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Abstract 
This research consists of two parts. In one part irradiation was 

used to determine the radiosensitivity of prenatal female germ cells. 
Mice were given 18 rads of 6 0 C o r-radiation (1 rad/min) at various 
times in utero. The effect of this treatment was measured by light 
microscopic enumeration of unilaminar follicles remaining in the ovary 
at U9 days after birth. Greatest sensitivity was seen for irradiation 
on day 11 post conception. However the germ cells at this period were 
not as sensitive as are dictyate oocytes of the juvenile mouse. 

The other part of this study involved y-irradiation of lit-day-old 
female mice. Electron microscopy was used to examine the ultra-
structural changes taking place in the dictyate oocyte as a response 
to the radiation. Among the observed changes were irregular nuclear 
shape, nuclear membrane swelling, chromatin clumping, increased 
numbers of lysosomes and enlarged lysosomal areas. The significance 
and degree of these changes are discussed. 
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INTRODUCTION 
Female germ cellr of many mammalian species are known 

to be especially sensitive to radiation damage. 
Susceptibility usually varies with the stage of germ-cell 
development. In the mouse the radiosensitivity of the most 
susceptible germ-cell stage varies with the animal's age. 
One aspect of the present work is to examine the 
radiosensitivity of mouse female germ cells in_ utero. 

Female germ cells follow a cycle from the fertilized 
ovum of one generation to oogonla, through meiotic stages 
(oocytes), to the mature ovum of the next generation. The 
continuous line of germ cells undergoes no somatic 
differentiation. Once the germ cell line is lost, it 
cannot be reformed or replaced from other cell types. 

One factor known to affect the viability of the germ 
cell line is ionizing radiation. Its action may cause two 
basic responses: mutational events or cell death. This 
study is concerned only with radiation killing of germ 
cells. 

Much research has been done to determine the 
radiosensitivity of mouse female germ cells. The small 
nongrowing dictyate oocyte is most sensitive to radiation. 
This eel] type is in the "resting" stage of meiosis. It 
may persist unchanged for as long as eighteen months. The 
sensitivity of this oocyte stage varies with animal age 
(Peters, 1961; Oakberg, 1962: Mandl, 1963; Peters & Levy, 
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1961); Peters, 1966; Lindop, Rotblat & Vitistas, 1966; 
Baker, 1971; Koehler, 1976; Dobson et_ al., 1977a). The 
juvenile period including the second and third weeks after 
birth is the time of maximum sensitivity to radiation 
killing for mouse small dictyate oocytes. 

During this period the LD,-0 (lethal dose to 50#) for 
small nongrowing dictyate oocytes is calculated to be from 
it.5 .rads (Dobson & Kwan, 1977 for chronic exposure to %0H) 
to less than 10 rads (Oakberg, 1962 for acute 
Y-irradiation). Much higher doses are needed to kill 
somatic cell types in vivo. The extreme sensitivity of 
mouse oocytes is very surprising. In general, non-
proliferating cel.'.s are less susceptible to radiation 
killing than are dividing cells. Dietyate oocytes at the 
stage of peak sensitivity are not actively dividing or even 
growing. 

After radiation damage these cells disappear from the 
ovary very rapidly, within about one day (Dobson, Arrington 
& Kwan, 1976). The reasons for this extreme sensitivity 
and rapid disappearance are not known. 

In one study light and electron microscopy were used to 
fellow the degeneration of small oocytes after irradiation 
??s.rzcna, 1962). Changes dn cell size and chromatin 
'ii2*;r-ibution were reported. These morphological changes 
suggest nuclear or membrane damage but are far from 
cor.cl'jsive. 
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In the mousej growing and large oocytes are much more 
resistant to radiation killing than are nongrowing dictyate 
oocytes. Earlier stages of germ-cell development 
(presumptive and primordial germ cells, oogonia, and 
oocytes in the first stages of meiosis—leptotene to 
pachytene) are moderately sensitive to radiation killing in 
many mammals (Baker, 1971). A study using chronic 
Y-radiation suggests this r.iay also be true in the mouse 
(Dobson & Kwan, 1976). The relationship between female 
germ-eel"1 stage and radiosensitivity in utero has not been 
examined in this species. 

This work was undertaken to study several aspects of 
the response of m^use female germ cells to low doses of 
subacute Y-radiation. The radiosensitivity of prenatal 
germ cells and morphological changes occurring in the 
dictyate oocyte of the juvenile after irradiation were both 
studied. Germ-cell loss was examined after irradiation on 
various days during gestation. Sensitivity for prenatal 
germ-cell stages and dictyate oocytes were compared. A 
schedule of germ cell development was correlated with 
changes in radiosensitivity. 

The ultrastructural morphology of dictyate oocytes in 
the juvenile moune wa*= examined at various time points 
after y-irradlation. Morphological characteristics 
normally associated with degenerative changes in other cell 
types were scored in irradiated and control oocytes. 



Statistica' jmparlsons of observed morphologies were made 
to determine which represent degenerative changes in the 
small oocyte of the mouse after y-irradiation. The 
appearance of organelles and other structures not usually 
present in these oocytes was scored. The frequency of 
these in irradiated and control oocytes was compared. 
Mechanisms of degeneration in irradiated oocytes are 
suggested and discussed in light of the data derived from 
this work. 



MATERIALS AND METHODS 

Animals 
All mice used in thes:;; experiments were Swiss-Webster, 

a vigorous noninbred aibino strain. The animals were bred 
and housed in the animal handling facility at Lawrence 
Livermore Laboratory. 
Irradiation 

Animals were restrained in ventilated plastic capsules 
during radiation exposure. The capsules were positioned on 
a circular lucite table equidistant from a Co poirt 
source of Y-radiation. The source strength was determined 
from measurements using a Shonka-type air ionization 
chamber calibrated by the National Bureau of Standards. 
This was used to calculate the distances needed to obtain a 
given dose rate. Doses were delivered at the rate of 1 
rad/min. 
Prenatal Radiosensitivlty Study 

Female mice between 60 and 90 days old were caged with 
male breedersj and checked for copulation plugs each 
morning. The day a plug was seen was counted as day 0 of 
gestation. Pregnant females received a single dose of 
18 £ 0.5 rads administered on one of the following days of 
gestation: 7,9,11,13,15 or 17 . No abortions, 

•Animals irradiated on day 17 of gestation received between 
17.5 i .5 and 18.5 + .5 rads, the uncertainty being due to 
failure of an automatic timer. 
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still-births, malformations, or unusu-'.l sex ratios were 
observed in any treated group. 

Female offspring from five litters treated on the same 
day of gestation were combined. Eleven animals from each 
group were killed by immersion in a CHClo chamber for 1 
minute or less at 1)9 days of age (day of birth = day 0). 
Ovaries were quickly removed and placed in Zenker-formol 
fixative for 18-24 hours. The tissue was washed in running 
water for 2k hours. Ovaries were dehydrated and embedded 
in paraffin. Serial 5pm sections were cut and stained with 
Delafield's hematoxylin and eosin. 

The nongrowing dictyate oocytes in every 20th section 
of one ovary per animal were counted using i Leltz 
microscope at xlOOO magnification. The average count per 
ovary was calculated for each group and compared to that 
obtained from untreated !)9-day-old control mice. 

Statistical significance of differences between 
averages was examined using the Student t-test 
(two-tailed). Significance levels were determined for 
treated oocytes compared to control oocytes and for 
differences between treated groups. 
Morphological Study of Dictyate Oocytes 

Fourteen-day-old female mice were irradiated with 18 
rads of y-radiation. The end of the irradiation period (18 
minutes) was taken as time 0 for post-exposure timing. 
Experimental animals were sacrificed at 1 hour, 3 hours, 5 
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hours, 7 hours, 9 hours, 11 hours, and 24 hours after 
irradiation. Untreated animals were sacrificed at various 
times as controls. 

