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SCOPE AND CONTENTS: It has been repeatédly demonstrated that
radiation induces chromosome aberrations in mouse oocytes and
spermatocytes. Howeve_r: the results of previocus studies, in
which the frequency of aberrations recovered from irradiated
oo?xtes and spermatocytes were compared, are conflicting
(::t;viewed by L. B. Russell, 1962; L. B. Russell, 1968). The
development of new technigues for making chromosome preparations
from oocytes (Edwards, 1965; Tarkowski, 1966) and sp-emtocytes
(Evans et al., 1964) has made it. possible to reinvestigate

the radiosensitivities of spermatocytes and ococytes.

In the present study, the fmquency of chromosome
aberrations ﬁcmred from irradiated dictyotene oocytes was
compared to the frequencies of aberrations recovered from
irradiated pachytane and diplotens spermatocytes.

Oocytes and spermatocytes were collected from nt.n&
mice one day and five days after exposure to a single acute —
dose of 300R y-radiation. At the tise of irradiation, all of
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the cocytes were in dictyotene while the spermatocytes collected
one day and five days post-irradiation were in diplotene and

pachytene, respectively,

The average number of oocytes collected from irradiated
mice was no different from the average number collected from
controls. Although the ability of ococytes 'collected one day
post-irradiation to mature in vitro (58.0%) was not affected,
s;gnificantly fewer (53.6%) of the oocftes cultured five days
post-irradiation matured in vitro. Since the frequency of
abnormal cells was the sams in oocytes cultured one day and
five days post-irradiation, it is unlikely that oocytes with
chromosome aberrations were selectively inl;ibited from maturing

in vitro.

The‘frequeﬂcies of chromosome aberrations in dictyate
' oocytes cultured one day and five days after irradiation were
not significantly different from the frequency of aberrations
in diplotene spermatocytes (20.7%). However, significantly
more chromosoms aberrations (32.0%) were recovered from irradi-
ated pachytene sparmatocytes than from either dictyate oocytes
or diplotene spermatocytes. Some variation in the relative

frequencies of aberrations was found. N
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INTRODUCTION

Beginning with the pioneer studies of Snell, Heituig
and Brennecke, an extensive body of publications has emerged
concerning the cytogenetic effects of radiation on the germ
cells of mice and, to a lesser extent, other mammals. This
work has bean reviewed by W. L. Russell (1954); W. L. Russell,
Ruséell and Oakﬁerg (1958); L. B. Russell (1962); Mandl (19&4):
Oakberg (1968) and Leocnard (1972).

Most of these experiments used indirect methods of
ascertaining chromosome aberrations. Mice were exposed to
radiation and then mated after an appropriate amount of time
had passed permitting cells, exposed at a particular stage,
to develop into mature germ cells. Chromoscome damage was
detected as dominant lethals, partial sterility or sex
chromosome anomalies (detected by genetic markers) among the

conceptuses or progeny.

The radiosensitivity of chromosomes to breakage
from a single, acute dqse'of X- orﬁy-radiation was iound to be
dependent upon the gametogenic stage at which they were
;rradiated. For a given dose of radiation, the frequencies of
recovered chronosome abérrationl were highest in spermatids
and lowest in spermatogonia uhiie spermatozoa and spermatocytas
yielded about the sama frequencies.
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The chromosomes of oocytes in diakinesis/metaphase
1 are much'more sensitive to radiation than those of oocytes
in dictyotene - a modified diplotene stage in which oocytes
remain from shortly after birth to just prior to ovulation
(L. B. Russell and Spears, 1954:; L. B. Russell and Ruasell,
1954: L. B. Russell, 1956). The radiosensitivity of chromosomes
in pre-dictyate oocytes is difficultlto determine but it
appears, from preliminary results, that they are less sensitive

than those of dictyate cells (L. B. Russell, 1968).

The results of previous studies, in which the
frequencies of radiation-induced chromosome aberrations in
spermatocytes and ococytes wore compared, are conflicting.

" Dominant lethal studies have shown that dictyate oocytes
are as sensitivé as spermatocytes (L. B. Russell and Major,
1953; Bateman, 1958). L. B. Russell (1968), however, found
that irradiated oocytes have a greater ten}‘mcy to lose sex
chromosomes than irradiated spermatocytes. In contrast, it
is easier to induce translocations in spermatocytes than in
dictyate cocytes (L. B. Russell and Wickham, 1957; Leonard
and DeKnudt, 1968).

