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De~teriwn oxide in the drinking water of either male or femaRe mice 
produces eternity. Male mice are more sensitive to the effects of D 0 
tlll~n aie female miceo and c 5,.r mice appear to be more sensitive th.anlSwias 
m1ce. 

We have investigated further some of the conditions--with pat•ticlt~lar 
reference to time-=of 0 20 treatment Jrequired to prodm1ce ste:rdle c 51 male mice. 
These experiments indicate that the sensitive phase of sperm prodt:~ction is 
probaMy centered around the ].ate prophase of meiosis. 

EXPERIMENTAL PROCEDURES AND RESULTS 

PJ:·oduction of SterUitv -~ lt~ e~\'!ar to aetermine the minim.w:n time l'!'eq11.>Jired to 
p~e ute:dHty in e;'U maRe mice by the Bubstitution of Dz_O in the d1rinking 
~a~e~ ~o:l' o~>dinary wal:e? 0 l10 ~le mice ~t.d.ntained on 30o/~ -u2o were 
1n.d1vtd'mdly mated for ll.~week 1ntervalis With c,1 female m1ce. The female 
mice we:;,;e main~aiued on 30% o2o only for the:>R~week period in which they 
were caged with a male mouse. At the end of each weekp the females were 
replaced by additcna~ normal female miceR and the female mice that had been 
removed were caged individuaUy to determine if pregnanto Offsp:rdng were 
co1lll.nted two weeks after bil'th. and those pairs which did not prod1lll.ce a Htter 
d'l.ll.ring a 28=day period after the initial mating were considered to be stedll.e. 
The reeW.ts s'l.llmmarized in Table I indicate that aU male mice were steldte 28 
days after initiation of D 0 treatment. The male mice may have been ste:dle 
as soon as 23 days after ~he initiation of D 0 treatment, since eight of the pairs 
that were first mated at lll. days p~odmced fitters 20 to 22 days after the start 
of mating. 

In oirdell." to determine if treatment with D 0 for a Jrelativdy sho!"~ time 
wowd prod\l!ce steriHty in mice subseq'll]ent to witi..drawal of the D 20 gro'l.ll.ps of 
10 C 51 male mice were given 30"/o D 0 for periods of 19 20 and 3 "tl!Jeeks and 
indivldmtaU.y mated for 1-week intervlaa with c51 female miceo No S\l.'lDseqment 
ste:re"iliity was observed in tit® group of 10 mice treated with n2o fo:r.;> R week. 
The mice treated for 2 weeks with 30o/o o2o weE"e not sterHe at the end of the 
Z=week trea.tm{&nt O!r 1 week la~er. b~"lt they were sterUe 4 weeks after the 
initiation of treatmentv io e. p 2:: weeks after n2o treatment had been discontim.~ed. 
~Seven pairs produced no Htte1~s and litteE"s f:rrom the other th:<:ee died. Five of 
the lO mke mated were sterile 35 days :from the initiation of treatment or 21 days 
after D_,O treatment had been terminated and the offspring from two other litters 
cUed ~Tabte ln. ~ The three viable Litters were bo:Im 26 days afteE' tbe initial 
mating" The mice treated foll:' 3 weeks were also ste1;He 4 weeks afte:f initiation 
of D20 hoeatment0 a\ld some ste:dHty was indica:.ted 28 days aftel' D.,O was 
l'smovedo The female mice that did not pr:'Odl'!Ce l.iUe~s had not bee5 given any 
I:•-0 in these expedmentso 
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Effect of Dz,Q_ on Sperm - ~ To investiga~e the effects of DzO treatment on the 
productlion ana appea!'ance of spei•m in c 5'1 micei male mll.ce were maintained 
on 30% 0 20 in the drinking water for periods up to A R weeks. At weekly 
intervale, two or more experimental mice and at least one control mo~Dse wel"e 
sacrificed and the xoight and left vas deferens were :removed and sepall:'ately 
rinsed with U ml of"· 9% NaCL =nlepresence or absence of motile sperm 
was first determined. After the addition of :t drop of Ehrlich 0a hematoxyHnD 
the sperm were CO\\.ll.nted in a Mood collllnting chamber and the sperm per 
vas deferens was calculated. No consistent effect was observed on the nmnbell:' 
OTSperm present \lll.ntil liO to U weeks of treatment» after which time most of 
the sperm counts had dropped to AO or less of noX"mal. Howeverp aftel' 4 weeks 
of treatment with D20 a considerable nwnber of broken and noilmotHe sper.m 
were observed. Broken spex-m were not included in the sperm count. 

