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~ 	 I~TRODFCTrO~ 
~ 

1-- Tho :fuet that plant", ~ro\Yn ill {'cI'tain arca;:; of thc 1101'thcI'n Gl'rat g P]:lins jll'(Hlm'p definitel.'.' toxie "j:lllpt()I;I~'" wl~tln eaten by man or 
an111mls IlUs bt'l'll kllOWII tor ;,O11ll' tl111e, Ille ailment has JJPell called 
"alkali dispasc" (/,J)\ a broad teI'Ill t'oltlltlonJ,vtI>ied in the "~cst for 
H'V('l'al disc)l'(lt'I'S, As n l'Csult of "hulies t1l1dcl'takcll at the S()uth 
Dakota A~ri(,llltlll'al Expt'l'illlent Station by Fl'a nke and Otllt'I'S, 
this ])l'ol)lpl1I was JJl'lluglIt to tl1(' nttPlIliOll of ! lip rnill'd ~tatC's De~ 
partllJ(llIt of A,!!Tieultlll't', and a ('oopel'a! ivp study was . .;ubsP(lut'lItly 
unde!'takplI hv tilt' DUl'enns of Chelllist!'y and Soils. Animal IlHlll;;tl''\~. 
Plall t ImlllstJ,,Y. 1tnd HOl1le E('() 110 III it,;;. "f()J' j lie pll ;'post' of dC'tl'I'll1i ;I~ 
ing if pu;;siiJle the e:lllsatiw lI,!!'t'llt. ' 

l'\anke anll ass()C'iat(ls, ((j~ 1"~,8. r~, ]0, J!,].?,t.i,,Fj, ,::J) 11t1~'e, all'ea,tJy 
]H1UJ Ished tllt, l'esults oJ stlldJPs III \\"Illch !-('I(l11 IlIlIl lS (Jelln il't'Iy 111­
dieted as tilt' substali('(' l'p,;pol1sible 1'o!' 1he ('ol1<1il iOlls ObSt'ITC'd, 'Se\' ­
{'raj otlwl' l'epOl'h; 'f!'(l1ll til{' rnited Siatcs Dt'pal'llllC'l1t of A!!!'ieul­
I:til'e (Hyers (1). n,n!'s lIlld Knight, U). HO!'II. Xl'I;,;oll. anc(JOl1CS 

1 I{unc 1l~IJlllI('I':; ill J1nl'PII('h('~p;{ l'PCpr tn l...Hl'ratUrtl (·itN1. 11. :'!-L 
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(1u) Knight (fZU) ~ allLl Hunl-Kurre\' (17, 18, 1.')) deal with tIl(> 
occurl'ence of selenium. in soils lind its ell'eet 011 plants. 

The Iinc1ing;; described here arc the results of the stuclies mn,c1e 
with rats in the llutrition laboratory of the Bureau uf Home Eeo- _ 
Ylomlcs. These covel' the pl'flliminal.'Y·observations made eurily in 1931 
in which eYillence was first Clbtainecl that fleietlilll1l was the factor .,., 
involyC'd, and n,150 long-time {C'('dill!! tcsts c1esi!!nNl to show how mueh 
of the seieniferoLls food may be induded in the diet of the rat with­
out some evidellce or injl1!'~·. .A few stllllies ·we1'e also made to d(l­
te/'Illine the alllOllnt: of selpniulIl :-;tol'ed ill the diffcrent parts of tlte 
body, the ratc\ or stn/'ap:('~ [UHl till' I'at<.> of (linrination, ~ 

PHELIMIXAHY SlTDIES~ 

l\IATImUL AX!) :llEl'HO!)S 

Before definite ])L'o!2"]'es" t'oultl )JP nwtle jt., \\,tl;; l1eCeSSHl'V to become 
lamililll' with tllesyiiJplolllH t"llItt dc'\'('lop in the rat w!Jc:n the toxic 
plant matcl'inl is in('\urled in the dil't. K, 'Yo Frnnke of the South 
Dakota Ag!'i('nltul'tll Expel'illlt'nt, Station supplied I:ll'ge. stlrnplcs of 
whpal g/'own in It dislri('t: known to produce toxic gl'trill. This gmin 
gTOIIIHl fille '\'lIB incol'pOl'atl'l1 in tilt' follo,,-inp; diet cJesigned to sup­
ply all of thc nUll'ients Jll'('(led 1:01' gl'owth and rcproduction: Casein. 
j Op~J'(,PJlt;. ·wheaL vi> jll' I'C(,llt; YPllsi. 10 percent; ,butter, 8 percent; 
('od-II\'01' oIl, :2 Pl'I'C(,I~t; O,,\)ol'II('-::\fL'lHld salt mlxturc, 4 perc'ellt; 
and. ~mJt, 1 PCI.'('l'llt. Young rut" tahll at 28 days of age \Y('I'C main­ ... 
tainNl on thif.: diet,IJntil thl',Y cll'v~lQP(,ll definite pllth?Jogieal symp­
toms. In each ellse the!'e. Wtl:'> a h!tel'-1l1tlte control of the :,HllIe o:ex 
Oil It ([id of thl' same {'ompo:-;ition made lip with ground ·wlwat from 
the supply kPjlt for OJ(I la\)oratory o:tock ('olon,\". 

Toxrc S,(MI'TO~[S srrowx Ill' HATS 

DIIl'in!.!' the fil'st :2 \ypek'i lh{' animal,.; 011 the toxi(; gl'aill lllval'inbly 
"illOWl'd :;,' t'll:H'aC'iel'i};tic shfJl'p 10...." in weight (1u(' l11Hlouht{'dly to the 
!owl'!,pd food intnkp. "i IIl:C J1l0st n n imn Is exhibit n <1pl'i(lell distaste 
1'01' the toxic :fuod. ,YIlL'n hllnp:(Il' evcntually ('olll!wlle(l the rats to 
('lit; l.llP <lipl t1J('Y g"mtlnally {£aill('~l. in weigh;t. nll!JOugh, gl'()\\"th~Yns 
('ol1:mlpl'alJl\' \)<,lo\Y lHJI'lllaL .At tllJ:-, len:-l 0:1: ft'l'dlnp: of the particu­
lar :-;aJlIpft' 'of wllp:!l ""(,([ (li;) ])(\I'l'Pllt). ddinitt' pntholop:i('(lL SYIllP­
tOlllS npIWHI'l'r1 :lfl('I':! 1:0:3 lllOlllh",. TIlt' lI\(;,~t Pl'ol1otJllt'pd sylllptom 
IVH}; :L ~l'Ill'l'nliz(ld t'dl'IUa. allll in IIIHll\' animals till' nbdollll'll bN'nme 
p:rl'atl)'; l!i~tt'nl h:d (fig. 1. ~!). ~\.u{()lj:-;y of sl~t'h nn} IlHtIs I'l'\'('a I('.d a 
IflJ'lrp. llJlJOunt: oj- 1111111. "Ollll'lll1lP•..; ns lllllt'h:ls J.){) (T. III lhl' nhdOlllJnal 
(,fl\~ty, ant! in HHlle ('n:-;l'~ (ll'nth !:iN'Jll(ld. to ~t' tlw resl.1It of suH'oeatioll 
frolll lIn' ]In'!-':''!Il'l~ of ,i111s ('XC'P!-'S Hunl agalllst U~e dmphl'tl!£lll. GI'I1­
(,l'all\' /11\1 flllJd was 11'('(1 fl'O])) hlood nlthc)]\.':rh )n :-;(1\'('l'nl 1':lt;; f'])(Irc 
w(']"e' \I('lilli!!' illdi('atioll" of lWIIllJl'!'hn!.!!'. Thl' lin'l's oi' tlws(l nni­
IIlals usually pl'e:-;Pllic(l a 11011ultlJ' ntJ'(~pllic nppear:lIll'e ({i!!. 1, il). 
:lnd yelT (Jrten were shl'unk to one-halt' 01' ()n(~-thil'll the )lo]"mnl 
"izl'. The lobe's w(ln' :dJIlOI'IIlHl in :-.iz(· and \'('I'}' rnuC'h distol'lpd: 
j n 1'OIlll' insta nl'('S sen'l'a 1 Wl'l'(' P:I'OWIl together in a sinp:lc Lard 
muss nml atiHe!l(,ll to Lill' Ill'arb,\' ti"slle~, 
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IDENTIFICATION OF SELENICM AS THE TOXIC AGENT 

As soon as the ChUl'flct('l' of the toxic symptoms was established, 
definite -efforts ,yere mad(' to identify tlJ(l substance that was re­
sponsible. The soil in the c1i;.trict frol11 ,,,hich the toxic pl:tnt mato­

• 	 rial came was largely of t:huk origin. and it was suggested that 
some of the l'Urer elements, such as lithiulll and vanadium, might 
be involved..A..cconlin!!h'. snits of these elements, as well as sodium 
fluoride, were tested 6;: :Il1corpo1't1tinf! each 01H' sepnmtelyin an 
adequate eliet, which ,,:as then :1'e<1 to yotl11f! rats.· Altho'ugh till' 
amonnts used were definHely toxic. a;;: evidenced by the np!WnrnIH'(' 
ofpat~101ogicn.lsymp­
toms 111 the rat8. the 
('ft:'ects produced "'ere 
so dissimilar to those 
produced hy the toxic 
wheat that these ('1(,­
ments ,yere promptly 
eliminated as sus­
pects. 

.About this time in 

('onferenc(' H. G. 

Knight, Chief of U1e 

Burean oJ Chemisin' 

!Ind Soils, called af­

tention to the known 

toxicity of thn11illlll 

and selellium. with 

the f-iu!!!!:est iOll that 

the Jatt'et· min'Ilt YCn' 


h " 
possibly be the toxie 

agent sought. Ad­

i~lf! on this sugges­

tIOn. tests ,rere made 

jn '",11i('11 selC'niotls 

acid and sodium sel­

enate ,,'ere added in 

minute ttlllOlllltS jo B 

t1le diet oJ rats. On 

a dict eOllt:tinilll!; 

0.003 l)el'.eent of sC'll:- Fl<lI"m: 1.--.,1. i::ll -I"'will.:': tlIP [1i-tpntl!'11 llllrJOllll'lI tj/lh'al

of :tlliIllUl, m:\illtnirwd on t..:ulllpthnl ql1antitip-.: of graill
nions acid, tllC' :lni- l'olltaiuill),; ~tll"llil1ll1; 1J. Iher or rut ~howJ! in "I. 


llIals de\'C'!ope(] tllC' 

c:hal'acte!'istic C'tlC'llln. all(lllOclulal' appeal'ance of the. I in'!' SllO\\,11 uy

t11(' mts on G.) P(,l'C('lIt of (oxic' ,\'lwnt.ill(licatiJlg' t hnt tIl(' symptoms of 

sl'lcniul1l poisoning' ,,'P(,(' sillJilar to. if ]lot aetllally idC'ntic:al with, 

those pl'oduced Ly Loxic gj·ain. 


W'hile til('sc stlldie;. weJ't' 1IIHh'l' WHY. ",Y. O. RoLin;.,on. of the 
BureHu oJ Chemistry :lnd Soib. Hn:l(,'zecl s:llllph's of grain and 
reported the p"esence of ]'('l:1ti\'('ly I:lJ:ge :11110111113 oJ seleniulll in 
the wheat. This fnct furtlH'r ;..ub;.tnntiai<'(l ti1C' conclusion that the 
S<!lenjulll in the food was l'e~pon;.ible for its toxicity. 

