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removes a factor essential for growth and 
maintenance of these cells. The deficiency 
syndrome in cultures with dialyzed serum can 
be corrected by chicken serum dialysate, but 
not by inositol, cholesterol, vit. BIZ, spleen 
nucleoprotein fraction, or by a more complex 
synthetic nutrient, NCTC 109. Proteose- 
peptone a t  0.1% may be substituted for se- 
rum dialysate to restore full activity of whole 
serum. 
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Influence of Dose Rate on Radiation Effect on Fertility of Female Mice. 
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LIANE BRAUCH RUSSELL, KATHREN F. STELZNER AND W. L. RUSSELL 
(Introduced by A. Hollaender) 

Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 

Studies of the variables that affect the ac- 
tion of radiation on cell populations may be 
expected to yield answers concerning both the 
nature of the radiation effect and the proper- 
ties of cell population concerned. An under- 
standing of these factors is of special impor- 
tance in gametogenic cells, for proper interpre- 
tation of results of genetic experiments is not 
possible. It has long been known that, follow- 
ing irradiation with even a relatively low acute 
dose, female rodents produce only one or a 
limited number of litters before permanent 
sterility sets in, a response entirely different 
from that of males, which regain fertility even 
after high doses. The  basis radiation-induc- 
tion of permanent sterility in the fenaale is 

* Operated by Union Carbide Xuclear Co. for U.S. 
Atomic Energy Comm. 

the extremely rapid destruction of immature 
primordial oocytes, shown for the mouse by 
Brambell and Parkes ( 1) and by Murray ( 2  ) , 
whose findings were, in general, confirmed re- 
cently by Oakberg(3). The careful quantita- 
tive studies of Mandl(4) in the rat lead to 
similar conclusions. (Her paper gives a re- 
view of some of the voluminous literature on 
radiation effects on the ovary.) It has been 
found that new formation of oocytes does not 
occur following irradiation( 1,3, etc.) , support- 
ing the view that oogonia do not persist in the 
adult. Since the first meiotic division is not 
completed until shortly before ovulation 
which, in any case, involves only very few cells 
a t  each estrus, practically the entire gameto- 
genic cell population of adult mouse ovary 
consists cf primary oocytes. Diplotene is 



472 DOSF, KATE ON RADIATIOK EFFECT ON FERTILITY 

completed by 72 or 96 hours after birth(5). 
‘The oocyte nucleus then enters into a modified 
resting stage, named “dictyate”( 6 ) ,  that lasts 
throughout the subsequent life of the oocyte. 
until diakinesis occurs only a few hours prior 
to ovulation. Extreme radiosensitivity is 
usually associated with obvious activity. nii- 
totic or otherwise, of cells. Therefore, i n  
view of histological and cytological facts out- 
lined, it seems, Q priori, puzzling that the adult 
ovary should be so radiosensitive. Its ganie- 
togenic cell population consists of non-di\rid- 
ing cells, and the nuclei are in apparentl!: uni- 
form resting stage. Tt was in an attempt to 
contribute to an understanding of this rather 
unusual type of radiosensitivity eshibited bj- 
the mammalian oocyte that the present esperi- 
inents were undertaken. Preliminary reports 
of some of the results have been published ( 7 .  
8 ) .  Various factors which might be expected 
to influence response to dose-rate changes 
could very well work in opposite directions to 
each other. On the one hand, lowering dose 
rate might, in some respects, tend to increase 
the sterilizing effect. Thus, for matings made 
a t  a given interval following accumulation of 
total dose, the lower the dose rate. the earlier 
and, therefore, the more sensitive the oocyte 
stage a t  which radiation was begun. Simi- 
larly, existence of some cycle of sensitivity. 
might result in more damage from radiation 
distributed in time than from a single acute 
dose. On the other hand, if repair of dam- 
age can occur in oscytes, lowering of dose 
rate should, in this respect, tend to decrease 
the effect of a given dose. Past fractionation 
and dose-rate experiments on female mice 
have yielded apparently conflicting results. 
While some investigators indicated that frac- 
tionation of dose lessens the sterilizing action 
of radiation( 9,10), others noticed only a lim- 
ited effect of changes in dose rate ( 11) or no 
effect(l2). Still others claim to have found 
an inverse relation between dose rate and 
sterilizing action ( 13), i .e. ,  the lower the rate 
of administration of a given dose of chronic 
radiation, the greater the damage. It will be 
shown that these apparent conflicts can be 
explained in the light of present findings. 