The development of new techniques for making meiotic
chromosome preparations has made it posaible to reinvestigate
and compare the rndiocensitivltiol of spermatocytes and oocytes.



An air-drying technique, developed by Evans et al. (1964) for
obtaining meiotic chromosome preparatioﬁs from mamalian
itestes, has been used extensively to study radiation-induced
'.translocations inrthe spermatogonia of mice and other rodents
(Ford et al, 1969; Leonard, 1971; Searle et al, 196%; Evans
et al, 1970). The effectiveness of the treatments wag estimated
from the frequency of multivalents inl spermatocytes derived

from irradiated spermatogonia.

Wennstrom (1971) used the same technique to study
the effects of X-irradiation on spermatocytes as well as on
spermatogonia. Since the duration of each stage of -spermato-
genesis is constant (Table 1), all cells at a given stage reach
metaphase I synchronouély (Oakberg, 1956). Because ra&iation
does not alter this timing (Oakberg and DiMinno, 1960) the
radiosensitivity of each stage can be estimated by scoring
the frequency/of abnormal metaphhseq at various times after
irradiation. Thus, by lﬁcriticing mice at one, three and seven
days post-irradiation, Wennstrom was able to estimate the
frequencies of chromosome aberrations induced in diplotene and

early and late pachftano.

Parallel studies on oocytes have not been done
because of technical difficulties in obtaining sufficient

mumbers of cells at appropriate stages for analysis. BHowever,



TABLE 1

Duration of meiotic stages in the male mouse (Oakberg, 1957).

Melotic stage | Duration (hours) ¢
Preleptotene | 31.0
Leptotens . 31.2
Zygotene ’ 37.5
Pachytene 175.3
Diplotene - 21.4
Diakinesis + . -
Mataphase I 10.4 !
Secondary . |
spermatocyte 10.4




S

with the deﬁelopment of recent techniques for culturiﬁg oocytes
in vitro (Edwards, 1965; Evans, 1969; Chandley, 1971; Donahue,
1968, 1970) and fixing and mounting them on slideas {(Tarkowski,
1966), it is now possible to obtain adequate numbers of meiotic
cells for such studies. These techniques have been used in
cytogenetic stidies of normal (Donahue, 1968) and abnormal
(Henderson and Bdwards, 1968; Donahue, 1970) oogenesis.
Although they have alsoibeen used to study the mutagenic effects
of certain drugs (Jagiello, 1967; Jagiello and Lin, 1973;
Jagiello and Poiani, 1969), %hey have not previously been applied
in studjies of the mmtagenic effects of radintiqn.

Investigations of the effects of radiation on the
" meiotic chramosomes of mature mice must be limited to oocyte
stages betwean dictyotene and anaphasg IX. Of these atﬁgea.
dictyotene is the most accessible to study and, ﬁecaupe of
its éuration. is the most likely to be affected by environ-

_ mental insults such as radiation.

) Although there is no stage of meiosis in males that
is strictly comparable to dictyotene, it is of some value
to'co-pnfe‘thh radiosensitivity of pachytene and diplotene
spermatocytes with that ot‘prinnry oocytes. Pachytene is
by far the longest meiotic stage in the male, béing longer in
duration than the rest of the meiotic stages combined (Table 1).



As a result, it is the most likely stage to be exposed to
acute radiation and would accﬁmulate the hichest radiation dose
from chronic exposures. However, dipigtene in the male is the
most comparable, chronologically, to dictyo;ene.

The purpose of the present cytological study is to
compare the radiosensitivity of primary oocytes with that of
mid-pachytene and diplotene sggrmatdcytes.




MATERIALS AND METHODS

Mice of the ICR/Swiss strain were used. A plexi-
glass cage with pie-shaped divisions held the nice while
they were cxposed to BOORJ”rom a ¢8137 gource (29 R/min.).
This dose was chosen becaﬂsa it produced an appreciable
frequency of chromosomal aberrations without caueing a2 hicgh
‘incidence of iethality. Pourteen males and 41 females were
irradiated between the ages of two and three months. After
irradiation, the mice were caged in groups of five or six and
kept undé:\fdentical conditions. Half the mice were sacrificed

at oné day and the rest at five days poat-irradiation.