Final confirmation of this :I;-,Slllll ptiOIl was gi \'('n by f('eding tests 
with specially gr0\\'11 wheat Hlpplied by the BureHII of PI:1I1t 111­
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dustry. The first lot of wheat grown on natural soil to which a 
i'iclen1um salt had. been ad(lNl was h.'sted on rats and reported by 
Ne]son, Hurd-Karrcr, and Hobinson (:21). The sccond lot of grain 
was grown in llutrient solution in washed quartz i'iand to which small 
amounts of sodium selenate had been aelded. About 300 g of this 
wheat ,,"ere a\"ailable for testing. "Control" grain grown on washed 
sand. without the addition of the selenium salts was also available. 
Four diets c01ltaining skim-milk P0\\,(ICl', Iii p('l'cent; wheat, 7;\ per­
cent; yeast,:l percent; butter, i5 perccnt; und cod-]jyer oil, 2 percent, 
were made up (1) with contI'ol wheat gl'mm on sand wit.hout 
selenillm; (2) with wheat grown on sand to which sodium selenate 
was added; (8) with the lllltul'nlJy toxic "'heat supplied by Frankt,: 
and (4:) with normal wheat to ,,"hic'h seIellioHs adll was added so 
that- the did C'ontaiHl'cl O.OO;~ percent of selenium. Four litter-matt' 
ratswel'e lIlnintainC'CI, one on l,tlch of theHe diets. for ii ,n'pks. when 

. the snpply of specially gl'O'Yll 

140 ,,"hcat b {' c It 111 e exhal\sted. All 
foul' rats ,n're then killed and 

~120 
I 

VI 1/ autopsied.
'" Growth t'Ul'Yes art' shown 111~IOO 

DAYSe 

b
20 

figlll't' 2. The animal given th(, 
~ 80 l ('ontl'ol\yheat gl'ew nOl'mally and'" w 

presented no pat,llOlogical ('hall~es'" 60 
at autopsy. ,,·Illie the 011t' ted~Qlbt'-

40 " ,,,Ill'at gl'own on sand to which 
20 I I til(' sl'lpnim\l salt had lwen added 

I~IGrHI~ ~.-nl'owth ('UI'\'(I:-o Clf fOlll' lit tt'I'­ slww('(l th(\ li\'('r and. other ehanges 
I11l1t .. I'lItx l'l'<i (01 ('(ll1tl'ol wht,,,!, typil'al of s('1cninm poisoning.
gl'own ill ll11tl'iPllt :-;olutioll olll~\ (ill 
11 I'titicinll\' ~(·It'lIi1.ed whpnt: grown in Th(' otllc'r two rats gl'l'\\: at a sub­
Iltlll'il'llf 'xullllitJlI 10 whicli HfJllilllll 
sl'It'IIUlp was nddt'd, (c) natul'alJy 1lormal rate but othenYlse showed 
"tOXil'" wlwat {'ontainillg' ~ll'Il'nil1ll1, no tnxic symptoms. The amountIlllcl (rtl II cli('t <'olltHillillg whl'Ht to 
wllit'h ;o.:(,)PJliOliH acid wm:i ullllflti. of se1cni lIlIl prcsent in these two 

diets ,,,as probably too small to 
('ami(' clP\'e!0P"IClt of l('si')\1s wirhin a. period of 5 weeks, although 
it did alrect growth, TIll' results with tl!pse fOUl' rats. howcH'r, 
ofi'PI't'(linpontJ'oH'rtibll' e\'idel1l'P thnt tile selenium in thp 'grain was 
rcsponsihle fot' iiH loxi(·ity. 

1'001) INTAKB IN RBLA1'ION TO IlEVELOPMENT OF TOXIC SYMPTOMS 

At thj~ point I:\w qllC'stioll was I'aisl'(l a:-i to wlwtheJ' the lowereel 
food intaJn\ of 111<' l'tltH Oil the t()xi(' grain had anything to do with 
tht\ (Ieyeloplllent of Sylt1ptOIllS, i. e., whether some. of the symptoms 
wert' m(1I'cly ~tal'\'ation ('Il'l'd~_ To an:-:\\'l'1' thiH, fl'l'ding tpsts W('l'e 
contlue-tpd in which one animal of a. pail' was given tl. diet containing 
70 pl'l'('pnt of the toxic gl'H in and thp otht'I'70 pl'l'cent of the non­
toxic lnbol'ntory stock diet grnin. The food allowance of the rat 
On till' nontoxic grnin wa~ restrietetl in amount to the Cjualltity eatl'1I 
by its littt'l' mate on the toxie-grain (liet, so tlint both rats of a pail' 
C'onslll1l('(l the 1':1I11C (]IlHntity of food. Fin pairs were j'e<l in this 
way. 

After Ynriollfi lengths of' tillll" all of the rats on the toxic grain 
dieL1. As this happcnl'(l, the littel'-Illate ('ontl'ol on the nontoxic 
gmin wns killed, and both rats WPI'C autopsied at tlit' slime time. 
All iiyc rats on the toxic grain showed the typieal sYIllPtoms asso­

http:It'lIi1.ed
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dated with selenium poisoniuQ", while the litter mntes 011 the non­
toxic Q"rain 'were normal in evel'y ,,'ay, Growth ('lIl'Yes and post­
mortenl photographs of a typical pail''' are giwn in fiQ"Ul'es g and ..1:. 

Particular attention shouicl be. gi"en to till" appearanc'c of the JiYer, 
testes: and fat deposits. The liYer of the rat (16687) on the. toxic 
Q"rain ,,'as harc1, llocll1lar. and shrunken to one-half its normal size. 
'rhe testes were sl11all and the spleen. not ,-isible in the photof!l'aph, 
,,,as about one-half as lal'f!e as that of the rat (lGGSH) on the nOll­
toxic ,Q'min. .Althollf!h these two rats ate the snme quantity of foo(t 
the one gi\'en the. wheat. containing seleniulll showe(llittle, if any. 

320 .-.--.--.-.--.~--.--.-.--.--.~--.--.-.~.-~ 

300 r-~-+--+-~~--+--T--r-~-+--+--r--r--,.-r-+-~ 

280 	r-~-+--+-~~--+--+--r-~-+--

260r-~-+--r-+--r~--+--r~--~ 

240 rl--~~'~--+--+--+-~~~-r. ~=-~~~--~~--+' 

~220 r-~~--+--+--+--r--~~ 
If) 

~ 2 00 r--'-~--+--'---+--+-' 
a: 

~ 180 

I-

I 
FED 	 TOXIC GRAIN 

NONTOXIC GRAIN 

40 80 120 160 200 240 280 320 
20 60 100 140 180 220 260 300 340 

TIME (DAYS) 

F[(~CnE :1.-(;rowth c.·tlrn~:; of two 1itll\r-mntf> rats f(l(l hlputienl ql1antiti(>~ of diets of the 
H:1m!\ (~(JlHpo:-;:ition PX<,P!it tlwt ntH' W:\H Imtt!p liP Wilh wlwat ('oHtaining' ,~(1lpll[lIlll and the 
Oth("1° 'with nonltal wlHla t rr~\e from seh.\l1itI111. 

fat deposits, ,dlile the 011(' 011 nontoxie g-l'hin, d(~spit(' the fa(·t that it:; 
TOOll intake wns restrietetl, had II goml supply of sulJclltallC'OUS fat. 
The rat (lGGKI) on the toxic grain silow('d the (listenclpd aU(\onll'll 
('hal'Hdel'istic oJ the anilllais with marke([ m:;citl's, ~uuseqllelltly 
there was a Ipaknge of scrOllS lllaterial JI'OIlI th • .:' bhllldu ,yith all 
:I('('OIllpanying-lm;s in bod)' wPig-ht. This cOI1(lition was ne"('1' 8e"('l'e 
bl!t ratilPl' persistent. The material was ,!!(,IH.'rall~' fnintly tinged 
'nth blood. 

Thes(' finding;.; rule(1 out al\y po:;sihh' :--Uggl':;( ion that. the syll1p­
billS sllo,,'n by rills 011 tllP toxic grain \\'l'n' in nil)' cieg.T(,(, ascrib­
able to cbroni(· ;;tatTatioll. 
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EFFECT OF DIFFERENT QUANTITIES OF SELENIUM (SELENIOUS 
ACID) IN THE DIET 

After it was established that selenium waS responsible for the tox­
icity of the plant material, the next logical step was to cletermine. 

• 	 how the severity of the symptoms was related to the amount of. 
selenium in the (liet. 8e1enious acid was llsccl in these feeding- test". 
A solution of known concentration was prepared Hnd lIsed to make 
up 13 diets in which the concentration of selenium ranged from +,;") 
to 6,100 p. p. m. These (1 iets wel'(' fell to rats 28 days of age. 
Althoug-h a limited number of animal:.; was placecl on ench diet, the 
results (table 1) Rhow a. definitely graded effect. ..AJI of the animals 

• 	 on the diets ('ontaining 2-1:.5 or 11101'e p. p. 111. of selenium died and 
the length of time the anima),; SIIl'\'ivP(l was l'ollg-hly proportional 
to the amount of seleniulIl present. Tho::le Oil 600 or more p. p. In. 

lived only a i'e\\' days and <lied in eonntlsions. The rats on 6l til 
310 p. p. 1l1. of selenium. also dil'(l within a short time, but their 
deaths were llOt yiolent and no ::.,rl'OSS tissue changes were visible at 
autopsy. On diets ('ontaining 24:.5 to -:l:!) p. p. m., the l'atsliwd :30 or 
more days and showed the ascites and Ih-cl' changes ascribed to the 
poisonillg efre('t of i-'plenium. 

TAllUl I.-neill/rio/' Of /'(/18 feel t7i('/.~ (''''I/(1Jllill[1 elili'c/'cllf {J1l(1l1lilicN ()f .~(,/(,lIilllll 
';11 /1,(, (o/'m ot 8l'1('I/;OU-' acid 

Rcleniou:-i fwid in 
tho dirt (Jwn'llnt I Condition oC rnts ilt It'rtllinnl ion of (P.;t 

lXI/III' 

! 2L .. 
~ 
, 

P. 
1l,100

p. m. I hi'r 	
! Hind in convulsions. 

0.5 .. :l,IOO ~ 	 , Do. 
0.1. fiOO ~ .: Do. 
0.0" 3III 2 _~ ~"o uhnorfnnlities. 
0.01 OJ 2 	 ,J)o. 
0.003 ~IH 5 	 ~c\'erc ns<'it,es. liver lesions, kidn~y", 

Hod spleen nlTccLcd. o.oon . 37 7 Sc\"(~rc nseit(ls, liver l~sifHls, kidneys CU~ 
Inrgell, IJIll1l'fl'IlS nfIcetc(i • 

0.00·'" 27 i ;1 ..\sriles, Ih'cr j('.sinns, Iltlt1('rt'HS HiT~ll·lPd. 
0.001 2·1. ;i 2 	 A!-icite5, li\lt'f lesiolls. o.ooa 	 J.~.·I I 1!1 ~ornc IlSrit.l1S. slight liver chungcs. ki,I4 

ners nlferlCfI.
0.0051! fi$ XI1,8eO'__ .... J:l 2!! ~li~lll; ('hHng(l~ ju Un'f. 
O.IX1I5 ........... . !I. I : '·1 Xo flhnorrJlfllitil\~;'

,1.fi 17 : 

JOI' j( wli(·llt. 


0.7 fIlJ!; ~l'lNlitllIl per j' 	 , :4olllU flnimul!'{ hull spoU,·t11i\"cr:;, 

I J killl'd al {,lid :l,(li wepk. 1 \11 killed nL end ;i."'ith wt.\(llc 
, I killl'tl ;It {,lid Hlh w('('k. "; killed III """ 1,lli week. 

