTUM ABNORMALITY STUDY
(ANALYSIS DATA SHEET-2)

MOTHERS NUMBER

1 2 3 4

DO YOU EXCEED MAXIMUM DATA LINE (Y-YES; N-NOQ)
s

LEFT OVARY TO RIGHT OVARY

PQOS COND SEX (M/F) WEIGHT (GMS)
1 ®
8 T 3 ] 19
pA »
11 12 13 it 15
3 s
i6 17 18 13 20
4 .
21 22 23 2% 25
S L 4
286 27 28 2% 30
6 s
21 32 33 34 25
7 .
38 37 38 39 40
3 .
&1 52 43 bl %3
9 ®
48 47 48 %3 S0
10 o
51 52 53 su 53
11 PS
S8 57 58 539 50
12 .
61 62 83 X §5
13 .
88 87 88 63 70
14 »
71 72 73 7u 75
15
MAX 1 MUM '
--_-___-__‘____Zs _____ 7Z____ 73 73 39
DATA LINE 16
B 2 3 N B
17 .

w
i
@
W
-
©



MOTHER*S NUMBER

MOTHER'S WEIGHT

DAYS POST CONCEPTION

DATE

PYP WEIGHT

PUP WEIGHT

PUP WEIGHT

PUP WEIGHT

PUP WEjGHT

PUP WEIGHT

PUP VEIGHT

PUP WEIGHT

PUP WEIGHT

PUP WEIGHT

PUP VEIGHT

PUP WEIGHT

HOTHER'S NUMBER

MOTHER'S WEIGHT

DAYS POST CONCEPTION
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58

TWO FACTOR MIXED DESIGN FORTRAN PROGRAM

IYTE3ER DPZ,DATE,SIZE,PUPNIN,GEST
INTE5ER 5I7GR,3I7A,DFMEAS,DFSUB,DFGR,DFSSB,DFSSW,0FERR,DFIRC,DFS
REAL 4D5THWT

DIMENSION 202 (13),GE5T(3) ,AVE(3),SIZE(3)
DIMENSIOSH 3D( 3

DIX¥ENSION GRIFE1{(3C),GRI1TR2(3¢),381TR3 (33)
DIXENSION ST4(32), S?iT"(?),STQT’ {3
DIMENSIOY 316I3G({3),ST3a(30)

DIMENSION SI33R{3), 3243“(3

DIAENSIOY S2T153(3) 552T253{3),32T335(3) .
DIMENSION 3T732(3),ST43R7{32),ST43R2{32) ,3SI4GR3{(3D)
ANUADL=2C

108S=D

Srsec=32.

ST144A=7

SISGR (1) =2

SI5GR(2)=L

STS3X (3) =2

¥=0

ST5=L,

STs=2,

ST7a=0C.

ST9i=2.

S5I¢3=2.

ST13r1=0.

5713T2=2,

S{13r3=0.

READ(5,1C0,EYD=93) M0PYyUY,40TWT,DP,DATE, 20D
FOR#AAT (I3,75.2,13,16,12F5.2,F1.10)
IF(PUP{13).E2.1)32 12 4¢

32 T2 52

2ZAD 51,B02(13)

FIRYAT(F5.2)

IP (A¥0M0L.22.2130 T0 15

IF (¥OTNOM. §E.MNUAICL)3C T2 14

IF (AOTHNDALNELENTE0L) I=1

IFT {(#0TNUMLEQ.ANUMOL) J=3+1

IF (0P (13).8E.2) I=13

IF{PUD{13).82.0)30 T3 11

02 12 I=1,13

IZ(PIP(T).EQ.2)32 T2 11

COHTINUE

SUPNTA=I-1

SJHa=2

SIAS3=2.

D2 12 L=1,PUBPNIH

SOHU=SU4+2YJ2 (L)

SUASD=S04Sg+202 (L) =%2

COETINTZE

AVE(J)=ST4/20PN01

SO{J)=322T (30432 /PUPY U~ {304 /20PHTY) £%2)
SIZEZ{J)=2J2NTH

SGEZST{J)=DPC

MNUMSL=HCINUA

33 IO 1
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APPENDIX C

S3NTINUE
S2T13 (4) =ST2T731
52723 (%) =5I2Tx&
S2T33 () =ST2TR3
D2 25 ¥3=1,4045
3?5GR’\}—DIS%(I3) +STS5GR (N)
CIONTINTJE
ST738 (N} =405
1IM5=2
MNUHMOL=XOTNT
3J) T2 1

JETINTE
B2 24 ¥%2=1,3
ST6=ST33 R(’2

A

0

&

CONTINTE
D2 26 %4=1,3.
STT7A=STT73R (M4} +ST72a

CONTINUE
SI7=SI5%%2/SI74/3
DS 27 45=1,3
ST5= ST33R (L’iS) +3T5
CONTIHNTE
ST8=ST5-5

=STT3R (1)
D) 3% #9=1, §1
SIOA=STHGRT (M9} *%2+5T792
ZONTINUE

N2=ST73% (2)