The testes and epididyme s were removed and prepared fo'!f' histological 
studies. Preliminary examination of sections stained with hematoxyHn and 
eosin and with periodic acid-Schiff reagent «PAS» have indicated degene1•atiwe 
changes in some hub11ll.les as early as 2 weeks after n2o administra.tiono Fn:rt'ther 
studies al"e in progresso 

DISC USSXON 

01l:nr expe:dments and those of othel\"s have shown that the sensitivity of 
biological systems to n2o varies considerably. It has been repox-ted that some 
bacteria show no effects t:mtU demeriwn concentrations in the medimn exceed 
90o/o ~2)o ChloreUa fail to divide and their gl"owth is inhibited when the 0 20 
concentration in the medium. exceeds 10o/o; however 9 by serial 8'\\.'i!.bc\'!l:.h.u.·eD 
ChloreUa can be adapted to grow nearly normally at 0 20 concentrations of 
&TI010% 43 »· 

Fifty per cent Dz.O in the drinking water is fatal to mice within a few 
dayo;; 40o/o D2 0 in the drtnking water foxo several months prodfvlcee g&"oss 
physiological effects s~ch as emaciationD epiB.ation. and blindness. No 
obvious adverse effects 9 except sterility» are prod'@ced by 30o/o 0 20 even aftel" 
4 months. Katz et al. (Zp 4» have shown that the body-fluid de'Q,llteration xoeachea 
a_n eq\1!.Uib1"i\lll.m vafiileof about 24o/o o2o in about 6 days when 30% 0 20 is 
administered» and the mouse tissues reach a maximum de\1\terium content 
eqv.<1.al to 40% of that of the tissue fltillids. 'Ihus. sterility in male mice is prodmc~d 
when less than AO atom per cent excess deuterhml is in the tisstl!.e. SOl>.ne phase 
of the spermatogenic process wo~'lld appear to be among the moat sens .. ave 
known bioliogical systems to the effects of n

2
o. 

Spe'lf'm development is a continuous pl'focess~ about 40 days is X"equit"ed 
to obtain ejac'l.dateu sperm from spermatogonia (5). The data presented in 
Table X indicate that mice became sterile between 2 3 'l.nd 28 days aftel' the 
initiation of D20 treatment. The body fhrids attain about 10% of thei:;.- equiHbri"Wn 
concentration within 2 days, and f111H equilibr:i.ll:l.m concentration in abo11.11: 6 days. 
Therefore 0 the viability of matt-are sperm is not affected merely by the presence 
of n2o in thte tisstae flmds. The experiments s1l)l..mmarized in Table !:I indicate 
that ate:dHty can be prodt'•ced in mice by administration of D20 fob:" as short a 
time as 2 weeksp bt:~t this ste:dHty :i.s not demonstrable until 4 weeks afte:r..~ 
i~itiatf..~n of D20 i:lreat:ment or 2 weeks af~er 0 20 administration has b.een 
tthsconttn~ed. It wo:6ld appear that a partlcular phase of spern'latoe;eruc de :>"e\op­
mant is aifected. Xt sh():!:·Ld b~~ noted '=hat: stel·He mice becom-e fe•·tilc. aga3L ::.bol!t 
·i ~':~:;:~s aHc~'1:' 0

2
0 io vJi'i:hdr:a,vn, 



Tlhle se~ecthre action of 0
2

0 upon a pat'tic1J.llRar stage of ap.®l"matogenesie 
can be compared to the action. of othe1f agents which have been :T?eportted by 
Jackson and co= workers «6v "if»" Using 1fats. they fo\llud that t:d.ethylenemelamil.•e 
interferes witlhl a Rater stage of spermatogenesis9 . and abom 6 ·weeks is req11:dred 
for rec(o)very. Howeve1!.", it sho\l!Rd be noted ~hat ~terili~y can be pl'odw.ced very 
q111li.ckRy «within R week» with triethyRenemf.'lRamine. Myleran «lo 4-
dimethane:suHonoxybutane) produces no stel"iUty tmntii 8 weeks after a sing!e 
dose 9 when steriU.ty rapidly dcweilops" Tb®refore 0 mylieran h probah~y 
destroyhip spermatogonia but not partiaUy developed epermo Tlh.e effect of 
radiation in rats is dose-depel~tdent; 500r initially red1illces Utter size 0 and 
complete sterility is obseF"ved 1 weeks after irradiation. Th1llls aU phases of 
spermatogenesis appear to be sensitive to &"adiation with the spermatogonia 
being completely destroyed, 