. Females were sacrificed at these time intervals to
evaluate any ch;ngas in the frequency 6¥ chromosomally aberrant
oocytes over the period of the experimant. Although all oocytes
were at dictyotane, selecﬁivo ovulation, degeneration or
differences in radiosensitivity due to the stage of follicular
maturation could have resulted in changes in the frequency of
abnormal cocytes with time.

2

Ten male and sixteen female control mice were handled
in the same manner, except for the actual irradiation, and
housed under the sams conditions as the experimsntal mice.

Half were sacrificed on the sama days as the irrafdiated mice.
Although fewer animals were used in the control group, a

7



sufficient number of cells were obtained to establish the
frequency of spontaneous aberrations in both se#es. Because
of the low number of analyzable cells recovered per female,
many more females than males were requi&ed. All mice were
sacrificed by cervical dislocation and melotic preparations

were made as described below.

COLLECTION AND PREPARATION OF OOCYTES

The following technique is modified afte; the method
of Evans (1969). After the mice were killed, their ovaries
were removed and placed in embryological watch glasses under
24 ml of a 1:1 mixture of Hanks solution and TC 199 medium.
Two fine needles were used to shred the ovaries and release
the oocytes from their follicles. A dissecting microscope was
used to find the ococytes. The ococytes were cleaned by repeated
pipetting through a finely drawn glaas pipette and transferred
to a dish of fresh medium. They were then washed once in fetal
calf serum and transferred to a fresh dish of serum for
culturing. Only oocytes containing germinal vesicles were
cultured. They wers incubated for 5 hours at 37°C in a St

CO2 environment.

At the end of the culture period, the oocytss were
transferred from the culture medium to a dish of hypotonic
solution (1% sodium citrata). They were examined and those that

L3



had not matured were discarded. Oocytes that resumed meiosis

or "matured" could be distinguished morphologically because they
were round with a fairly uniform cytoplasm and had no germinal
vesicle (Fig. 1). The absence of the germinal vesicle is due

to breakdown of the nuclear membrane as the oocytes proceed

from the dictyate stage to diukiﬁésis (Edwards and Gates, 1959).

Slides were prepared after the oocytes had been
treated'for 20 minutes with the hypotonic solution. No more
than five ococytes were placed on a‘clean, dry microscope slide,
Excess hypotonic solution was drawn off leaving just enough to
prevent the oocytes from drying out. A little fixative (3:1
absolute methanol and glacial acetic acid) was dropped on the
oocytes and dried quickly by blowing on the slide under the
warmth of a 25 watt light bulb. The cells were stained with
carbol-fuchsin (Carr and Walker, 1961) or giemsa. The
chromosomes were scored at mataphase I and photographs were

taken with a Zeiss photomicroscope.

PREPARATION OF SPERMATOCYTES

The tastes were removed and placed in a dish of
isotonic solution (2.2% lodiun-citrlta). The tunica albuginia
vas stripped away with a pair of forceps. The sexinifarous
tubules were transferred to a small beaker containing just
enough isotonic solution to prevent the tubules from drying



{a)
{b)
(c)

PIGURE 1

Oocytes after 5 hours of incubation
Germinal vesicle (arrow) in a dictyotene ococyte

Mature ococyte
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out and to fscilitate mincing. A fine pair of scissors were
used to thoroughly mince the tubules. The mixture was diluted
to 20 cc with a hypotonic solution (1% sodium citrate) and
left at room temperature for 20 minutes. The suspension was
filtered through several layers of gauze and centrifuged at
S00 rpm for 5 minutes, The supernatant was poured off and the

pellet was resuspended in the residual supernatant.

Acetic alcohol fixative (3:1) was added, one drop at
a time, with thorough mixing between drops to prevent the cells
from sticking together. After 4-5 drops had been added, more -
fixativa was rapidly added to dilute the mixture to 20 ml.
The suspension was left to stand for one hour, It was then
centrifuged and the supernatant was discarded. The cells
were resuspended in enough fresh fixative to make a milky
suspension. Clean slides were prepared by rinsing them in cold
tap water. Three or four drops of the cell suspension were
dropped on to each wet slide from a height of about 12 inches.
Excess water was blottsd away and the slides were dried over
an alcchol flame. The cells were stained with carbol fuchsin

A

or giemsa.

