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FURTHER STUDIES ON STERILITY PRODUCED IN
MALE MICE BY DEUTERIUM OXIDE

"Aun M. Hughes, Edward L. Bennett, and Melvin Calvin#
Lawrence Radiation Laboratory and Department of Chemistry,
University of California, Berkeley, California

Introduction
June 1960
We have previously reported that deuterium oxide in the drinking water

. . . _ 1,2, .
of either mule or female mica produces sterility. ’ngkn investigation of some
of the conditions -« with particular reference to time -« of deuterium oxide
treatment O produce sterile 057 malde mice indicated thet the sensitive phase

of agperm production centersd around the late prophase of melosis. In some

- experimente, although D20 vae almost completely absent during maturation of

the sperm; and when the mice mated, these sperm exhibited the effects of their
much earlier contact with Dg0. No viable offspring vers obtained from theese
patings. ¥We concluded that thé prasence of Dy0 during the late prophase and
meiotic divisions interfered with the normal construction or division (or both)
of genetic material. It was suggested that changes in the forces, principslly
hydrogen bonde, in &acremoleculea affected their structural @haracteriétics
and r@sﬁlt@ﬁ in abnormal division.

The objective of the experiments reported here was to determine the phases
of embryonic development of the mouse at Which the letbal action of de&terium
oxide on sperm is menifested. These lnvestigations on embryouie growth iuttiated
by sperm developed in Dao have yielded additional cvi@enaa that Dy0 severely
demagzes the genetic material of develuping sperm, with kﬂsulting sterility of

the male mouss.

% The work described in this papsr was apansoraﬂ by the U. 5. Atomic Energy
Commnlsgion,

/ It is shown in thie puper that the term "sterility" accurately connotes the
effect in the male mouse. Czajka and Finkel3 have suggested the term "loss
of reproductive potential” to deseribe the effect of D20 upon the fertility
of mice. This ters 1s wmore desoriptive of the effect of D0 in the female
mouse,



- No increase in the number of regressions was observed. (The high pere‘eﬁtage
of reg:gqé;onﬁ. obtained after § weeks of Déoa treatment is due to one female mouse
 which hed seven regrcsaiona.) After 2 weeks of -treatm;nt with D0, no sigaifi-
cant decrease in the percentage of pmmnt femnles, or “the litter eize, was
- poted, Hawever, beamning 3 weeks uftor adminismuon af D o a progressiva de~

srease. in voth o percentage of pregnancies and the embryos per pregnancy.was.

observed, until after 6 weeks of trestment with D, only 12§ of the females bew
came’ 'pregmni and the average mmi‘war'of enbryos per pnégnaaéy'm 3.10." This
compares with the over-all pregnancy ratio of 80% and 9.3 exbryos per pregnancy
..-cssmea" in thge ¢ontrol mice. Eubryos per mtmg'vim the DgO~treated mice hm
dmpyed w S%Athat of the aantrols after 8 weeks ((:uk embrya per mating aampared '

w 7.6 embryos per mating for the control). ‘

sinee each male mouse was mated with wee (or rouxf) female mice, the humber
of pregnant females obtained each week from each individusl male can also be -
deteruined. This is shown in Teble II. After 2 veeks of administration of Dg0,’
13 of mls experimental mice had gsitheé 2 or 3 fertile matings (out of 3

‘pesqibia)‘, and only one male mouse hed no fertile matings (the following week
he was fertile). Thie may be. cbntpared with the abaervamoﬁs made at»& weeke,

vwhen cnly two of the 1.5 males had 2 fertile matings (qut of b pmssible) and m
of the mlea &Ld not have a fert‘.ila mating.

The results of this experimant strongly suggest that éﬁem produced in the
presence of 520 are either so defective that they are unable to penstrate the =
ogg* or- that upon antéring the ‘egg fertilization oeours, but damaged g@éﬁé
material lemds to early death of the fertilized mouse esg. |

# The presence of vaginal plugs {ndicates that copuletion gecurred by DpO-treated
‘animale. Sperm motility is presumsbly not an jwportent fector in the transport
of sperm through the uterus and ovarisn tubes»>® . = S

(J . . ) P . .- . , -
( N .
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Observations of Development of Mouse Eggs Fertilized bx_gzo-Treated Males

