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Introduction
June 1960
We have previcusly reported that deuterium oxide 1n the drinking water

of either male or femsle mice produces &terility.l’ﬁyfﬁn investigation of some
of the conditions «- with jarticulnr reference 10 time -« of deuterium oxide
treatment to produce sterile 057 male mice indicated thet the sensitive phase
of sperm production centered around the late prophase of melceis. In come
experimente, although DEO wvas almost completely abeent during maturation of
the sperm, and when the mice mated, these sperm exhibited the effects of their
much earlier contect with DEO. Ro viable offspring wvere obtalned from these
matings. We concluded that the presence 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 chunges in the forces, principally
hydrogen bonds, in mscromolecules affected their structural ahurauteriétics
and resﬁlted in abnormal division.

Thae ohjevtive of the experimente reported here was to determine the phuses
of embryonic development of the mouse at which the lethal action of deuterium
oxide on sperm is menifested. These investijgations on embryonie growth initiated
by sperm developed in DBO have ylelded addlitional evidence that DO severely
damagzes the genetle material of developing sperm, with resulting sterility of

the male mouss.

% The work described in this psper wvas sponsored by the U.5. Atomic Energy
Comnisalion,

/ It is shown in this paper that the term "sterility" accurately connotes the
effect in the male mouse. Czajka and Finkel3 have suggested the term "lose
of reproductive potential” to descride the effect of D0 upon the fertility
of mice. This term ls wore descriptive of the effect of D0 in the femnle
mousy,






No increase in the number of regressions was observed. (The high percentage
of regressions obtained after 6 weeks of Dy0 treatment is due to one female mouse
vhich hed seven regressions.) After 2 weeks of treatm;aut with D0, no signifi-
cant decrease in the percentage of pregaunt females, or the litter size, was
roted, However, beglnning 3 weeks aftez; administration of D20 a progressive de-
orease in both o percentage of pregnancles and the embryos per pregnancy was
observed, until after 6 weeks of treatment with Dp0, only 12% of the females be-
came pregnant and the average number of embryos per pregnancy was 3.14.' This
compares with the over-all preguancy ratio of 0% and 9.4 embryos per pregnancy
observed in ‘&l}a control mice. Eubryos per mating with the D,O-treated mice had
dropped to Sﬁj\thﬁat of the gontrols after 8 veeks (0.4 embryo per mating compsrad
w 7.6 mbryos‘per meting for the control). -

Since each male mouse vas mated with three (or four) female mice, the number
of pregnant females cbtained each week from each individual male can also be
deteruined. This is shown in Table II. After 2 weeks of administration of Dy,
13 of the 15 experimental mice had either 2 or j fertile matings (out of 3
poseidle), and only one male mouse had no fertile matings ‘( the following week
he was fertile). This may be compered with the observations made at & weeks,
when cnlj iwo of the 15 males hed 2 fertile matings (qut of b possible) and ‘ben
of the males did not have a fertile mating.

The results of this experiment strongly suggest that sﬁcrm produced in the
presence of D,0 are either so defective that they are unable to penstrate the
egg* or that upon entering the egg fertiligsation occurs, but damaged gegne’sm

material leads to early death of the fertilized mouse egg.'

* The pressnce of vaginal plugs indicates that copulation cccurred by DpO-treated
animals. B8perm motility is presumably not an é;zpormnt fector in the transport
of sperm through the uterus and ovarisn tubes.
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Observations of Development of Mouse Eggs Fertilized by D, O-Treated Males

Eight male Swiss mice three months of age from the Lawrence Radiation Labora-
tory colony were provided with drinking water containing 30% D40 in lieu of tap
water for 5-1/2 to 6 weeks. The male mice were placed at midnight In cages with
virgin female mice in estrus. At 10:00 a.m. the following day, the fewales
were removed and the presence of vaginal plugs determined. Thus the time of
fertilization was known within 10 hours. Normal control mice were mated in the
same feshion. At the desired time after copuhbtion, the female mice‘were sécri-
ficed, and the eggs flushed frqm each oviduct with 0.9% NaCl and observed under
magnification up to 250 X after staining with scridine orange (1 to 40,000 in
0.9% NaCl end 0.0l M phosphate buffer, pH 7.4). The results are summarized 1n‘
Table III.