CYTOGENETIC ARALYSIS

Well spread cells at diakinesis or metaphase I
(Pig. 2) were scored for the presence or absence of chromatid

-
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breaks (Fig. 3), fragments (Pig. 4) and chromatid exchanges
(Pig. 5). Aneuploidy wasﬁnot scored as a radiation-induced
aberration because the irradiated cells had not proéeeded
thrgugh any divisions from the time of treatment to the time

of harvest. )

A maximum of 150 cells were scored per male. In
the females, because of the limited number of cells that
matured, 2ll of the analyzable cells were scored; the maximum

number was fifty per mouse,



PIGURE 2

Normal diakinesis/metaphase I chromosomes in an (a) oocyte

and a (b) spermatocyte
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PIGURE 3

Chromatid breaks in diakinesis/metaphase I (a) ococyte and

(b) spermatocyte
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PIGURE 4

Chromosome fragments in diakinesis/metaphase I (a) oocyte and

(b) spermatocyte







16
FIGURE 5

Chromatid exchanges in diakinesis/metaphase I (a) oocyte aqd

(h) spermatocyte







RESULTS

OOCYTE COLLECTION AND IN VITRO MATURATION

The total number of oocytes collected from sexually
mature mice one day and five days after exposure to 300R and
from non-irradiated controls is shown in Table 2. Ard average
number of 61.5 ococytes/mouse was cbtained from controls while
57.2 and 64.7 oocytes/mouse were recovered from adults one day
and five days, respectively, after irradiation. These averages
are not significantly different. Exposure to 300R y-radiation,

thus, did not affect the number of oocytes recovered.

Pifty-eight per cent of the 1144 éocytes, collected
one day after irradiatiqn, resumed maiosis in vitro (Pié. ).
This proportion was not significantly different'from the
proportion of control cocytes (60.5%) that matured. However,
signific#ntly fewer (53.6%) of the 1359 oocytes cultured 5
days after irradiation resumed meiosis than either t;{ﬁéontrol
oocytes (P<0.001) or oocytes cultured 1 day post-irradiation
(P~0.03).

SPERMATOCYTE PREPARATIONS

The air Arying me thod generally yielded good
metaphase preparations. None of the mice were sterile. A

total of 804 cells were scored from the non-irradiated mice

17
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TABLE 2

In vitro maturation of non-irradiated oocytes and oocytes exposed to 300R

one day or five days prior to culturing

Number Post-treatment | Total oocytéa Average number Matured
of mice day of oocyte collected ococytes/mouse
collection t S.D. No. Per cent

20 1 1144 57.2 ¢ 20.1 664 58.0 T
21 5 1359 64.7 ¢+ 26.3 729 513.6
16 Not irradiated 984 61.5 ¢ 19,7 595 €60.5

:

" x2 test

ests

N
at x2 P

1l day vs control 1l 1.3 0.256
5 days vs control 1. 10.8 <0,001
1 day vs 5 days 1 4.9 0.027

81
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while 531 and 440 cells were scored from the treated mice one

day and five days, respectively, after exposure to 300R.

CYTOGENETIC ANALYSES

1. CONTROLS

| ..°£ 598 unirradiated oocytes which matured in vitro,
a total of 298 (50.1%) had well spread and analyzable
chromosomes. Of these, 3 cells (1.0%) wera abnormal.ﬂ Nine
{1.1t) of 804 unirradiated spermatocytes were abnormal.
The frequencies of chromosome aberrationﬁ'in control and

irradiated cells are given in Table 3.
2. ONE DAY POST-IRRADIATION

One day after irradiation, 69 (18.9%) of the 1366
oocytes examined had structural chromosome aberrations. ‘This
frequency is significantly highar than in controls (P<0.00l).
Chromatid breaks comprised 47.6% of the aberrations observed
in the irradiated ococytes. Thixty-thfoo par cent of tha
aberrations were fragments and the remainder (19.5%) were
- chromatid exchanges,

Abnormal mataphases vere observed in a significantly
higher proportion of the irradiated spermatocytss than in

controls (P<0.001). Of 531 irradiated cells scored, 110 {20.7%)



20

were abnormal. Fragments were the most frequent (45.9%) and

chromatid exchanges the least frequent (26.2%) of the aberrations.