Material and methods.  The following pro- 
cedures apply to both experiments (fractiona- 

tion and continuous exposure). Females used 
were genetically uniform (101 x C3H) F1 hy- 
brid mice and were a t  least 6 weeks old when 
treatment was begun. In the 2 experiments, 
females were distributed randomly among 
various component groups. Each group was 
comprised of 12 females, with exception of the 
control group for the continuous exposure ex- 
periment, in which there were 18. The course 
of exposures was arranged in such a way that 
the various groups, within each of the 2 ex- 
perimen ts. completed accumulation of their 
respective total doses on approximately the 
same date. Six females of each group were 
mated immediately following total dose ac- 
cumulation, while the other 6 were mated 10 
days later (corresponding control groups be- 
ing mated concurrently). This was done to 
provide information for the intervals where 
there would otherwise be gaps, i.e., when fe- 
males would not be available for mating as a 
result of being pregnant. Age a t  time of mat- 
ing ranged from 3-5  months. Each female 
was caged separately with a (101 x C3H) F1 
male for the rest of her life. Litters were re- 
corded and killed on day of birth. Tn the 
fractionation experiment, females were ex- 
posed to either a single olr to fractionated 
doses of acute X rays (dose rate about 80 r/ 
min; 250 Kvp; 15 ma; inherent filtration 3 
mni Al;  H.V.L. 0.4 mm Cu; target-object dis- 
tance 84 cm; exposure in individual lucite 
tubes on rotating 10.8-cm-high masonite scat- 
ter block; heads of animals shielded). Total 
doses and ways in which they were fraction- 
ated are shown in Tables I and TI. There are 
2 groups of controls: one “exposed” to one 
sham-irradiation: and one “exposed” to 30 
sham-irradiations ( S/week), i.e., receiving as 
much handling as the most frequently handled 
irradiated group. The experiment, with con- 
trols, thus comprised 12 groups. The 144 fe- 
males produced 5.810 young in 958 litters. Tn 
the continuous exposure experiment, females 
were exposed to radiation from a 5 curie C‘S’:;~ 
source. Exposure was continuous except for 
about 1-2 hours each week. Total dosest and 

t I n  a preliminary abstract of this experiment(8 , 
the total accumulated dcses were repcrted about 
16-17% higher than here. The revision was made 
following an accurate recheck of dosimetry. 
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dose rates, which were regulated by distance. 
are shown in Tables I11 and IV. The experi- 
ment comprised 14 groups. The 174 females 
produced 12,494 young in 1,970 litters. 

Results. Total performance of various 
groups is summarized in Tables I and TI for 
the fractionation experiment and in Tables 
111 and 1V for the continuous exposure experi- 
ment. Tables I and I1 also include, in addi- 
tion to results of the present experiment, some 

unpublished data of W. L. Russell and J. S. 
Gower for performance of (1011 x C3H) F1 
females following single acute doses of 300, 
400, or 500 r (based on 59, 130, and 26 fe- 
males, respectively. 

Analysis of the data in terms of time 
elapsed folllowing irradiation is presented in 
Figs. 1 and 2 for fractionation and continu- 
ous exposure experiments, respectively. In  
these figures, 2 parameters are plotted for 

TABLE I. Litters Produced by Females Trradiated with Acute X-rays in Siiigle or  Fraction- 
ated Exposures. Mean iiuiriber of littcrs/fcmale and stand. errors. 