Ovaries were quickly removed from the animals and 
immersed in freshly mixed modified Karnovsky's fixative 
(Karnovsky, 1965). The excess tissue (ovarian bursa, fat, 
and oviduct) was removed under a diss cting microscope and 
the ovary was minced using a sharp scalpel and placed in a 
container of fresh fixative for 2 to 2\ hours at room 
temperature. After fixation the tissue was washed in a 
sucrose and phosphate buffer wash solution, post-fixed (2% 

OsOj.) in phosphate buffer for 2 hours at room temperature 
and stained en bloc with aqueous uranyl acetate (^"C). 
The tissue blocks were then dehydrated in a series of 
ethanol solutions and embedded in Spurr's embedding medium 
(Spurr, 1969). Sections 1.O.5 to lpm thick were stained 
with toluidine blue and examined under the light microscope 
for orientation. 

Areas containing three or more unilaminar follicles in 
close proximity were cut to obtain thin sections (^600A). 
These were deposited on clean 200 mesh copper grids. Such 
sections were post stained with aqueous uranyl acetate 
(Hayat, 1972) and lead citrate (Reynolds, 1963) unless 
otherwise indicated. An Hitachi HS-8 electron microscope 
was used in examining sections and obtaining micrographs. 



The morphological condition of small dictyate oocytes 
was ascertained from these micrographs. By seven 
hours after irradiation, some small oocytes show easily 
noticeable morphological changes. Therefore, this group, 
seven hours, was chosen for statistical comparison with 
controls. Morphological characters which are known to 
represent degenerative changes in other cell types were 
scored in the oocytes. For purposes of statistically 
testing differences between irradiated and control oocytes, 
standard levels of such changes were chosen. Changes seen 
in all the oocytes were compared to these. Oocytes showing 
changes to the same or greater degree than the standards, 
were classified as "dying". Those with more normal 
morphology than the standard were classified as 
"survivors". These survival data were compared for 
irradiated and control cells using the difference between 
two proportions (Snedecor & Cochran, 1967) to give a test 
of significance. The equation for this t.-»st is 

z=A 
V n. n_ 

where p„ = survival rate of control 
p. = survival rate of treated 
q = death rate of control c 
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q. = death rate of treated 
n = total number of control observations c 
n. = total number of treated observations 

Z values were calculated and checked with tables to give 
the level of significance. 



RESULTS 

PRENATAL RADIOSENSITIVITY STUDY 
The mouse female germ cell goes through many stages 

during the prenatal period. Table 1 lists these stages and 
summarizes information on their temporal sequence, 
morphological descriptions, and activities. The relation 
between germ-cell stage and radiosensitivity (cell killing) 
can be used in attempting to determine possible targets for 
radiation damage. 

In this study mice irradiated in utero were examined 
for germ-cell loss by counting the small dictyate oocytes 
present in the ovaries of the animals at '19 days after 
birth. Average counts for groups irradiated at different 
times are listed in Table 2. As expected, all averages for 
irradiated groups were lower than the control. 

Relationships can better be seen in graphic form Fig. 
1. The average for the animals irradiated on day 11 p.c. 
(post conception) is significantly lower than for any other 
group treated in_ utero. There is minor germ-cell loss for 
the days 7 and 9 p.c. irradiation groups. Animals 
irradiated on days 13, 15 and 17 p.c. appear to have about 

It should be noted that one of the ovaries counted for 
the 7-day p.c. group contained as many oocytes as the highest 
control ovaries. If this, outlying value is not used, the 
7-day p.c. mean drops from 261.2 +_ 73.8 to 226.9 + ^6.3. 
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the same amount of germ-cell loss. Data for postnatally 
irradiated mice (Dobson, el; SLU 1976) are included in 
Figure 1 for completeness and to show the relative 
radiosensitivity of prenatal germ cells and dictyate 
oocytes in the juvenile. 

The statistical significance of differences between 
averages (Table 2) was determined by use of the Student 
t-test. Significant differences are given in Table 3. The 
group irradiated on day 9 p.c. was not dif ..ent (p=0.01) 
from the control. Animals treated on days 7, 13, 15, and 
17 p.c. were not different from one another. The group 
treated on day 11 p.c. was significantly different from all 
other groups. 

All prenatal germ cell stages tested were found to be 
somewhat sensitive to radiation killing. This sensitivity 
varied from the moderate cell loss when radiation was given 
on day 11 p.c. to the almost negligible loss when 
irradiated on day 9 p.c. Possible reasons for these 
variations will be proposed in the DISCUSSION. 

MORPHOLOGICAL STUDY OP DICTYATE OOCYTE 
Control Oocyte Description 

During the course of this study both control and 
irradiated oocytes have been examined in detail. A picture 
of the normal small dictyate oocyte in the l't-day-old mouse 
has been assembled (Plate 1) and it corresponds closely to 
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descriptions from previous studies. Table 1 summerizes the 
morphology of the dictyate oocyte after birth and the 
changes which occur during its growth and maturation. 

The normal small oocyte can be easily identified by 
several morphological characteristics. These are (1) 
large size and round to oval shape; (2) low electron 
density; (3) large oval mitochondria which usually contain 
an expanded crista; CO a single ring of slender follicle 
cells surrounding the oocyte; and (5) a basement membrane 
containing collagen which demarks the oocyte and its 
follicle from the rest of the ovary. 

In some unirradiated small oocytes, nuclei with 
irregular shapes, swollen nuclear membranes and slightly 
condensed chromatin were observed. Swollen and non-intact 
mitochondria, swollen endoplasmic reticulum, somewhat 
clumped organelles, and strong lysosomal activity are also 
seen in some controls. The frequency of such observations 
is given in Table *). The significance of these 
observations will be discussed later. 

In this study, morphological characteristics which are 
usually associated with degeneration were examined 
statistically to determine which if any could be correlated 
with radiation effects. The seven-hour group was chosen 
for this comparison. Characteristics which were found to 
be significant in this group were then scored for other 
groups. These are listed in Table >\ for the groups in 
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which they occurred more frequently than In the control. 
Characteristics Observed As Possibly Degenerative 

Several morphological characteristics were examined to 
determine oocyte condition. These were nuclear shape, 
nuclear membrane configuration, chromatin clumping, 
lysosomal numbers and types, swollen mitochondria, 
non-intact mitochondria, swollen endoplasmic reticulum, 
organelle clumping, cytoplasmic vacuoles, and 
Golgi-associated vacuoles. 

A smooth round to oval nuclear outline was considered 
to be normal for a healthy oocyte. Nuclei showing 
irregular ameboid or star-like shapes were judged very 
abnormal (Plate 5). Nuclei with generally rounded 
outlines, but showing minor sharp projections or 
indentations vrere considered moderately irregular (Plates 
2,3,5,6, & 17). 

The double nuclear membranes of normal oocytes are 
smooth and parallel showing a small uniform separation. 
Nuclear membranes of cells were classified as extremely 
swollen if they had one or more areas of balloon-like 
separation (Plate 6). Cells showing large separation or 
irregular separation of the double nuclear membrane wore 
judged to have moderate swelling (Plates 3 & 17). 

Ultrastructurally the chromatin in normal small 
oocytes is evenly distributed and finely granular. The 
only areas of condensation are one or two nucleoli (either 
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reticular or granular) and occasionally one or more small 
extranucleolar bodies (Chouinard, 1971; 1973; 1975). 
Nuclei showing multiple areas of condensation (other than 
nucleoli) were considered to have moderately clumped 
(condensed) chromatin (Plates 4,5, & 7). Cells with a 
somewhat uneven nuclear background were judged to have 
slightly condensed chromatin (Plates 2 & 17). No 
recognizable oocytes were observed to contain massively 
clumped chromatin, although this was seen in some areas of 
"massive degeneration" (Plate 9). 

Mitochondria found in normal mouse oocytes are round to 
oval and may have a distended crista which gives a 
"vacuolated" appearance (Wischnitzer, 1967). These were 
the form most frequently seen (Plate 11). Mitochondria in 
which the outer or both membranes were disrupted were 
considered to be "non-intact" (Plate 12 & 13). 
Mitochondria which appeared swollen (larger than normal, 
less dense matrix) were also observed (Plate 12). 

Endoplasmic reticulum was scored for swelling. A cell 
was considered affected only if a large fraction of this 
organelle seemed swollen (Plates 6 & 17). 