Tests of significance comparing the frequencies of
abnormal cells and the relative frequencies of chiouwosome
aberrations in irradiated spermatocytes and oocytes are shown
in Table 4. The frequency of abnormal spermatocytes was not
siqnificantly different from the frequency of abnormal oocytes.
However, chromatid breaks were significantly more common in
the.irradiated oocytes than in the irradiated spermatocytes
{(47.6% v 27.9%; P=0,02)

3. FIVE DAYS POST-IRRADIATION

Significantly more abnormal ococytes (P<0.001)
and spermatocytes (P<0.00l) were present among-the cglls _
from mice five days after they had been exposed to radiation
than among control cells. Sevanty-aix (21.68) of 35
irradiated cocytes and 141 (32.0%) of 440 irradiated b
spermatolytes had structural chromosome aberrations. The
frequency of abnormal spermatocytes was significantly
higher than that for abpormal oocytes (P«0.001).

4
Fragments accounted for 37.6% of the nbo‘rru_:iom
in the irradiated cocytes and 42.0% of the aberrations in



TABLE 3

Prequency of structural chromosome aberrations in the oocytes and spermatocytes of

mice one day and five days after exposure to 300R and in unirradiated controls

e

No. days Sex|Meiotic stage|Total gpll Abnormal cells|Chromatid |Pragments Chromatid
rost- irradiated analyzed Ho. Per cent|breaks exchanges
rradiation '

Bon -

irradiated | - 298 3 1.0 | 1 2 -

MNon-

irradiated | d - 804 9 1.1 | 2 8 -

One 2 iDictyotsne 366 69 18.9 |39 (47.6%)( 27 (33.08) 16 (19.5%)
One d‘ Diplotane 531 110 20.7 34 (27.9%)] 56 (45.9%% 32 (26.2%)
Pive Q Dictyotens 382 76 21.6 31 (36.0%)] 32 (37.68) 22 (25.0%)
Pive d” Pachytens 440 141 32.0 67 (40.0!) 71 (42.0%) 31 (18.0%)

7
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Tests of significance for Table 3

b

TABLE 4

No. abnormal cells

(1 degree of freedom)

aberrations

[ Type of chromosome

(2 degrees of freedom)

S8eéx| Days Sex | Days x2 P x2 P
r:::sintion ~ r;:aiation‘

*] 1 vs d 1 0.5 0.49 B.3 0.02
- ve J 5 10.7 0.001 1.9 0.38
2 1 vs [+) 5 0.8 0.36 2.2 0.33
Sl 1 va | 3 16.1 <0.001 5.1 0.08
2 1 va o” s 18.0 <0.001 2.0 0.36
g 1 v |2 5 0.1 0.75 2.0 0.37

R Y Lot
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the irradiated spermatocytes. Chromatid breaks were slightly
less common, comprising 36% of the aberrations in the irradiated
oocytes and 40% in the irradiated spermatocytes. Twenty-five
per cent of the aberrations in the oocytes and 18% of the
aberrations in the spermatocytes were chromatid exchanges. The
relative frequencies of the aberrations between sexes was found

not to be significantly different.

4. COMPARISONS BETWEEN ONE DAY AND FIVE DAYS

POST-IRRADIATION

No differences in the frequencies of abnormal metaphases
were found between spermatocytes collected cne day post-irradia-
tion and ococytes collected on either post-#rradiation day
(Table 4). However, l{gnificantly more abnormal spermatocytes
were recovered five days compared to one day after irradiation
(P<0.001). Chromatid breaks were less frequent among spermato-
cytes recovered cne day post-irradiation than among cocytes
collected one day (P<0.02) and spermatocytes collectad five
days (P<0.04) post-irradiation while no significant differences
were found for fragments and chromatid exchanges. The frequency
of abnormal spermatocytes recovered five days post-irradiation
was also higher than the !roqn-nc} of abnormal ococytes (P<0.001).
Thus spermatocytes collected five days post-irradiation, i.e.,
exposure during pachytens, had the most aberraticfs of all the
meiotic cells examined.

mr e TR ———




SUMMARY OF RESULTS

Exposure to 300R did not affect the number of oocytes
obtained from mice one day of five days post-irradiation. However,
fewer of the oocytes collected on the fifth post-irradiation day f

matured in vitro.

The frequencies of cocytes and spermatocytes with

aberrations one day and five days after the mice were exposed to

300R were ‘significantly increased over non-irradiated controls.

No significant difference was found between oocytes
collected one day and five days after irradiation in either

the total frequency of abnormal ococytes or the distribution

of the three types of aberrations.

Diplotene chromosomes of the male were as sensitive to
radia;ion as the dictyotenes chromosomes of oocytes. Houever; the
relative frequencies of the aberrations induced in the sparmato-
cytes were significantly different from those of the ococytes.