Single exposure 
(unpublished data 

of W. L. Russell Total dose 
(r)  and J. S. Gower) Single exposurc 25-r fractions (3/wk) * 10-1- fractions (5/wk) t 

0 14.67 2 .56 15.17 i- .64$ 
5 0 4.00 2 2 1  9.00 2 3 3  12.82 2 .69 

100 2.08 1 .08 3.33 5 .95 9.67 c .98 
800 1.7'5 2 .13 4.17 r -32 

400 1.14 2 .04 
500 .69 2 .12 

300 1.36 4 .06 1.42 k .15 2.00 1 .o 

* Irradiated Mondays and Fridays. t Irradiated daily, Mondays through Fridays. $ This 
group of controls underwent 3rl sharui-irradiatioiis. Mean No. of litters for the 2 control groups 
combined is 14.92 2 .42. 

TARllE T I .  Offspring Produced by Females Irradiated with Acute X-rays in Single or Frac- 

Single exposure 
(unpublished data 
of W. 1,. Russell 

tionated Exposures. Mean number of off spring/female and stand. errors. 

Total dose 
(r)  and J. S. Gower) Single exposure 25-r fractions (2/wk) * 10-r fractions (5/wk) t 

50 23.17 .+- 1.48 52.25 & 3.39 79.82 4 5.40 
100 14.08 & .58 17.75 2 1.74 61.83 5 1.84 

21.00 2 1.46 
300 8.11 +- .36 7.58 2 .94 13.67 2 .70 
400 5.84 & .26 
500 1.85 5 .41 

0 91.17 2 2.71 91.67 2 5.97$ 

200 10.00 2 1.02 

* Irradiated Mondays and Fridays. t Irradiated daily, Mondays through Fridays. $ This 
group of controls underwent 30 sham-irradiations. Mean No. of young for the 2 control groups 
combined is 91.42 +- 3.20. 

TABLE 111. Litters Produced by Fcmales Irradiated with Various Dose Rates of Continuous 

Total dose Dose rate (r/wk) 

Gamma Radiation from CsIa7. Mean number of littcrs/feniale and stand. errors. 
~- - - _ _  -.___ 3 

accumu- 
lated (r) - 10.1 23.1 47.2 88.2 

~~ 

0 13.88 & .37 
86 13.33 1 .73 12.08 & .68 13.25 +- .45 13.33 f: .45 

171 13.00 2 .50 11.33 -+- .70 11.00 k .37 
256 11.83 t .27 11.25 -+. .51 8.42 .34 

9.00*2 .64 
345 9.25 & .22 7.75 .46 

* Results of pilot experiment, which preceded the experimmt proper by a fCW months. A11 
other groups concurrent, 
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TABLE IV. Off spring Produced by Penides Irradiated with Various Dose Rates of Continu- 

Total dose Ihse  rate (r/wk> 

ous Gamma Radiation from C S ' ~ ~ .  Mean number of offspring/feinale and stand, errors. 

accull1u- 
- latecl ( r )  10.1 93.1 47.2 88.2 

I? 84.7(: t 3.08 
86 Sf j . ( ; i  -+ 7.1.5 78.08 & 3.3t; 83.00 & 3.11 86.33 2 1.72 

1 T I  SG.00 2 3.80 73.67 5 5.48 62.17 2 2.78 
2%; 72.67 1: 2.19 72.67 4.33 51.75 & 3.46 

59.00*2 6.09 
345 59.08 t 1.94 17.83 ? 2.65 

utlicr groups concurrent. 

each group. The top graph shows, for each 
time interval. percentage of females that had 
a t  least one litter in that time interval. (Fo r  
the sake of brevity this parameter will he re- 
ferred to. subsequently, as percentage of '&pro- 
ductive" females.) The  bottom graph rep- 
resents mean size of litters born. 3Iost females 
regularly mater postpartum during major p r -  
tion of their reproductive life. IYhen >*oung 
are killed a t  birth, litters from such matings 
are spaced approximately 3 weeks apart. and 
the results have consequently been tabulated 
for 3-week intervals, such that,  during the 
height of reproductive activity, almost every 
female had one litter in each interval. (Occa- 
sionally. synchrony broke down leading to 2 
litters in one interval and none in the nest. 
When this happened with several females in 

