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Toxic Effects of Trace Elements 
on the R production 
of Mice a. d Rats 

Breeding mke a rat. ware e11poH<l to low 
d~~ of silt tract ·~•nts in drinking oaler In 
• ., atl'llron!Mnt ; c;ontf011e4 .. to eontamlnallng 
trace m.eala. Each il""up wa carried tltrough 
thrM {lef1eratlom; eo~recl to cqntrol mice gtvan 
&nly doublr delonb:e1 wtCer, ~elenete (:I ppm 
seiMlum) rasutwd I" yxeeu dQlhs before '"*"" 
ing, runts, and failure~ .to breed, Lea4 (25 ppm} 
• ., .. cltdmh1m (10 PP?') resvltcd In lou of tho 
strain i" two genera~n.. with m•ny abnonnall
tie~ ~~~alt ('10 pp malyb<lenum) was sllg!Jt• 
ly tolrie in this re,tpe and 31,.~c resulted 9f'IIY 
In elevated tlllios of alol to femalas. In ra~ 
lead was 'WJ!rf toile. d titanium •net nickil modo 
~taly to1lc, 11115uHing in many early daathlf Dnd 
runts. Thla rnethod pro kfe$ fairly rapi., Htlmat~ 
of Innate to:~<icilies o traca ale"""nta in dosoa 
tolerable for groii.IUI a d $llr-.l'faL 

TERATOGENIC ~~ ffects of certain trace 
elements have I'BSU ted when the element 
was injected into p gnant aniroals. Thus, 
cs.dmium sulfate ha produced congenital 
:Jbnormalitias and r~rbed et:ebryos when 
~o~ of . 2.0 mg/kgl of body ~eight were. 

I.nJected mto h;n'Jl:!;~on the eJghth day of 
pregnancy_1 Orally. adroinJ.stered selenium 
compounds are · f(!ra ·c. and livest.oek 
feeding on selenif grasses have had 
degd or defonned o[ring.z Lead has ~ 
known to be tox.ic · this respect fur many 
years, and injeetio into hamste~ have 
caused specific abnc malities..~ Injected ar
:;enic was likewise teril togentc. ~ ___ .. _ I 

Subro itted .fa~ publi.ca tlon ~ 1, 197(); accepted 
Dee 9. ! 

From th" De~r1i~f!nt '~of Phy,io;,logy, Dartmouth 
M•di.•::>l School, J{anovc-, NH; and B~tth:boro ( V I) 
Memorilo.l }{"®~tal. 

Repri:ot tequesta i.o 9 lm<mt Avr:;. BrattleboKo, 
V t 063Ql (Dr. Schroeder) 

Innate tox;ic efftct.s of 22 elements in 26 
lotmS have been studied in thizs la.botaf.ory 
by giving SI:n3Jl doses of ,;o}uble salts in 
drinking water to mice for their lif~ 
(K A. Schroecler, MD, . unpublished 
data).li-1 Likewise, 14 e1ements have been 
evaluated in rats.8· LO In this way, effectg on 
growth, survival, tumors, a11d longevity were 
sJICertalned. The ex~.iment1;, however, were 
ti.llle·consuming, each lastin1~ several years_ 
A more sensitive md more rapid test of 
irma~ toxicity mi:~ht become manifest by 
exposini !needing mice and rats . to single 
elements in drinkiHg water :for ~eral g'(m

etations. Therefore, three elements with 
dE!IllOIWtrated innBte toxicities, f;~lenium, 
lruld, and cadmiwn, and four elements with
out demoru~trable long-term toxicity, :usetlic, 
nick&!, titanium, and YOO!ybdenum. were 
studjed in mice or ra ts. 

Methods 

Mke. of. the CMl'·!es R iver;; CD ~train and 
tab; of the Lo1J&-E Vall!l BLU: (LE ) st~ain """re 
oo:rn in a laborato~ especial!~· designed and 
(;01\!ltfl:lcted to avoid en'lf\ronme:]tal contam.iha
tion from trace metab.H The diet u~ was 
composed of u.ntreated seed ryt> flour (6Cl%}. 
dried skim milk OK•% ) . corn oil (9%) . and 
lodi:z:ed sodium chloride (l% ), with adde<i iron 
and vitaminJ,U Dro :Cinlf wate1 from. .. foreet 
sprin.: was doubly deionizoo. T< it w;;re ad ded 
single elWients as z;ol Jble ~a lts {ppm element): 
sehmate, 3; a r-.A!n!te. ); lead, 25: molybdate, 10; 
cadtni:,un, lD; nlckr-1. :>: ;uu:! titanate, o. 