On (lipts ('on!nining 1a to IRA p. p. J11.~ SOllIe alliJllnls li,'p!l and HOIl1!' 

dipd. showing that tilt, thl'e"llold 1l"'el of till' lethal (lost' was within 
tlH'se jiJllit". Most of till' allill1als in these g-I'Olljls sho\\'C'd till' typicnl 
t'dl'lllll. and lin.'l· atroph." sePIl ill till' rats JIluilltnined 'fol' long peri'O(]" 
on till' toxi(' grain. Those' OIl tll!' dipt ('ontainillg 18.4 p. p.1ll. lllost 
l1l'arl,r t'('H'JlliJll'd till' rnts on the' dipt ('()ntainillg n;) pen'pnl: of toxi(' 
grain. E"id(>nt Iy the (,Ollt illllO\lS ingl'stiol1 of slightly sllhlet-hal clo;;p, 
of s('I(,lliull1 l'PSlIlh, in 11 l'llI'ol1i(' SU/J;l('II(l' forllJ of poisonillg. 

AnilllHls on dip/:-; containing f) p.p. Ill. OJ' Ipss of S('I('lIilllll clel'inti 
1'1'0111 s('I('!liou:; H('id did !lot· "llOW ~11l\' dis('eJ'niblp rpt:tnlatioll of 
growth OJ' dl','ploplllelll 0 f pa I lIologi(':t I 'fiyn I pIOIlIS, 



8 TECHXIOAL Dl'LLETJX 534, 1:. S, DEPT, OF "\(1111Cl'L'lTI{E 

EFFECT OF DIFFERENT LEVELS OF WHEAT CONTAINING SELENIUM 
IN THE DIET 

Dlll'ing the coms!.' 'of this 1lwestig:ation the question arose as to the 
amount: of toxl(' grnin OJ' ol'11cr "5el(,11ize<1" material thnt c01lld L(· 
I'rgnlarly included in the (li!.'1: withollt eventual development of SOliI(' 

ill effects, Sen!raJ hllll\ll'('d p01l1HI::; of the toxic wheat: had 1)(,!.'11 
.<..uppLi!.'(\ by Fra~lke. Sinc,e thi~ wns snflic!C'l1t to fe,eel a rathcr ~lIrg(' 
('oIOln' of I'at::; for f-IOllle tJllI(', .It was <1('('1(1<'<1 to 1-(>('(1 the IrI'aUl at 
l"eyeral difft'I'C'l1t h'y('ls to cal't,fully matchl'<110ts of rats nnd 'compare 
Lh('i1' b('hnvior with a control g!'(mp given the snme diet, made lip with. 
nontoxic !.!I'nin. IllHstIlllelI as 1<'l'l<nlo:e's ObSel'\'atiol1s on chickens 
>,!lowed tllat effects of poisoning might not appear until the sPC'onel 
~el1el'fltion, pIa m were ma<'!p for ('onti nuing n,.; I1lHny of t IIp yon I1g 
l'at;; liS possibJe. on the I'espedi\'e (liets on which they were reareel. 

I'H()('EDUItE 

The basal dit't lI:;l'Cl 111 the pl'climinary stluli('s 'YH~ l'atll(>l' ('0:;11" and 
l'equired consicl('l'able tillle to pJ'epul'e: For lIS(, ill the Iaicl' sfudies 
a less ('ol1lpl('x did ,yas tlll'l'e:fol'C' deyi!'ec1 in whid1 skim-milk powdt'I' 
was Rllbstitlltecl for the casein and Osborne and Mendel salt mixtul'(', 
f!i\-ing a diet 'Of 01(' folio-wing percentagt' composition: Skim-Illilk 
POW<lC'I', :30; whent, i38; yeast, oj: huit('l', ;'j: and ('od-liver oil. 2, Past· 
('xI)(,l'iencC' and knowledge of the requirements of tl1l' rat justifie(l 
~'()nficlenC'(' tlwt tlti~ dirt would bC' ac/C'qrInte for gl'owth and repro­
Iinct ion, 

Robinson':.; allaly~(·s of thr [!Taill sllOm'd that .it ('onlninpd ahout 
1.i p, p, Ill. of sC'lrniUlll, ..:\.(,(,()l'dillp:l~r a (lid:· 1I11Ule up with 5S 11C'J'­
«,ilL or tit is §!l'nin would ('(mtnill S,7 p, p, Ill, of H'I('nillm, TIJ(' IN'el­
illg tr!';ts with sC'kniolls n('i(l had. inclic'atp([ t'hal: !'ats ('onl(l lin' at 
I('nst 3S ,,'('(>I\s Oil a di('t ('on/aillin§!!l p, p, Ill, of s('lC'lJitllll, Thel'dol'e 
(lllC' clip{ was 111:1(1<' ltP ill "'hieb till' C'nt i]'(' :is ]1PI't'(,lIt ot\\'hpnt was 
I'r])lu('('<1 by toxit- §!I'llin. TIl(> otlJ('l'S ill tlt<' S('l';('S W(,I'C' IlIadp. up with 
a mixtul'(' of nontoxi(' ,yltl'tH and toxic whC'at· "0 that the\' c:olltaillt'd. 
1'(''''ppetin'l)r 40,20, lit .i, Illld 2,,1 jlt'l'('PlIt of toxil' gl'lIil1, :!!i"ing ('011_ 

('(,tltl'at ions of !';pl{'nillnl of G.O, a,o, 1.(l, 0.7;;, Hnd O,:1H p, p. Ill. As 
J'dol'P, the' Jlonloxi(' wl)(IIII. \\,11.'i f"O'll t1.1P Hltpply kppt fill' t1lP l'P§!lllal' 
:-to('k ('olony. OtlP \lipt ('()Iltninillg i3R ]lc't'('(,111 of l1ontoxi(' gl'ain \\,n,; 
n1i--o illC'lu!lptl ill tlJe' ,"£')'il''-'. Till' (lip!;.; {'(lnlnillillt! til(> .",wIlI PPl'­
('(·nbl!.!('R of toxic' !.!I'ain \\'('1'(' ill<'llldpd. In thl' ;';(,I'i('s he'c'all!"!' it 11:1lll)(,(,11 
!-'\l§!§!{;stPII (lJat :--(,i(,llillllJ. Jilw IJOI'OIl. ~Jlj§!11l han' n l-itiIllIJllllillg' p/l'(11'/ 
WlH'1l ill!.!('stpd ill slllnil alllOlln!s, altlHHI!.!h Inl'!.!l'I' HlllOllllts \\'l'I'(' toxit'. 

~('\'('n' lots 01' t'ats, (':1('11 ('olltnilljll!!' I wo Jnall's lllld six i'pllli!lps 
.1- \\'('pl\:::; of agl'. WPI'P 111('11 H·p:l'Pgntp(1. '(lIlP fot' (I;tell of thp 1'('\'('11 dipt..:, 
En'1'." )l1'('('uuliol1 was tnkpn to Illakp tlH' lob as JH'HJ'ly ('ollljlnl'ahl(. 
HR pOR!:jhl(', TIl(' YOllll§! t'H ts \\,pI'(, d t'a \I'll fl'Oltl two ('(lIon lP!:', (\(l'tH I 
lllItl1b('r!:' of l1lalt's Hnd (·lllalP..; hping (lIkPn frolll (·ad!. FOtJl'tC'Pll 

lilt!.'I'!:' in all \\'(,I'P IISP(l. Two liUl'l's of S('\'('II lilah,s, OI1P f)'OIlI (,Hc'h 
of thp two ('olotlips:, \\'('1'{' disll'iiJl1i(\(1. (Jill' of (,Hel! littpl' II) n lot. In 
thp ('asC' of l'IH' fl'1l1Hlps titl'(,P 0\' fOlll' animals \\,(,1'(' s('I(><'1('<1 frolll 
(':It'h litter, and littpl' l1Iates were put on :tileJ'llatc l('n'ls of th(' toxie 

.. 
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(''1'al11 , ra.ther than all of one litter on t1w low lcn~ls and all of 
~nothel' on the 11i,,11 lev(>lf;. It waS felt that this woul(1 give (lut:t 
mor(> sati::;raetor,Y for plll'poses oi! eOlllpal'ison. . 

Aftcl' the lots of animals Wl'l.'e arranged :tnd estaulishe(l Oil the 
eli fl'etent tliet.s, they wel'e e1ll'ed for in t ht' Sa lilt' way as till' I'egular 
breeding colollY, j:'e.~ the~' ,,'el'e weighed once H w('('k, t,he pl'egn:lI~t 
Illotht'rs were separated f1'om the group st'veral days before paJ'tUl'l­
tiOl~, Im(l the Y(~lll,lg ,\,('I'e weaned at ,28 days of ng(!. , 

1he se"en ol'lgmallots Wt'l'e conhnued 8 munths 011 the l't'Speetl\'C 
c1iets on which £h(>y were reared. Beeau5e of tht' rapidly inCl'easing 
size of the. colony, the se('ond-genemtion animals wert' kt'pt ollly 
(j months. The If!'st littl'l' l'eal'ed by each female of the second 
generation was ('ontillued until it was i2 wt't>ks old. All otht'I' YOllng 
of these secoml-gelll'ration animnls wel'(, kil]Pd at 4 wl,C'k::; of age. 

Aftl'r the iil'st stuely had heen lllldel' way for some tillle t1w 
animals on the diet that contailll,tl 5 ]lel'cent of toxic grain seenll'(1 
to s11o\\' a, superior perfol'lllanc(' on.!!' the control gl'onpin nUl1lbel' 
of young born and pel'eentagt' reared. There WHS no t'xplanation 
for fhis oth('l' than the ~l1ggt'~tion already IWlde that: cel'tain HmOllnts 
of sdpniulll in the did' might hav(' a stirllu1ating l'fl'ed, B('fol'e, 
accepting this l'xplanation. howp\,l'l', jt sC'l'1l1Nl n(]\'i,mblp to e:lIT,\' 
oul' further fel'd i ng tpsts to H'e ",hpt hel' these l'PsnHs Wt'I'P l'l'p(latp(L 
nnd a second t(lst wns therefore planned. 

Fol' thi:.: pm'posc :t 110\\' ba~al diet \\'as <I('\'is('(l in which till' ]>1'0_ 

tein eonlen(-, was considerably I'educed in qllantity and illlj)I'O\'l'd in 
quality OW'l' that of thl' basal (lief llSt'd in 111(' iil'st study, sincp 
attentlon had Iwen called to lht' faet that this basal diet con'tailll'(l 
a relntin'l,\' high IWI'('entagl' of pl'oll'in, Thp 1H'I'Cl'ntage composi­
tion of th is (1 i('t was as follow,,,; : ~ki 111-111 ilk 1)()\\,(lPI', Ifi; I1I('a t sCl'ap, (j; 
wholn ",h(,:1t, 68; y('ast, ii: uut tt',,, oJ; and l'od-JiYl'l' oil, 2. Diets ('011­

i'aining 2,5, 5, and 10 lWl'eellt of toxic grain W('l'(' lIs(,(l as lll'fol'e, 
TIll' thl'PP lots of I'nts e~tabli;.:hl'<1 Oil (hl'St' thl'ec dit,ts Pilch ('ontained 
1\\'0 111 a les alld JOlll' f('lllnJp;.:, Thl' gl'OIl Jl 011 t Iw (,Ollt roL (Iipt ('Oll­
iaiJlPd two lllall'~ nlld six j!(,lllah,s, Tht' usual pl't'cantioll:': W('I'(' tnkell 
(0 Ilwkl' the, Jots as IH'H l'1y l'OlllpHI':t1Jh' a:- possihk, 

Add it ion a 1 ('sts W('I'(' abo Iliade wit h high 1('\'('ls of i Iw toxic' ,L!:l'ai 11 ; 

nnll1l'II', liO, (lO. (j;'). and 70 Iw!'('ellL '[11(' P('I'('(,lltnge ('ollljlositioll of 
Ilt(, hn:..;:t1. dic't .. in !hi:- (,U;-(' W:1:-.: ~killl-inilk po\\'d(,I" .];3; IMat ;':(,I'ap 5; 
wholl' wh('ut:. iO; bllUl'L'. ,j; ,n'a~l, ii; und ('od-li\,l'I' oil, 2, TIll' fin\ 
lots of: I'nt:-; f('(] t1H';.:e :fOUl' dip!s 1111(1 111(' ('on! 1'01 (liP! "'(,1'(, \'('I'y "'(Ill 
IllHlf'II('r/, sinl'p ('''('1',\' 1l11'lll!H'1' of' ('II(,ltlo( W:lS pnin'd with a'litt(", 
nIHtl' of (IH' SHIIl(' Sl'X ill ('l1<'h of tht' ollH'1' lots, 