TIME AFTER ACCUMULATION OF TOTAL DOSE (days) 

a group, the top graph takes an artificial dip 
not indicative of lowered performance: see, 
~ . g . ,  64-84 day intervals in Fig. 2B, C, D ) .  
The first interval, which starts a t  19 days ( i . c . ,  
length of gestation period) is 24 instead of 21 
days long. This has been done to include the 
first surviving litter from those females whose 
first conceived litter died as a result of the 
high dominant lethal incidence from matings 
made in the night following irradiation ( 14). 
Since. handling had apparently no effect on 
performance of nonirradiated animals, (Ta- 
bles 1 and 11) the 2 control groups used in 
the fractionation experiment have been com- 
bined for Fig. 1. The few females that died 
before the end of their reproductive period 
(one in the group that received 50 r in 10-r 
fractions, one in controls of continuous ex- 

300rTOTAL( lOrFRACT.)  

i-WNTROL \ \  

TIME AFTER ACCUMULATION OFTOTAL DOSE (days) 

FIG. 1. Percentage of females that hati at 1e:rbt 011e litter (upper graphs) and mean littersize 
(lower graphs) in various intei*vals (of %-irk duration each) following accumulation of varions 
total doses of X-rays, administered either i n  :i single exposure o r  in fractions of 25 P or 10 r. 

I (A) Total doses of 50 r and 100 r. (B) Total doses of 200 r and 300 r. Note: mean littersize is 
plotted only for intervals in wliivli a t  least 10% of females had litters. 
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El 

TIME AFTER ACCUMULATION OF TOTAL DOSE (days) 

'< '  

TIME AFTER ACCUMULATION OF TOTALDOSE (days) 

FIG.  2. Percentage of females that had at  1e:ist w e  litter (upper graphs) and mean littersize 
(lower gmphs) in various intervals (of 3-wk duration each) f ollowirig accumulation of various 
total closes of continuous gamma rays, administered a t  dose rates of 88.2, 47.2, 23.1, or 10.1 
r/wk. (A) Total accumulated dose, 86 r. (B) Total sccumulated dose, 171 r. (C) Total accumu- 
h t ed  dose, 256 r. (D) Total nacuniulated dose, 345 r. Kote: mean  litlersizc is plotted 011ly f o r  

intervals in which a t  least 10% of feiiiales had litters. 

p u r e  experiment, and 3 in group that re- 
ceived 171 r a t  23.1 r/wk) do not contribute 
to the Tables or to Fig. 3, but are included in 
Fig. 1 and 2 until the time of their death. 

The results for both fractionation and con- 
tinuous exposure experiments are summarized 
in Fig. 3. 

A .  Single, acute exposure. Even a dose as 
low as 50 r, when given in a single exposure, 
reduces performance of females drastically, 
i.e., to one-fourth of normal (Table T and 11). 
This is all the more striking since higher doses 
do not greatly increase the effect (Fig. 3 ) .  

This is, of course, due to the very high sensi- 
tivity of early oocytes and relatively high ra- 
diation resistance of oocytes contained in ma- 
ture follicles, as demonstrated by histological 
studies of the ovary (see above), and by 
studies of ovulated eggs during dominant le- 
thal experiments( 14). As a result of radia- 
tion resistance of mature oocytes, even females 
exposed to high doses usually produce one or 
2 litters before becoming sterile. Thus, in 
the group exposed to 400 r, 98% produced a t  
least one litter: and, even after 500 r, 62% 
had one or more litters. 
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The dose curve for total number of young 
produced following a single. acute X-ray ex- 
posure (Fig. 3, lowest curve) is. thus, obl’i- 
ously a compound curve. The relatively level 
portion a t  higher doses represents radiation 
effects on resistant mature oocytes. which gi\,e 
rise to progenjr even after doses that h a w  
killed the less mature, more sensitive cells. 
(Tt should be pointed out that most. i f  not 
all, of the slope in that portion of the cur1.e 
is probably due to dominant lethals. i .c.,  in- 
duced genetic changes leadinr: to death of em- 
bryos( 14,l 5 )  rather than to killing of 
oocytes.) The initial steep slqie of the curve 
is presumably compounded of various slopes 
for the more sensitive stages. Thus. the dose- 
effect curve for most immature oocytes alone 
( i .c . ,  those found by Oakberg to be most 
quickly killed by radiation ) is presumahl! 
considerably steeper even t hail the steepest 
portion of the compound curve. I t  might lw 
possible, with more extensive data, to analyzt. 
the curve into i t s  component parts, thereby de- 
termining percentage contribution to total 

progeny made by each oocyte stage. as well as 
slope of killing curve characterizing each of 
these stages. 