The diet cont,aint: :l the (ollc wing elemsnfa 
(ppm wet Wlljght) : zinc, 23.2; cop~r. 1.95: 
mangan~lll, 12..25; C:·lb.Ut. · 0.18; molybde~.W.. 
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,.J5: aelenium, 0,056: and chrQiltium, 0,16: 11$ 

,.,.n as the abnormal elexnent:s, arsenic, 0.06; 
)nd, Q,:Z(); cadmium, 0.1(); nickel, 0 ,31; . Sfld 

LiraniUJD.. U2. 
~ · a o.- tAb domly 

""leetOO for eacl1 element r01'11 divided Utters at 
\he tilJle of v.-eanlng, placed in separate _cagea 
and gi-len the element' m drlnkl.tlg wa&r ~:mtln· 
Ul•utlY- Mice we~ allowed to br~d as often a. 
\~t WQU!d up to ~ months: of age and rata up 
'" 9 mo:nth:s of age or ]on~:er. At weaniJJs time, 
J•ilite were rando.U)ly selected f-rom the fi11;t 
hiler (F1A ~&Jle:ration) , frolll. tbe second lltter 
1F1B), and IJOII!etimes from the third (FS) 
.md allowoo to bi'E'ed ss tl:ley would b:l produce
tO.. F2 generation~~. Surplus surviving animah 
u.ere disceJ'dcd at the time ot weaninf. aft~r 
a.-:c:-ert.i,ing the sex. 

Pails were Jikewilie k'le:-ted at random froDl 
11-te bt F ~A littera and allowed to b,-eed the 
F:A ~,uvition, and somtttilnee from the sec
•md litter for the F~B ~eration. E:rperi:wents 
'"'re ten:oi.nated when the sb:aU. wsa obviously 
d~iftg &Ut or w:ben three ~•m•rat.ions had been 
\\'rmled- Control <~nim411!! re<:eived -plain deion 
ited wau-r and were treated similarly. 

Criteria wed to estiwat. iu.nate toxicity we,:-e 
the i.mervals betwe~m Utters, the age at which 
the 'pab· produced Its first littor, the ratio of 
males t:o f81>1111ea, and the rrcunben of runts 
'-'~him.ds wtth llorge head, and smaD bodiM), 
tleaths, at.Wborn offsprinl[, failures to b~d. 3nd 
ronccni+al abnom:~aliti~. 

The dot;a or trace elements in drinkini wlJ· 

'"'' ~ue those which w~ have fu"nd. by life. 
ltflXl e~periroe,nts, not to affect the rates of 
l!l'OWI.b o{ mioe a.nd rats ac c<~mpared to CO.D· 

rrols. not to affect reasonably long-term ~uviv
al or c:;;n~ early r,norlality, and, ~:ccept in th& 
' ·"se of lead, not to affect lOJJgevity. In these 
do_,, arnenk, nicbl., molybdenw:n, and tita
nium ahowed no innate tor.idty; ci.idmiUlll 1n· 
duced art.rial hypertension; lead shortened lift: 
' J>an; and selenate produced malic:nant tumors 
1 H. A. Sehtooder, MD, unpublished data) .M2 

Elects of Selenate, Anlenite, Lend, Mo-
lybdJtte., and Cadmium in Mice.-control 
mice bred normally far four fjeneration.s, 
with average litters of lO to 11 offspring 
Table 1). There were no stillbirths, one 

fnllterna_t death, seven deaths o{ young be
fore weaning, two runts, and no congenital 
ebnorrnolities. TheX'e were no signs of deter I· 
0tation as this strain became inbred. The 

I 
i 

average age of l. pair at birth of the first 
litt~ was 64 day , and for F! and F3 litters, 
()2 to 64 days. he average intervals be
tween Jitters werie 2S to 30 days, and the 
ntios of males to !Eemales were 0.94 to 1.03. 

In the ca~es of!mice &iven lead, the strain 
died out rapidl:Yj, so that by the second 
generation there 1 were inGIUBcient num~l'l! 
to cuntili~ (Tab)e 2) . Only eight litters. 
two o! them stillborn, appeared in the F 1 

generation BJld dnly two in th~ F 2• Tbel"e 
were nine deaWs of ym.mg n'l100 and 69 
mnts out of 72 JiJre offspring (95.6%) in the 
F 1 ieneration, or!which four Jl'eW enough to 
breed at 70 t-o 75 jdays of age. 