Eight male Swiss mice three months of age fromvthe.Lawrénée Rediation Labora-
tory colony were providedeith drinking water containing 30% D0 in lieu of tap
- water for 5-1/2 to 8 weeks. fhé msle mice were plgcéd‘at midnight 1n_cages wiﬁh '
virgin female mice in estrus. At 10:00 a.m. the following day; the feuwales |
ware removed and the presernce of vagina;‘plugs detérmined. Thus the time of‘,
fertilization was known within 10 hours. Normal cbntrol mice wére mated'in the
seme feshion. At the degirba time after cdpuhtion;.the female‘mice‘were sﬁcri--
ficed, and the eggs flushed fram each oﬁiduct with 0.9% HaCl'and observed under
magnification up to 250 X after staining with acridine orange (1 to 40,000 in
0.9% NaCl and 0.01 g;phosphaté.buffer, pH 7.4). The results are sumarized 1a
Table III. | o |

‘In general, 55 to 6% hours aftér'fertilization, most control nmice ﬁad numer.
ous eggs in the multicell stage (8 to lB-cells).. Reiatively few two< or fouf-
gell eggs, or disintegrating eggs; weré observe@; However, & high freqpéncy
of abhormal eggs was obtained from’females mated with Dad-treated mice; many
were one, two, or four cells.‘ Thg_cells were oftenAnot of uniform size, and in.

many instances they were not congruent. A few of the aberrant cell types are .

shown in Fig. 1. These aberrant cells cén be compared with examples of degenerate

ing cells found in a study by Lewis and Wright,®
After the experimental males had been provided with 30% D0 for T weeks,
they were returned to ordinary water. Two weeks later thase mice wé;e again mat¢¢.
with normal females, and the eg3s were examined approximately 80 hours after
copulation. Again, a high frequenéyvof degenerating ezss was observed.
Diséussion
A reduced number of littersiahd fewar micé,péf littef aﬁe obtained whenv

male Swiss mice which have been maintained on.SO% DzoAin lieu of tap water are

Y
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mated with normal female Swiss mice. Nearly complete sterllity is obtained when
Swiss male mice are maintained on 309 D20 for 6 weeks. At this time, although

many broken and nonmotile sperm are present in the vas deferens, 20,000 to

30,000 motile sperm were observed in each vas deferens of two sterile male mice

which wereAexamined, confirming a similar observation on Cgy mice.2 It is |
extremely unlikely that the degeneration of the eggs coﬁld have fesulted from
the meré presence of 20% ﬁo 30% Do0 in the sperm, since a sperm constitutes an
extremely small fraction (much less than 0.1%) of the total mass of a fertilized
eggz. In addition, the gross sterility ‘observations heve shown that sterile
matings result from male mice which have-been returned to normal water for at
least 2 weeks after a 2~week treatment with.BO% 920.2 In the present gtudy we
found degenerating eggs when male mice that had been oﬁ Dy0 for 7 weeks and then
returned to normsl water for 2 weeks were mated with normal females. The sperm
of mice returned to normal w&ier for 2 weeks certainly have very little deuterium
in them.

Cur experiments have not shown that the sperm have entered the eggs. The
observation of motile sperm would suggest that the sperm would be capeble of
entering the ezgs. Such sperm, if abnormal in genetic ¢complement,. could lead to
aubsequen£ divisions whlch would be abnprmal and whieh in many instances would
not proceed past the one- to four-cell stage. ELxiperiments to determine wh@tber
the sperm do enter the egy and whether fusion of the pronucleil does occur are
in progress.

Qur experiments indicate no inerease in embryonic deaths after impiantgtiong'
This is in marked contrast to the effects of radiation in which a large increase |
in such deaths, termed ”domin@nt iethal mntation,“ occurs.h This suggests that
the demage to the genetic material caused oy Dg0 differs from damage caused by

radiation.



-
Hermans) gg.gi.v’ﬁ and Scheraggg‘hawe shown that the substitution of D
for H in macromolecules affects the thermodynamice of the helix-coil transforma- 7,
tion. With ribvonuclease the temperature required for the helix-coil transition
is raised by deuteration. Crespilgg_ga.lo have reported that elevated tempera-~ .
tures are necessary for growth of certain microorganisms in DQO, which is con~
éistent with the hypothesis that the presence of D,0 leads to an increased

11,12

§tability of the helix. @ross and Spindel have shown that DQO causes a

reversible innidition of mitosis of Arbacia punctulata. In addition, they have

demonstreted an incereasged ﬁiseesity‘of gélatin solutions as well as a higher
liguefaction temperature in the presence of Dgo.la Previous experiments indicated
that the phase of sperm production mogt sensitive to D20 is the meiotic phase,
Sperm thet have undergone meiotic diviéion‘in the presence of D0 during their
genesis are not capable of producing offspring even though the animal is not
subsequently supplied with D40,

At this stage of sperm production; chromosomal reorganization ogeurs. It
is suggested that the presence of deuterium markedly affects this process, princie
pally by changes in the forces of association of macromolecules. Mbtile spernm
are obtained, but the genetlc material is 8o sbnovmal that although Pertilization
of the egyg moy occur, 1ts death soon follows, Experiments are in progress to fure
ther characterize changes in the genetic material of sperm resulting from the

presence of Ds0.



