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SEVENTEENTH YEAR PKGRESS REPORP
AEC OONTRACT NO. AT (11-1)-3268

The actual period covered by this report is July 1, 1973 - June 30, 1974.

Although eight separate projects are listed in the renewal request for last
year and in the renewal request for the present year, work was performed
on four of the projects that are summarized in this progress report.

Title:  Problems in Radiation Embryology
a.  The Effect of Embryonic Irradiation on Adult Life

Expectancy, Adult Pathology and Leukemia Induction

b.  Attempts Specifically to Irradiate the Developing.Rat
Yolk Sac

c.  The Effect of X-Irradiating the Rat Embryo on the First
Day of Gestation

d.  Determination of the Threshold Exposure for Malformation
Induction in Irradiated mbryos
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A.  ORGANIZATION OF FACILITY

1.  The physical plant, facilities and equipment of the Stein
Research Center of the Jefferson Medical College are described
in detail in this year's grant application.

2.  The senior investigators at the Stein Research Center have primary
interests in Radiation Biology, Experimental Embryology, Health

Physics, Electronics and Radiation Biochemistry and Biochemistry.
These investigators consult freely with 'each othdr on various
research projects. Listed below are the names of these individuals
and their respective fields of interests:

Robert L. Brent. Prof. Radiology, Pediatrics and Anatomy: Experi-
mental Embryology, Radiology Embryology; Radiation Biology

Benjamin Galkin, Associate in Radiology (Radiologic Physics);
Asst..Prof., Radiation Physics                                  .,

.

Robert 0. Gorson, Prof. Radiology (Medical Physics): Radiation

Physics
4

' Ronald P. Jensh, Assoc.Prof. Radiology and Anatomy: Radiology N
Embryology; Experimental Embryology                                             :

Thomas Koszalka, Professor of Radiology (Biochemistry) and Associate

Professor of Biochemistry; Biochemical Embryology, Enzymology,
Radiation Biology

...

Gary Shaber, Associate Professor Radiology (Radiation Biology):
Radiation Biology

John Wallace, Research Professor, Radiology (Medical Physics,
, Electronics)

Christopher Leung,Associate  Professor, Radiology and Pediatrics
(Experimental Embryology)

3.  Changes in Personnel in Past Year:  Mr. Narvaez 9 Animal Caretaker

for 12 years, retired.  Replaced by Maria Lehuta.

4.  Pathogen free strains of rats and mice are maintained in the animal
colony as a ready source of animals for all our radiation embryology

' experiments.  In addition to the pathogen-free Wistar rats and Bagg

albino mice, other strains are introduced for specific experiments
as mentioned in the research protocol.  The special strains for
specific experiments are·obtained from the Jackson Laboratories
in Bar Harbor, Maine, or Carworth Farms  -in Long Island.

.....,
.---
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B.  EXPERIMENTAL RESULTS OF AEC AT(11-1) 3268
PROBLEMS IN RADIATION EMBRYOLOGY

1.  The results reported in the proeress report include additional
data to the previous protress reports but do not include information

contained in reprint enclosures.

a.  The Effect of Embryonic Irradiation on Adult Life Expectancy,
Adult Pathology and Leukemia Induction -

The leukemia sensitivity study was initiated using C58/J
(leukemia sensitive and Balb/C (leukemia resistant)  mice.
Initially, the study includes 12 groups consisting of 50 litters
each that have received 0  R, 50 R and 100 R on the 12th or 16th
day of mouse gestation or at 45 days of age.  At six months of

age, all mice (controls and irradiated) are sacrificed.  A complete
blood count is performed just before sacrifice (WBC, RBC, Hct.,
Hgbn, platelet count and differential count) using an automatic
cell counter for the WBC, RBC and platelet determinations.  At
autopsy the thymus, spleen, bone marrow, liver and kidney were
obtained for histological examination.  The total animal weight,

spleen weight and thymus weight are also recorded.

Control animals begin to develop leukemia after four months of
age.  At six months of age the C58/J mice have an 0.5 - 3.09
incidence of leukemia and by 9 months of age 90% of this strain

develop leukemia.  The Balb/C mice have a very low incidence of
leukemia at 6 months of age.