&\lenium w~to.xic according to these 
crl~ria. The- s . n did not begin to die out 
UJ)til the Fil eration, wbich prod~d 
only t~ litt:e witll 28 animals, Qf which 
16 were runw. Srven pairs failed to bre9d. 
In all, there Wo/e 23 yOUhg deaths, one 
stillborn Utt:er, ~3 runts out of. 389 live 
oHspring f23.9%D and one maternal death. 
The male-femal~l?tios ranged from 1.27 to 
1.65 in the vario"F subgroups. 

Cadmium was lleo toldc to breeding mice, 
with the strain J{ot lasting beyond the see· 
and (FtB) gmeJation. A oongenital abnor
mality, sharp an!Iulation of the distal third 
of the tail. appell)..-ed In flve litte!."!i, compris
ing 4 ot zss uvt offspring (Htt%) or th~ 
Fx and F-:A gmu'Ftloru;.. There "''!re also 34 
runts 03.3%Lfi l the o~g livint ~ 
yond weaning, 7 deaths before weaning 
(30..5%), two temal deaths, and two 
dead litters. . of five pa)rS failed to 
breed in the F :!B j generation, and the es:peri
ment was discon~inued. 

Molybdenum in thE! dose used was moder
atelY toxic, in ~at there were 15 es.rlY 
deaths a! .288 ofl'~ring in the F~ ~neration 
(6.8%), seven ~ly dea~ of 242 off1.1pring 
in the F1 gwer~d:km, and five de:9.d litters 
with one matern~l death in the F~ genera· 
tion. 'The F~A g~neration of four pairs died 
out, as two failcll to breed and there were 
only two litterS, ~ne of 11 runts smd one of 
two males, Thej F sB generation had one 
failure to breed, \me dea.d Htter and mother, 
67 QfiSpdng of J..hich 13 died, and a litter 
with only on,e ~~e. The F3C generation had 
21 deaths of 43 offspr.Jng, th.tee dead litt£1"3, 

I 
and three rnat.enpal deaths. The experiment 
wu di.scontinu~. 
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llll)le •.-summary ot Brc•dlltf E•perlrHII!S lQ Miu l•posetf ro Trace ElemMt$ 

F, e.orn"rallon -+----· Control Se'"'nivn• Arsen ic Le~d Mo•yod~num Caarn; 

-----1\10. of littf* I Ill lG l!} 
---= 

8 21 ! 1 ... 

Pai< •111• a • fir:it ~ittAr. d~ys 64 67 70 70 • .1 64.4 ao.a 
tntel'llal boitwea~ litters, d&:f• 30 34 28 4lj 30 34.& 

Averaie uljter sl e 11.0 1.2.3 8.2 12,0 11.3 13_} 

M·Fr•IIO ; -1 0 .94 1.:10 0 .93 LOS l-OS LO 
!t gene ratio~ 

No. of llttfl!r t I .() p 25 2 26 ! 1 

Pair •s• ., llt:!lt titter, da)'ll 64 54 69 73 66 69 

lntlll"'OI bo~>tweor;liUir•. day~; 28 :u 32 4-l 56 

Aver"'8"' litter ~i 10.~ 10.0 9 . 1:1 11,, 10.3 9 .2 

M-F r;ltlo . : I 1.03 J .A:f: 1.30 0.92 l-32 ---------o:7 
Pa fii!Jnl!!ratiori Oi&cont;nu•:d Dis~onti r-

No. "' Utte(s 22 il 7 14 -------·· 
Pair age at; firat liner, days 62 54 63 79 
I nterv"l bctw••" litters, day a <S 22 ~5 

A11era 8!! lllt•r Jl;te lO.!o 7.6 8 . 1 a.e 
M-F ~tiO 1.00 1.~0 1.71 0,\tO 

Tab!• 2o-Deatha itlld Abltor~aliries ol Mice 8r~ While Es~&ed ro T1eoe Element$ 

Control Selenium 
F, rener;ation . 

M•t111rna1 d~ .. u;'s 0 0 
Oea<llitter$' 0 
Young d111111th' 

. 
0 IJ» 

F;a lh.ore ,_ "' W'lot.d 0 a 
~nts 0 36• 

No. ol miCe: m 197 
Fz generetlon 

Maternal dl!!;otl1!!1 
Dead litt<!Jrs i 0 0 

l'oun~ deat!iJ"' G 10 

Failure• U> !)reed 0 2 
Aunts 2 41t 
No. of ml~a ; 248 169 

F1 !!«neraUQn : 
IIA11terna1 de~u,:- 0 0 

Oead litterB : 0 0 

Young deat~s 1 0 
hih,lr!U to b;recd 0 3 
~unto 0 16T 
No. ot mieoo i 230 ~3 

Total N<>- al mlc!! 687 389 
• C>lflers lrom co,trols by )(1 • .,~lyeis; P < 0 .0005. 
t p < 0.0001 . 
% p < 0 .001 , 
t p < 0.05. 