DO 35 X10=1,8§2

ST9B=ST4GR2 (110) £52+5T793
CONTINUZ

§3=ST73R {3}

D) 36 #11=1,3

STSC=STUYSR3 (X11) £%2+5792
CISTINUZ
SISD=5T33+5T733+#SI9C
ST9E=STID/3

ST9=ST9E-377
ST1031=ST33R(1) #%2/57732 (1
ST1C32=3T332(2) #%2/ST 733 (2
ST1033=5T33R(3)L%%2/351732(3
ST104A=ST12G1+3710G2+371033
SI10=3T154-577
ST11=ST9-ST1C

$T12=ST3-35r9

D3 37 %12=1,3
ST13T1=S2T1G(412) +ST13T1
ST1302=3272G (%12} +ST13T2
ST13r3=5S2T3G({112) +ST1373
CoOITINTE
ST1341=ST13T1%%2 /5771
ST1342=ST13T2%%2/5T71
ST1333=371373%«#2/35T71
ST131=ST1311+301342+5T713213
ST13=ST131-SI7
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62
38

D3 38 M13=1
ST47T1G {(113)
ST4T23{%13)
QT&’3”(“‘3)
PRINT 52,31
L3nﬂli(’“'

o~
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"1# ]
Qo i Vi U W
-4 Do BN
[P

L I FE R AV

61

APPENDIX C
3{113)*%2/37T38 (313)
S{#13)*%#2/3T738(113)
G(813)*%2/STT7Ga(413)

M13) ,SI7GR{413),S2T13(413)
I4,78.2)

CONTINIE
D2 39 114=1,3
STI183=ST13T1G(413%) +514T25 {M14) +ST4T33(114) $#ST1484

INTIHIE
STT14=ST144-5T7-3T710~-3T713
ST 15=5T12-3T13-51714
DPMEAS=STT73%3-1
DESUB=STL7a-1
DFSE=2
DFSSB=DFSUB-0FGEHE
DFSSH4=DFMZAS-0FSTB
DFSTR=2
DFTRZ=DFSTR*DF3R
DFERR=DFSS4-DF3IX~-DFPRC
ST1710=3213/DF31R
ST1711=3ST11/DF333B
SIT1713=ST13/D073TR
ST1714=ST14/DFIRC
ST1715=ST15/DF=LE

F1=ST171C¢/5T1711
F2=ST1713/5T1715
F3=ST1714/5T1715
EAAT (194 ,3F8.1)
yT 51,5715,5T%,307,8T8,ST3,STYD,5T792,35714

T 40
2T (*1',64,'500CE",12X,785 ,4{,*DF",5{,"45",3%,17%)
1 ' S

«
3

3
R R

-
(W)
-~
Y

(]
(@]
[ae]
o

AT (¢ , 28, '3ETHE 5J33E2TS!,3K,F5.1,3%7,13)

43,3‘70 DFan,‘L17?C,r1

T(* ',8%,"ZO8DITIONS, 74, F5.1,34,13,4%8,F5.2,3%,75.2
4%,;L11 DFSS“,3‘1711

W B2 v S T e B Y A IRC VAN oE B v I = SV =] - m
ﬂv“ray!du~ﬂ-wderﬂh*H

U2 o I B IRE L o B Mo B B v B I T I SR T W L I T R VI ES B o B Y B
(SRR s = A A T P

My ) W g Lo W Wk Wk Wt Ot Oty G g g ()

AT (' ',4%,'ERROR3,114¢,F5.1,3¢(,I3,4%,F5.2)
45, ;¢,2 DFSSW
(' ',24,'YITHIJ§ 3J8JEITS',3{,F5.1,3%,I3)
T 46,8513,DFSIE,5T1713,32
AT (' *,4%,'I2IAL3",10¢,F6.1,3%,I3,2¢,F7.2,2%,77.2)
IST 47,ST14,DFTRC,ST1714,F3 .
R¥AT (' ',4%,'TRIALS*CO¥DITIONS',?5.1,3¢,L03,4%,75.2,5%,75.2)
INT 48,3713,0FZ28,ST1715
R¥AT (' ' ,6X,'IRRCRW',3%,F5.1,3%,13,42,75.2)
INT 571,3T1%4,ST14,35715,3571714,F3
JP
D