The frequency of abnormal spermatocytes seen five days
after irradiation was significantly higher than the frequency one
day after irradiation. This increase was due to a significantly
higher frequency of chzétid breaks in the former. Thus, the
chromosomes of pachytsne spermatocytes were more sensitive to

radiation than those of both dictyotene oocytes and diploteane
spermatocytes.



DISCUSSIOR

The results of previous studies, in which the frequencies

of radiation-induced chromosome aberrations in spermatocytes

and oocytes were compared, are conflicting. This may be due, in
part, to limitations of the techniques employed in these
experiments. Chromosoma aberrations induced in spermatocytes
"or ococytes were detected as dominant lethals, partial sterility

or sex chromosome anomalies among the conceptuses or progeny
conceived from sperm or ova derived from the irradiated cells

(L. B. Russell, 1962; L. B, Russell, 1968). The frequency of
induced chromosome aberrations in spermatocytes as determined

by these techniques may be inaccurate because of the possibla
admixture of sperm from different gamatogenic stages in the
seminiferous tubules.

The development of new techniques for making chromosome
preparations have made it deli;:able to reinvestigate the radio-
sensitivities of spermatocytes and cocytes. Meiotic chromosome
preparations can now be obtained directly from spermatocytes

| (Oakberg, 1957; Evans et al, 1964) and from cocytes after
maturing them in vitro (Pdwards, 1965). These techniques
were employed in the present study to detsrmine the frequencies
.of chromosome aberrations recovered after dictyate oodyul
and pachytane and diplotsns Spermatocytss were exposed to
300R y-radiation.
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Although exposure to 300R did not result in a
decrease in the total number of oocytes obtained from mice
up to five days after treatment, it did result in a decrease
in the proportion of cocytes which matured in vitro on the
fifth post-irradiation day. However, since the frequencies of
chromosome aberrations recovered from oocytes on the first
and fifth post-irradiation days were not significantly different,
it is unlikely that this decrease represents the selective
inhibition of maturation in ococytes with chromosome aberrations.
If such a machanism were operating, we would expect a decrease
in the average number of ococytes ovulated by irradiated mice.
Previous investigations have shown that this is not the case.
Russell and Russell (1956) found that up to two weeks after

exposure to 400R, the mean numbar of ococytes ovulated per

female was higher than in controls.

All oocytes collected one day and five days post-
irradiation were at the same mesiotic stage - dictyotens -
at the time of exposure but soms of the cells collected oﬂ
day five may have been at earlier stages of follicular growth
when irradiated than those collected on day one (Pederson, 1970).
No follicular stage differences in radicsensitivity were
fhdicated by our data. These results are in agreemsnt with
those of L. B. Russell (1955) who found that the dominant
lathal 1ncidcnc‘ for females irradiated 16 hours prior to

L}



27

fertilization was no higher than for females treated up to

four and a half days prior to fertilization.

Although some fluctuation occurred in the relative
frequencies of chromatid breaks, fragments and chromatid
exchanges between the two days tested, they were not
significantly different. Chromatid exghanges were the least
frequent of the aberrations on both days. This latter result
is expected since chromatid exchanges arise from the breakage
and fusion of chromatids in two bivalents. Thus, the lack
of any significant difference in the severity of damage
suggests that oocytes with induced aberrations are not
eliminated between onc and five days after irradiation.

The radiosensitivity of diplotene and pachytene
spermatocytes was estimated by scoring the frequencies of
abnormal mataphases one day and five days, respectively, after
irradiation. The duration of each stage 5pd the time required
for each stage to reach dinkinesin/nataph#ia I has been
determined by Oakberg and DiMinno (1962) who also showed
that this timing is not affected by irradiation.

Spermatocytss remain in diakinesis/metaphase I
for approximately 10 hours and in diplotene for 21 hours
(Table 1). Since mice were sacrificed between 21 and 18
hours after i:pécur. in order to catch cells irradiated at
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diplotene, very little contamination from cells at .other

mejiotic stages was expected.

Pachytene in mouse spermatocytes is a relatively
long stage, lasting for about 175 hours. Accordingly, by
sampling diakinesis/me;gphase I cells at 5 days post-
irradiation, we expected to capture a clean sample of cells
irradiated during mid-pachytene.