The mioe fed arsenic survived well 
through the: third generation. There were no 
runts in 434 progeny, cight young deaths, 
one fgiJure to breed, and no mate:mal 
deaths. Th~ ratio of males to females in
creased fr~ 0.93 to 1.71 (Table 1). The 
only other libnorrn.ality noti~d was a reduc
tion in me l()f the littem, with the mean size 

Ar.senic Uad MQ ')'OOtl'ltJm Cs<lrni~n 

0 ·n 0 0 
0 ;! 0 0 

t ~ 15t 3~ 

0 0 0 a 
0 69t 0 Z:lt 

147 7 ' ' .D8 184 

0 II J 2 
0 (J s ~ 
7 (J 7 4&7 

1 3 -

0 (I '(! 9• 
~90 Oj!; : ( '42 101 

t>lliCa n tlnu"d Oiseonlinue 
0 4.§ 

0 4~ 

0 3-tt 
0 "'1 
0 11 t 

S7 123 
4g4 9~ 603 ~85 

in each succesnivQ generc ~tion being 8.2, 9. 
and 8_1 mice. In fact. eight of 51 litte 
06.0%) had :: to 5 rnic~ ,, compared to fot 
of 61 in the m( •\ybdenum group (7.4%) . 0! 

ot 64 m the ccntroh CH%), a of 36 in tl 
:~elenium group (8.3%). llone of eight in tl 
lead' group, ahd none. of 25 in the cadntil1l 
group. The number of Moall litters in m.i( 

Arch E111Jiron Heolth-Vol 23, Aug nn 
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Pair 1\i:e a' Flfst 
No . ot Lill•ro Litter, 0~)'!1 

~rlltion 
C<lnllol 10 II') 

Nlckll'l ll 101 

Tit1tii1J"' 'I 67 

\ea>~ 19 ]::!9 

ft gensr~tioo, 

Contre>l 10 87 
N~kel 15 9!! 

Tibnium \6 87 

lo:•d 32 92 
llcneratlon 

Oontrof 11 85 

Nickel 10 ' 92 

Titanium -?.. 86 

l..e:,d 6 93 

fed IU'Sel1.ic differed from that in tOO QOntrola 
(P<0.05). 

Uects of Lead, Nicbl, and 'l1t.mium. Oil 

~ cl Rat&-Lead waa toxic to breed
ing rat:!, but to lesser degree than it \11'88 to 
mioe (Tabla g and 4). BirU:l of the first 
litters wz: s:o.mewhat delayed. ln the ti.rSt 
generation there were 12 deaths before 
weaning, two maternal deaths, 40 11.trtts, and 
a male-female :ra.tio of 0.68, in 19 litters ot 
1'73 ofispring. The -five pairs of the P,A 
generation produced 12litters of 133 :rats, of 
Which 20 died and five were runts. In the 
f zB generation them were 13 litters of 132 
tllts, with ten runts and seven deaths. Four 
or their five matingS produced two F J3 lit. 
ten; of 22, with two detlths, one de.ad litter, 
and one failure to breed. ~ line ~as. 
thererore, . discontinued. The F 1 C genera.l:ion 
had four of five SUCCMSful mating'S, with 
t.eveD litters of 45 111.t.s, one df!8.d litter, eight 
deatba, and 11 runts. Three litters had only 
tit~ 1o four rats each. Two pairs of PaC 
!";ll;s failed to reprodua!:, and thls experiment 
waa disoontinued. 

Nic"kel wss ~ toxic than lead in respect 
~ breeding, with 9.1% ymmg deaths. one 
rna~ death, and 80.6% runts in the ftrst. 
lr~eration; 10.2% young deaths and 5.1% 
11lnbl in. the second; and 21.0% (17) Y01l11S 
d:attm and 6.2% (5) nmts in the third. The 
li~ of tbe Iitten: decreased somewhat with 
flaeh gene.ration, and, with two !si1ures to 
breed_ the nwnber of rats was reduced. Few 
tnale& 91ere born in the third gen~tion. 