Membrane-limited vacuoles either free in the cytoplasm 
or associated with Golgi bodies were occasionally observed. 
These were sometimes difficult to distinguish from 
mitochondria without cristae or grossly swollen endoplasmic 
reticulum (Plates 1,5,6, & 7). 
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Lysosomes were seen in almost every section of small 
oocyte that was examined. The appearance of very large, 
rough granular lysosomal bodies was considered a sign of 
massive activity. These bodies were either within the 
oocyte itself or within a follicle cell directly adjacent 
to the oocyte (Plate 7). Oocytes with more than one type 
or grouping of lysosomes were judged to show moderate 
activity (Plates 3,4,11,15,16, & 17). 
Characteristics Observed To Be Degenerative 

Using the difference-of-two-ratios test, the scored 
morphological characteristics were examined for significant 
differences between an irradiated group (taken at 7 hours) 
and the control group. Significantly more treated than 
control oocytes were considered to be dying (degenerating) 
when judged by (1) moderate chromatin condensation; (2) 
slightly condensed chromatin; (3) the presence of massive 
lysosomal areas; (4) massive nuclear membrane swelling; and 
(5) moderate nuclear membrane swelling. Moderate numbers 
of lysosomal areas and irregular nuclear shape are probably 
also significantly different in control vs irradiated 
oocytes. 

The judgmental criteria for organelle clumping, 
cytoplasmic vacuoles, and Golgi-associated vacuoles were 
very subjective, and the test results are considered less 
reliable than those previously listed. Differences in 
control and treated oocytes showing two or more non-intact 
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mitochondria, swollen mitochondria, and swollen endoplasmic 
reticulum were found not to be significant at the p = 0.10 
level by this test (see Table 4). 

Organelles not normally seen in the mouse oocyte and 
therefore considered abnormal, such as centrioles and 
annulate-lamellae-like stacks were observed infrequently 
and only in the ooplasm of irradiated cells (Plates 14 and 
15). Lipid droplets were observed in treated oocytes 
significantly more frequent than in controls (Plates h and 
7). Areas of massive degeneration (Plates 9 and 10) were 
observed only in treated ovaries and more frequently at 
seven hours post-irradiation or later. 

Dark irregularly-shaped structures were observed 
occasionally in the cytoplasm of both control and treated 
ovaries. Most of these structures contained internal 
subst 'ucture that was not well resolved. These structures 
have not been identified, and are hereafter referred to as 
unidentified dense bodies (Plates 16 and 17). 

The statistical significance of differences in 
observations of unusual organelles between irradiated and 
control oocytes are given in Table 5. 
Time Course of Morphological Changes in Irradiated Ovaries 

Small sample sizes preclude valid statistical testing 
of morphological changes at time points other than 7 hours. 
Only characteristics that appear to occur more frequently 
than in control oocytes are reported at each time point. 
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1-hour There are few noticeable changes in 
the small oocyte. Possibly a slight increase in the number 
of lysosomes and in chromatin clumping are observed. One 
oocyte contained a lipid droplet. 

3-hours Some nuclear morphology changes are 
seen at this time. These include slightly irregular 
nuclear shape, some nuclear membrane separation, and 
possibly a little condensation of the chromatin. Lysosomal 
number was somewhat increased over control levels. Two 
oocytes from this group also contained unusual organelles; 
one annulate-lamellae-like stack and an unidentified dense 
body. 

5-hours Irregular nuclear shapes, moderate 
nuclear membrane swelling, slightly condensed chromatin, 
and increased lysosomal number, were again seen. Lipid 
droplets were noted in two oocytes, and an unidentified 
dense body was seen in another. 

7-hour This group shows the same 
morphological characteristics as the 5-hour group, but to a 
somewhat greater extent (see table 4 for statistics). One 
oocyte contained a centriole, and unidentified dense bodies 
were observed in two other cells. One or more lipid 
droplets were present in each of three oocytes. Several 
areas of either "massive degeneration" (or extreme 
lysosomal activity) were seen. 

9-hours At this point it has become more 
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difficult to find oocytes. More areas of degeneration are 
seen. This suggests that there are already fewer oocytes 
present in the ovary by this time and that the areas of 
degeneration are remnants of the "missing" oocytes. Some 
of the recognizable oocytes showed a little nuclear 
membrane swelling, and very slight chromatin condensation. 
All had moderate lysosomal activity. One unidentified 
dense body and two sets of annulate-lamellae-like stacks 
were observed within oocytes. 

11-hours Oocytes are even more difficult to 
find and degenerating areas have become more prevalent. 
Some recognizable oocytes show irregular nuclear shapes and 
slight chromatin condensation. Again all recognizable 
oocytes contained a moderate amount of lysosomal activity. 
Lipid droplets were observed in two cells, and a centriole 
was observed in the cytoplasm of another. 

Z'l-hours Extremely few oocytes were found at 
this time, and one of these was obviously degenerating. 
Others showed moderate morphological problems. Some areas 
of massive degeneration are observed but these are not as 
numerous as those seen at 11 hours. 



DISCUSSION 

Prenatal Radiosensitlvity Study 
The results have shown that prenatal mouse female germ 

cells have a varying sensitivity to radiation killing. 
Different radiation dose rates can affect the amount of 
cell killing. In a previous study (Dobson & Kwan, 1976), 
the'sensitivity of mouse female germ cells was measured 
after chronic exposure to y-radiation. A loss of about H0% 

of the small oocytes (60J! survival) was reported for chronic 
irradiation given throughout gestation (a total dose of 
about 60 rads). The comparison of a 19-day chronic dose 
(given over the entire in utero period) and a subacute dose 
given within 18 minutes is difficult. A large part of the 
chronic dose may have been delivered at times when there is 
little effect on germ cells, as they are in very early 
embryonic stages (e.g., days 0 to 6). Assuming no effect 
until day 7, an "effective" dose of about *10 rads results. 
Using this "effective" dose and projecting a curve similar 
to that shown by Dobson and Kwan, the oocyte survival for a 
chronic 18-rad dose may be estimated to be about 85%. 

With an 18-rad subacute dose (at 1 rad/min) only the 
group treated on day 9 p.c. had as . gh a survival rate as 
the chronically irradiated animals. Chronic y-irradiation 
is usually not as effective at cell killing as is subacute 
or acute y-lrracUation. This agrees well with the results 
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obtained in the present study of mouse prenatal female germ 
cells. However, an accelerated rate of long-term oocyte 
loss could also explain the differences observed in these 
experiments (data for the present study were obtained from 
<!9-day-old animals, whereas the data from the previous 
study were from l'l-day-old animals). This is under 
investigation. 

Both of these effects are seen in older animals. 
Gakberg (1966) noted a life-long accelerated rate of oocyte 
loss in mice following juvenile irradiation. Other 
researchers have found less cell killing from a given dose 
after chronic irradiation. This suggests a recovery 
mechanism may be acting in animals treated with chronic 
irradiation (Dobson and Kwan, 1977). Recovery is often 
associated with DNA repair. Although repair probably 
occurs in germ cells, it is thought to be slight (Hurst, 
1975). 

During in utero life the female germ cell passes 
through many differing stages. Different morphologies, 
division rates, and activities are present during these 
stages. The sensitivity of some of the prenatal germ cells 
to radiation killing correlates well with their rate of 
division (see Table 1 for details of germ-cell 
development). The presumptive germ cells start to migrate 
through the embryo on day 7 or 8 p.c. to the developing 
genital ridges. As they migrate there is some evidence 
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that ey start to divide mitotically (Franchi, Mandl, and 
Zuckerman, 1962). Once these cells have reached and 
invaded the genital ridges they proliferate rapidly to 
produce the large number of oocytes commonly seen in the 
late fetal and early postnatal ovaries of the mouse. This 
rapid proliferation starts about day 10 of gestation. By 
day 13 p.c. some of the germ cells are entering a 
pre-meiotic phase. Almost all the germ cells have entered 
meiosis by day 15 p.c. and those which have not yet made 
the change may be degenerating. On day 17 p.c. all of the 
remaining oocytes are in the pachytene stage of meiosis. 

