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Deuterium oxide in the drinking water of either male or female mice
produces sterilitly. Male mice are morz sensitive to the sifects of D;,Q
man axe female mice, and me mice appear io be more seasitive thanBwiss

ice, °

We have investigated further some of the conditions--with particular
reference io time--of D,0 {reatment required to produce sterile C-ﬁ male mice,
These sxperimeats indicate that the sensitive phase of sperm nr@dtiimz! is
probably cesatered around the late prophase of meiosia.

EXPERIMENTAL PROCEDURES AND RESULTS

Froduction of Sterility -- I crder io determine the minimum time required to
pzr’@am,«» stezility in 4'" male mice by the substitution of D,O in the drinking
water fow a:ag'dmargr wa ez i male mice maintained on 3(’5%20 O ware
individually mated for l-week intervals with C .. female mwea The female

57
mice were maintained on 30% 0,0 ounly for the l-week period in which they
were caged with a male mouse, At the end of each week, the fzmales were
replaced by additonal normal female mice, and the female mice that had been
removed were caged individually 1o determine if pregnaat. Oifspring were
counted two weeks after birth, and those pairs which did not produce a litter
during a 28-day period aiter the initial mating were considered to be sterils,
The results summarized ia Table I indicate that all male mice were sterile 28
days after initiation of D,O treatment. The male mice may have baen starile
a3 soon as 23 days aiter The initiation of D,0O treatment, since engm of the pairs
that were first mated at 21 days produced litters 20 to 22 days after the stars
of mating.

In order to determine if ireatment with D,0 for a relatively short time
would produce s&evility in mice subsequent to withdrawal of the D (e groupa of
180 C male mice were given 30% D,O for periods of 1, 2, and I weeks and
individually mated for 1-wesk intervals with C§« femabe mice, No subseguent

alerility was observed in the group of 10 mice Treated with D,0 for 1 week.

’Tfé’z@ mice irsated for 2 weeks with 30% D0 were not sterile a3t the end of the
Z-week treatmeant or 1 week laler, but they were sierile 4 weeks aiter the
inidation of treatment, i.e., ¢ weeks after D,0 treaiment had been discontiaved,
{Beven pairs produced no litiers and litters frdmn the other three died, Five o

i
2 10 mics mated were sierile 15 days {vom ths initiation of irsatmeat or 21 davs
T ireatment had been ¢ serminated and the oifspring from twe oiliew
2 Ny '3?33@ three vi .t-",‘_ zﬁ;s.e:m wers ‘bmm 2:"3 dav“ after the




Effect of D,O on Sperm -- To investigate the effects of D0 treatment oa the
production aad appearance of aperm in C .. mice, male mice were maintained
on 30% D.0 in the drinking water for periods up to 11 weeks. At weekly
intervals, two or more experimental mice and at least one contrcl mouse ware
sacrificed and the right and left vas deferens were removed and separately
rinsed with 1 mi of Q. 9% NaCl. The presences or absence of motile sperm

was first determined. After the addition of 1 drop of Ehrlich’s hematoxvlia,
the sperm were counted in a blood counting chamber and the sperm per

vas deierens was calculated. No consisteat effect was observed on the number
of sperm present until 10 to 1] weeks of treatment, after which time most of
the sperm counts had dropped to 10 or less of normal. However, after 4 weeks
of treatment with DO a considerable number of broken and nonmotile sperm
were ocbserved. Broken sperm were not included in the sperm count,

The test2s and epididymes were removed and prepared for histological
studies. Preliminary examination of secticns stained with hematoxylin and
sosin and with periodic acid-Schiff reagent {(PAS) have indicated degenerative
changes in some tubules as early as 2 weeks after D?_o administration, Further
studies are in progress.

DISCUSSION

Our experimeznts and those of others have shown that the seasitivity of
biological syatems to D,0 varies considerably. It has been reporied that some
bacteria show no effects until deulerium counceantrations in the medium exceed
90% {2). Chlorella fail to divide and their growth is inhibited when the D,O
concentration in the medium exceeds 70%; however, by serial subculture,
Chlorella can be adapted to grow nearly normally at DZO conceatrations of

50 to 70% (3).