Besides determining the incidence and extensiveness of leukemia,
the following parameters will be studied:

Litter size
Neonatal mortality

..- ·--···. Intrauterine growth         :
Postpartum growth and mortality

The following table summarizes the progress to date.  There is a

larger number of C58/J mice in the study, because there was some
difficulty in breeding the Balb/C mice in our laboratory.  This
problem was solved by changing the bedding and by allowing the male
to remain with the female until the time of weaning.  Future radia-

tion will contribute equal numbers of Balb/C and C58/J mice to the
various experimental and control groups.

Litter size, birth weight, neonatal mortality and 6 month weights are
-    not included since these data only have meaning at the end of the

experiment when all the animals have been included in the study.



.r TABLE 1
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WORK PERF RMED JULY 1, 1973 - JUNE 30, 1974

SUMMARY OF PROGRESS - RADIATION I.EUKEMIA STUDY

No. No. of No. No.
Animals Stage Maternal Sacri- Animals

Experi- Insemi- Irradi- Animals No. of ficed Hematology Histology Still

Groups Strain nated ated Pregnant Offspring 6 Months Complete Complete Alive

Control                  10                       2            12            11            10            11             0

50 R C58/J        16         12 Day        5            21            18            18            18             5

t   100 R                   11                       7            33            27            27            26             0

Control                  0                      0            0            0            0            0           17

50 R C58/J 45 Day        7            36            33            33            33

100 R                                            6            27            22            22            22

Oontrol                   10                        0             0             0             0             0            12

50 R Balb/C       21         12 Day        5            26            25            25            25             8

100 R                   13                       4            15            14            14            14             9

Control                                  0                                         0                       0                       0                       0                       0                       7

50 R Balb/C 45 Day        8            30            30            29            29

100 R                                            4            24            24            22            24
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Preliminary analysis of the leukemia study reveals that the
model of utilizing the strains of mice that were selected
is feasible.  The C58/J and the Balb/C mice are experiencing
a leukemia incidence in the control population that has been
reported and therefore the environmental conditions in our
laboratory have not altered the spontaneous incidence of
leukemia in these strains.

Approximately 20% of the animals in this long-term study
have been completed and it would be premature to speculate on
the results.  Furthermore, all histological analysis is per-

formed on the basis of not knowing whether the animal was or
was not irradiated in utero.

Longevity Study

The original longevity study initiated at the beginning of
this contract has been completed except for several figures and
charts.  These data were submitted in final form in last year's
progress report and are being su]Initted for publication this        -1
year.

b.  Attempts to Specifically Irradiate the Rat Yolk Sac -

Previous experiments fran this laboratory have demonstrated
that the primary harmful effect of embryonic radiation in the

rat is due to direct embryonic radiation and that radiation of
the chorioplacenta is much less effective in interfering with

embryonic development   that is embryonic irradiation (Brent,
Am.  J. Dis. Child,  1960) .    Yet, in these experirnents in which             , -.
the chorioplacenta was shielded while the embryos were irradi- e.

(./

ated  the  yolk  sac was sirrn ].taneously irradiated. Thus, since
we had developed an antiserum which specifically localized in
the developing yolk sac, it offered an opportunity to irradiate

'

the yolk sac by labeling the antibody with a radionuclide.

This  problem was divided in several projects:

(1)  Purification of the yolk sac antibody so that only
yolk sac localizing gamma globulin was labeled with
a radionuclide and injected into a pregnant rat.

(2)  Labeling of the purified antibody with a radionuclide

(3)  Selection of the radionuclide

(4)  Performance of preliminary embryotoxic studies
with free radionuclide
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Because At is a halogen and is also an alpha emitter, it
211

                      was selected as a radionuclide that had same potential for
delivering a large dose of radiation via labeled proteins.
Previous progress reports have described the difficulties
in labeling proteins with 211At because of its many                           
valence states and the tendency for labeled proteins not
to retain the attached radionuclide.