This schedule suggests that the percentage of the germ 
cell population which is dividing is low during days 7 and 
9 p.c., is higher on day 11 p.c., has dropped somewhat from 
the peak by day 13 p.c., is low on day 15 p.c., and is nil 
by day 17 p.c. Until day 15 such a schedule fits nicely 
with the idea that dividing cells are at greater risk from 
radiation than are nondividing cells. By day 15 p.c. a 
large percentage of the germ cells have entered meiosis. 
Although they are not dividing, they are not yet into the 
dictyate stage which is the most sensitive. They appear to 
be only moderately sensitive to radiation damage. 

It has been reported that at birth the cells at 
greatest risk from radiation are in pachytene (Peters and 
Borum, 1961). Although this could explain the slightly 
lowered value (though not significantly) at day 17 p.c. as 
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compared with birth, considering the rapid increase in 
sensitivity with time as more oocytes are entering the 
diplotene and dietyate stages, the sensitivity of pachytene 
oocytes seems questionable. 

During day 15 p.c. and especially on day 17 p.c., one 
observes a large wave of natural atresia or degeneration in 
the pachytene cell population. This natural cell loss 
seems to be independent of the loss due to radiation. 
These conclusions can be drawn from similar survival values 
found on days 13, 15, and 17 p . c , and on the day of birth 
(Dobson et_ aJU , 1977a) shown on Fig. 1. Such a finding 
suggests that the natural process and the radiation-induced 
process are working on different cell populations during 
this period, at least as judged by counts taken at H9 days. 

The timing for oogenesis has not been determined using 
the Swiss-Webster strain of mouse. These experiments are 
being planned. The exact time of greatest in_ utero 
sensitivity is not completely resolved by the present data. 
However, the period between day 10 and day 12 does agree 
generally with the previously suggested period of greatest 
sensitivity in the rat, the premeiotic division (Beaumont 
and' Mandl, 1962). 

This study has shown that most fetal and embryonic germ 
cells in the female mouse are somewhat more resistant to 
subacute Y-radiation than are oocytes in either the 
Juvenile (2 days and more after birth) or adult (Dobson et̂  
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al.j 1977a; Koehler, 1976). The one exception to this is 
the period between 10 and 12 days of gestation when the 
oogonia are thought to be at their peak of mitotic 
proliferation. At this time, the sensitivity approximates 
that of the adult non-growing dictyate oocyte (28 days of 
age and more) (Dobson et_. al., 1977a). 
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MORPHOLOGICAL STUD'/ OP DICTYATE OOCYTES 
In the results shown, there are statistically 

significant differences in the occurance of certain 
morphological characteristics between oocytes from animals 
7 hours after irradiation and control animals. Unusual 
organelles are also significantly more prevalent in 
irradiated oocytes. A description of normal small oocytes 
and a listing of morphological changes with time are 
presented. This section examines oocyte morphology for 
clues to cellular activity and suggestions about mechanisms 
of cell death after irradiation. 
Control Oocyte Observations 

Several organelles in the mouse dictyate oocyte are 
numerous, well developed, and show interesting morphology. 
The Golgi system appears to be plentiful in oocytes. Some 
sections show large, highly developed Golgi complexes and 
most show one or more Golgi bodies. This suggests a highly 
developed system for packaging and/or secreting cellular 
products. Whether the system is active in the small oocyte 
or only later during growth and maturation is not known. 

Lysosomes are numerous in the oocyte also. Almost all 
oocytes contained some form of lysosome and most have 
several types. The frequency of lysosomal occurance in 
micrographs suggests that small oocytes contain very large 
numbers of different types of lysosomal bodies. The well-
developed Golgi complexes may be involved with lysosomal 
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packaging. The reason for the high content of lysosomes is 
not known, but may be involved with cellular housekeeping 
during the "resting" period or preparatory to possible 
future degeneration of the oocyte. 

Nucleoli of mouse dictyate oocytes are large. In 
favorable sections their reticular structure is seen 
covering a large fraction of the nucleus. Studies to 
determine the r-RNA synthetic activity of nuceloli in mouse 
small dictyate oocytes have produced conflicting results 
Some r-RNA synthesis was reported in small oocytes by 
Oakberg (1968) and Fourcroy (1972) but little or no 
synthesis was reported by Moore (1973)> Moore, 
Lintern-Moore, Peters, and Faber (197*0, Fourcroy (197*0, 
and Jahn, Baran, and Bachvarova (1976). Reasons for these 
conflicting results are not known. However, both 
irradiated and control oocytes contained large well-formed 
nucleoli which were indistinguishable. These persisted in 
cells that appeared to be degenerating. A similar 
observation has been made for nucleoli of human oocytes 
(Gondos, 197*0. 

The morphology of mitochondria in mouse oocytes is 
unusual when compared with that of mitochondria from most 
somatic cells. Many other mammalian oocytes also contain 
unusual mitochondrial forms. This suggest that the germ 
cell may place special demands on its mitochondria which 
are most easily met by the odd forms seen. 
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Increased oxygen tension and increased rate of oxygen 
consumption have been linked to the resumption of meiosis 
in large oocytes (Magnusson, Hillensjc, Tsafriri, Hultborn, 
and Ahren, 1977; Dekel, Hultborn, Hillensjo, Hamberger, and 
Kraicer, 1976; Zeilmake, Hulsman, Wensinck, and Verhamme, 
1972). Other studies on energy requirements suggest large 
oocytes are only able to use specific substrates directly 
(Zeilmake, Hulsmann, Wensinck, and Verhamme, 1972; 
Brinster, 1971; Biggers, Whittingham, and Donahue, 1967). 
(Other substrates can be utilized in the presence of the 
cumulus cells, thus suggesting a role for follicle cells in 
"feeding" maturing oocytes and early zygotes.) No studies 
have been done using isolated oocyte mitochondria or small 
oocytes to determine the correlation between mitochondrial 
morphology and specialized requirements in oocytes. 
Whether the unusual mitochondrial forms have an altered 
radiation sensitivity is also ,not known. 
Natural vs Radiation Caused Degeneration 

Numerous studies of radiation effects on small 
unilaminar follicle oocytes in juvenile mice have been done 
using light microscopic enumeration of oocytes (Peters, 
1961; Peters, 1966; Oakberg, 1966; Os.Kberg, 1962; Baker, 
1971; Lindop, Rotblat, and Vitistas, 1966; Koehler, 1976; 
Dobson and Kwan, 1977). All of these investigations report 
massive degeneration and disappearance of small nongrowlng 
oocytes. A previous study using Swiss-Webster mice 
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irradiated at X4 days of age with the dose used in this 
work report a loss of approximately 90% of the small oocyte 
population after two days (Koehler, 1976). These data were 
obtained from serially sectioned ovaries. 

The electron micrographs for the present study of the 
juvenile mouse ovary have been taken from random thin 
(^600A) sections of areas containing three or more small 
oocytes in close proximity. Micrographs were taken of 
identifiable small oocytes and degenerating areas. In a 
few casesj micrographs of more than one section of 
particular oocytes have been taken, but complete serial 
sectioning of oocytes was not attempted. Only a small 
sampling of the oocytes from each ovary have been examined. 
The sample size and oocyte conditions observed, as well as 
the ratio of healthy to injured cells has undoubtedly been 
affected by the difficulty of identifying small oocytes in 
advanced stages of degeneration. This was especially a 
problem at later time points. In a. single ovarian area at 
one time point, oocytes have been observed in a wide range 
of conditions. This suggests that not all oocytes 
degenerate and are lost in synchrony. If this is so it can 
affect the variation of cellular conditions observed for a 
particular time point. 

In this study morphological characteristics were used 
as indicators of (impending) cell death. Significantly 
(p»0.005 to 0.10) more oocytes from irradiated animals 
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(taken at seven hours) than from control animals are found 
to be "dying" by these criteria. This finding., when taken 
in conjunction with the data from light microscopic 
studies, strongly suggests that the characteristics studied 
are not attributable to natural degeneration. They are 
therefore taken to be reactions to the radiaticn. 