Some spermatocytes are killéd as a result of
exposure to radiation. Oakberg (1968) has calculated the
LDgp of mid-pachytene and diplotene spermatocytes to be 3182R
and 564R, reapectiveiy. Thus, more pachytene than diplotene
cells may have been killed by irradiation with 300R. Since
no correlation was found between cell death and chromosome ‘
breakage (Onkbefg and DiMinno, 1962), it is not possible to
determine the extent to which spermatocytes with chromosome
abarrations were eliminated in sach of these stages. ‘

Our results indicate that pachytene i- more radio-
sensitive than dipl.otano to the induction of chromosome
aberrations. Oskberg and DiMinno (1960) came to the same
conclusion. Purthermore, L. B. Russell (1968) reported
that Lndnced. X-chromosome 19u occurred more frequently after

spermatocytes were irradiated in pachytsne than in post-pachytsns

stages of meiosis. Wemnstrom (1971), on the other hand,
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found a decrease in the frequency of abnormal first metaphase
cells from a maximum at one day after irradiation to a minimaum
seven days after irradiation which he attributed to restitution.

No evidence for restitution was found in our results.

It ra?iation-induced cell death results in the
selective elimination of cells with chromosome aberrations,
we would expect more to be eliminated from spermatocytes
irradiated in pachytene than in diplotene because of the
difference between these two stages in radiosensitivity.
Thus, pachytens may be even more radiosensitive to chromosome
damage, relative to diplotene, than is indicated by these

results.

Data concerning the types of aberrations induced
in spermatocytes and their relative frequencies have been
published only by Wennstrom (1971). Our results concerning
the relative frequencies of chromatid breaks, fragments and
chruuatid.exchangoq in irradiated diploteane spermatocytes
are entirely in accord with his: fragments were most
common while chromatid breaks and exchanges occurred with
roughly copparable frequencies. The frequencies for irradiated’
pachytene spermatocytes are not comparable to Wennstrom's since
he used different dose levels (200R) and harvestsd cells three
and seven days after exposure. ' ' ‘
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The relative frequencies of aberrations in pachytene
spermatocytes were significantly different from those in
diplotene spermatocytes, This difference was due to a
significant incre#se in the frequency of chromatid breaks in
the cells of the former group. The reason for this difference
might be related to the differences between the two stages in
the organization of the chromatin, however, these results are
contrlary to expectation. In pachytene, homologous chromcsomes i
are Eight;y paired and saeparation of the chromatids has not !
yet occurred. At diplotene, the homologues have begun to
separate and are held together only at the chiasmata; the
chromatids are visible (Griffen, 1966). We would have exﬁected,
therefore, to recover more chromatid breaks from irradiated

diplotene than irradiated pachytene spermatocytss. The

posatbility remains that this difference may be due to the ;

relatively small sample size.

. The frequancies of chromosome aberrations recovered
from irradiated dictyate cocytes and diplotene spermatocytes
were the same. However, significantly more were found among
irradiated pachytens spermatocytes. Since the frequencies of
spontaneous abc'mtionl were the same in male and female controls,
and since the radiosensitivity of dictyate ococytes was the sare
on both post-irradiation days tested, this difference must be
attributed to meiotic stage variations in radiosensitivity of
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the spermatocytes.

Comparisons between spermatocytes and oocytes are
complex because more spermatocytes are killed by radiation than
mature ococytes. About 38% of the spermatocytes irradia_tad \'
in pachytene and 13% of those irradiated in diplotene are
eliminated after exposure to 300R (OCakberg, 1968). The
frequencies of chromosome aberrations in paéhytene and diplotene
spermatocytes may, therefore, have been underestimated as a
result of the elimination of some affected cells. In contrast,
oocytes in mature follicles are able to withstand doses of at
least 400R and still be capable of ovulation and fertilization,

With the exception of one study, (L. B. Russell,
1968), no Slnta have been published which allow comparisons of
radiosensitivities to be made between dictyate oocytes and °
specific sparmatocyts stages. Russell's data :Ln'dicate that
. dictyate ococytes are ricre easily damaged by radiation than
pachytene spermatocytes. We conclude from our experimants that
pachytene spermatocytes are more sensitive to radiation than
dictyate ococytes. These observations are not necessarily in
conflict since Russell measured sex chromosome loss awong the
progeny which my have resulted from nondisjunction or anaphase
lag vhile we measured chromosoms breakage phenomsna directly
in meiotic cells.
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