Thus, a series of experiments were designed to determine the
amounts of free 211At that would interfere with embryonic

development in order   to be cerha i n   that 211At labeled   anti-
bodies did not produce pathological gffects sirrely by the
release of a certain amount of free At.

Embryotoxicity of Free Astatine-211

The purpose of the present investigation was to study the
errbryopathological effects of Astatine-211   on   the rat embryo.
211At is an alpha emitter of 7.21 hour half life which is         i

produced in a cyclotron by the nuclear reaction: 209Bi

(0<, 2N) 211At.

The specific interest in 211At lies in the fact that it is a

halogen, occurring below iodine in the periodic table, with
physiological and biochemical properties similar to those of
iodine.  Sine 1973 when Neirinckx et al (2) succeeded in the
first stable protein astatination, the potential use of 211At
as  an immunological and/or therapeutic   tool  has been oonfirmed.
Thus, the interest in the evaluation of 211At· hazards.                     *·

:.

The fact that its half life is so short, although it poses
practical problems, has the advantage  that the irradiation of
the embryo can be done at a certain day of development.  We
chose to inject 211At in the mother on her tenth day of pregnancy,
since this is when organogenesis is taking place and it is known
that it is then when the likelihood of malformation induction
is highest.

The animals used in this experiment - a total of 81 - were

randomly inbred Wistar Albino rats of the CFN strain.  The day
of gestation was determined by caging males and females together
overnight and examining a vaginal smear for sperm the next day.
Nine o'clock 6n the day of the positive smear was considered
zero day and zero hours of pregnancy.

On the ninth day of pregnancy, the maternal rats were anesthetized
with sodiurn pentobarbital,     30   mg/kg. A laparotamy was performed
and both pregnant uterine horns were exteriorized.  The number,
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conditio n and position   of the embryonic sites were recorded   for
future reference. Animals with less than 6 and more than 16
implantation sites were not used.  After the laparatamy, animals

weighing approximately 200 g were selected for the subsequent
experiments and were transferred to stainless steel metabolic

cages, where   they were housed individiial ly and given   food   and
water ad libitum.

Approximately 24 hours after the initial laparotamy, the pregnant
rats were anesthetized again and injected intravenously in the
femoral vein through a small incision   in the inguinal region.
Two types of solutions were injected depending whether the animals

were e*perimental or control.  The fir t ones received a solu-
tion containing a certain activity of   1AtNa in 1x Borate

Buffer (PH=8.0) and the solution of the second ones contained all
the reagents present in the 211AtNa preparation but without 211At.

The ideal control group for the experiment would have consisted
of rats injected with non-radioactive astatine, but such solution
is not feasible, since of the 22 nuclides of astatine known, none.
is stable.  The activities injected ranged fram 0 (controls) to
0.893.«Ci of 211.At/g of body mass. At these levels no morphologi-
cal changes were observed in the maternal organs at term.  The
corresponding absorbed doses to the embryonic site ranged fram 0
to 302 rads.  The dose to the embryonic site was related to the
injected activity, Ao,  in 6,LCi, as follows: D  (rads)  = 338 Aa/M
where M is the mass of the rat.  The dosimetric calculations,
which involved garrrnacamara, autoradiography and direct in vitro

counting studies will be published elsewhere.

When at the end of their pregnancy, the rats injected with At211

were campared with those injected with the control solution, the
following effects were observed:

(1)  An increase in embryo lethaltiy
(2)  A decrease in both  fetal and placental mass
(3)  The presence of malformations

Whether these effects were caused by direct irradiation of the
embryo or were influenced by radiation effects of the mother,
cannot be determined fran these experiments.  For embryos externally
exposed to X-rays on the same day of pregnancy, it was shawn by
Brent et al (3) that the teratological effects of x-irradiation
were due solely to direct irradiation of theembryonic site, while
the irradiation of the mother (with the embryos shielded) did
result in a decrease of fetal mass at term and an increase of
embryo lethality.  In the case of irradiation with 211At, nothing

is known about possible maternal interferences in embryonic
development.  Due to the selective concentration of 211At in the

thyroid, one could suspect that if there were a maternal effect
at all, it might result fram a hormonal dysfunction, but·this
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would be unlikely in the rat since the thyroid hormone half life
is longer than the rat gestation period.