Fifty per cent D,0 ie the drinking waier is fatal to mice within a few
days; 40% D,0 ia the drinking water for several months produces gross
ph’ysioilogica% effects such as emaciation, epilation, and blindness, No
obvious adverse effects, except sterility, are produced by 30% D,0 even after
4 months, Xatz et al. (2, 4) have shown that the body-fluid deuteration reaches
an equilibrium value of about 24% D,O in about 6 days when 30% D.O is
administered, and the mouse tissues reach z maximum deuterium rontent
equal o 40% of ithat of the tissue fluids. Thus, sierility in male mice is praduce
when less than 10 atom per cent excess deuterium is in the tizssue., Some vhase
of the spermatogenic process would appear to be among the most sensuiive
knowa biological systems to the eifects of DZ‘D,

Sperm development is a continuous process; about 40 days is reguired
to obtaia ejaculaied sperm from spermatogonia {5). The daia presented in
Table I indicate that mice became sterile between 23 ind 28 days after the
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initiation of D,0 treatment. The body fluids attain about 70% of their squilibrium:

conceniration within 2 days, and full equilibrium conceatration in about 4 days,
cefore, the viability of maiure sperm is not affected merely by the presencs
C ia the tissue fluids. The experiments summarized in Table I indicate
20ility can be produced in mice by administration of DO for zz sho:
weeks, bui this sterility is not demonstrable until 3 af

Q administration he
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The selective action of DO upoan a ;sammmﬂar stage of spermatogeresis
can be compared to the aciion oiother ageats which have been reported by
Jackson and co-workers (b, 7). Using rats, they found that iz hthﬂywnemeiamm
interieres with a later siage of spermatogenesis, and about § weeks is required
for recovery. However, it should be noted that sterility can be preduced very
quickly (within 1 week) with triethylenemelamine. Myleran (I, 4~
dimethanesulionoxybutane) produces no sterility until 8 weeks after 2 single
dose, when sterility rapidly develops. Therefore, myleran is probably
destrovins spermatogonia but aot partiaily developed sperm. The sffect of
radiation in rats is dose-depeundent; 500r initially reduces litter size, and
completie sterility is observed 7 weeks aiter irradiatiom. Thus all phases of
spermatogenesis appear lo be seasitive to radiation with the spermategonia
being completely destroyed.

Cakberg has presented a timetable of cell development in spermatogenesis
of the mouse (5). In Figs. 1 and 2 we have superimposed the time of {reatment
with D,0 and its result upon a graphic representation of the timetable for
mouse spermatogenesis. The darkened arzas show the presence of D,0 during
the indicated phases of sperm development. Thus, for mice treated 2 weeks
with DO (Fig. 1) mature sperm and late spermatids developing in the presence
of DZO‘dnd not produce sterile matings, nor did sperm developiang from
spermatogonia and resting spermatecytes that had been in 4 D,0 envirounment
exhibit sterility. The common phase of sperm developmeat in which exposure
to D.,C produced sterility includes the late prophase of the first meicsis and
the 2arly spermatids, The data {rom the experiment in which mice were treated
3 weeks with D,O and mated for weekly intervals localize the principal effect of
D, 0 in the samé developmental stage as obiained from the Z-week experiment.
1tis at this stage that chromosomal recrganization occurs. Hevesy has
reported that aberrations, including a iendeﬂcy to ball together in irregular
clumps, were observed in the chromosomes of the intestines of mice administersd
30% DZ%’D 8).

The sperm of mice givea 30% D,0 did not show any gross morphological
changes until 4 weeks of treaiment with D O, At this time, nwnerous sperm
were observed that had fragmented, and mam nonmotile sperm were also seen.
After longer perma» of D C treaiment, an incr @asmg!;y large number of sperm
were aonmotile, .m,wavex, come sperm from mice kaown o be sierile apn@ar@ﬁ
normal when observed wnder low-power (70x) magnification. The grudtﬂctmn of
sperm zppeared {0 be nearly completely inhibited only after extended irzatment
(1D or more weeks) with 30% D C,