1'itaniUJll was nearly as to::ric as nickel, 

ln1nval Batw~en .lwerage 
Littc;•a, Days litter Size M-F R•tlo 

41 11.4 1.14 
42 ' 11.0 l.20 
&!a 9.4 L43 

43 9.1 o,ea 

40 11.3 1.10 
38 10.5 1.18 
39 10,!) o,gg .. 
~a 10.3 1.1 rs 

41 u.o 1.05 
.30 8.1 O.M 

B.Cl 0.60 
30 8.0 o.gr · 

Control Nlekel l"itanh.Jn'l Lnd 

F, geheration 

MatQrnal d"~ths 0 

Oea d litters 

Yot~ng c:lnths 

0 

0 

F,llures to breed 0 

Rurtt5 0 

No.~~ rats ll4 

f, £"nc:ration 

Mt~\ern.z~f c;;fc"'th9 0 

Oe~d ~tte '" 0 

YOu !I& de~ttrs 0 

!'allure~ to ''"""d 0 

No. of r4h 113 

F, genetllliof'l 

Mot~rnol de~ths 0 

D~ad litter~ 

Youn~: deruth-5 

0 

F~ilurn to breed 0 

Fhmh 0 

No. of rat!! 121 

Tot~t No. of rah 348 

0 

11* 

0 

0 

0 0 

37t 23t 401 

121 103 173 

0 0 

0 0 t 

16t 2St 351 

2 • 3 

" 14t 26l 

157 174 311 

0 

0 

0 

0 

0 

171 0 2 

0 0 

5t 6~ 41 

81 1~ 22 

JS9 29l 506 

• Dllltrs from controls by ;r::l analysi•; f> < O.OOS. 
t p < 0.0001. t,. < o.ozs. I, < 0.01. 

Arch Environ Healt.h-Vol 23, AU:€ J971 
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with a marked reduction iu the numbera of 
animals surviving to the third generation. ln 
the three l(tmerations there were 8.9% 
young deaths, 16.4% runt.o:l in the offspring 
living beyo:nd weaning, and four fsilur@S to 
breed. Onl}• two 1itmrs appeared in ~e third 
generation. The male-female ratio was prc>
~!vely :te<J~ced. The contl'olB contlnue!d 
to b~ed for four senerations, with rare 
deaths and runts occurrinB-

Th~ experiments provide a much more 
sensitive meithod for detecting toxicit-:1' of an 
element tba.n !eeding the element lor life
Thus. selenaoo increued the incidencQ of 
spontaneous twnots and maUgnant t\uoorS 
in mice and• rats, when fed lor a. llfetime, 
without altetting life span (H. A. Schroed$r, 
MD. unpublished da.ta). Lead shortened Hfe 
span at this aoee (25 ppm) without interfer
ing with growthll·ll~ th" eftect an breeding; 
mJce and 1'8ts w:u; unexpected. Cadmi~ 
um leedJng to mts resulted in arterial 
hypertension.l:l Injection of cadmium reeult
~d in wxemia ot preiXJ.ancy,u md. in males, 
testicular atrophy baa been fnduced.l' Toxic 
effects ot cadmi.Uln ean be Mtagonized by 
zinc or selenium.l Partial breeding out ol 
the strain given molybdenum was une:cpect
ed, fot no ad\lelf1e metabolic e.ffoot& have 
resulted froro this doee fed to rats for life. 

The minQr efi~ct of an:enk was consi&t( 
with the absence of effects in rata and rn 
f~ this dose f•>r life. s.& Nickel fed for 1 
was not to.xic t(l rats (}{ A_ Schroeder, M 
unpublished data) or t<:• mice.o nor wag 
tanium toxic to mice.~ 
Th~ore, C900ini of these trace elemen 

resulted in relativE! to~eities in the foll0 , 

in.: order: lead > autm::urn > selenium 
nickel, arserric, titanium molybdenum. E 
posure of breed.in~r mice :md rats resulted i 

the following relative t.ox.lcities: lead = Cl< 

mium > aelenium > nickel > t:itaniu1 
> molybdenuro > alllllUk. 

Developing males~ in utero are believed tO 
be more vulnerable to tco:k substances tha1 
are developing fetnal~- In these eJQ>eri 
xnenta, howe\'tt, the :rati•l of males to fe 
tnales born was increased in mice expo* t< 
selenium and arsenic, wrr•pared to controls 
'111is ratio ~ll red~ed in mice expose1; 

to cadmium and in r:d~ ellpol>ed i>o titanium 
and nicket The mechanisms of these altera
tions are unexp1ained. 

From Ulese e;eperiment:H it is dea-r that 
certain trace ~le:menta fed to ra.ts Mnd mice 
in doses which do not interfere with itOwth 
or survival are illtolerable for normal repro. 
duction. 

Tbbl in-tiptloo W11.1 IIUopor{ed bY Publi<! Rea\lh 
Service grant-m-aid 061116 and b .. gtanfa From crBA 
Phar:n:~acetltial Proolucb, ~. ~~ .. Laoot""" .. tari«<, 
Ine., and G'llltt~l Food~ Olrp. 
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