The existence of the same morphological markers in both 
control and treated cells suggests that natural 
degeneration of oocytes is morphologically similar to 
radiation-induced cell loss, at least for 14-day-old mice. 
A small fraction of the irradiated oocytes showed 
aberrations such as centrioles, annulate lamellae, and 
massive lysosomal activity in the follicle cells adjacent 
to oocytes, which were not observed in control ovaries. 
However, the majority of degenerating oocytes (control and 
Irradiated) had similar morphological characteristics. 
Thus it appears probable that both natural and 
radiation-induced oocyte loss follow the same course of 
morphological changes. 
Mechanism for Removal of Degenerating Oocytes 

Several EM studies suggest that degenerating mammalian 
oocytes are phagocytized by the surrounding follicle cells 
and thus removed from the ovary (McNamara and Black, 1974; 
Gondos and Hobel, 1973; Franchi and Mandl, 1962). In the 
fetal guinea pig, oocyte degeneration has been completely 
traced by observing virus-like particles in the ooplasm 



29 

which are resistant to breakdown (McNamara and Black, 
1974). These are found in lysosomal bodies within the 
follicle cells at various stages of oocyte removal. 
Oocytes appear to be engulfed by the follicle cells rather 
early in the degenerative process. A single limiting 
membrane has been observed to enclose both a follicle cell 
nucleus and an oocyte nucleus as well as both types of 
organelles While all these above components are 
recognizable and have moderately normal morphologies 
(Franchi & Mandl, 1962). 

The present study has noted numerous cases of massive 
lysosomal bodies lying next to a small oocyte but within 
the cytoplasm of the adjacent follicle cell. In a few 
instances the membrane between parts of a follicle cell and 
an oocyte were indistinct, but it could not be determined 
whether the oocyte had actually been engulfed. In both 
cases the follicle cells appeared to be normal, whereas the 
oocyte next to such follicle cells often showed moderate 
signs of degeneration. 

The role of the follicle cells in initiating oocyte 
degeneration is not known., but it does appear certain that 
they play an active role in the removal of degenerating 
oocytes. 
Unusual Organelles 

Several organelles not normally present in the mouse 
small oocyte were observed in this study. All were in 
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cells with at least moderate degenerative characters. 
Lipid droplets were occasionally seen within the cytoplasm 
of oocytes which appeared to be degenerating. Such 
droplets are commonly found in the cytoplasm of the 
follicle cells surrounding small oocytes. This suggests 
perhaps the plasma membranes between the oocyte and its 
follicle cell have fused and that the lipid may be from the 
follicle cell. An alternate explanation might be that the 
degenerating uocyte itself starts making lipid which 
collects in the form of droplets within the ooplasm. 
Although lipid droplets were found in both control and 
treated oocytes, their occurence was significantly more 
frequent in the irradiated cells. 

Membraneous structures which appear to be annulate 
lamellae were observed in three irradiated oocytes. One 
was found in an ovary fixed 3 hours after irradiation. The 
other two oocytes were from a mouse sacrificed 9 hours 
after treatment. 

Annulate lamellae are normally found in human and 
chimpanzee oocytes, lower animal oocytes, some sperm 
stages, and several other cell types (especially embryonic 
or neoplastic) (Kessel, 1968; Wischnitzer-, 1970b; Barton & 
Hertig, 1972). They have not been observed before in mouse 
oocytes at any stage. Annulate lamellae are occasionally 
seen in other mammalian female germ cells. Reported 
instances are: in a single atretic oocyte of the golden 
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hamster (Weakley, 1969); and in penetrated tubal ova of the 
rabbit (Zamboni and Mastroianni, 1966) and human (Zamboni, 
Mishell, Bell and Baca, 1966). 

There are two reported Instances of experimental 
induction of annulate lamellae in cells where they are not 
normally found. One was in hen oocytes (eggs over 2 mm in 
diameter) after a large dose of x-rays (3000 R) and also 
after treatment with Actinomycin D (Schjeide, Galey, 
Grellert, Lin, deVellis, and Mead, 1970). These authors 
suggest no explanation for their result. 

Annulate lamellae were also seen in embryonal mouse 
nontransformed cultured cells after treatment with any of 
several antitubulin drugs (colchicine, vinblastine, 
vincristine, etc.) (De Brabander and Borgers, 1975). 
Similar results were obtained with several other lines of 
cultured cells. The appearance of the annulate lamellae 
was correlated with a disemination of Golgi organelles 
throughout the cytoplasm and a gradual accumulation of 
^10nm filaments in tightly packed bundles. The authors 
suggest that the nuclear membrane is involved in the 
synthesis of tubulin or the polymerization of microtubules, 
and that upon complete breakdown of the cellular 
microtubules the cell undergoes a reactive hyperproduction 
of such sites which gives rise to the annulate lamellae. 
The annulate lamellae were thought to be formed from smooth 
endoplasmic reticulum vesicles which had budded off from 
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the Golgi and then fused to form the lamellar stacks. 
It is of interest that Zamboni (1972) in his review of 

mammalian germ-cell ultrastructure points out that those 
mammalian species which normally have annulate lamellae in 
their germ cells at some stage also have germ-cell Golgi 
which differ from the norm,. 

Whether Golgi and/or microtubule changes are involved 
in the formation of annulate lamellae in irradiated mouse 
oocytes has not been determined. In the single atretic 
hamster oocyte, "treated" hen oocytes, and the three 
irradiated mouse small oocytes (from the present study), 
the formation of annulate lamellae may be associated 
strictly with degenerative changes. The mechanism which 
triggers their formation may be unrelated to the initial 
cellular damage or stress. If however the formation of 
annulate lamellae is rapid and transient in these cells, 
they might be much more prevalent than the data indicate, 
and might perhaps suggest one of the targets for radiation 
damage in the mouse small oocyte. Whether this target is 
related to a "lesion" in neoplastic cells (which often have 
annulate lamellae) is not known. 

Single centrioles were observed in the ooplasm of two 
irradiated oocytes. These structures were cut 
longitudinally. One centriole had two small dense subunits 
near it. No centrioles were seen in control oocytes. This 
difference is statistically significant, but the low 
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incidence suggests caution in interpreting this data. 
Several dense bodies of approximately the same size as 

centrioles were found within the cytoplasm of small 
oocytes. Pour of these structures were striking for their 
density and star- or lobed-shape. These appear to have 
some substructure (Plate 16). Two unidentified dense 
bodies were made up of small dense subunits set next to one 
another to form a closed structure (Plate 17). There is no 
membrane visible surrounding these structures. No previous 
description of these structures has been found in the 
literature. Their function is not understood. They 
resemble to some extent both lysosomes and centrioles. One 
unidentified dense body was found in a control oocyte. 
Their incidence is not statistically significant at the 
p= 0.10 level (see Table 5). 

However, if these unidentified dense bodies are related 
to centrioles, a very interesting suggestion emerges. In 
the present work, annulate lamellae, centrioles, and 
unidentified dense bodies have been seen. Centrioles are 
known to interact v.:.th and be made partially of 
microtubules. If the unidentified dense bodies are related 
to centrioles, they too may be involved with microtubules. 
From work in cultured cells, it seems annulate lamellae may 
form in response to changes in the cellular microtubule 
level. Hence three of the unusual organelles observed may 
be related to microtubules or tubulin. These organelles 
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were seen much more frequently in irradiated oocytes than 
in control oocytes, and this may suggest a possible 
radiation target. No conclusions can be made at this time, 
but the suggestion is interesting. 
Suggested Mechanisms of Radiation Damage in the Mouse 
Small Oocyte 

Little is known about the mechanism(s) which cause 
interphase death. The nucleus of the small dictyate oocyte 
of the mouse resembles an interphase nucleus in a 
nonmeiotic cell. Oocytes spend long periods of time (birth 
through the end of reproductive life) in this state. A 
period of growth originally estimated to be 19 days 

(Pederson, 1970) but presently thought to be closer to 35 
days (Oakberg, 1975) is required for the stimulated smal.l 
dictyate oocyte to reach the first meiotic division 
normally. The "resting" state of the small dictyate oocyte 
in the mouse can be considered a meiotic interphase. Hence 
these cells are considered to undergo interphase death 
after irradiation. Most other cell types undergo 
reproductive death after irradiation. This mechanism is 
normally associated with nuclear (chromosomal) damage and 
the resulting problems facing a cell at division. 