In general, 55 to 65 hours after fertilizatlon, most control mice had numexr-
ous eggs in the multicell stage (8 to 18 cells). Relatively few two- or four-
cell eggs, or disintegrating egas, were observed, However, & high frequency
of abnormal egzs was obtained from females mated with D20~treated mice; many
were one, two, or four cells. The cells were often not of uniform size, and In
many instances they were not congruent. A faw of the aberrant cell types are
shown in Fiz. 1. These aberrant cells can be compared with examples of degenerate
ing cells found in a study by Lewis and Wright.S

After the experimental males had been provided with 30% D0 for 7 weeks,
they were returned to ordinary water. Two weeks later these mice were szain mated
with normal females, and the egys were examined approximately 50 hours after
copulation. Again, a high frequenecy of degenerating egss was observed.

Discussion
A reduced number of litters and fewsar mice per litter are obtained when

male Swiss mice which have been maintained on 30% D,0 in lieu of tap water are
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mated with normsl female Swies mice, Nearly complete sterility is obtained when
Swiss male mice are maintained on 309 D20 for 6 weeks. At this time, although

many broken and nonmoiile sperm are present in the ves deferens, 20,000 to

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

which were examined, confirming a similar obaservation on 057 mice.2 It is
extremely unllkely that the degeneration of the egygs could have resulted fronm
the mere presence of 20% to 30% D0 im the sperm, since a sperm constltutes an
extremely small fraction (much less then 0.1%) of the total mass of a fertilized
egZg. In addition, the gross mterility cobservations heve shown that sterile
matings result from male mlice which have been returned to normal water for at
least 2 weeks‘after a 2-week treatment with 30% DQO.2 In the present study we
found degenerating eggs when mele mice that had been oﬁ Dg0 for 7 weeks and then
returned to normal water for 2 weeks were mated with normsl females. The sperm
of mice returned to normsl water for 2 weeks certainly have very little deuterium
in them.

Qur experiments have not shown that the sperm have entered the eggs. The
observation of motile sperm would suggzest that the sperm would be capable of
entering the eggs. Such sperm, if gbnormal in genetic complement, could lead to
subsequent divisions which would be abnormal end which in many instances would
not proceed past the one- to four-cell stage., Experiments to determine whether
the sperm do enter the egg and whether fusion of the pronuclei does occur are
in progress.

Our experiments indicate no increase in embryonic deaths after implantation.
This is in merked contrasst to the effects of radiation in which s larze ilncreasse
in such deaths, termed “dominant lethal mutation," occurs.h This suggests that
the demage to the genetic material caused oy Dy0 dlffers from damage caused by

radiation.
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Hermans) et g£.7’8 and Scheraga9 have shown that the substitution of D
for H in macromolecules affects the thermodynamics of the helix-c¢oil transforma-
tion. With ribonuclease the temperature required for the helix-coil trangition
is raised by deuteration. Crespl et gé,lo have reported that elevated tempera~
tures are necessary for growth of certaln mieroorganisme in DQO, which is con-
slstent with the hypothesis that the presence of D,0 leads to an increased

1,12

stability of the helix. Gross and Spindell" have shown that D,0 causes a

reversible innibition of mitosis of Arbacis punctulata, In addition, they have

demonstrated an increaged fiacoaity of gelatin solutions as well as a higher
ligquefaction temperature in the presence of Dgo.12 Previous experiments indicated
that the phase of sperm production most sensitive to D20 is the meiotic phaee,
Sperm that bave undergone meiotic division in the presence of D0 during their
genegis are not capable of producing offspring even though the animal ie not
subsaquently supplied with D0,

At this stage of sperm production, chromosomal reorganization occurs. It
is suggested that the presence of deuterium markedly affects thls process, princi-
pally by changes in the forces of association of macromolecules. Motile sperm
are obtained, but the genetic material is so abnormal that although fertilization
of the ezy may occur, 1ts death soon follows., Experiments are in progress to fure
ther characterize changes in the genetlc material of sperm resulting from the

presence of Dy0.