The histological finding (3) of marked cor- 
relation between degree of immaturity and 
radiosensitivity of oocytes is well borne out 
I)!- breeding data. When performance is ex- 
amined in terms of time elapsed after irradia- 
tion (Fig. 1 )  i t  becomes obvious that num- 
her of litters cast does not decrease until just 
1)rior to complete sterility. On the simplest 
assuinption, this result would indicate that in- 
crease in sensitivity with immaturity is a 
rather steep one. 

R .  Ef7crf of frczrtionutioPz. Fractionation 
of dose markedly reduced the damage to fer- 
tility. and that division of dose into 10-r frac- 
tions was more effective in this respect than 
division into 25-r fractions. At  each total 
dose, the differences between exposure groups 
(single exposure 0 s .  25-1. fractions, 25-r frac- 
tions vs. 10-r fractions) are highly significant 
( i n  all comparisons, P< < O . O O O l )  for mean 
number of litters cast (Table I). The same is 
true for mean total number of young (Table 
TI) except for one difference (namely, that be- 
tween single exposure and the 25-r fraction 
group a t  100 r total dose). which is significant 
only a t  a lower level (P  = 0.047). 

The results for total young,/female may be 
compared in the summarizing Fig. 3. For 
initial steep portions of curves, the ratio of 
slopes is about 4 in comparison between single 
exposure and 10-r fractions, and about 2 for 
comparison between single exposure and 2 5-r 
fractions. (Note that these ratios may be 
underestimates, since initial portion of the 
curve for single, acute exposure may very well 
])rove even steeper when dose points inter- 
mediate to 0 and 50 r are filled in.) This in- 
dicates that the sensitive, immature oocytes 
are capable of considerable recovery from ra- 
diation damage. 4 s  the curves flatten out a t  
higher doses, the ratio of slopes decreases. It 
seems probable that the curves would ap- 
proach each other even more a t  higher doses, 
since one would deal there only with the most 
mature oocytes, the viability of which is es- 
sentially unaffected by radiation. Whether 
or not some differences remain due to genetic 
changes (dominant lethals) induced in these 
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cells is problematic. 
When the results are examined in detail, in 

relation to time elapsed after irradiation (Fig. 
1 ) , it appears, for number of productive fe- 
males (“percentage females with young”), 
that fractionation of dose is roughly equiva- 
lent to giving a lower dose in single exposure. 
Similarly, 10-r fractions a t  one dose are 
roughly equivalent to 25-r fractions a t  a iower 
total dose. Thus, the extra young obtained 
when doses are fractionated, are not the result 
of prolongation of a period of low-level fecun- 
dity. Tnstead, the period of full-scale produc- 
tion is extended and, as in single exposures, 
number of productive females dGes not de- 
crease appreciably until shortly before ster- 
ility sets in. Time relations for littersize will 
be discussed below. 

C. Eflect of lowering dose rate. It may be 
seen, by comparing the results in Tables I11 
and TV with those in Tables 1 and IT, that 
continuously exposed females were consider- 
ably less affected in breeding performance 
than those which received fractionated irradi- 
ation. This is true even of the comparison 
between highest dose rate of continuous irradi- 
ation (88.2 r/wk) and smallest fractions of 
acute irradiation ( 5  10-r fractions/week) 
(Fig. 3 ) .  Groups that received a total ac- 
cumulated dose of 86 r were not significantly 
different from controls in their performance. 
This is in contrast to1 animals receiving only 
50 r in 10-r fractions which differed signifi- 
cantly in mean number of litters from com- 
bined controls of the fractionation experiment. 