In the small oocyte the total degeneration time is 
about the same as the normal lifetimes for some mammalian 
m-RNA's, but degeneration starts much earlier. This 
suggests that genetic damage would have to be rather 
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specific in nature to result in such rapid cell death. The 
doses of y-rays or tritium, which result in oocyte loss 
during the sensitive juvenile period, are very low to cause 
specific damage in large numbers of cells unless the target 
is very large. 

Nuclear Involvement Classically the target for cell 
killing by radiation is thought to be the DNA. This target 
can become slightly larger by considering the histone and 
nonhistone proteins which structure and regulate the DNA. 
The actual physical structure and configuration of the DMA 
(including perhaps the maintenance of chiasmata), may be 
very important in the maintenance of the dictyate state. 
Also, control of cellular functions and scheduling by 
molecules such as repressors and inducers are undoubtedly 
active in these cells. If some of these control or 
structural molecules were sensitive to radiation damage, it 
is conceivable that major errors could be made. This might 
lead to a rapid degeneration of the cell. However, this is 
unlikely as most proteins are very radioresistant and such 
a target is still very small, even if one considers the 
total chromatin. 

There is some evidence which suggests the nucleus as a 
possible radiation target. One study, using the light 
microscope, found that the nuclear morphology of the small 
oocyte was different during the most radiosensitive period 
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than it was at either earlier or later times (Slizynski, 
1967). It would be of interest to correlate such 
differences using light and electron microscopy and 
different strains of mice (in which the timing of 
sensitivity differs) and to examine changes in this 
specific nuclear morphology after irradiation. 

Other authors have speculated that the dictyate stage 
of meiosis is very sensitive to radiation damage in the 
mouse because of the highly extended conformation of the 
DNA. In some mammalian species the oocyte chromosomes are 
not as decondensed during this period (e.g., human 
lampbrush configurations). It is thought that the 
extension leaves only a thin sheath of ribonucleoproteins 
(RNP's) around the chromosome thus rendering it more 
vulnerable to damage (Baker, 1971). This suggestion is 
based only on comparisons of the control nuclear 
morphologies and sensitivities of the oocytes of several 
species during the juvenile period. No mechanism for the 
rapidity of cell loss in these nongrowing cells was 
suggested by the author. Also, the possibility of 
differing periods of sensitivity in different species 
(e.g., mouse juvenile may equal monkey in utero; see 
Dobson, Koehler, Pelton, Kwan, Wuebbles, and Jones, 1978) 
were not considered. Therefore, the idea is questionable. 

Both the present study and a previous one (Parsons, 
1962) have observed changes in the condensation of 
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chromatin in the nuclei of irradiated mouse small oocytes. 
These observations are supportive of the suggestion that 
loss of controlj structural damage, and/or genetic damage 
may be taking place in these cells as the result of 
Irradiation. 

Follicle-Cell Involvement A deregulation of the oocyte 
might result in a change in the surrounding follicle cell 
activity if, as is probable, the two cell types normally 
coordinate with one another perhaps via chemical signals. 
A sudden change or non-sequential signal might trigger a 
reaction meant to remove damaged oocytes or those which 
develop at the wrong time during the cycle. Another 
possible reaction by the follicle cell would be to change 
energy sources or other such molecules supplied to the 
oocyte or even to stop the transport of such molecules 
altogether. The effect of such an action on the oocyte 
might trigger activation or allow the escape of the lytic 
enzymes found in the numerous lysosomes of the oocyte. 

The presence of large degenerative bodies within the 
follicle cells next to unhealthy looking oocytes (present 
study) after irradiation strongly suggests that the 
follicle cells are involved in some stage of oocyte 
degeneration. Whether this involvement is merely 
responding to an external stimulus which causes engulfment, 
participation in oocyte breakdown, or whether the original 
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impetus or signal for oocyte breakdown can come from 
radiation-damaged (stimulated) follicle cells Is not known. 
The data from the present study are compatible with any of 
these mechanisms. Several previous studies reported 
degeneration occurring In oocytes where a heavy label of 
-^-uridine or P was observed over adjacent follicle cells 
(Oakl erg, 1968; Odebiad, 1952). This evidence may support 
the hypothesis that radiation damage to the surrounding 
follicle cells can lead to oocyte loss. However, it may 
also indicate radiation from within the follicle cell has 
damaged the oocyte. 

Another study, suggesting damage to follicle cells 
occurs during irradiation, found breakdown of some 
"granulosa-cell apparatus" at 7 weeks after irradiation (20 
R of x-rays given to newborn mice) (Peters and Borum, 
1961). While this suggests longterm damage, earlier 
effects corresponding to oocyte loss may also have taken 
place. 

Hormonal Influences Hormonal factors also seem to play a 
role in oocyte degeneration caused by irradiation in mature 
rats but not necessarily in juvenile mice. Studies have 
shown that hypophysectomized adult rats are less sensitive 
to radiation-induced oocyte killing than are normal or PMS-
supplimented hypophysectomized rats (Beaumont, 1968 and 
Beaumont, 1969). The author suggests that oocytes may be 



39 

more sensitive when the estrogen level is low. Studies in 
vitro have failed to show the same oocyte loss as in_ vivo 
after a specific radiation dose (Baker and Neal, 1969). 
These authors suggest the lack of gonadotropic hormones in 
the culture media as the explanation of this difference. 
However, a study with juvenile mice (10-14 days old) reported 
the same oocyte loss in animals injected with an estrogen 
compound for several days prior to irradiation as in 
sham-injected irradiated animals. The estrogen was known 
to be acting on the mice, as the uteri of the 
hormone-injected animals all appeared to be in estrus 
(Dobson et_ al^., 1977b). These data suggest that hormones, 
estrogen at least, does not affect the radiation response 
in juvenile mice. 

Membrane Alterations Membrane changes brought about by 
radiation could also effect oocyte survival. Release of 
lytic enzymes, loss of salts, or the inability to transport 
certain molecules would certainly have some effect on the 
oocytes. The present study found significantly more 
swelling of the nuclear membrane and a more irregularly 
shaped nucleus in irradiated cells. While these changes 
are suggestive of some type of membrane damage, previous 
studies have shown damage only at rather high doses (100s 
to 1000s of rads) (Patrick, 1977). 
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Interphase Death in Lymphocytes Several•interesting 
observations have been made concerning radiation damage in 
small lymphocytes, which also undergo interphase death. A 
decrease in temperature to 25°C caused a loss of 
radiosensitivity and also prevented K loss at 1KR of 
x-rays. Transport radiosensitivity is thought to be 
responsible for the K loss observed at normal 
temperatures. A loss of cell-surface potential has also 
been observed in small lymphocytes after 500R. This is 
prevented, and the cells are protected from interphase 
death, by treatment with pbytohemagglutinin. Such data do 
not prove that membrane failure results in lymphocyte 
interphase death, but they do suggest that cellular 
membranes play a role in this process (Patrick, 1977). A 
study of the effects of temperature on oocyte loss in 
irradiated cultured mouse ovaries would be of interest. 

The present study is compatible with nuclear damage 
(structural, genetic, or control), membrane changes, and 
follicle-cell activities as mechanisms of radiation damage 
in the small resting oocytes of the mouse. Whether any of 
the observed changes actually reflect an early response to 
radiation damage (and hence a primary target) or whether 
they are all reflections of the on-going cellular 
degeneration has not been determined. With the limitations 
inherent in the mouse ovary system and in electron 
microscopy at this time, such a determination is probably 
not possible using these methods. 
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SPECULATION 
There may be no single target or mechanism responsible 

for oocyte loss after irradiation. The system may have 
evolved such that any slight irregularity in a female germ 
cell would cause its removal, thus assuring the best 
possible chance of survival of the species because the most 
perfect germ cells would reach ovulation. Such a system 
would in some ways duplicate the fitness trial of the sperm 
in reaching the oocyte. The very large numbers of oocytes 
contained in most mammalian ovaries at birth would provide 
the excess needed to support such a system. Although 
seemingly wasteful of cells and energy, such a system could 
provide a continuing monitor of oocyte health throughout 
the prolonged period of diplotene and dictyate, thus 
assuring that accumulated damage from radiation, chemicals, 
or just normal wear and tear could be efficiently 
eliminated. 