Thirty percent Dp0 in the drinking water of male Swiss mice produces
sterility. Both a decrease in litter size and a decreased percentage of fertile
matings were observed when treated males were mated with normal females. No
inerease in regressions was pbtained. The development of mouse egzs in a female
mated with e D20~treated malé is generally abnormal; few multi~celled ezgs are
obtained 2 to 2 1/2 days after copulation. Tt is suggested that changes in
physical forces that bind macromolecules are produced by the substitution of
deuterium for hydrogen. These changes may result in abnormal genetic material

in develcping sperm.
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Effect of 30% D0 in drinking water on fertility of male mice

DEO

2
Mice with vaginal plugs -
¥o. of females 2k
Ro. pregnant 23
Ro. embryos 2hs
Ro. regressions 1s
% regressions S.T
Embryos,/pregnancy 10.7
Mice without vaginal plugs
Bo. of females 21
No. pregnant 13
No. embryos 84
No. regressions 11
% regressions 11.8
Embryos/pregrancy 7.6
Combined
No. of females L5
‘Total Ho. pregnant 34
% pregoant 76
Total No. embryos 330
Total No. rexressions 26
% regressions 7.3
Embryos/pregnancy 9.7
Embryos/mating 7.3

*  Four females/male

~treated meles (15)
.

23
1
66
8
8.3
6.0

Time of treatment prior to mating (weeks)

control males (10)

3
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75
16

17.6
8.3

18

138
15
3.8
9.2

y
11
i1
132
g
8.k
12.9

Totals
6% 2-to 6
8 kg
8 43
87 42
10 50
10.3 10.2
10.9 10.3
30 82
23 60
97 531
19 52
8.8 8.9
8.6 8.9
38 128
31 103
82 80
284 973
29 102
9.3 9.5
9.2 9.4
-5 7.6



Table II

Fraquency of fertile matinzs of D20-treuted mals and normal female mice "

No. of msles associated with N pregnant females

, Control male mice (10 totsl)
Duration of No. pregnant '
Treatment  femules/male

(weaka) ™ - & 3 2 1 o
H,0
2 - 5 b 0 0
3 - b 6 0 0
b - L 5 1 0
8 L 4 0 1 0
D0 male mice (15 total)
D20
2 - T & 1 1
3 - 4 € 3 a
k - 2 5 2 6
& 0 0 2 3 10

# Three female mice were mated with each male except at 6 waeke, when 4 female mice
vare mated with each male.



Table III

Staze and condition of eggs from mice fertilized by normal or DoO-treated males

Time sfter = Females
Ro. copulation without Corndition

females (days) egzs of exzs

Control males 5 11/2t 2 1 K
na
D0 treated males 3 11/2 to 2 o} .4
D
Control males 5 21/2 to 3 1 B
D
D0 treated males 9 21/2 to 3 2 3
- D

& N = pormal, D = degenerating

i

O MO ow

G

Staze of Bzgs

(No. of cells) 8 or Total
2 3 b4 more eggs
L 3 2 25 37
0 o] 0 0 o)
L 1 0 "0 23
1 0 0 -0 2
0 0 0 28 28
1 0 0 0 2
b o 0 b 17
6§ 2 1 33 43



Fig. 1 Photomicrogruphs (X 250) of eggs obtained 2 to 2-1/2 days after
copulation. Uppsr left is en example of a normal 8 cell egy.
Upper right and both lower pictures are examples of abnormal cell
types resulting from mating of Dy0-treated males with normal
fomale mice,






This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
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.