Oakberg bas presented a timetable of ceU deve~opment in spermatogenesis 
of the mov.Ase «S)o Xn Figso li and Z we have superimposed the time of treatment 
with 0 20 and its result 1l.llpon a gF"aphic E'epreaentation of the timetab~e for 
mouse spermatogeneeiso The darkened areas show the presence of 0 20 during 
the indicated phases of speX'm development, Th1!l1Sv for mice treated 2 weeks 
with ~20 «Figo li ~ mature sperm and late spe:rma.tids developing in the presence 
of n2u-did not produce sterUe matinga. nor did sperm developing fl'om 
spermatogonia and resting spermatocytes that had been in i D20 envh."onment 
exhibit sterilityo The common phase of sperm deveRopmernt in which e:xpos\\ll.re 
to n2o prodmlced sterility includes the late prophase of the first meiosis and 
the earRy spermatide. The d.ata from the experiment in which mice we!'e treated 
3 weeks with 0 20 and mated fen· week].y interwah localize the principal effect of 
Dz.O in the same developmental stage as obtained from the Z-week expeli"imento 
It 1s at this stage that chromosomal reorganization occ'lllli"So Hevesy has 
reported that aberrations~ induding a tendency to baU together in h.·regt~Rar 
clumpeD were observed in the chromosomes of the intestines of mice administe:r.:ed 
30"/o 0 20 iS»o 

The sperm of mice giv~n 300/o D20 did not show any gross morphological 
changes until 4 weeks of treatment witli D20o At this time. nu .. mer01!)1S speX'm 
were obse:xrved that had fragmented0 and many nonmotile sperm were also seeno 
After ~onger periocie c! D~O treatmento an il1creaaingly large n'Wnber of sperm 
were nonmotileo }!e'"."!il!'!vef. acme sperm from mice known ~o be aterHe appeared 
normal when observed mde:r low~power ~U'Ox) magnificationo The prod~.'lction of 
sperm a-.ppeared to be nearly completely inhibited onll.y after e:::tended tl"aatment 
UO or mo~e weeksD with 30~ n2o. 

As yetp the meclhanilam of the prodm1.ction of sterility by D20 has not been 
dearly showno Possibly9 the en.l!.mmation of the known smaU effects of. demlterhlim 
on enzymic ratee t reaction may p!'OdUJ.ce metaboHc imbalances culminating in 
death of the ol'l'ganisma However 0 the observation that late apermatids and 
mat\ilre sperm are apparentRy not dama.ged by n2o suggests that this ia not a 
major effect, 

On. the other hao.d 0 th,e appearance of sterility in male mice some 2 we~ks 
o:<' more aftei' their ret\\U"n to normal drinking wateX' indicates that the effect of 
D 0 was imp&~esaed m1.pon information-carl':'ying unite in developing spermo 
Aflh«nllgh D20 was almost completely a.bsetlt d~J:ring the matux-ation of the sperm 
and when Uie mice mated «9)" the sperm weJt.>e stiU able to exhibit the effects of 
th·.~b: m:'!cb earlier contact wit::t D20 in a va~~iety of ways, Some of the of£ 
c~_:,·:~ag; i.'~om these m.;:;.tiHgs !''eJacilr:a pa;~:t'i.J;•i·d.on. bl,'t did no·~ :ive .. o\:iu~;,·s t:l:: ;~: 