Thi:-; ,,(lith' wns (!'l'lllill:lt(,tl at: til(' Plld or H Il)()nlh;.:, ",1](,11 tIll' :--111'_ 

\-i\'ing Hninin1s "'('1'(' killt'd nlld 1Il1to]l"i('(1. TII(l yOllng \\'PI'P killpd 
nnd antop:-it'd wlH'1l w<'all('d at {wl't'k" of a!~l', 

DUl'illg till' ('tllll';':P ()f the f('('din!!" tl'~t;.: all nnilll:!ls \\'l'l'(' ob"(,I'\'e(l 
JUI' ((It' IIJllWftl'nn('p of' :-;:;YlllptOllls ('h:lI'!lctl'l'is(ie of ;.:plt'niulll poisoning, 
al1(l at tIw tPl'lllillutiol1 oJ tilt' pXIWrinwl1t allt\)p"iC's \n'I'(' jll'!'fOl'IlH'(J. 
Xl'Hrly all of thl' 11)('IlII)(,I'S of Iltc' H'\'('11 o!'iglnal lo(s in I'll(' til';':! stndy 
w(>]'(' rxalllin(>d by C, D, ~tc'il1. a:-so('iu('l' \'(~t(,I'inHl'iull. BllI'PHII or Anl­
lllal IlldllStT,\', (1 '1', Cn'l'ch, wtt'rinllrinn, of tile sume BIII'Nln mude. 

j4(j;jR~-!to_2 
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histological exami nations of the t i:iSlJe3 of sc,"cral ani mals feel on the 
58-perccnt. lcvel of toxic grain alld one of th(~ contl'ols OIl normal 
gra Ill. 

HESVLTS 

Although the data, cannot be prl'~entec1 in detail, enough are given 
to f;how the relative toxicity of the different. diets as judged by the 
cifed on growth, n·produl'tlon. and den·loplllent of gr:oss ])ath()logi­
cal lesions in the llnilllnl:-:. In l'ol1lparing n,'snlts for thc 'first- and 
s('conc1-generation animals of the first study it must be kept in mind 
that the animal!; of the fil'Ht gelll'ration \\'(lre continlletl lIntil they 
were 9 months old, while thotic of the t'e('oml generation were l{(:~l)'t. 
only 6 months. ­

GlWW'I'J[ 

.t\xernge weight Clln"e" for 111(1 first- anrl s('concl-generation males 
(If til(' first study and for thoHe oj! the third genl'ration that wem 
('ontinlle(l fol' 12 weeks are gin'll in figllre 5, 'Yeight CUl'ves for the 
females are not inel u(ie(l. beca use a Her th(l tt'nth ()I' l'lt'Vl'llth wcek 
increased and ,'al'iable \wights (it\(' to pregnancy macle tlH'111 of little 
ntluefol' PUI'POSl'S of ('OlllpHl'ison. rp' to tl1ut time the fenwlcs 
showcd til(', sanlc J'l'latin' ITl;nds us tIlt' lila le8. 

1'11(' animals in thc fil'"t stud." on ('lip (li('t ('ontaining :iB pl'I'('ellt of 
toxic graill gradmdl.,' lost wt'jgllt nftH tilt' sixtet'nth to eighteenth 
week and appearl'(l deei<il'dh" stl1ntl'(]. )[ost of these animals were 
thin nn(l ('n1l1ciatl'(I, al1(l at alltop,;y little ,-l1b(,l1tnllNJII!'> fat was found. 
The aninwls on the 40-pcl'C'ent: ll'n'l showed slight- but (lefinite re­
tanlation of gl'o",th. This was 11\1l]'(' l)l'OI1OUl1c('([ ill the s('('oml gl'n­
emtioll than in (he fil'st. 

The animals of the fiL'st an(l third !!.'(·IH'I'utioIlS 011 2.i:i, i:i,O. 10.0, and 
20,0 IWI'('('n[ of the toxic grain gl'ew' at pl'aetic-ally (Ill' S:\lI1(' rate as 
[he COlltl'ols on ;is ])('I'('ent of nOl'lnal grain. The C'U1Tes ilHliC'atc thnt 
the sl'C'()I1(l-g£'nl'rntion n11il11al:-:in the 2.5-, 5.0-, and lO.O-pel'cent 
group!'> wC'ight'd mol'(' nt 4 \n'l'kR of fw:e and gn'w fnstel' than the 
anil1lals in,lhl\ ('onlTol gl:OIlP, '1'hi,; st.t'l;ling ~l1periorit,y, ho\\"evcl'. 
can be nltl'lbutl'd. onh' il1(lll'('cl1\' to the t,Hc'ct of the sell'ni1l111. 

As stat,pd l'ul'lip)' iil this I'(>port. [he sen'n lots of the fil'st: gl'IWl'a­
IiOIl \\"l'l'P IlIad(· IIp wil h anilllulshom t\\'o clifl'c'rpnt ('01 011 i l'};, The 
yOlln~ from one of tht'1ll ill\'llrinhl,\' ",t'ip:lled more whl'l1 weaned than 
tlte YOllllgfl'Olll nl(' o(Ill'l'. TIll' i!(,lIlHit's JI';)1lI. tliis latl'pl' colony 
sh()\\:('d till' ('f1\·('[s of nl(' spl('n ifpl'(>l.Is food llIore slTonghT than tile 
-fpmnlps :from til(' fil'st ('olon.,' in (hat mol'(' of t1lPm faill"a '10 pl'ollll('o 
young. This :\('('Ollllts t'litil'l'ly fOt' tltp highc·l.' starting poinl: of the 
growth elll','c for tilt' S('('OIHl-,!!:('lJ()I'al ion nnilll:tls in IIll' 10-pt'n'pnt 
P:I'OllP, sin('(' it ('ol1sis\pd ('111 in·l." of Y()lIl1g of Illothl'rs thnt ])I'orlu(,pd 
tht' lH~aYil'l' Ofl'Sp!'iIlI!' 'I'll(' still'l inl! poil\t:-: for tlH' \n·ight ('111'\'('5 of 
tl1(\ 2,5- and ii-pt'I'c'('nt grollps an' \)('I\\"('l'1l thost'of Ihe' control anlL 
lO-pl'l'('('nt !!I'OliPS b('call!'(' t1H'~T ('fJntniIlP(l a Pl'PPOlllll'l':lIJ('t' of I he 
1II I'/!('I' ra t,,:, 

An.ragc' gl'O\\"1 h ('1I1""l'S 'j\n' tlw mil I('s in tit\' s('('on(1 Shiel," 011 til!' 
llight'l' len'ls of toxic' grain al't' p:iwn ill JiP:lll'P G, Growth eUl'VC~ for 

http:ifpl'(>l.Is
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thfl groups of llnilllah on thr low }ryr1s of toxic' rrl'nin ar(> not- crivrn 
sill~e they p!11',Il11e1ed closely the one for thr COlltl'~ gronp on nOJ~toxi~ 
gram, 

The animals Oil GO, 65. and 70 pel'crnt of toxiC' g'l'a ill show('(l the 
('hIU'H('t.Histie initial Joss ill ,rpight (ll1r to <lc>{'I'C':lsC'cl rood illtnlw, 

so 

60 

FIUVUH n.-(;'rowth (~lIl'rpH or J'ilt~ fN1 dlt'h~ ('ontHinhlg' ;)0, lid, n;-;, anti 70 pPl'('cnt or 
wllpat ('olltuilling :ip)('nilllll t HlIll of ,'outl'oi I'uj..: J'l'li ilt Ppl'('Pllt (If Wht'Ht (,OlllaiI111l~ 110 
!·W)(lliitIIJI .. 

Th(' ratt' of g,'owth 01: all or the rats Oil thc'st' higher I(,\'pls of toxiC' 
gl'ain waS ('onsidc'l'abl,v Irss U1:Ill that of thc' ('(mhol grollp, 

HI':I'l!lJll\'{'TH)X 

'I'll(' bl'r(l(ling I'r('ol'ds of thl' difrPI'PIl( groups Wl'I'('. l't'l'y init'l'l'st-ing, 
albC'it sOlllewlmt cliflklllt. 10 (l.xplain, 'I'll(' lll'l'tifH'nt data 1'01' til(' fl'" 
males in the first study al'e tabulated in tablc 2, No I'ecol'dis given 
for the females of the 'Ihird gl'Il('l'ati()J~ Hinc(> only a s('att~I'Pcl few or 
these bore young' befc!l'(, thl'~: W(,!'t\ kIlI~(l at th~ agl~ of 12 weeks, 
The data, 011 f'('Pf'odudl\'c> lwdol'lI1fln('c of all lots 1ll the second study 
a 1'0 gi \'en in table :3, 
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~L\nI~E 2.-Bftcct. on 'l'C/}/'O c/. II clio II in fltc {il'Nt 1111(/ 8('('OIlr/. {lc'l('I'alilJl/,q of fc.~/ 1'ats 
'1l8c(l i·ll. tite til'S I 8tuclll of VII./,io'U8 iet'fiN of 1('I1Cl/t ('oJ//ai1lillff ,~('lelli/llit 
illco}'jJo/,u/cll ill (/n (ll/('([/W/t' (lie! 

-'~----'I-;'::;;~n'~;Hl~ I --·---r---,--r--;---------· 
number of rC1l1ulcs I \ \'(lr. .A \·rr.. 

i l' . l tHW 
'roxlc whcat In I' ' "'1: 1"1'111111<'8 Ill\\,' 'ruIn! I'I'oto! IIgn 'I young


d,l~t I , II1~ young YOll,"g, lIttl.r.s YnUIl~,.' ""r YoII III( r~'trl·.l
I'First ~I'('(lIl,l \' ., , .1"'[' I hl'lIrlll~ 
, gCllcrn· gerll'TiI' I' hltel' leIlUIIO" 

lion lion ' I 
- ___,__1___. _.__. _ .. ~_ ._............ '._•.1 .. -- ­

: I ' i' II ! . 'yUI/I·, I • ' : 
Percellt I'" p, iii. ' I ! lifT I prrrflll,Slll1lbff,SIU/l~1'r XlIlIlbcr:Slllllbtr NII/Il/w Pertcllt 

~ • 0 , 0 I I II I 109 'j !:!) t 1;1, ~":' I .11. ; ~!) ;12. II 
., II ..lH II i . ., fi I ii,I..! ,_ I 1.1 0, 0 H, ·1 •.1 ,il, tl 
5,0 ,;5 n ........1 n lOO 00 I HI 1 5.0 i l1i,O 7,; Sa,!! 

10,0 I,n u ... _.... , r.! S:I,3 ·12 10. 4.~. S.·I 15 !In,; 
20.0 :J,O 0 .-. ~... 60.1l a~ l' i 5.-1 I 12.7 19 1i(l~O
40.0 0.0 n .. "..' 