Thus, the mathematical models derived to express the correlation

between embryopat   ogy and absorbed dose consider only thedirect effect of At irradiation on the embryonic site.

Besides absorbed dose (D, in rads), other variables such as the
number of implantations (q) and number of surviving fetuses (W)
at term, were included in the linear model.  Table I summarizes
the derived functions, obtained by a stepwise linear regres-
sion.

Table· I.

EFFECT AT TER'1 FUNCrIONS

Fetal Mass (FM) FM(grams) = 5.11 - 0.011D

Grawth retardation

Placental Mass (PM) PM (grams)    =   0. 641   - 1. 04x10-3D I.

F

Growth retardation

%Bnbryo Lethality (K) K= -213.98 k 113.3D+2.340
where K = arcsin  K k·

..

% Malformation Induction (H) H= 3.50 + 0.1590                    L
H+ (No. of malformed fetuses/W)                                                                                                                                           , i
100

Lethality and/or malformations (G) G+ 29.6+175D+3.8OQ-5.77W             y
G=(K+H)/Q

As can be seem fram the Table:

1)  The fetal and placental mass of irradiated surviving fetuses
decreases linearly as the 21].At dose increases up to a

certain level when all embryos were dead.

2)  Above a certain threshold level, in which lethal effects are
not significantly different than those encountered in the
litters injected with the control solution, the lethality (K)
seems to be a linear function of dose until it reaches
the 100% saturation level.  Such a type of function can be

described by a sigmoidal curve.  In order to perform a
linear regression analysis, the transformed variable K'=
arcsin K and D' = logD were entered in the model.  In this
case, not only was the absorbed (D) a si  ificant variable,
but also the initial litter size (Q). 50 values for eachIzn

litter size were calculated and the following linear relation-
ship was found:  LD50 = 173.8 - 5.37Q
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This means that the more embryos in a litter, the less
211At is required to produce 50% mortality.

211
3)  The relationship of malformations produced by At

versus absorbed dose is linear, although the incidence
is very lotw.  Table II lists the malformations found,
their frequency and the corresponding dose level.  They
were detected in viable fetuses at term by the cros-
sectional technique of Wilson (4).

4)  If the dead and/or malforrned embryos are counted as a
single parameter (G), not only the absorbed dose (D)
and the initial litter size (Q) are significant variables,
but also the number of surviving fetuses  (W) .
Interestingly enough, this function is the one that had
the highest multiple correlation coefficient.

The  ne*  goal   in our embryotoxicity studies  was to campate
these -At-induced effects with those profuced by X-rays.
Since dose rates for the X-irradiation data were so different
from those for 21]At, and since Brent (5) showed that
embryotoxicity is a function of dose rate, no RBE values could
be derived.  Instead, equal effect rations (EER) (6) were
calculated and they are shown in Table III for intrauterine growth
retardation and embryo lethality.  Unfortunately, nalformation
data were not comparable.

Table III includes the exposure rates for the X-ray data.  The
values are so much higher· than the dose rates  (Pe)  for the 211At,
estimated   in the range   0.015   to   0.105   rads/min    (De  =   0.3 7  Do  where       ,·
Do is the initial dose rate) , that the EFR values generated may       ' 
reflect these differences more than quality differences between
the twp types of radiation. However, Hollcroft and lorenz (9,10)
irradiating mice with the decay products- of  Rn  (Ra,  A,B,C,  and  C')
and with 186 kVp X-rays, derived an RBE value for the LD5O mice

mortality of 1.42.  The interesting,aspect of this study is that
the exposure rate from the X-ray Unit was adjusted so that it

would simulate the exponential isotopic decay.

In conclussion, it may be stated that the At effects of the211

rat embryo were comparable fram both qualitative and quantita-
tive view points to those produced by X-ray irradiation.
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Table II CONGENITAL FALFORMATIONS INDUCED By 211At.