·:·~ . ":1:~ ~ 1. 3 .~~~etc. _ion., :-:. ·u.,. ~ '!)X .... ;~~.--~:rtz t ~ t stil' ~~a=·~' .ic ~· 'f:?.e:. uo s 9"( ,-~. ;lb ·::-on:.l.. ~ .. ~--' ;. ~.~ · •. ,. 
- '!- ·_ .. ""fc :· .. ~J. .•~1 -~ ~ :f~..:~ . .f ''2.1..: :~ ·:, a':;:·: ·~'?.:i~.~3 ·.a3 ~~ .... ~·: ~· ·:- .. T. '~~;,;o,·r ( ~-~}~-~~/ 
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sections of the testes s~gesta tlhla.t these effects co'@ld make themsehres 
a.ppal'ent in the dewe~oping sperm li.t&eliL One can lha1edliy escape the couu::h2tsion 
that tla-o j?!"esence of 0 20 dl.Rring the llate prophase and first meiotic divis§,on 
{posa~~!y the early ·~e~matid as weUy interfered with the normd conatR''Vlction 
of the genetic mater!~l itseUt., S1lllch abnormall.ides wom1ld then manifest them= 
seRves aU aliong the developmental seq~1ence. depending on their nat\illli."e .and 
numbero 

The formation of giant algal and ascites t~or ceUs :{3 9 4) and the 
prod'l\l!.ction of steriHty in mice suggests strongly that the mechanism is at the 
macromolecular level, qm1ite possibly due to changes in the physical-chemical 
forces binding macromolecules-~s11)lch as protein and nud.eic acids--ii1 which 
import~nt str\lltd'IDC'al feat'l\11lfes are maintained by the participation of many hydrogcm 
b'onds UO. li :l)o A change of this hydrogen bonding wiU affect the specificity of 
the complementarity in the double helix of nudeic acid in the chromosomaL 
structtlre and could lead to m\'.Ltation in the sperm U2v ll3~o Fllll.rther experiments 
in other biological systems are in progress to test this hypothesis. Dii.l·ect 
oboervc.tion is underway of the effect of deuterium on suitable physical a.nd 
chemical properties of purines a.nd pyrimidines as well as macromolec~!es 
(particularly polypeptidesp proteins, enzymes, and n\I.Udeic adds». 

SUMMARY 

Some of the conditions req~ired to prod'@.ee sterUity in male mice by 
D20 have been investiga.tedo SterHity can be prod~.Jlced inC 1 male mice by 
st'!.bstit'l.'\tion of 30% D20 for normal wate:r in the drinking wa1ex- for 2 weeks. 
The mice become ete:r lb 4 weeks c.!ter the h1itial treatment with Dz..O• and in 
thh expedment 2 weeks after nor~ta-1 wa.ter h.•u again been provitdea '-.n the 
drinking water. By this and. other experiments the sensitive phase of sperm 
prod~JJction has been shown to be centered aro'illnd the late prophase of meioaiso 
Xt il! swgge eted that the normall. constr~ction of the genetic material has been 
affected and that the mechanism of action of n

2
o is at the m;;tcromolec11.1'lar 

leveL 



Tab!e X 

T11ME NECESSARY TO PRODUCE STERILE Cr.::z_ MALE MlCE 
BY 30o/o 0 20 l1N DR!NKJING WATER 

Ten c 51 maie mice were given drinking watel" contadiling 30% 0 20 instead of 
OJ;'dinary water. They were mated individ'0:i!a.Uy with female c57 micE! for ~~wf~el~ 

~ intervab. Offspring wegoe co~nted Z weeks aften.· bi:rth. 

'I ime of Mating 
(Days .mfter 

initiatirJn of 
D

2 
0 tl"eatment) 

-· ------- --~-

7-13 

14-20 

21-z~~ 

28-34 

35-4~ 

4Z-4G 

Total 
Pi'egnancies 

8 

0 

0 

0 

Total 
Viable 
.Litte:t·s 

1 

6 

1 

0 

0 

0 

Total 
Uiabl~ 
Offsp:ring 

37 

32. 

4i 

0 

0 

0 
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Table Il 

PRODUCTXON OF STER1LITY IN C.5.? MALE MICE BY 30o/o D
2

0 
IN DRINKING W"A TER 

Ten c51 male mice were given drinking water containing 30o/o D2.0 instead of 
ordinary water for 2 weeks or for 3 weeks. They wex-e mated Wlth female 
c 51 mice for 1-week intervals. Offspring were counted 2 weeks after birth. 