Further, in comparing different dose-rate 
groups within the continuous exposure experi- 
ment, it  is obvious, a t  least at total doses 
above 86 r ,  that the lower the dose rate the 
smaller is the deleterious effect on fertility. 
Both for mean number of litters (Table 111) 
and mean number of young (Table T V ) ,  the 
difference between 88.2 r/wk and 23.1 r/wk is 
clearly significant at total doses of 171 r and 
256 r ( P  = 0.001 and P < < O . O O O l ,  respec- 
tively, for litters; P<<O.OOOl, a t  each total 
dose, for offspring) ; and the difference be- 
tween 88.2 r/wk and 47.2 r /wk is clearly sig- 
nificant a t  total doses of 256 r arid 345 r (P< 
<0.0001 and P = 0.003, respectively, for lit- 
ters; P = 0.0002 and P = 0.0006, respec- 

tively, for offspring). Of the 3 remaining 
dose-rate comparisons a t  total doses above 
86 r ,  2 are on the borderline of significance 
for at  least one parameter (23.1 rjwk us. 47.2 
r/wB a t  171 r .  both for number of litters, 
P = 0.05, and number of young, P = 0.06; 
47.2 r,/wls. vs. 88.2 r/wk a t  171 r for number 
of young, I-’ = 0.06);  and one (23.1 ‘us. 47.2 
at 256 r ) ,  though not significant, a t  least goes 
in the expected direction. 

Analysis of results of continuous exposure 
experiment in relation to time elapsed after 
irradiation (Fig. 2 ) ,  presents an even clearer 
picture of direct correlation between dose-rate 
and sterilizing effect. At each total ac- 
cumulated dose, above 86 r, the decline 
in percentage od productive females (top 
portions of Fig. 2B, C, D)  occurs earlier 
the higher the dose rate. This correla- 
tion is apparent even in the few cases where 
totals (Tables 111 and IV) failed to give 
clearly significant differences. Even a t  low- 
est accumulated dose, 86 r (Fig. 2A) , where 
none of the totals differed significantly from 
controls, there is a faint suggestion of effect, 
a t  least for the 2 highest dose rates, 88.2 r/ 
wk and 47.2 r/wk, which slightly curtail 
length of reproductive period. (Note: 23.1 
r/wk results at 86 r were, for some unknown 
reason, temporarily out of line with all others; 
but the group rallied and went on breeding 
almost as long as controls.) In  all groups, 
production, in terms of number of litters cast, 
was a t  niaximuni level until the time of decline 
that ends in sterility. This decline is in all 
cases somewhat steeper than the decline due 
to normal ageing (controls). 

Analysis with respect to littersize (bottom 
portions of Figs. lA, B ;  2A, B, C, D)  is not 
nearly as clear as that with respect to per- 
centage of productive females. It appears, at 
first glance, that a great many irradiated 
groups are characterized by depressed litter- 
sizes through the major part of their breeding 
period. However, the following considera- 
tions make it questionable that this is an  
effect additional to the one already discussed. 
Thus, when decline in littersize is regarded in 
relation to decline in productive females (in 
controls the former precedes the latter), the 
littersize depression in each case is to be ex- 
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pected in terms of impending sterility. How- 
ever, the total situation is undoubtedly consid- 
erably more complex. Thus, littersize is af- 
fected not only by number olf oolcytes ovulated, 
and this, under certain circumstances, may ac- 
tually be increased by radiation( 1 5 ) ,  but also 
by genetic changes induced in these oocytes 
that lead to death of embryos (dominant le- 
thals) ( 1 4 ~ 5 ) .  

Disc-ussioii. That a lowering of dose ratc 
decreases sterilizing action of a given dose of 
radiation has been clearly demonstrated both 
within the fractionation esperiment and with- 
in the continuous exposure experiment. C‘om- 
pa r i s on P t 22)  c’ (7 H e 113 e r i ni e n t s shows that c ( ) n - 
tinuous exposure a t  the rate of ahout 50 r wk 
(47.2 r w k )  of gamma raj.s is several times 
less sterilizing than exposure to five 10-r frac- 
tions of S rays week (Fig.  3 ) .  This differ- 
ence is very much greater than might be es- 
plained 011 the basis of radiation quality alone 
(gamma YS. S rays).  Thus. comparison be- 
t ween exp e r im en t s s t r en g t h e n s t he conclusion 
reached on the basis of each experiment alone. 