Malformation Number of mal- Number of litters Dose Range
formed embryos* in which the mal- (rads)

formation was present

Hydrocephalia 31                    18 43.0 187

Anaphthalmia 16u, 5b 11 43.0 131

Microphthalmia 8u, 3b                   8 43.0 185

Agnathia              9                      7                0   187

Micrognathia 11                     9                0   161

Facial distortion     3                      3 43.0 161

Abnormal palate       3                     3 43.0 187
(not cleft)

Microglassimia        5                      4             69.7 - 187

Low set ears          6                      2             83.6 - 131

Pointed Snout         3                      3             79.9 - 187

Situs Inversus        3                      3             82.5 - 187

Hydronephrosis lu, 1b                    2             88.8 - 213

Undescended testes    4                      3 127 - 185

Limb Hypoplasia       7                      6                0- 143

Evisceration          1                      1                 94.7

*U: unilateral, b: bilateral

Table III EQUAL EFFECT RATIOS ( EER)
1.) FETAL GROWTH RETARDATION
X-ray Exposure

rate(R/min) 5200 5200 81-85 81-85 100   34 1.2 0.5
(References) (7) (7) (8) (8) (5) (5) (5) (5)

%Retardation      5 10 11 41.4 27.6 28.9 23.4 12.3

-E-11]R 1.98 1.95 1.78 0.78 1.35 1.29 1.59 3.36

2.) PLACENTAL GROWTH RETARDATION (5)
X-ray Exposure

rate(R/min) 100      34      0.5
%Retardation 25.8 14.3 3.9
EER 1.59 2.85 11.6

3.  )     EMBRY O    LETHALITY
X-ray Exposure

rate(R/min) S 200 5200 81-85 81-85 100   34 1.2 0.5

(References) (7) (7) (8) (8) (5) (5) (5) (5)

% Lethality      9 35 41.2     84 60.7 58.0 40.7 48.3
EER(O=7) 0.6 0.8 0.7 0.6 1.1 1.1 1.4 ].4
-l---

EER(0=16) 0.9 1.2 1.1 1.0 1.7 1.7 2.1 2.2
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Purification of·Yolk Sac Localizing Antibody

Rapid progress has been made in this are in the past year.

The goal of this project is to obtain visceral yolk sac (rat)

localizing antibody in pure form. The necessity for this is thatif non-localizing gammaglobulins are also labeled with 125I
or 211At, then two types of labeled proteins will end up in the

yolk sac because the yolk sac naturally absorbe and digests
protein.  Furthermore, the labeled nonspecific gamma globulin

will label other tissues.  Of course, there are other ways of

irradiating the yolk sac.  We mentioned Sikov's technique of

utilizing free alpha emitting radionuclides in the literature

search.  It would also be possible to label trypan blue with

an appropriate radionuclide.  All these techniques irradiate

other structures in the maternal organism and the embryonic
site, such as the decidual reaction and the chorioplacenta.

Thus, if one is specifically irradiating the visceral yolk sac,
then we believe that radionuclide labeled purified yolk sac

antibody is the best method to utilize.

Two projects were completed in the past year which will permit 
 '

the purification of yolk sac localizing antibody.

Evidence was obtained that yolk sac localizing antibody and .:

nephrotoxic antibody are not the same (J. Immunol.,  Sept.  1974 -
to be published).  Secondly, antigens which stimulate the

production of teratogenic antibody have been isolated from the

lysosames of that rat visceral yolk sac.  Once these antigens

are purified and are attached to a cyanogen bromide sepharose   .
column, then purified antihody can be obtained.

c.  The Effect of X-irradiating the Rat Embryo and Mouse
Embryo on the First Day of Gestation -

Rat Studies

In previous reports we had indicated that radiation on the

first day of gestation in the rat resulted in an increased

incidence of resorptions with doses of 10, 20 and 30 R (Table 1).

While the controls resorb at the rate of approximately 5%, 10
, 20

and 30 R produce 11, 14 and 18% resorptions.  Because a
"threshold" exposure had not been determined, a S R group was
initiated.  The results of this study are summarized in Table 2.