Time of Mating 
~Days after 
initial D20 
treatment» 

0-6 

21-21 

28-34 

35-41 

42-48 

49-55 

0-6 

28-34 

35-41 

42-48 

49-55 

56-62 

Days After 
D20 

Treatment 
Discontin\\:led 

Total 
Pregnancies 

Total 
Viable 
Litters 

TWO-WEEK TREATMENT 

10 9 

1-13 8 5 

14-20 3 0 

21-21 5 3 

28-34 9 8 

35-41 9 9 

THREE- WEEK TREATMENT 

9 9 
1-13 ~ 0 

14-20 2 l 

21-27 5 5 

28-34 6 5 

35-4li 10 9 

TotaR 
Viable 

Oifspring 

66 

19 

0 

15 

53 

46 

52 

0 

3 

20 

31 

46 



-8- UCRL-8589 

ACKNOWLEDGMENT 

We wo\ll.ld like to thank Dr. Eugene F. Oakberg of the Bioiogy Division 
of the Oak Ridge National Laboratory for the opportunity to disc~ss with him 
in detail this work and for the preliminary examination of the PAS sections. 

lit 
This work was done under the auspices of the U.S. Atomic Energy 

Commission. 
1 A.M. H~ghes and M. Calvin, Science, ~21, 1445 0 958~. 
2J.J. Kat::r., H.L. Crespi, A.J. Finkel. R.J. Hasterlik, J.F. Thomson, 

W. Lester, Jr., W. Chorney, N. Scully, R. L. Shaffer, and Sung H~ng Sun, 
Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, G~neva, Switzerland, Sept. 1958D p. 860. 

3 V. Moses. 0. Holm-Hansen,. and M. Caivin, Bioch:i.m. e~ Biophya. Acta. 
2.8, 62. u 958) 0 

~· 4J.J. Katz, H.L. CrespiD R.J. Hasterlik, J.F. Thomson, and.&. J. Finkel, 
J. Natl. Cane. lnst. 18, 641 U 957». 

5E. E'. Oakberg:=-Nature ll80, U31 0.951». 
6M. Bock and H. Jackso~~ -Brit, J. Pha.X"macol. and Chemotherapy, ]._~. 

! 0~51~. 
1 A. W. Craig, B. W .. Fox. and H. Jackson, Nature, 181, 353 «1958,. 
8 G. ::JiiggquiSt and G. von Hevesy, Verhandlungun der deutachen 

Zoologischen, Gesellschaft h'l Hamburg, li 956, p. 130. 
9While there is no direct knowledge of whether or not de'lillteritllnl <:':.ffecte 

the freqtllency of copu11.ation, the appearance of defective pregnancies seems to 
indicate that copulation is taking place normally. Direct observations to test 
this are underway. 

10L. f?auling and R. B. Cory, Proc. Natl. Acad. Sci. U.S. ]_1. 2.35, 241 
0950. 

liRJ.D. Watson.andF.H.C.Crick, Nature, 111, 131 U953j. 

l 2T..ha Chemical Baais of Heredity.~ ed. W. l)-:- McElroy and Bo Ghs s 
~Baltimore: Johns Hopkins Pres.s, 1951». 

13 :_:rhe Biological Replication of Macromolecules. Symposia of the Society 
for Experimental Biology, V. 12.. {New York Academic Press. 1958». 

Information Division 
br 



·. 

50 

-9-

_ ................. ...,.;±~sterility 

-••••••••••••••• .. -.J±~sterility 
_ ..................... ..!!st~erility 

-··············•••....!s~teorility 

45 40 35 30 25 20 15 10 

DAYS BEFORE EJACULATION 

5 

UCRL-8589 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

z 
0 

fi 
..J 
:::::> 
0 
<( 
~ 
w 
I 

sterilit
1
y 
I 
I 

0 

no 
sterility 

Fig . ....r.'.,2...A graphic representation o1 the ettect of D
2

0 treatment 
for two weeks compared with the spermatogenic cycle. 



50 

r. 

45 

-10-

.................... -!"!.!:o~sterility 

.................... .J±~s~terility 

sterility 

sterility 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

z 
0 

~ 
..J 
:::1 
(.) 
<t ..., 

UCRL-8589 

_ ............... _.!n~o '!' sterility 

S ermotogonia Prophase 

Resting 1st 
spermatocyte meiosis 

40 35 30 25 

..................... _,!!n02._Sterility 

Spermatids 

Secondary 
spermatocyte 

20 15 10 5 0 
DAYS BEFORE EJACULATION 

MU-16264-A 

Fig. ,..Z~I A graphic representation of the effect of D 20 treatment 
for three weeks compared with the spermatogenic cycle. 
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