Tn view of this very clear-cut dose-rate ef- 
fect. it is necessar!. to re-esaniine reports in 
the opps i te  direction from that found here. It 
can be shown that past experiments which are 
in apparent disagreement with the present 
results, Lljed methods of testing which were 
not suitable for revealing what is really the 
characteristic effect of radiation on female fer- 
tility, namely, shortening of breeding period. 

Thus, size of first litter born following ac- 
cuniulation of total dose, was used as the basis 
for the conclusion reached by H. and 31. 
Langendorff (12) that there is no effect of frac- 
tionation. I t  was used as 1 of 2 criteria of 
effect by Neary. Munson. and lIole( 13 ) . who 
report an inverse relation between dose rate 
and damage. Similarly, most results of Der- 
inger, Heston, and Lorenz( 11 ) are based on 
first litters; and although their comparison 
between acute and chronic exposure is in 
agreement with the present results. the au- 
thors “failed to demonstrate any effect of dose 
administration” when comparing their various 
chronic-irradiation series with each other. As 
is obvious from the present paper, differences 
in effects of various dose rates are not appar- 
ent from the first litter following irradiation. 

Decrease in size of first litter is probably pri- 
marily due to dominant lethals and not to de- 
creased number of ovulations ( 14).  

Another complication that may olbscure 
true dose-rate effect is age otf females. Unless 
adequate controls are used, or unless special 
I)recautions are taken to terminate radiation 
exposures at  the same age in groups being 
compared, it is obvious that the lower the dose 
rate. the more advanced in age, and thus the 
less productive from natural causes, are the 
females when tested for fertility. This consid- 
eration must be applied to results of Deringer 
ct tzl .  and may even explain the inverse rela- 
tion between dose rate and damage reported 
by Keary ef d., some of whose females were 
irradiated for almost 9 months. As a matter 
of fact. among experiments of the latter au- 
thors, there is one, for which controls were 
a\railable, which seems to support this view. 

Seary  c t  ul.  suggested as possible explana- 
tion for their results that radiation sensitivity 
of females may increase with age. Their small, 
supplementary experiment on this point can- 
not be considered conclusive because of in- 
adequate controls. Indeed, it seems more 
likely that their results are a consequence of 
unsatisfactory methods of testing discussed 
above. Another factor may also have added 
confusion : after long-continued irradiation, al- 
ready the first mating (as well as all subse- 
yuent ones) must utilize oocytes that had re- 
ceived some of their dose in the highly sensi- 
tive early stages; after a shorter-term ex- 
posure. such oocytes would not be used until 
later matings. By either criteria used by 
Neary et  al., this would result in apparently 
greater damage from lower dose rates. 
\Vhether or not such a factor has played a role 
in results of Keary et al., it  must have been of 
minor importance in the present data, since it 
was obviously outweighed by factors that de- 
crease oocyte damage as dose rate is decreased. 

In  the light of preceding discussion, i t  is 
clear that results of other workers are not in 
major conflict with the present data. Because 
of measures of effect chosen, the 3 experiments 
discussed ( 11-13 failed to reveal what the 
present data show clearly, namely, that the 
characteristic effect of radiation on female fer- 
tility is a shortening of the breeding period, 
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and that this effect is very strongly dependent 
on dose rate. 

The most plausible explanation of direct re- 
lation between dose rate and damage to 
oocytes is that some repair is occurring. The 
mechanism by which radiation kills oocytes is 
not known. Since the cells do not divide, 
chromosome imbalance cannot be the cause of 
death. Oakberg(3) finds the early oocytes to 
be killed very rapidly. Our experiments, re- 
ported elsewhere ( 16) ,  indicate that the sensi- 
tive system, whatever its nature, is not mark- 
edly protected by hypoxic conditions during 
irradiation. 