There are two aspects to this second study.  First of all, the

resorption rate in the 0 R and 5 R group was not statistically

different - 13 % and 15%.  This would indicate that 5 R exposure

does not increase the incidence of resorptions when rat embryos

are exposed on the first day of gestation.  But the second
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m                     ·                                TABLE 1  .rl

'          EFFECT OF LOW DOSE IRRADIATION ON FIRST DAY OF GESTATION IN RAT

MFAN

#          #          #         0         %         LITTER  I_ZE Fetal Wto Placental Wt.

CROUP LIT. START 21D Res. Res. r'I'ANT 21D fS.D. iS.D.
..'

12.225 10.875 4.95 .447

10 R       40 489 435 54 11.04* 22.166 t2.162 2.473 1.102

20 R        44 533 460        73 13,70* 12.114 10.455 4.910 .438

22.003 +2.204 i.558 i.062

30 R        43 489 399        90 18.40* 11.372 9.279 5.015 .471   ',

12.351 £2.197 t.502 2.080

0 R       40 460 439        21 4.57* 11.50 10.975 5.048 .434

t2.265 +2.337 f.376 t.060

* Significantly different from each other group at the p <.01 level of significance
.

I.

..
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0.5   DAY   5   R AND CONTROL GROUP                -

DAY OF SIDE OF IMPLAN- TERM                             %
EXPERI- AMI'. OF NUMBER UIERINE TATION % RESORPTION· FETUSFS FETAL · PLACENTAL .. ,FOR-
Mmr RADIATION

 

IN   GROUP
  HORN SITES 21ST DAY 21ST DAY WEIGHT

 

WEIGHT ' MATION

CONTROL LEFT       57          17.5           47 5.006 .480 2.1
0.5 GROUP        11       RIGHT      61          13.1           53 4.885 .486 3.7

O R ·'IDrAL 118 15.2 100 4.942 .483 3.0

-

- LE:Pr 173 7.5 160 5.027 .472 0.6
0.5                     30 RIGHT 172 18.6 140 4.993 .455 2.1

5 R TOrAL 345 13.0 300 5.010 .460 1.3

1

i                                                                                                                                                                                                                  ·

1
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aspect of this study is disturbing in that both the control and
irradiated groups had a higher incidence of resorption that did
previous groups at the 10 and 20 R exposure.  We have.postulated

that some other factor was operating during the 5 R study which

increased the resorption rate in both groups, the control and

irradiated group.  We are reluctant to definitely conclude  fram
these studies that 5 R does not increase the resorption rate

because we are uncertain of the etiology of the increased rate
in the oontrols.  The problem of increased resorption rates is

lasted for approximately four months in our laboratory and then

disappeared.  Because of the significance of this threshold dose,

we believe the 5 R exposure level and control should be repeated
in order to confirn the lack of  an effect in a rat population

with a "normal" resorption   rate.

As an aside and as in all previous studies, the incidence of
malformations was not increased in any of the irradiated groups
on the first day of gestation.

Mouse Studies

This study deals with the irradiation of pregnant mice on the

first day of gestation and the examination of the zygotes 24, 48
and 72 hours after irradiation in order to determine whether
pathologic findings in the irradiated zygote could be found that

would explain same aspects of the lethal effects of irradiation

on the first day of gestation.  In particular, the first studies

dealt with cell death in the irradiated and control embryos in
an effort to correlate the occurrence of cell death in the embryo

with embryonic death.

Embryos were irradiated with 100 R at three times on the first

day; 9 AM, noon and 4 PM.  At 24, 48 and 72 hours after irradiation

the zygotes were flushed fram the fallopian tubes and exposed

to .005% eosin y solution.  Cells that are not viable take up
the dye while living cells exclude   the   dye..The   number.of.cells

per zygote were determined and the proportion of zygotes with
dead cells in the irradiated and control groups.