:1
·1 

1 
I 1IIl, 7 !Ill S 3, S i 7. " G 10.7 

5S.0 S.; n., .. ,' 21 a:l.a 7 2 a.5 :U I} Il 
o 0 II I 10 I 00. \l t:ll to 7. I lta,.1 ·1'1 al.:l 
2.5 ,aR II III 1in,7 ila 10 0,3 111.0 al ·10.2 
5.0 ,75 ·11 211, 70,71 ·Iall 52 .'l.al lii,O a2,-; 7n,II 

10.0 1..-; ; 71100 Hill I II II. I I 1-1, a 72 72,0 
20.0 I a,o 7 " ;1.·1 011 II: n,s 12.2 25 ·1i,1)
·10,0 fI, tl :,........ 2 2 100 17 a I 5. 7 ~,r, () Il 


~__~~'7 I·········· 0 .. ··T.:.-::.::I..:.-=_·.~~..:.:.~:.··i·····:.J~~· ....-· ..·····1 .. 
TABUl a.-Nffcd 011 I'elll'ocll/dion ill fllc te,~/ rats 118£'11 ill /II(' .~('l'ollll 8/ucly of 

1.'uri(JII.~ le'veiN uf 'If'hcut ('oll/aillillll 8('/Cllilllll illcorpol'((/cci.in (II/. ut/elf/lull' 
diet 

~=:::I::-!,-~~,-\I-~:~;::I:\,:-\i-=-,I ':\\'CT~~U 1/1~1~~~If,~rli '. "Tottlt rl
dirt I' IIIl1h's \'oun~ "0\1I1g Ittters l~oulI~ perl h""rlll~ '\(lllig renre

" , ,litter (elllllici
I I,' 

-;;-:;;;::;. P.p.lIt. L~;:~;;!NII//lbl'~--;,:.rCnlll~~:,::; 'X/lmbl'( "";:::::: .\'uIIIII,', '\'/t//lI'<"1 PI'("<'1I1 
o 0 U Ij 100 120 22 fi.fi 20 (,j ·li.5 

?:~ :~~ :: ;\ l~~ ~~ I~ ~:;, 2~ f~ I ~~:i 
10.0 I. fiO ,I -I 100 7-1 1,1 'i. 3 IS, r. .1/1 1 li2.2 
,0 I 0 :l a JOO XI 12. G.S 27 01 7!1,U 
"D. tl I 7~ ,) :I I :la, all I L 0 1 0 I () 

~U i l!l:~ II ~ ~ :::::::::.::::::::I::::::,,, :,:::fl ~ 
, I I ' 

In en,ell of the seven original lots llsPil ill (he. first slmIy tlH'l'C 
,Vt'I'C ~ix females; thCI'('fol'e thc "altH,'s TO!' the nUlllhcl' of fPIllH le:-; 
bearing yOUl1g, total nlllllbcl' of youllg hol'll. totnl n1lmber of littCl'S 
born, an((. pCl'eenta~e of young 'i'cal'pd ill the case of the (liffcI'cnt 
Job; may b(> ('ompa,'cd, An of these' yalues W('I'C hi/!hpst for till' gl'Ollp 
OIl 5 pel'('('l11: of toxic {.!:l'ain, On t'he lc"'eh; nb(l"e this tllt't'e was a 
gradual decl'ease in "alues pamlleling thc int'l'('ase in toxic grain, 
with the exC'eption of t.he valucs i!ol' till' 20-pl'l'('el11: group, At the 
:is-pcl'cpnt level only spycn younl! WPI'l' bOl'n nlHInone l'l'UI'pd, 

In the seeond gen'emtion the dill'cI't'llt gI'01lPS on the ,'ul'ious }c,yels 
of toxic gl'ain did not contain the SalllP nl1l11lwl' of ft·mules. There­
foro oIlly the nlhll's for a"PI'agl' numher of voun/! P('I' littel', avel'age 
numbe,: of ,Young pt'l' lW:II'iIlg :i'eI1H!le, nlHI pei'ecllt:ngl~ of yOllng real'l'll 
are vnhel for purposcs of eOlllpanson, Thl'se valnes :i'OI' the lots 011 

5 and 10 pel'cf.'llt of toxic wain, eSJwcially for pel'(,l'llta~(' of YOUIlI! 
1'('ar('<l, wel'e hi~hcl' than the ones for I'he ('olltl'ol gl'OHP, In tIll' 
groups 011 2.5 and 20 Pt'l'('cnl' of I'oxic grain the average numbcl' of 
youn~ pel' litter was f;li~htly less thun ill the control group, although 

http:illcorpol'((/cci.in
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in each case the percentage of young rearecl was slightly greater than 
that of the control group. In the 40-percent lot there W€l'e fewer 
young per litter amI decidely fewer young pel' bearing female than 
in the control group. This lot did no't rear any young. 

In contrast to the results described for the 5-percent lot in the first 
study, the corresponding group in the second study gave values for 
average number of young per .litter and averaf!e number of young 
per bearing female that nrc significantly less than those for tIle COJl­

trol group. The value for the percentage of young l'eal'N1 was pr:lC'­
tlcally the same as that of the contl'ol group. 

Although the 10-percent group reared a higher percentage of 
young than did the control group. Ow difl'el'enct' is 110t so great as it 
was in the second-generation animals of the first study. These find­
ings do not lend support. to the suggcBtion that- Bmall quantities of 
selenium in the dipt lnight stimillate biologic p"oeesses. 

One f~male of the 50-(lC'reent Jot gaye birth to one young that died. 
Xone of the other females on the h ighel' J('n~ls procluced young. 

TOXIC' sY~rl''I'O~[S 

The results of the examination of the rats 1'01' toxic symptoms an? 
slll1l1lwrizNl in tableR 4 and ;}, Data, 011 third-gerWl'HtiOJl animals of 
the finit study are J]ot, givelJ. si.llce, they were killed at either 4 or 12 
\weks of age and, with one exception, showed no abnormalities, In 
grouping the animals Hccording to se"('J'ity of symptollls. "slight." has 
been wwd to indicate the condition of the !'Hts showing' nW1'ely a 
spotted liver. This may 01' llIay not have be(1I1 an abnol'lnal cOlldi­
tiOll, "}\fode'J'llte" imlicnt-es d(,finite out. not extensiw~ Jive,' changes, 
while "severe" denotl's atrophy of the Jive'I' and ye,'~r mal'keel aseites. 

TABI.E 4,-])<'!l1'('(, Of /0,1'i(' '~lIII/JitO'JI/S sllOw-n li!l /lle jir8/ IIl1d, ,W'C'Oliti fJCllcrutioliN 
of 1"(1[8 "/tHc(l In the tir,,/, ,~/I/(iH rllllL {ceT. 17(1.I'iol/8 1(,l'c18 of /('1I('a/ ('oll/aillill!/ 
lI('l('I/;III11, iIlGol'pora/ell: 111 (1/1 ar/eql/ale lliel 

OCJlerutJon -.- ~-----" I -...--­
1111<1 IIl1mber RII(s <lYlll~ I",(on' Hnts sh(lwinl( indicated (\'1)(' 0( 


(If rnts flld emi <;If teSt perind toxil' symptOIllS ~ 


Hcmnrks 

1 rn r (lierI [Will Illrcct~ 
o[ 11lIrturltion. 

Do, 

1 mi. II'OS noLallt!)"sie(!. 
Do­

2 rals mny· hove died of 
J1JIcullIUllia. ~I' It 0 Y 
slwwed no siAJlS of oS'.'· 
iel1iulIl poisoning'. 4 
ruts wem lIot tlutoJ)­

10.0 ,________ sieel.]5 o • ___."___•.__ 13 2 •••_.___ ........2().O 1________ lU 
[, y ':iO::======::= .-.._~~.. _ ..._~. -·----2· --···-2­ 1 rill. lIlar hn,'o di ..<1 or 

"IICUIIIOlli". It did 
not. show signs of !;o­
leuiulIl pOisonillg. 

-10. (I r-'--'­
58.0 r ----.-. o •.. _-- ·····---·····T .... ---1'·--·-·-1·------- -----..­
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TABLE 5.-Det/roe of toxic symptollls sholnl. 7111 -rat.~ usnl ill, tlle 8(,(,0I/(/ stuliy­
amt fer/. ·vari(}U.~ levels ot/chca/ colI/ai'l/illY .~(:I()niulII illf'Ol'/lOm/c(/ in al/. 
a.!lGf/uafc (Lict 

Rats dying before end of test Hats showing indi"nled iY!JC of toxic s)'lJIl't()lJI~ 

Toxic 


wheat in 

diet 


. period 

fed 
Rnts 

",ulJIber Run'h'n] period (dIlY~) ",~~~:~IP'l ':Iight I~ll)dcrtlte I l'r\'ere 

-p-cr-cc-n-t-I-'\-'u-m-b,-'r :"'·,u/lfJfr ~-ulflb(r l .Yumliu I ..'y1111lIJj1,j 

0•••••.•._. 8 0 •_______ . ___•• _____ ..... k ..• •••.••••• ...... ..... . ..... ,.
2.5 ... ______ .... 0 0 ,~_,..______ .. __ .. ____.... _...._ (j , ... ,. .. _•• _ .. __ • ... ~~~ .. _ .. __ " .... . 

5.0......... 0 0 ......__................ G .......................... . 

10.0........ 6 0 ........................ Ii .................... . 


~:t~~~~~: 5 ~ 'I' i1~~j~·::~~:~~~~~::1::::::::::~. !.::::~::::::r ..·..~:::~'. ... .. 1. 
iO.O........ 5 ·13,48, OS, 208, ~11i. ... 'I........ . ..... . " . t 


I Died nfter 30 tlnys. <: 1 rnt was not nlIt<Jfl~icl1. 

In the first study practically all of thc animals 0]1 the diet con­
taining 58 percent of toxic grain developed J11()(lerate 01' severe symp­
toms. As a matter oj! i'act, diets containing 58 percent or more of 
this particular grain never fa iled to prod UCe the characteristic ascites 
and liver changes, althol1~h the time of app('aral1ee of external eyi­
dence of the; ...·,itic C'ondition yaried eOJ1siclel'ably with different 
animals. No attempt was made to (lett'rminc the· exaet length of 
tirne required for the development of tisstJC. challges dne to f'eleniul1I 
poisoning. Histological examination of the li\'ers of t111'se rats 
showcd the presen('e of small helllorrhages, leu('ocyte alld roulld-celL 
infiltration, and n ~l)]l('ral or uniform cloudincss of the. )i \'e1" ("ells. 
·while. the liYer of the rat on ii8 lwrcent of nontoxic umin ;.;ho\\'('(1 
110nc of these abllornmlities. ~ignifkant ]('sioni-i \\'('re llot pre!'ent ill 
any of the groups brlow the 40-prl'("pnt )Pve!. 

The appeamnce of pl'onottl1cl'dinjury in one animal of the first 
gf'llcl'atioll on thl' 2.;j-pel'(·PIlt ]('\'('1 ("anllot 1)(> f>xplaille(l 11111('",", 011(' 

aSSllllles that (,prlain animals an' ddinitl'ly more ",l'n",iti"e than others 
to this tYPf> of P()i:-;()lIill~. Sulwtnnliation of thi!' fad wOtlld ltH'all 
that ihis f'tls("eptible gl'otlp ,,'(wld lw\'e to be taken iJlto (,(JIl",i(leration 
in (I('trl'lllilting- th(, ItItlXiUltllIl altlOllllt' of tliis g-raiJl tllat c(Jlti(l lit, in­
eluded in the dirt of I'ats with :-afPlY. 

In the !-;(>eoncl stud\' Olt(' of til(' a'nillla]s on th(' llict ('olltainino' 00 
pCl"(,l'nt. of toxic g-raiil di(>(1 at the elld of 38 (la)'s~ one on 05 l)l'l~'ent 
after 201 days, and till' h\"O Oil Ttl ]l(']'cl'IlL at tilt' (>nil (If 43 all(l -:IS 
days,l'('spectiwly. ,\Yith tIl(> ex('C'ptioJ\ of 01H'. till of tli(' anilllal:-; Oil 

thc higlI('!" lcyels show('(l sC'Y('rp h'"ions. while nOll(' of tho!'c Oil the 
lower levels show(>d allY i'igns of jloi",olling-. 