The oocyte is of vital importance to the continuation 
of the species. It is called upon to provide not only 
genetic information, but also the cytoplasmic systems and 
stored informational molecules which will provide a newly 
formed zygote with the means to develop until it can 
produce the needed components to handle its own 
development. In mammals, all this must be done after long 
periods of cellular quiescence (weeks to years) and without 
placing too great a strain on the species, which would 



J)2 

prevent efficient reproduction. Given these requirements, 
it seems that a successful species such as the mouse might 
well have evolved a very sensitive female germ cell as an 
evolutionary expedient. 

Work performed under the auspices of the U.S. 
Department of Energy by the Lawrence Livermore Laboratory 
under contract number W-7J)05-ENG-t8, in cooperation with 
California State University at Hayward. 
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FIGURE 1. Oocyte survival in !i9-day-old mice 
irradiated at various ages before and after birth. 
£ach animal received a single 18 rad dose of 6 0Co 
Y-radiation Riven nt 1 rad/min. Closed circles (9) 
data from the present study on prenatal animals; 
open circles (O) data from Dobson et al. (1977a) on 
postnatal animals included here for comparison and 
completeness. Error bars represent ±2 SEM. 



TABLE 1: DESCRIPTIOS OF MOUSE FEMALE GERK-CELL STAGES 

HOUSE AGE GEB»-CELL STAGE DESCRIPTION REFERENCE 

presomlre 
embryo 

<8 days p.c. 

presumptive 
genu cells 

i- days 8-10 p.c. presunptive 
gem cells 

MORPHOLOGY: Large, round, undifferentiated 
cytoplasm; low electron density 
DESCRIPTION: found in entoderm of yolk sac 
stalk, allantois, and gut. 

MORPHOLOGY: same as earlier with psuedopod-
like protrusions 
DESCRIPTION: oigrate to forming genital 
ridges via ameboid movement &/or bloodstream; 
cay divide mitotically 

•v day 10 p.c. presunptive or KORPHOLOGY: same except no longer have psuedo-
primordial gem pod-like protrusions 
cells DESCRIPTION: arrive at and colonize genital 

ridges 

i> day 10-13 p.c. oogonia 

day 13 p.c. oogonia 

MORPHOLOGY: same 
DESCRIPTION: rapid mitotic division 

KORPHOLOGY: same 
DESCRIPTION: enter premeiotic phase (some) 

day 14 (late) oogonia-oocytes KORPHOLOGY: mostly leptotene S zygotene 
p.c. nuclear configurations 

DESCRIPTION: very few oogonia left 

oocytes MORPHOLOGY: mostly zygotene & pachytene 
nuclear configurations 
DESCRIPTION: all germ cells have entered 
neiosis; total stock of germ cells set 

oocytes MORPHOLOGY: all pachytene nuclear config
urations; some start to degenerate 
DESCRIPTION: most oocytes interconnected 
by cytoplasmic bridges; centrioles no 
longer ceen 

day 15 p.c. 

day 16 p.c. 
to birth 

Odor & Elandau, 
1969a & D 
Zanhoni, 1972 

Franchi, Mandl, & 
Zuckerman, 1962 
Zaroboni, 1972 
Baker, 1972 

Zaiaboni, 1972 

Zamboni, 1972 
Franchi, Kandl, & 
Zuckerman, 1962 

Eorum, 1961 

Borum, 1961 

Borum, 1961 

Borum, 1961 

Ruby, Dyer & 
Skalko, 1969 



last day of 
gestation (day 
18-19 p.c.) to 
*». 3 days after 
birth 

birth to end of 
reproductive 
life 

oocytes 

oocyte 
small non-
growing 

MORPHOLOGY: progress from pachytene to diplotene Zamboni, 1972 
to dictyate 
DESCRIPTION: follicle cells start to surround Borum, 1961 
dictyate oocytes; cytoplasmic bridges Ruby, Dyer, & 
disappear Skslko, 1969 

MORPHOLOGY: dictyate nuclear configuration; 
Golgi bodies near nucleus; 
reticular nucleioli; vacuolated mitochondria 
with ER associated; some mitochondrial rosettes 

Zamboni, 1972 

Wischnitzer, 1970a 

growing 

after sexual 
maturity is 
reached 

secondary 
oocyte 

fertilized ovum 
or zygote 
first cleavage 
division 

DESCRIPTION: 
1) growth of oocyte & formation of multi

layer follicles start in some cells; 
beginning of Zona pellucida fomation & 
microvilli; circular cisternae & non-
membranous latr.elle are now seen 

2) oocyte stops growth at "v.70u diameter; 
follicle continues growth and starts 
antra formation 

3) antra coelesce and corona radiata formed 
(lutinizing hormone signals reentry into 
raeiosis) 

A) nucleoli become granular, condense, and are 
lost as nuclear membrane breaks down 

5) extrusion of first polar body 
6) progress to metaphase II and ovulation 
7) sperm entry 
8) extrusion of second polar body 

9) division without fusion of two pronuclei 

Odor. 
1969 

& Blandau, 

Weakley, 1968, Burk-
holder, Comings & 
Okada, 1971, 
Szollosi, 1972 

Baker, 1972 

p.c.^post conception 
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TABLE 2 

MEAN NUMBER OF OOCYTES COUNTED IN 49-DAY-OLD 
MICE AFTER PRENATAL IRRADIATION 

IRRADIATION 
DAY* 

MEAN NUMBER OF OOCYTES 
COUNTED+ 

NUMBER OF 
OVARIES* 

FERCEN 
SURVIV, 

Unirradiated 
Control 

346.0 + 54.9 13 100 

7 261.2 + 73.8 10 75.5 

9 304.3 + 38.5 10 87.9 

11 160.7 + 22.6 10 46.4 

13 218.7 + 33.1 10 63.2 

15 244.9 + 50.2 10 70.8 

17 226.1 + 46.2 10 65.3 

* day post conception 

mean £ 2 SEM counted from every 20th section of ovary 

one ovary per animal used 

1 
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TABLE 3 

STATISTICAL DIFFERENCES IN OOCYTE SURVIVAL FOR 49-DAY-OLD 
MICE IRRADIATED IN UTERO OR UNIRRADIATED 

TREATMENT 
GROUP 1 

TREATMENT 
GROUP 2 

Significance Level 

Control 

11 day p.c. 

9 day p.c. 

7 day p.c. 

11 day p.c. 

13 day p.c. 

15 day p.c. 

17 day p.c. 

7 day p.c. 

9 day p.c. 

13 day p.c. 

15 day p.c. 

17 day p.c. 

13 day p.c. 

<.01 

<«.01 

«.01 

<.01 

<.01 

=.01 

<«.01 

= .01 

<.01 

>.01 

<.01 

as determined by a two-tailed Student t-test; 
All other differences were found not to be significant at the 
.01 level. 
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TABLE 4 

STATISTICAL DIFFERENCES IN NUMBERS OF 
MORPHOLOGICAL CHARACTERISTICS OBSERVED IN SMALL 
OOCYTES OF lURAIJIATED OR CONTROL M-DAY-OLD MICE 

MORPHOLOCICAL 
CHARACTERISTICS CONTROL 

7 HOURS 
IRRAD 

Number of 
cells 
showing 

character 

5 

AFTER 
IATION 

Total 
cells 
scored 

SIGNIFICANCE 
LEVELS* 

Number of 
cells 

showing 
character 

1 

Total 
cells 
scorei 

7 HOURS 
IRRAD 

Number of 
cells 
showing 

character 

5 

AFTER 
IATION 

Total 
cells 
scored 

MODERATE CHROMATINS 
CLUMPING 

Number of 
cells 

showing 
character 

1 31 

7 HOURS 
IRRAD 

Number of 
cells 
showing 

character 

5 23 0.05 

SLIGHT CHROMATIN* 
CLUMPING 

4 31 12 23 0.005 

MASSIVE LYSOSOMAL* 
ACTIVITY 

1 26 5 26 > .05 

MODERATE LYSOSOMAL* 
ACTIVITY 

10 26 15 26 .10 

NUCLEAR MEMBRANE* 
SMELLING 

2 31 6 21 .05 

VERY IRREGULAR 
NUCLEAR SHAPE 

5 31 7 22 t.lO 

MODERATELY IRREGULAR 
NUCLEAR SHAPE 

9 31 11 22 >.05 

ORGANELLE CLUMPING* 11 26 20 25 0.005 

CYTOPLASMIC VACUOLES* 7 26 11 25 > .05 

COLGI. ASSOCIATED* 
VACUOLES 

3 21 10 18 MJ.005 

SWOLLEN ENDOPLASMIC 
RETICULUM 

9 25 10 25 N.S. 