Irradiation resulted in an increased incidence of resorptions

as was to have been expected and has been previously reported by

Russell and others.  The controls had an average litter size of
6.6   at term while the irradiated      had 4.4 viable fetuses   at   tenm
(Table 1)  The early resorptions were increased in the
irradiated group (Table 2) but the incidence of late resorptions

was reduced in the irradiated group (Table 3).  One can then
calculate the preimplantation loss in the irradiated group by

subtracting the total number of early resorptions, late resorptions
and viable embryos in the irradiated from this same date in the
controls (Table 4).  These calculations revealed a significant

preimplantation loss in the irradiated groups of approximately

1.7   embryos per litter (Table    4) .



16

TABLE 1

NUMBER OF LIVE FETUSES PER LITTER
AT TERM (MEAN f SD)

DOSE TIME OF IRRADIATION ON FIRST DAY

% *       9  am                NOON       * *      4  pm       **          R

CONTROL  15  6.9 f 2.1  15  6.3 f 2.1 15 6.5 f 2.2  45  6.6 + 2.1
100 R   13  4.9 i 2.3  12  3.5 + 1.9 12  4.8 f 1.3  37  4.4 f 1.9

P(CONTROL VS 100 R) < 0.005

TABLE 2

NUMBER OF EARLY RESORPTION SITES PER LITTER
AT TERM (MEAN i SD)

DOSE TIME OF IRRADIATION ON FIRST DAY

2*       9  am        2 9      NOON        *fj       4  pm       9 fj           R

CONTROL  15  2.0 f 1.8 15  1.5 + 1.2  15  2.O il.6  45  1.8 t 1.6
100 R   13  2.8 f 1.3  12  2.8 f 1.3  12  2.1 i 1.7 37 2.6 + 1.4

  (CONTROL VS 100 R) < 0.05

TABLE 3

NUMBER OF LATE RESORPTION SITES AND DEAD
FETUSES PER LITTER AT TERM (MEAN £ SD)

DOSE TIME OF IRRADIATION ON FIRST DAY

S 9 9 am 99 NOON     * *     4
p m **   R

CONTROL 15  0.2 i 0.6 15  0.6 £0.7  15  0.6 + 0.6 45  0.5 f 0.7
100 R   13  0.1 + 0.3  12  0.2 + 0.6  12  0.2 + 0.6 .37 0.2 i 0.5

 (CONTROL VS 100 R) < 0.05
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TABLE 4

PREIMPLANTATION EMBRYONIC LOSS AS DETERMINED
BY THE NUMBER OF IMPLANTATION SITES

PER LITTER AT TERM (MEAN + SD)

DOSE TIME OF IRRADIATION ON FIRST DAY

% *          9  am           9 9         NOON           f *          4 pm 99    
Control   15  9.1 i 1.3 15  8.5 f 2.2  15  9.1 i 2.5  45  8.9 i 2.0
100 R 13  7.8 i 1.8  12  6.6 i 2.1  12  7.2 f 2.2  37  7.2 i 2.0

PREIMPLAN- 1.3 1.9 1.9 1.7
TATION LOSS

P(CONTROL VS 100 R) < 0.005

TABLE 5

MEAN NUMBER OF CELLS PER EMBRYO (t SD)

TIME OF DOSE HOURS AFTER IRRADIATION
IRRADIATION              24         48          72

9 am CONTROL  1.9 i 0.2  7.7 i 1.8  36.4 f 22.7
100 R 2.0 f 0.2 7.1 f 3.6 42.0 i 18.4

NOON CONTROL  1.9 + 0.2 9.2 f 2.4 44.8 + 24.3
100 R 2.3 + 0.7  7.2 + 2.0 35.2 i 19.3

4 pm CONTROL 2.0 + 0.5 10.8 + 6.4 59.6 + 11.2
100 R 2.5 f 1.0 11.2 + 2.8 52.8 £15.7

TABLE 6

FREQUENCY OF EMBRYOS WITH ONE OR MORE
DEAD CELLS (%)