APPENDIX C

TWO FACTOR MIXED DESIGN PROGRAM PRINTOUTS

FENTRY
10THER S% DPC= 2 2% 32
73 AVE . HT.= 2.00 6.15 11.77
ST. DEV.= 3.27 J.81 1,85
5Iz== 3 8 8
MOTHER S% DPC= 21 29 4z
35 AVE.%T.= 1.36 .52 13.19
ST. DEV.= .24 .45 1.386
SIZE= -3 S S
f{CTHER S#% DPC= 21 25 4z
103 AVE.9T.= 1.72 L.62 11.586
ST, DEV.= 2.25% 2.84 1.7
SIZE= 13 13 13
SOURCE 53 DF 13 P
TOTAL ' 3212.3 143
BETWEEN SURBRJECTS 81.0 37
CONDITICES 1.4 2 £.568 Je
ERRORB 7%.5 45 1.77
AITEIN SUBRJECTS 2929.3 36
TRIALS 2373.9 2 14332.47 2685.
TRIALS*CCNDITIOHNS 2.1 4 %.33 1
ZRROR# 58,2 30 7.5%
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[N IR
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t=TEST BETWEEN TWO INDEPENDENT MEANS FORTRAN PROGRAM

b
—3
=

Q1
Y1k g

H o2 )

Q pO~~
SN N

G ™~

Ui

) L MNS25 (2)
233 (2),S5423(2)

td bt
-l

(G2
o~

rLa

[T o I 5 W O R XA
&4

€ B

SUM29=0
STM42=20
B2ZaD 1C0 Dl£71,DA129,DAZ£Z
FIRAAT (3F5.2)
PRINT 3, DA£21
FOB AT (! ',3?6
7 (DAY21.22.0)

+
—

121=D2Y¥21+37421
M23=DAY25+350HU29
M32=DAY32+50442
Q21=DAI21*%2+3543Q.
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APPENDIX D

ST1121=ST1221/5T114
ST1128=311223/3T°112a
ST1142=3T1242/5T711a
PRINT 1C6,8T11a,353T7T1121,3°T
SRMAT{' ',I4%,3F120.2)
ST123={1/9G (1)) + {1 /NG (2))
ST1221=ST1121*35T124
ST1229=5T1123%*35T7124
ST1242=ST1142%3T124
PRL‘:II 11 NG (1) ,.‘la (2)
rDAuAf” t Fo.1)
PREINT ,,3T12A,SI1221,523229,5212&2
FORAAT (' ',4F1C2.2)
ST1321=SQRT (ST1221)
ST1329=SQRT(ST1229)
ST1342=S2RT (ST1242)
STIS21=MH21G {2) ~a8215 (1)
ST1529=1¥238G(2) -4K293 (1)
S??Si2=ﬁ§&2€(2)-ﬁﬁ&23(?)
T1621=8T1521/571321
IP(S;TSZ: EQ.J)3T1829=3
IF{ST1325.20.2)30 I0 8
ST1629=ST1528/571325%
IF (ST13482.2Q.3)Y511642=393,3%5
IFT {ST1342.20.403;30 0 8
ST1642=ST1542/5T71342

1128,5T1142

aqQ
- S

Gi

PRINT 21,5L1‘21, £11a,501121,ST124,5T1221,5
FORMAT (' ',78. 2,-3,3;8 2) :
PRINT 22,#N213(2),571521, 621
FOR4aT (' ' ,3F8.2)
PRINT 23,3T1621,5I11a
FORAAT (' ', 'T TEST VALUT 21 DAYS=1',F5.2,!
PRINT 24,ST1629,5T114
PIRMAT(* ','T T=SI VALJZ 29 DAYS=',F5.2,
PRINT 25,ST1642,3T111
PORAAT(* ' ,*'T TIST VALUZ 42 DAYS=',76.2,'0
STOP |
E¥D

t-TEST PROGRAM PRINTOUT
T TEST VALUE 21 DaYS= 1.4%1DESREES
T TEST VALUZ 23 DAYS= -5.15DE3RTES
T TEST VALUZ 42 DA¥S= $.7ODI3REES

W o W

Y Oy O

(W)
|

LS

g
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ri)



APPENDIX E

SOUPAC POLYNOMIAL FITTING PROGRAM

iD CARD #1

iD CARD #2

/%1D REGION=(170K,20K)
//EXEC SOUPAC

//SYSIN DD %

poLY(C){(2) (P). ((2) SPECIFIES DEGREE OF POLYNOMIAL)
ENDS

DATA(2) (F3.0,1X,F5.2) (DATA FORMAT)

DATA CARDS (x,y)