Suwmavy. 1 )  In an attempt to contribute 
to an understanding of unusual radiation sen- 
sitivity exhibited by the mammalian cocyte, a 
non-dividing cell, fertility experiments were 
carried out to: determine the effect of dose rate 
(fractionation, different intensities of continu- 
ous radiation). 2 )  Fractionation markedly 
reduced damage to fertility; and division of 
dose into 10-r fractions was more effective in 
this respect than division into 25-r fractions. 
Continuously exposed females were even less 
affected in breeding performance than females 
which had received fractionated irradiation, 
and the lower the dose rate the smaller was the 
deleterious effect on fertility. In all grcups, 
production, in terms of number of females 
casting litters, remained a t  maximum level un- 
til beginning of a sudden steep decline that 
ended in sterility. It is for this reason that 
some experiments of other investigators, who 
have measured performance only in terms of 
the first postirradiation litter, have failed to 
show similar dose-rate effects. 3 )  The results 
indicate that some repair of radiation damage 

to oocytes can occur, and that repair is greater 
a t  lower dose r,ates. 

The authors are most grateful to Dr. Oakberg fcr 
discussing with them his unpublished findings cn 
radiation effects cn the cvary. 

1. Brambell, F. W. R., Parkes, A. S., Proc. R o y .  Soc. 

2 .  Murray, J. M., Am.  J .  Roentgenol., 1931, v25, 1. 
3 .  Oakberg, E.  F., Proc. Tenth Znternat. Congr. 

4. Mandl, A,,  Proc. R o y .  Soc. B, 1959, vl.50, 53. 
5. Slyzinski, B.  M., Nature, 195’7, vl’79, 638. 
6. Von Winiwarter, H., Arch. de Biol., 1900, v17, 

7. Russell, L. B., Freeman, M. K., Anat. Rec., 

8. Ruseell, L. B.,  radiation Research, 1958, v9, 
174. 

9. Rugh, R., Wolf, J., Fertility and Sterility, 1956, 
v 7 ,  546. 

10. Kitaeva, 0. N., Akad.  Nauk S.S.S.R. Doklady, 
Riol. Sci. Sect., 1958, v120, 303. (English translation) 

11. Deringer, l4. K., Heston, W. E., Lorenz, E., 
Biological Egects of Zxternal X and Gamma Radia- 
tion, Part, Editor, Zirkle, R. E., McGraw-Hill, New 
York, 1954, p149. 

12. Langendorff, H. M., Advances i n  Radiobiology, 
Editors, de Hevesy, C. G., Forssberg, A. G., Abbatt, 
J D., Oliver and Boyd, Edinburgh, 1957, p257. 

13. Neary, G. J., Munson, R. J., Mole, R. H., 
Chronic Radia t im Hazards, Pergamon Press, Lon- 
don, 1957. 

14. Russell, L. B., Russell, W. L., Progress in 
Radiobiology, Editcrs, Mitchell, J. S., Holmes, B. E., 
Smith, C. L., Oliver and Boyd, Edinburgh, 1956, p187. 

15. Russell, L. B., Cold Spring Harbor Symp. 
Quant. Biol., 1954, v19, 50. 

16. Russell, L. 13., Spear, R. J., Science, in press. 

B, 1927, v101, 336.  

Genetics, 1958, v;!, 207. 

3.3. 

1957, ~ 1 2 8 ,  615. 

Received June 15, 1959. P.S.E.B.M., 19.59, ~ 1 0 2 .  

Coinparison of Physostigtnine and Amphetamine in Antagonizing 
the EEG Effects of CNS Depressants.” (25289) 

RICHARD P. WHITE AND Lours D. BOYAJY (Introduced by J. P. Quigley) 
Dio. o f  Pharrnacology, University of Tennessee Medical Units, Memphis 

Many investigators have shown in animals 
that cholinergic drugs activate EEG by excit- 

*This investigation supported by u.S.P.H.S. Sen- 
icr Research Fellowship grant. 

ing subcortical centers( 1-3). Other experi- 
ments reveal that adrenergic drugs also induce 
EEG activation by acting on the same areas 
of the brain(2-4). This indicates that the 