Ag yet, the mechanism of the production of sterility by D,0 has not been
clearly shown. Possibly, the summation of the kanown small sifects of dewterivm
on enzymic rates [ reaction may producs metabolic imbalances culminating in
death of the orgacism, However, the observation that late apermamads and
mature spermm are apparenily not damaged by D O suggesis that this iz ast 2

major eifect,

hand, the appearance of sterility in male mice
2 refurn to normal drioking water indicates that ih:
"*mp:fe%a*d up&m is@iarmaf*isn-ca"ryiﬂg unitz in Awwei{ aa ag 9%

4 cgm’:}ietely absent during fﬁe Exe




sections oi the testes suggests that these effects could make themselves
appareat in the developmg sperm itself, OCne can hardly escape the coaclusion
that s pr2sence of Dg@ during the late m?@g_maae and firat meletic diviasio:
{posaitiy the 2arly sgermatid as well) interfered with the normal construclien
of the genetic matsrial itgeli. Such abnormalities would thea marifest them-
selves 3il aloag the developmental sequence, depeanding on their naiure and
number.

The formation of gﬂant algal and ascites tumor cells {3, 4) and the
production of sterility in mice suggests sirongly that the mechanism i3 at the
macromolecular level, quite possibly due to changes in the physical-chemical
forces binding macromolecules--such 2s protein and aucleic acids--in which
impoztant awuctm‘aﬁ. features are maiatained by the partici pa%,wn of maay hy
beads (10, 11). A change of this hydrogen bonding will affect the apecifici
the complementarity in the dovble helix of nucleic acid in the ghx‘@m@sama
structure and could lead to mutation in the sperm (12, 13). Further m'cm ants
in other biological systems are in progress to test this hypothesis, Direc:
cbaervation is underway of the efiect of deuterium on suitable chysical aad
chemical properties of purines and pyrimidines as well as macromolecules
{particul az:‘iv g:olypepmdes, proteins, enzymes, and anucleic acida),

SUMMARY

Some of the conditions required to produce ster i&ity in male mice by
D0 have besn mvesnga&ed Sterility can be produced in €., male mice By
adbstitution of 30% D,C .:.Q‘n aormal water in the drinking waler for 2 wesks,
The mice become sterils 4 weeks afier the initial ireatment with D,0Q, and in
this axperiment 2 weaks aitez’ anormal witer has again been -;n'mrxdeﬁ in the
drinking water. By this and other sxperimenis the sensitive phase of sperm
production has been shown to be centered around the laie provhase of meiosia.
It is suggested that the normal construction of the genetic material has been
affected and that the mechanism of action of DZO is at the macromeolecular
level,
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Table

TIME NECESSART TO PROEUC.E SF‘“JMZ"JE v \m LE MICE

Ten C,.., male mice were given aixmkmg water coata n"aing 30% L,0 imstead of
ozdlnaz’?f water. They were mated individually with female C 57 x
intervals., Cfispring were counted 2 weeks afler birth.

Time of Mating

{Davs sitez Total
initiation of Pregnancies

S

pes o e e
Dzw' treatment;

7-13 2 7 37
1420 o 6 32
21-27 a 7 41
28-34 0 g 0
35-41 g ¢ O
42-48 0 0 D




Table I

PRODUCTION OF STERILITY IN C - MALZ MICE BY 30% D,0
IN DRINKING WATER 2

Tea C.. male mice were given drinking water containing 30% B,0 instead of
zdina®y water for 2 weeks oy for 3 weeke. They were mated with femals

g~ Tmice {or l-week intervala. Ofispring were counted 2 weeks aitexr birth.

19

Time of Mating Days After

{Days after DZO : Total Total
imitial D,0O Treaiment Total Viable iabie
treatment ) Discontinued  Pregnancies Litters Qifspring

TWO-WEEK TREATMENT

D-& - - 10 9 56
21-27 7-13 8 5 19
28-24 14-20 3 0
25.4] 21-27 5 3
42-43 28-34 9 8 53
49-25 35-41 9 9 46

THREE- WEEK TREATMENT

0-% .- 9 9 52
28-34 7-13 1 0 0
35.41 14-20 2 1 3
4248 21-27 5 5 20
49-55 28-34 6 5 37
Sh-562 9 46

35-4] 10
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Fig. ATTA graphic representation ot the ettect of D,O treatment
for two weeks compared with the spermatogenic cycle.
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