Summary

Thirty pereent Dy0 in the drinking water of male Swiss mice produces
sterility. Both a decreasse in litter size end a decreasedhpercentage of lertile
matings were observed when treated males vere mated with normal females. No
inerease in regresslions was pbtained.' The development of mouse egzs in a female
mated with & Dgo-treated m&lé is geénerally abnormel; few multi~rcelled ezgs are
obtained 2 to 2 1/2 days after copulation. Tt is suggested that changes in
“physicel forces that bind macromolecules are produced by the substihution of
deuterium for hydrogen. These cbanges may result 1n_abnormal‘genetic material

in develcoping sperm.
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Table I

Effect of 30§ D0 in drinking vater on fertility of male mice

Time of treatment prior to mating (weeks)

D, 0-treated males (15) Control males (10) :
- = ' ' _ Totals

2 3 A & 2 3 & 6% 2:to 6
Mice with vaginal pluggi ' 7 , : _ . .
Fo. of females - 2% 23 23 17 18 11 T 11 8 T3
No. pregnsnt : 23 18 11 & 15 9 11 8 43
Fo. embryos 248 107 66 19 58 75 132 - 87 Lo
Ro. regressions 15 12 8 4] 15 16 G 10 50
4 regressions C5.T 10.1 8.3 0 . 9.2 17.6 8.k 10.3 10.2
Embryos/pregnancy : 10.7T 6.7 6.0 4.8 . 9.9 8.3 12.0 10.9 10.3
Mice without vaginal plugs ‘ o :
Ho. of females 21 22 21 k3 14 ‘19 19 30 82
No. pregnant 11 12 '8 - - 3 : 10 15 12 23 60
No. embryos 84 T8 b2 5 7 138 119 197 531
No. regressions 1 12 7 & 12 15 8 19 52
% regressions 11.6 13.6 14%.3 75 13.5 3.8 .8 3.8 8.9
Embryos/pregnancy 7.6 6.3 7.0 1.7 7.7 9.2 3.9 8.6 8.9
Combined .
“Total Ho. pregnant © 3h 28 17 7 25 2k 23 31 103
% pregnant 76 62 39 12 83.: 80 78. 82 80
Total No. embryos 330 183 108 24 225 213 251 284 973
Total No. rezressions 28 2h 13 8 27 31 15 29 102
% regressions T.3 11.6 10.7 25 10.7 12.7 5.6 9.3 9.5
Embryos/pregnancy 9.7 8.5 6.5 3.4 9.0 8.9 10.9 9.2 9.4
Bmbryos/mating 7.3 4.1 2.5 O.b 7.5 7-1 8.4 7.5 7.6

*  Four females/male -



Table II

Frequency of fertile matings of Dao-tmated male and normal female mice”

No. of msles associated with N pregnont femnles

, Control male mice (10 total)
Duration of No. piregnant ‘
Treatment  females/male

{ (wesks) ® - & 3 2 1 0
20 2 - 5 5 0 0
3 - b K:] o .0
b B b 5 1 0
6 i 4 o 1 o

D50 D0 male mice (15 total) |
2 - 7 6 1 1
3 - 4 6 3 2

b - 2 5 2 6
8 0 0 2 3 10

% fThree female mice were maved with sach male except at 6 weeke, when L femnle mice
vere mated with each malse.



e

Table IIT

Stage and condition of eggs from mice fertilized by norﬁal bf’Dzo-treated males

Ro. copulation
_ females (days) _egas
Control males 5 11/2 to 2 1
D0 treated males 3 11/2 % 2 0
Control males 5 21/2 to 3 1
D,0 treated males 9 21/2 to 3 2

‘& XN = normal, D = degenerating
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Fig. 1 Photomicrographe (X 250) of egge obtained 2 to 2-1/2 days after
copulation. Upper left is an example of a normal 8 cell egg.
Upper right and both lower pictures are exsmples of abnormal cell
types resulting from mating of Dy0-treated males with normal
female mice,
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this report.
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mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access

-to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.