FOOIJ ('OX",('\II'TIOX 

The food-consmnpl iO]1 ]'(>('01'(1:-; of lin' 1itt el'-Jl\:l t(' mil1(> rats ill 
the. second study, (Jill' pal'll on til\' iiO-. (Hl-, G5-. lmd 70-p('I'l'pnt toxic­
grain diets, and one 011 'IO-pen'rllt llulltoxic-graill (lid' Wl'I"(' anlilyz('(l 
in terms of gl'l\IlIS of food ('atl'n Jlt'1' \"lit p(>[' \H'('kancl of "\"lIII1~ (;aft'n 
per 100 g- of body wf'ight 1)(01' \\'('(,k. '1'1)(':-(' yallll's aI~ l'XP!"(lSS(>d 
graphically in figlll'c 7, tIlHl the J1tllllbt't" (If gTalll:; f)f !'('I('lIiullt ill­
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IO.----------------------------,r--, 
80 f-----.·B·I'·--"--·~· 

701-------;;,U· 


.0 


.0 


'0 
30 

10 

70,--------------------------------, 

501------~------H·II·u·.--·n--a-

F[(;n'~: 7.-Foor1 IIItllk~ of rnt~ uS~II III 
thl l !'f'('ond study nIHI fed Yarillu:-­
lr,'('l:-:: or 1!1'lIilJ \onl:tinil1~ s~'I('niLIIU 
jll('Ol'P.,ll'alCd III 1111 ltll.'qullt!' (Ii"t: ~1. 
Hnt tli:!Dn, ('olltl'ol 011 nontoxic wllC'tlt: 
IJ, "II t J(j!]fH, ;'0 Jlf'rep" t or taxi" 
J.!r:tiu. 01' O.0002:i!~ ;! of f.:t'iPl1iulll lwr 
100 ~ of Ilotl.\' \\'!'Ight 1,"1' \\'('ek: C. 
rnt ifi:!!)!]. GU p..rel'lIt of toxic I':I-Ilin. 
or n.uo(l:.!~n :.r of !-'l'lplliutU per 100 .:! 
of l)Od,\' "'1'11-'111: po'r \\,p..k: D, rar 
In:'!!I:~; n;:; IH'I'CNIt' of toxi(' J!rain. Ol" 
II.OOIl::I!:! p; of ~1'1,,"itlm IlI'r .100 or of 
hod.,- wpi!!ht P(ll' wC4'k; b'. rut 1(i:!!l4 , 
70 p"ro'l'lIt of t'oxk grotill. '01- O.()Ofl:-:7:! 
!.( .of ~o'I('''i''J(( 1"'1' lOU g (Of hOll,\' 
wl'lght lJl'r wCl'k. 

_50,-_________________ ._­

,10 

16 'I 
WEEKS 
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gestecl per 100 g of body weight per week is given in the legcnd. 
The tobil food intake of the rats on the toxic I.!ritin was considenlblv 
Jess than that of the control gr.·oup. The number of grams caten pe"r 
100 g of body wcight, however, is about the same for 'tIll five animals, 
-with the possible exception of a slightly highcl: v:t1ue fm' the rat 011 
the 70-pcrccnt diet. A possible explanation of this may be the fact 
that the records for this group,yere not so accurate as those for the 
other gronps, since the rats disliked the diet and sC'a,ttered it. 

The rats on the l1iet containing iiO pcrc('nt of toxic -whcat ate a, 
quantity of food that sltpplied O.OOO:!.1 g of selenium pel' 100 g of 
body weight per -week. All of the rats in this g-roup showcd dcfinite 
e,-i<lcnce of poisoning as judgc(l h)' lower.' bOlly "'eight, failurc to 
reproduee, anrl the eharact('rislie liYN' challges at autopsy, indicatillg 
that the continuolls ingestion of very small quantities of selenium 
",HI cause tissue dalllage. 

CONCLUSIONS 

The, l'esu](s of the fil's!' si:udy, in which wlwat containing selenium 
was fed in graded amoulI/:s to groups of rats in S(Hlle eases as lOllg as 
8 months, ga.ve convieing eyidcllte that food eontaining certain 
amounts of selenium in the diet of the rat may have a. pl'ofoUllIl 
efreet 011. growth and reproduction. On a diet containing 8.7 p. p. m. 
of selenillln, growth -was deeicledly stunted. Very few youllg wel'e 
born nlHI 110n(' n'lIrl'(I. The animals on the Lliet containing G.O 
p. p. 1'11. grew nb It subnormal rate and their ability to pl·oclucc. and 
real' young was seriously impaired. On the diet containing 3.0 
p. p. Ill. of sel('niull1 the rats grl"'- normally, but r('productioll an(l 
ability to r('al' young were sonwwhnt below normal. 

Animals on dif't.'i containing LI p. p. m. or Jess of selenium g/'cw 
nOl'mally. The f~'males of the fit'st gt'lIC'ratiol1 01\ the dic,t containing 
O.if! p, p. m. and those of tilt S('('oIHI gl'IIl'l.'ation on O.'if! and 1.ii 
p. p. Ill. shoWl'd an appan'l1t superiority O\'er the control group ill 
J1lll1lbl'1' of young b()/'I\ alld pt'r('c'ltlagl' 1·('al·N!. However, no ddillitl' 
C'ondllsiolls could 1)(' drawn fl'OIll these resnlts as to wkther this 
Sll]wriority was rt'tll or onLy appar('nt. 

Tlwse results cOlllpal'C'd -with tho:'1(' obtained in the preliminary 
:,;tu(ii(':,; with S('It'lIioll:'; Heidil}(liented that on the basis of selenilllil 
content tlte ",Iwati ('ontainin!! sc'[('nillm was relativ('ly morc toxie 
thall se1eniolls :lti<l.' ,-

In the se('ond. study tlte reprodu('tin~ pl'rfonnnnc(' of t.he. group Oil 

the cliet containing O.'if! p. p. m, of sc,[pnillll1 was 110t superior to that. 
of tho ('ontrol grol1p. The group on the dil,t containing U5 p. p. m. 
raised n sli~hn'y higher Iwrcl'ntagt' of YlHlHg, but: the difi'el'ent'e o"el.· 
the value for the eontl'Ol group was not so great as in the case of 
the se('ond-gem'ration anilllals of the first study. '1'hes(' findings 
therefore. did not eonfirm tile suggestion that very slllall amollnts of 
seleniulll in tlH' <ii(·t might have a stimulating ('freeL 

Analysis of the food-intake I'('cords of a limitc(lnllmber of animals 
showed that the daily ingestion of ('Ilough sc'knifl'l'(lIIS wheat to 
snpply as little liS 0.00025 g of sel('niulll. pel' 100 g of body weight 
peL· week resulted in rehll'ded growth, failure to reprolluce, and the 
development of the charaeteristic sylllptoms of seleniulll poisoning. 
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STORAGE AND EXCRETION OF SELENIUM 

In the foregoing studies the livers of the rats showed the most' 
pronounced effects of selenium injury, and theL"e:£ore it became of 
interest to know whether this was due to excessive accumulation of 
selenium in this organ. The results of analYfles 11Iude by Robinson on 
a few carcasses of rats fed seleniferolls wheat indicated that selenium 
was sto1'('cl to a considerable extent in the liver and to a slight extent 
in the muscles and bones. At nlC suggestion of H. G. Byers, of the 
Bnrean of Chelllistry anel RoiJs. balance ('xperinwnts ,,'erc undel'­
taken to determilll.' thc rate, of ('xc-retion of sl.'lenium in relation to 
intake and also the amollllt stored in the body. Latel' these investiga­
tions werl.' extended toillclnde sitHli('S to deil'J'll1ine the rate of storage 
of s('leniuIll in the ditl't'rent pnrts of tire body :lncl also the rate of 
diminat-ioll 'when the anilllal was returned to a (liE'/: containing no 
selenil1l~1. Georg~ BallIlIstal'k of the BUI'('al1 of Chemi~hT and Soil:; 
cared for tlw anllllnls and madp thl.' l1('cessary Helelllum analyses. 
Sinec the rl'])ol'! gin'lI hert' ,Y:lS first snbJnitled the l'l'Hnlts of some­
what similar studieR made at JOIlIIH Hopkins Ulli\"Cr~ity have been 
published (4, 5), 

l'IWI'OHTlOl' OF I.!S'GESTED SELENIUM STORED 

Eleven rats rnn!ring in H!rl' frolll !1!3 (0 10:') days "'('1'(' !riven a diet 
of' tlle following pe!.'('cntagl'~('(Jlllpositjon: ,,""l\('at containulg selenium, 
GO; 11ol'l1Ial wheat, :-;; lI11'at sC'l'ap, :): ski Ill-Ill ilk powder, 15; yeaRL i'i; 
('od-lin'!.' oil, 2; and butt(,r. :3. The wheat was :frolll the lot llsed in 
the studies aln;ady l'epol'tt:(l and ('ontainc(l 1:') p. p. m. of seleniul1l. 
The diet thel'l'for(' ('olltainl.'ll approximately D p. p. m. Previolls 
('XperiPIH'C' (pp. "7 and 1;3) indi('att'<1 that this was Blrfficipnt to 
}lr()(lu('c' toxic :-:ylllJlt()lll~ blltllOt: pnollgh to CllllS(' (]Path beforC' the 
('xpirntion of at IE'Hst (j 11l()l1th~. 

Fi\'c of the' rats wel'e hOllsC'd :-ingly, one cage contained bY() 

aninJ:lIR :ll1d a th.ir!!, 1'0111'. Thl' ('a!!ps IISP(] ,\"el'C' n inclH'R in dianwtel' 
by 8 iIl('lil's in hl'igl;t. FOI' till' slll'all aninIals till' flooring ,\'as I1IaLk 

of on('-foul'tll-illch llw:-h ;;('J'('('ning', bllt :for the lal'gC'1' animals it waH 
IlladC' of oIll'-half-ineh 111t':-h. .Jars ('ontaiIlinl,!: food and ,Yater ,Yl're 
In'pt in tIl(' eagl'R, cal'(' 'wing lakl'I1 to al'l.'ange the food jars so that 
:;C'attering was 1'l'(lu('l'll to a lllininllllIl. The aninIHlsw('I'(' weighed 
at the (lnt! oj' (':teh wl,(,k Hnd 1'l'('OI'ds 'n'I'e kept of body 'Y('ight, lood 
jntakl', ndUllll' of lIl'iIH', and ",pigItt of fecal JIlflt:t('I". 

Thl' ]])(,thod of s('paralilIg til(' fe('c's f1'01l1 urinC' WliS similar to 
that (I('H('ribC'(i by Dri Il krl', 'fhoIllPSOIl, a IHI )fa r~h (-J). Ea('h cagc 
was supported dil't'etly 0\'('1' a Jargr i'lJIlIWI about 10 inc-hps in diame­
ter, the ~hort{,Il('d ~tc'IIl of whielr l'l,:;tc·d an inch nbm'e a ]war-Hhapecl 
bulb in' n SllIn II fUlInd about :2 ilIchl'Hin diaIlIPt('r. Six small pl"O­
jl'dionH lIPid this tHrIll nbollt ol1l'-foudh illch :fro III tllC'. sidl's of the 
:j'lIllnpl whil'h was slIpportc'd in thl' 1I10llth or a smnll gnHluatt' by 
a l'llbbl'l.' stopper. ThE' gradllnte was protect{'cl by a Gylindel" of 
!!alnllIizerIil'On H inc.:lll'"in dianl('ter and!) inC'hf'H high. This al'­
;'angenl('I1t permittC'(l the urine' to flow down till' Hides of the lal'ge' 
fIlIlIll'1 onto the bulb, wl](,l"l'it ,,-as dil'l.'et('d into tile gnHlllate by the. 

\ 

~ 

... 