SWOLLEN MITOCHONDRIA 11 26 

KON-1NTACT MITOCHRONDRIA 13 26 

9 

M 
25 

25 

N.S. 

N.S. 

U.S. » (lot Significant to the 0.10 level 

* - Doubtful Criteria 

X • Given by Differcncc-of-Two-Rntios test 

i • Mean of tests by 3 observers 

i m Mean of tests by <\ observers 

* » Mean of tents by 2 observers 
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TABLE 5 

STATISTICAL DIFFERENCES IN NUMBERS OF UNUSUAL ORGANELLES 
SEEN IN SMALL OOCYTES OF IRRADIATED OR CONTROL 14-DAY-OLD MICE 

UNUSUAL 
ORGANELLES 

CONTROL 

SIGNIFICANCE 
LEVELS* 

IRRADIATED 

NUMBER OF 
ORGANELLES 
SEEN 

TOTAL 
CELLS 
SCORED 

NUMBER OF 
ORGANELLES 
SEEN 

TOTAL 
CELLS 
SCORED 

CENTRIOLES 0 39 2 110 >.05 

ANNULATE LAMELLAE 0 39 3 110 >.01 

LIPID DROPLETS 1 39 8 110 >.01 

UNIDENTIFIED DENSE 
BODIES 

1 39 5 110 N.S. 

N.S. » Not Significant at 0.10 level 

x • Given by Difference-of-Two-Ratios Test 



PLATES 

PLATE l: NORMAL SMALL DICTYATE OOCYTE 

This cell has the rounded shape, low election density, and "vacuolated" 

mitochrondria (M) typical of the nongrowing dictyate stage. Parts of the 

basement membrane ()3M) and single layer of follicle cells (F) are visible. 

Within one of the follicle cells is a single centriole (C). Junctions 

(J) connect the oocyte and follice-cell membrane in several places. 

The following abbreviation will be used for all micrographs. 

N = nucleolus; NM = nuclear membrane; L = lysosome; G = Golgi body; 

LP = lipid droplet; M = mitochondrion; F = follicle cells. 

X 7*100 
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PLATES 2 - 8 : RANGE OF MORPHOLOGIES SEEN IN DEGENERATING OOCYTES 

These oocytes were chosen to describe pictorially the range of 

morphological conditions in oocytes observed after Y-irradiation. 
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PLATE 2: SLIGHT DEGENERATIVE CHANGES 

This oocyte has a slightly irregular nuclear outline, some of the 

mitochondria seem to tie a little swollen and several vacuoles are 

present in the cytoplasm. X 9800 



62 

PLATE 3: INCREASING DEGENERATIVE CHANGES 

This oocyte has a slightly irregular nuclear outline and uneven 

separation of the double nuclear membranes (arrow). Swollen and 

nonintact mitochondria are prevalent. Cytoplasmic vacuoles and swollen 

endoplasmic reticulum are also seen. Lysosomal activity is greater 

than in Plate 2. X 1(1)00 
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PLATE li: MODERATE DEGENERATIVE CHANCER 

The nucleus of this oocyte is not roundec. It occupies a peripheral 

position in the cell and has moderately condensed chromatin. The 

nuclear membrane shows a slightly irregular separation. Massive 

vacuoles and lysosomal areas occupy the majority of the cytoplasm. 

Most mitochondria lack internal membrane structure seen in cells 

from control tissue (arrow). A lipid droplet appears within the 

ooplasm. X 7*100 
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Massjivo i:wcllJn/; of t h e n u c l e a r membrane 3:3 c.c^n in thi: - . 

n u c l e a r shape i s somewhat a r r e g u l a r . Mo:;t. mi Lochomlr in ; 

r e t i c u l u m v o s i e l e c a r e a l s o "badly swol len ( a r r o w ) . 

oocyte:. 

.r;d ouch 

The 

-la^mjc 

x 9800 



66 

PIJATE 7: MASSIVE DEGEKKRATJYK C-:;.."-;: " 
An area of massive lysosomal a:'.ivity ; r, r:een in the follicle eel] 
adjacent to the dcncncratini/, oocyte. A jr/illcr area of r.tivw lysosomal 
activity appears in the ooplanm. The chromatin of the oocyte in 
moderately condensed, Mont mitochondria appear to he hrealun^ down. 
Several lipid droplets nro neen in the ooplanm. x 9000 
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PLATE 8: DEGENERATED OOCYTE 

-ills oocyte is recognizable only by the surrounds nr, bur.omc.it morabrnne 

and follicle cells. The cytoplasmic and nuclear contents of the cell 

have degenerated beyond recognition. 
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PLATES 9 & 10: AREAS OF MASSIVE DEGENERATION 

These areas were probably oocytes originally. However, at this point 

degeneration has proceeded too far to make a positive identification of 

the dying cell or cells. 
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PLATE 9: AREA OP MASSIVE DEGENERATION 
The arrangement of a partial basement membrane and the cells capping 
the degenerating cell suggest this was ari oocyte. However, no 
recognizable organelles remain and the identification is not positive. 

X 7U00 
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PLATE 12: IRREGULAR MITOCHONDRIAL FORM 

Plate 12 rhows swollen mitochondria and endoplasmic reticulum 

vesicles. The integrity of the double membrane is doubtful at several 

points (arrows). X 1(2,000 

PLATE 13: IRREGULAR MITOCHONDRIAL FORM 

Plate 13 shows mitochondria vith a dense matrix. A breach of the 

outer membrane integrity appears at the arrow. X 1(2,000 
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PLATE li t : AriMUMTE I.AMMLLAK JH AH IHRAfHAI'IiD OXY'If. 

There annul a t e - 1 ainel3 a e - l i k e s t r u c t u r e s (AL) vjen> ohnerved in t h e 

cytop.1;i;;/n oi' an oocyte* The c e l l which o o n t a i n o j t h e s e s t r u c t u r e s 

had moderate d e g e n e r a t i v e c h t r r a o t e r i s t n en . X <?6,000 
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PLATE 15; EIIIOLS CJvlTRlOLK II! AH TRRAIIIM'KD OOCYTE 

Th i s oocy te c o n t a i n e d u s i n c \ o c i ' i v t r io le (ar row) w i t h i n i t s cy top l a sm. 

A moderate amount o r lysosomal a c t i v i t y i s a l s o p r e s e n t i n t h e c e l l . 

X 7!|00 
INSET: Enlargement of c e n t r i o l e 

X 12 ,000 
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PLATE 16: UNIDENTIFIED DEMSE BODY IN AN IRRADIATED OOCYTE 

The cytoplasm of this oocyte contained an unidentified dense body 

(arrow). The inset is an enlarged view of the structure. Moderate 

lysosomal activity is present in the cell n.lso. X 7^00 

INSET X 1(2,000 



PLATO Y(: IRKADIATRD OOCT'i'K COIfi'ATI! Ilia ANOTHER TYPr! OF V 

DEKSl'I BODY 

This u n i d e n t i f i e d denr.e body furrow) ir. undo iij. r-.!' e lu r i . e i 

s u l n m i t s . 'J'hoae subun i tn a r e s i m i l a r t o t l ic a u x i l i a r y dr.-, 

in t h e o t h e r u n i d e n t i f i e d denne '< . . . 

i-ibuni tL' 

X 900 