TIME OF DOSE HOURS AFTER IRRADIATION
IRRADIATION              24     48     72

9 am CONTROL 8.0 12.5 43.2
100 R 0.0 10.3 48.1

NOON CONTROL 6.1 12.1 17.4
100 R 0.0 28.0 20.7

4 pm CONTROL Oo O 22.4 13.9
100 R 0.0 14.3 30.0

P(24 vs 48 vs 72)< 0.005
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Thus, the lethality study revealed that the embryonic
mortality did not change fram 9 AM to 4 PM on the first
day with 100 R in this strain.  Russell has reported the'
phenamenon that the embryo has an altered sensitivity to
irradiation at different time periods cn the first day.
These data may differ for two reasons:  1) different strain
of mice and 2) a lower dose of radiation was utilized.
Secondly, irradiation produced an increase in both the

preimplantation and early postimplantation resorption rate
but there was a decrease in the late resorption rate.  This
was an interesting and unexpected finding and we hypothesized
that scme embryos that were destined to die late in gestation
in the control group died earlier in the irradiated group.

In an attempt to explain these phenamena the zygotes were
examined in order to determine the proportion of zygotes in
the control and irradiated groups with dead cells.  The
number of cells in the control and irradiated embryos were
similar in the 24, 48 and 72 hour groups (Table 5).  The

proportion of embryos with one or more dead cells was very
interesting  and is listed in Table 6.  During the entire 72-
hour period following irradiation  on the first day, there   was           k.
no difference between the proportion of embryos with dead cells  i
in the control and irradiated groups.  Even more surprizing

was the fact that the proportion of zygotes with dead cells was
significant and increased with age.  Over 40% of the zygotes
on the morning of the 4th day had visible dead or dying cells.
Their cell death during the 72 hours after irradiation on the

first day did not correlate in any way with irradiation  and,
in fact, a high humber of embryos have dying cells on the

morning of the 4th day.  It appears that radiation damage as
cell death does not became manifest in the first 72 hours post
irradiation and the embryo should be.examined in a similar      4
fashion over the next three days.  These results are provocative
in   a   number   of ways. Further sti,dies are planned   in   this   year' s
renewal requested to answer same of the questions raised.

d.  Determination of the Threshold Exposure for Malformation
Lnduction in Irradiated Embryos -

Rat embryos have been exposed to X-irradiation at 95 days of
age which is the most sensitive stage for the induction of
gross malformations.  Acute exposures of fram 5 to 40 R are
being utilized.  The irradiated pregnant animals are sacrificed
at term and fetuses are weighed and systematically examined for
malformations using the crossectional techniques of Wilson.

An effort is being made to determine the risk for malformation
induction at various low exposures using large numbers of
animals, especially   in   the   law  dose   groups.      We   plan   to   use
at least 20 litters in the high exposure groups and greater
than 50 litters in the low exposure groups.  Table 1 summarizes

the results to date.
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At term none of the radiation exposures reduced the fetal
weight.  The 40 R exposure definitely has an increase in
congenital malformations.  The 20 and 30 R groups are
suspicious but the groups will have to be enlarged and the
types of malformations specifically looked at.,

Because of the marked sensitivity of the central nervous
system, coronal sections of the brain of term fetuses are
being prepared to determine whether there are differences
in the CNS cytoarchitecture and cell distribution occurring
in groups that have no increase in external or visceral

malformations.  The preparative aspect of this project is
ongoing but the material will not be examined until the
malformation   data is complete.

4          ,
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1    41

NO.           %           f S.D.
GROUPS NO. NO. NO. NO.                    % ABNORMAL ABNORMAL MEAN

LITIER 9TH DAY .21ST DAY RESORPTION RESORPTION SURVIVORS SURVIVORS FErAL Wr.

Gross Examination
CONTKL        12 140 116            24 17.14 All Appeared 4.814

Normal + 0.449

15 R           7          80          75             5 · 6.25 0/20           0           4.750
i 0.556

20 R          13 162 141            21           12.96           6 4.26 4.727
+ 0.414

30 R         11 151 136            15 9.93 3/67 4.47 4.889
i 0.468

4

40 R          14 157 144            13 8.28 24/147 16.32 4.923
f 0.512

Brain sections on smallest, median, and largest embryos processed for histological study.
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