.. 
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funnel. Small amounts of thymol and mineral oil were placed ill 
the graduate to inhibit bacterial decolllPosition and subsequent loss 
OT selenium by volatilization. A Jilter paper waS placet! under the 
graduate to absorb any urine whieh might be spilled. The £('ee8 
falling through the large funnel to the bulb \Ycn' defieetecl onto the 
.filter paper at the bottom of the galntnized cylinder. 

",Vhen the material ",vas collee'ted £01' anal,\'f;is, the feces were 
remo,'ed from the filter paper first and thell the illside of the C'ag(', 
amI the sidcs of the funn('l were washe(1 with "va tel' which was ad(led 
to the urine sample, These collections ,,'ere llIa<le at interval!; of 
2 or 3 (lays, AHer each collcetion was complc,ted, the soiled cage 
and othel" apparatus ,,,as l'('placed with C'it'an material. 

The sampl.es of 1'('ces and mine ('ould Bot always be analyzed 
immediately, and therd'OI'C WN'e stored to minimize loss of seleniulll 
through oxidation and volatilization. 1'11(' fece:; "'(,I'e kept in tightly 
stoppered bottles in the r('i'rigemtor, Th(' nrine was put in tightly 
stopp('red flasks containing slIlall quantitie:; of nitt'ic acid and 
bromine. 

During, the eady part of the work the ';Irinc' nnd {eees sampl~s 
analyz('c1 lll('llHlPc1 the amount collpe-ted dUI'JlJg a ,,,('('k, but later ln 
the sbHly rolkrtion:; lIlad(' during 2 w('c);:s wel'c U8(,(l. 

At till' \"11(1 of th(', expel'im('ntal pel'i()d~ the rat!; were killed and 
their bodi!.'s prepared fot' analysis, The stomach alHI int('stinal 
tmet with ('ontplIts \\'('\.'e J'('l11on'tl and. llisc:lrilcd, This introduced 
a slight errol' in that no reconl \\'as obtained of the sC'll'uiulI1 ill 
these tissues and in the uIHligl'stl'd food, "Tith the C'x('C'ption of the 
first few animals, the body was cliridl'd into thrce parb; for pur­
PO!;CS of analysis: (1) Ol'!!am; of the thol'H('ie alld abdominal ca,·i­
tiC's; (2) skin and hair: i'cet, tail, and. head: and. (;',) the n'maind('I' 
of the (,lIl'cass, trlostly lIIw,;cle and bOlle, In the pl'('liminary h's~s 
an attempt was Hladl' to srpal'at(' t:lll' III11s('I('s and bones. bllt tillS 
pro('l'SS pI'o\,(lcl too tf'diOI1S :Ind \\'a:; tht,l't·j'ol'P 1Iot ('ontiI1ll('d, If the 
analysis could. not b(' done on till' S:IIII(, day til(' rats \\'(,I'l' kil1pd. the 
ea r(';iss('s wer(' stored in the fn'l'zi ng (,Dill pa I'tm('nt of a l'efrigel'lltor. 
rsualh' the tim(' bpt\,'('('n d('atlt and disst'dion was not more thall 
2 days: 

'1'1'\(' spl('nillll! nnah'sps "'('1'(, ]))11(1(' ael'onlin!! to thc ]11('tho<1 (h·­
yc]op('(l by Hobinsoll' HIHIllRso('iat:es (,:!,!). '1'1;(; mai(,l'ial tak('n :for 
nnaly:.;is was iil'st d('('OlllpOSl'<i, as far as pOlOsibl('. by digelOtioll with 
:)O-]1('I'('('nt h~'d I'Og('1l 1)('l.'oxi<i(' and ('Olll'('ntra tt'd II i tl'ie aeid. on a 
Sh'Hlll bnth, Thl' IIl'ine ,,'as fil'st (','aporat(l(l to small Yoll.ln)(' after 
lulclitioll (It' the Jlitl'ie neill, but 1)("j'01'l' tll(' h~'dl'(iW'n pC'l'oxid(' ,\'as 
a<1(l('(1. "TIH'1l (iip:<'stion was ('ompIPlf'd, hl'OlIlil1(' and ·1O-pt·I'('(>llt 
hydrobl'omi(' al'id W(,I'(, n(ltled, :lnd aftl'1' Iwillg h{'ale'd, tll(' mixtlll'(' 
walO IlilOtill('(l ill all :dl-~lalOs still IIntil ollly n slIlllll quantity of 
liquilll'emnin('d in thl' distilling flask. Thl' Ill'lJllline ill tht' distillah' 
wns thel1 I'pdll('('d by passing ill a stn'HIll of lilllphlll' dioxide, .\ftl'l' 
ndditiol1 of nbolll OIll'-fOlll'th gl'alll of h,\'dl'oxyiamil1P h.,'dl'ol'ldori<i!'. 
tilt' mixtlll'(, \\'as pla('('d Oil :I. Sil'HllI hath, Tf only a small alllollllt' 
oj! OI'l>'allic' Illattl'I' I'Pllla i II (·d. Illld('stl'()\'pd nllt! til(' Hlllollnt· oj' Sl'Il'lIilllll 
pI'es(.~t ",ns 1I101'('t han a tl'a('(" till' i'l'd pl't'('ipitnt.l' of sl'kniulll was 
('a:;il\' ddN'i:t'(1. This IH't'('ipitatp W:lS tlH'1l iilh'I'C'd 011' alld dissoln'd 
111 il)'d l'ob 1'0 III ie :tl'id to ",h ieh it SIIlH U a1I10UIlt of bl'olll i 11(' had bt'PIl 
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ndc1ed, A solution of gUIll ul'abic was addNl: and sulphur dioxillc 

1Hlssed through, nftC'1' whi('h n 1'lIIall alllount of hydroxylal11int' hy­

dl'ochlOl'ide was added, Tht' quantity of splenillm pl't'sent ,yas esti ­

mated bv ('omp:ll'jng the color of the ]'('snlting stlspt'llsion ,,,itll ono 

l)I'epal'etl in the sam'e "'ny with a ]mmm quantity of seleniullJ, 


The. results obtained HI'(' sUIl1Il1Hl'ized ill tablp n, The qUhntity of 
"d('ninlll ingested was eal('ulatt'd f,'ol11 th(' food intakp, Inllsn"l1ch 
as t11(')'1' ,\'as always SO 111(' ::;eattt'l'illg of food, tltes(' '.'alues may br. 
high, althollgh the food-intake figu,'(' was adjusted to take cal'e of 
"pillage ",h(,I1(1\'('r ihis {'ollld 1w pstimai(l(l. .. 

TABU] G,-NIO/'I/!I(l (11/(/, C.I'('/'c/i(i/I uf 8e/(,lIil{.1II Ii/I /'(lIs {cd ({ die! ('ull/(linin!! !) 

I', I}, 11/. uj 8(,/(>lIilllll. dCrircd (1'0111 (r/telll 

I':; I§ /":"]""1"111 ," ,rt'("d'l-s~-']~-'I-lh-II-II-s-to-re-.d-i-ll-il-IC"'-'\-1I-1O-I'-S)-' ­
~ ~ l' .'1 bud)' Jlndin~s 

~,§ . - "'-~--' !---,----,----,---I-----

Hot IJ"mlber ~~ .1 	 ]1 I'j~ I!!· 	 ~ j I~ j,''''.~".~
nIH oS(IX 	 ::. =- - ;.. I C. ~ ~_~ ~ :;.> ;; 


~:S - ... - ! c ~ -- c 


~~ ; i [r I .S ; ~ ~ I! i ;~ ~ j~, l 
----- _ ::'-'L~ !;:: ,- ;; :': ,_=- I ,'" ' .. i_~.,_.. _::", 1' ­

1nuyS IWet/.,,' (; -'IV JlrI .\Iy I .\lv ;I/o I .Ilg I .lly Ify I 
.G1170, [~nmlc... 1115 Ii I HO II :! I (I),Ii O.,I!) I :15 0.17. I 0,21J I11. J() <i.17 
]f1()i4tlllnlo~~ ... OL }oj :.?:.?H ;'U 12(; .;r'I:!OI .~:jl .fiO .!!O ,Uill 
1 nlli!!, mule,. - • -.. 97 ~ J 2jj: :i ~ 2, ~,I 1. ~'; I .1. a5 .:!O I ~ IS. 05, . ,I:~ , , 
lr...,n,1JUlle~.... ~S 11 !!:I:J;, ,I ~~.~S ,! LHrt .1.:!:1 .ox "Hi 'I , I:J .rm i +_{-
lljJ·IS, lIUtlt.l ~~_~ tm 11 2n~ I -; 'i l:!,:m ,j I. 71) ,I. Or, • I.; .!iO .2:1 . X"i ~ 'I'I'H(,O 
Ifi Ir.o. [1·IIIUh·..... 105 !I 1;'51, /l I ~I lion! H '1) ,f ,110 ,1"1' liS au i +
](ilii:!.felfllll('~. _ J05 1t Ili7 I,f "'-". ',-, 1l.··1 ".07 

I'. 
.(1) ua .HI j. , 

lmij':;,JIIIlI~. _. aa 1 11 HI! 1 1 {o2:J i ..l{) ~~) .i~{, ~r+ I 
\1;(175, ["lIlal(·.,.. :I:J, II I:!·' '1-' l' I '" 'ctl: ,117' .:l~ ,0;, .·11 I ++ 
lIiH7.'-.1I1:111·..... 1I:I! II 210 /' ;.1; ",,," ".", ,{In! ,21> ,UI ·'.·It :+++ +i' 
llin~I,[('IIlII][' .. I :1:11 II 12H ,0, ,2" ,13 "w! -r 
_____.1" ....... _ .. . ._. ,.. . .. ..,_1_._ 

1 :-=mne In.:t, 

III 80111(' of till' fil'~t allnly~(',.:, IllHP·IJ(·~illlll lIit m((' WfiS 1I:-C'(J III 

tlH' )JI'('lilllinaI'Y chnl'l'in,!!, l'nf()l'tllnn(.(oI,\'~ this ('all~p(1 apPI'l'eiahl(\ 
Jo~s of ~l'l('llilllll. Ilinkin!-! tll(' Y:lIIIl'~ 101\' {'Ol' til{' qll:lntity,'p('O\'PI'('d 
jn [Jw fir;;1 ." w('('k~ f()1' 1':1 [ \OU(j, II\(· fir~t ;~ "'('l·k~ f())' rat~ \(j148 
alld lfi];')(I, alld 1 h(' fil';;1 w('{'k fo]' I'at 10(;7:3, Lo;;~C'~ ill a j'{,\\" 0(11('1' 

(':\:-(,S Ilan' il(,(,11 lIol{'d III til(' tahlp. 
\\~ilh tll(' ('x('pption of IlIll' l'a~l', 111 1, quantily of sl'll'nillill pX(Tt'I('d 

ill IIIl' lIl'illl' \\'as !-!I'l'U(I'I' than that ('x(','p('(1 h\' war of Ih(' f('('('~, 
TIlP total alll()[Jld I'('('O\'PI'P(] in till' ho(h' 1i;;~[ll's '()f Ih'p difl\'I'pJ)t all)­
lllalsnll'ipd ('oJlsill{,l'ably, altlloll!-!i1 jl l:P])]'ps('nll'd olll," n ;;111:111 f,'n('­
tion of I hat in!!('s«>d and jJl IlO illstal]('(' (,X('('('(/{'d 1 III!.!', Thl' anI­
mals In'pt Oil til(' dipl fill' 11 ",('('k;; did. not silo\\" !-!I'(:alpl' siol'a!-!l'. 
lhall Ih()~l' Illaillinilwd fill' :-hOl'IPI'IH'l'intl;;. illdi('n(illll: that the· s(ol'agC' 
of S!']l'llilllll ill !I1(> allilll:ll hody .is not ('llllililaliy(', ~ . 