END#
/%

DATA SEQUENTIAL SORTING PROGRAM FOR WEIGHT STUDY HISTOGRAMS

1D CARD #1

ID CARD #2

// EXEC SORT

//SORTOUT DD SYSOUT=A

//SYSIN DD #*
SORT FIELDS=(1,5,CH,A)
RECORD TYPE=F,LENGTH=(80,80)
END

/%

DATA CARDS
//SORTIN DD *
/*

65
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12/3-8

APPENDIX F
DATA FROM FECUNDITY STUDY - IRRADIATED 6/8/77
DATE GIVEN IN FORM (DAY OF LITTER--SIZE OF LITTER)

| RRADIATED ‘

Animal #1 ‘Animal #3 Animal #5 Animal #7
6/29-7 6/29-8. 6/29-3 6/28-9
7/18-11 7/6-8 7/19-9 6/30-9
7/19=4 7/25-8 7/27-9 8/18-10
8/8-8 8/11-14 8/8-10 8/29-11
8/9-7 8/11-1k 8/9-12 9/16-11
8/12-7 8/31-11 8/29-10 9/20-9
8/30-5 9/5-8 8/30-8 10/8-6
9/6-10 3/9-7 3/7-9 10/16-6
9/15-6 9/22-7 9/16=9 11/5-11
9/19-3 10/4-9 $/18-8 11/16-6

10/2-10 10/5-7 107/6-8
10/9-6 10/25-7 10/9-8
10/16-5 11/1-6 10/21-8
10/21-11 11/15-8 11/2-11
10/29-7 11/21-7 11/10-12
11/4-7 12/5-7 11/21-8
11/16-8 12/3-4
11/21-7 |

11/28-7
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APPENDIX F
SHAM
Animal
#2. #h #6 48 #10 12 14
7/5-10 6/29-8  6/29-9 6/29/8  6/29-3  6/28-h  6/28-8
7/5-9 7/6=3  7/1-3 7/11-11  7/22-10  7712-13  7/5-9
7/11-11 7/22-7  7/11-9 7/19-7 7/25-9 7/18-10  7/22-8
7/28-11 8/2-8 7/18=7 8/2-6 8/10-9 7/25-9 8/8-5
8/3-8 8/8-3  7/27-10  8/8-9 8/11-11  8/8-1k  8/9-8
8/3-7 8/12-8  8/5-11 8/11-10  8/19-3  ~8/12-10  8/12-9
8/17-10 8/22-8  8/22-9 8/22-9 8/29-9 8/26-11 8/31-6
3/1-9 8/30-11  9/5-11 8/29-5  9/5-8  8/31-11  9/5-7
9/11-11 3/1-5 9/9'10' 3/5-8 9/9-8 9/1-10 3/11-12
9/28-13  9/11-3  9/11-11 9/12-3  9/19-7  9/16=3  $/26-8
9/30-9 9/14-9  9/25-8 9/19-5  9/25-10  9/20-§  9/30-5
10/6-7 3/30-8  10/3-12 9/25-  9/29-8  9/22-6  10/17-3
10/28-11  10/6-8  10/14-8 3/30-7  10/9-8 10/6-6  10/20-5
11/21-7 IOkgg}é 10/21-12 10/7-5 10/15-13 10/22-5 11/4-8
11/28-5 10/29-5 11/8-9 10/15-8 ~IO/20-8 10/28-10 11/10-6
11/15-10 11/21-8 10/28-11 10/30-6 10/28-10 11/28-13
12/5-9 1i/4=10.  11/9-8 11/14-6  12/3-5
11/21-9 11/16~-8 11/21-2
11/28-5 11/21-6 12/3-7
12/3-8

12/3-8



68

APPENDIX F
CONTROLS
Animal
#15 #16 #18 #19 #20 #21

6/28-4 6/28-8 6/27-8 6/29-3 6/29-8 6/29-8
7/30-3 6/30-9 6/30-8 7/6-3 6/30-7 7/4-8
8/9-7 7/18-11 7/1-8 7/18-13 7/8-7 7/14-8
8/15-11 7/25-7 7/14-10 7/20-9 7/14-10 7/18-9
8/19-8 8/8-10 7/20-10 7/26-10 7/18-10 7/25-9
8/30-6 8/11-3 8/3-9 8/8-9 7/28-7 8/8-12
9/5-9 8/12-8 8/8-8 8/8-9 8/3-12 8/12-8
9/7-3 8/29~7 8/11-10 8/17-1 8/9-6 8/29-8
3/25-8 8/31-9 8/29-11 8/26-2 8/17-8 9/6-7
9/27-8 9/5-8 8/31-9 8/29~15 8/23-5 3/11-8
9/28-11 9/18-9 3/5-7 9/6-7 8/29-6 9/16-8
10/14-10 9/21-9 3/18-8 3/14-9 9/6-8 §/27-4
10/17-9 10/3-11 9/21-7 3/18-10 3/15-1 10/9-6
10/30-7 10/6-3 10/9-6 10/3-4 9/19-4 10/28-8
11/4-8 - 10/17-9 10/11-7 10/7-9 9/26-10 11/29-6

10/23-4 10/28-7 10/28-9 10/6-10

10/26-8 11/1-4 10/28-10 10/16-10

11/16-6 11/21-9 11/1-4 11/4-10

12/3-10 11/16~7 11/29-10

12/5-9 11/21-9