\IIATE OF STOICA(m OF SBLENIl!III 

Fin·liUC'l'-llIa(p IIlal(> I'als alld fOlll'lil ('r-Illa(l' fpllIn IPH \\'('I'P »la('('(l 
al -/. wppks of :J!!P 011 a dil't ('olltaillill!-! :30 P(lI'('('llt of s(,I(,llizl'c1 \\'ltl'at 
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from the lot nsed thl'ongho\1t Ilwse f>t1\dies. This particular diet 
{"Olltailled thereforc aplJJ"oximatcly 7.5 p. p. 111. of seleninlll. After 
2 weeks on the diet onc male rat ',vas killed and the body analyzed 
for selen.iulll by the method all'etlc1y deBe-rilled. At the end of 4 
wl'eks another male and a fel11l:le -i"ere similarly treated. Then'­
after this pl'oeedurc was repeated at intervals of 4 weeks until. all 
of the animals were disposed of. The initial anel final weights of till' 
anhnals and the total (1I1antit~T of seh'niulll found in the lJOdil's are, 
shown in table 7, The fcmale that was to have bePIl killed at thl\ 
end of 16 wl'e>ks (lied bt'i'ol'e the expiration of that time and there:foJ'u 
no analysis was a,'ailnhle, 

T.\BLI~ 7,"'-810/,(/1/(' of 8C/l'lli//1I/. lill r(/t.~ II/(/teri (It ,~ WI'('T.;,~ Of OfII' on (/. dir't ('()'/l­

taillillf! 7,5 I), p, NI. "r'/(,JlilUlI (/('rit'('rT (roll/wT!('(/t 

r; _\1(1 fiG I G ! ~fg 
JO:.12 4!J () 0') . I',0 , I

10·1 j :35 ..-iOi;.jil'····--··.i7·!·-----7(l!·.·· .. idoJ(j.).i3 ·1" i 

10M,; ·IG 1,0, .nol WnW .12 Iii ,·10 
!HM·lj ·Ii ~o~ i .5·1 Jfl51!l ·If> l!lO . ' 2·11 
16Mfl I ·Hl 2:!2 	 I • i5 1 Wil5t .~,,_ ~ .. ~_ .. "_~ . ~ .. 

I" _ ".~_ .._ .__ 1._. . ' .. ~_:~___ . 

Died befor~ eIld of I()-wc"k ",'rio!!. 

"" The> <lata in(lieate thaI maximllm storage' of s(']{'nilll11 i" pl'Ohnb]~· 
l't'n('lwtl at SOllll' I illle iJ('tm'l'll t h(' i'olll'l h to pighth \\'('('Ie 01' J'al hl'L' 
~()()n aftl'L' t he> anima I is gin'n 1lH' f..l'Il'llizc'(l :food. .AHholighin ('aeh: 
r'a~' till' qllalltity ]'l'('oY('I'e>d fJ'onl the> fl'1l1:l 1(' \\'as ]p"s I han thllt i'I'OIlI 
the ('ol'J'('SI)(ll)(ling mall', the east's :11'(' too f(',,- to \\'aJ'rant tlw (,'011­

<,jw.. ion that :fl'l11fdl'S i'iol'l' h'l'i' (han mal('s. The> yalliC's 1'01' qllantil)' 
of f'C'h'llilllll r;toJ'!'(] al'(' (rf till' f..an1l' ol'der of Ilwl!llilude as lhose ob· 
rnilll'll jll th(' lJ:tl:l1WP "tw1", (table G), 

HAT" OF EI,llHIKATl()K OF STOltEO SI,LENH:M 

Fi\"p male> rals (follr liu(,L' matl's) alld Jiy!' littpl'-lllale fl'lllfi1('S 
.! \\'('e>k::-; of ag{' ,,'PI'(' gin'lI til£' tli(,t ('llIltaining f)O PI'J'('l'nt of H'll'llizl'd 
!!J'ain anll ('Olltilllll'd 1111 that cliP{' ful' l:{ \\,('(·k", .\.t til(' ('IHI of' Ihis 
iillH' Ollt' malt' and 01ll' Jpma]!' "'I'l'(' killl'd alld lllPil' \JIHlips 11i\'idl'd 
into tllJ'('l' pal'li' a~ dl,!-t'l'illl'd, alld allalyzl'd foJ' Sl'll'Il ill Ill, Th(' J'l'­
llIninill/!' pighl allilllais \\'(,J'(' 1111'11 gin'" 1I <li('1 of thl' :'alll(' l'()IllIHI:,i­
lion as fOI'Ill!'I'I,'" bill willi tlH' wllt'at ('OIlIPOllt'llt: I'ppla('pd hy IlOl'llIa] 
Irl'a.in (,(llltninin!! 110 !-opl('n ill III, .A rlpl' ~ \\'l'\,);:" 011 this !-ol'Il'lIilllll-fn'p 
Ji('t:. a Illall' :lll{l a f('1l1nl(, \\'PI'P kille>d Hlld (hpil' bodips :Il1ah'zptl 'fOI' 
sl'h'(JillIlL At ~-\\'{'('k ililplTals (Iii" PI'()('P()III't' was l'l'I)('all'd '1IlItii HII 
oi: the> aninl:lls had 1)('('1\ kill(>d and allalrzl'll. 

TIll' w('igil!s of tli(' Hnillials Ht till' I ilill' I Ill',\" \\'e>I'P I'l'Lul'lll'cl TO IIll' 
H'lpnilllll-JI'N' dil'L I II(' wpights \\"1)('11 Ih(',v W('I'(' kil!0Cl, alld tll(' qllall­
titi('s of sl'll'llilll1l l'l'('O\'('I'Pt! '1'1'0111 11ll' (':tl'('ass('s a 1'(' showll in I'ablp 
8. It waS 1ll'('l'SSHI',V 10 haw tll(\ lInnlyf't,s on Ill(' lasl pail' Inacle. ln 
another lal1oratoJ''y. :So H,ll'nilllll was found in. the body of the fe­
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male and onl.\" 0.08 mg in the muscle!' and bones of the male. These 

results seemed rather: out of line with the others, and this should be 

taken into C"ollsideratioll bE:'fl1l"(' definitE:' eOllclw;ions al"e (lrawn £roll1 

them. 


~~AII{LIE S,-Rale Of 1('1!~llillaliol1 o{ ,~elellilllll VII ral,s !fir(,11 (/' 8('/(,'IIillm-/l"ee diet li. 
n el" beill{1 '/1/(1111 HIIICt! {rOIll .} to 17 '/I'('('!.-8 II{ a!fe 011,(1. (lil'/, COII/(li'llill!! 7Ji 
II, [I. III. ,~c/(,lIrl/'ln (/('I'il'l'd {/'III//. 11'/1('(1,1 

.. 

• 

TIlt' I't'"ult" with the malt's would indicate that selE:'nilim stol"l'<1 
in tilt' Uoel.'" ti~~lws is l'ctailll'<l :l'nr n considerable (ime, at Ipast, aftel' 
the allillial e('uses to ing-pst s('\(>lIilll11, The l"('sltlb with tIlt' :i'('rnale" 
S('('1ll to intiieute that stored St'll'lIilllll nUl\- be trl'adllallv ('Iimillated 
nHt'l' the anilllal ('('ases toin!!('st tIll' pIPnlcnt. "\Vhet\w'I' thest' 11n<l- ~ 
ill!!s arE:' tl"l\(' for: thE:' two ~('X('s ('allllot bp stntp(l fl'ol1l tIl(' few 
data a"nilabl(', 

Flll'thE:'I' \Yod, along ihis line i" 1l<'l'C]('d, The qlH's(ion nt issue i" 
of ,illlpol'tnn('e to tho"e eOI1l'el'l1l'l! with tll(' mad,ptillg of nlC'af'. fro II I 
allllilals thnt llIay h:l"(' at On(' tlll\(~ 01' allot/I('I' lwei aeel'SS to plant 
Ilw('l'ial ('ontaining !-'P!t>lliUIII, 

PEIUIAXEXCE OF IXJFRIES DrE TO SELENWM POISONING 

rrl1(' reslllts of thl' stlldip,; 011 till' stol'a::r(' of: selt'niulll in 1'11(, body 
in<iieHtP<i. ('on('llI"i,'ph- that thl' amount (II' H,lt'llillill l'dain('(l in tIl(' 
tis"ut's was small cOl'llpal'l'(1 to the total quantity ill!!l'StNI. On til(' 
Ot/\('I' hand. thc' l't'sllits of ill(' f(·(,(lill!! [(':.ts \\'i(h Y~lI'iol\s Il'vels of 
wh('at flS \\"(·11 as s('lC'nioll" ll!'id "ho",;'d that lite SPwl'itv (If lesions 
Wit' to ,,('Il'nilllll IH)ISOlIlllg IS dil'l'dly pl'Opodiollal to t'1ll' qllanlib' 
of };l,I('llilllll in til(' (lid, 11' S('(,III('<1, thpn,fo!'l', that altholl!!1t splC'nilll;\ 
was din,(,tly n'"polI:.illi<' for th(' li;-;;;[1(' ('It:lnw's, its ('onlinll('d PI'OS­
('n('p was not (,""(,lItial to lht' Pl'I'"i';(('I1('(' of tllt'Sl' ('hallgl's, III otJH'1' 
words, tlw qll('s(ion wa" I'Hi"pd: ~\I'!' thp dlal'ae\pri"ti('lt'sinns of 
st'lpllilllll injllry :liso Jwrllllllll'nt? I'll(' animals (table 8) used in 
tIl(> J('P<iill!! il';.;t to (i('(('J'Iltilll' (Il(' rat!' of C'xt'l'('tion of ;.;tOl'PII selpnilllll 
ga,'(,p"id(:I\('l' oil this point. Tile notations with l'('!!anl to apppal'­
aIH'(' of I'x(('l'nal \\'Inp(oill-. of ]loi-.oning ill tllt'se anil11als dlll'ill!! \
tilt' :fl'pdill!! l('st" :Ind. thl' lilHlinp> at alltop",'- al'p shown in (able· n, . 
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'r,\m.E !l.-Colltlili(IIIS (/IIrill!1 fl'(lliIlY (1/11/ (II 1/1I1(J1),~!1 of (Olill/(/l,~ flircl/ II ,~d('· 
lIilllll-frC't' rlil't after /)('ilill I/Willtoill('c/ {I'om _\ to II 1("('('I:s of (/[/(' /III a lIi('1 
I'Qlliaillilly "t,:; /), /1, III, of ,~('/I'I/illill (((or/rl'(l troln /r/ceol 

lG.lHl, Innl(\ ~~o l'dl'ma , nI\'''!.'$ Xu pdl'llln~" LhH h':-iou~ philflli..'tt'I'I:-ol;(' , r ..,ll!£·J1I1J1H 

lG.124, (t-lIluh' 
1115:!O, ",nil', 

lfi;IZ~, (olllnl(', 

110 
II" 

<lo. 

(J 

!! 

'l 

j do 
do 

do. 

Jlobonjlltt~ 
1111, 

J,in'r Ip~ioll~ ('hnrll('ll'risth' flf M,II,.'lliuJll 
jlUi!-Ollill:,!;. ~ltmllllJllOlInt lIuiti ill hotly 
"ILI'jUI'>', llluntl In I h"rud(' ""'ily.

Llll'r 1l',inns ('1"'nl('tl'rJ~lic lIC H'lt'lIlulll 
11••147, mnh~_ 
10520, remole 

do 
110 

do 
.i!tJ__ 

j Jloi~nllillC:. 
~() f{lporl: 

: LIH'r ll'!'iom; ('hnnl(flerbti(~ of Hl ll1 1l1uJIl 

If).ilq,lI1!llc. du Ii 1 ::Hl!ht ('dt'IIHt t I)~,~~~':ft~!~i~fzl~ (>hllrn(lt(lri~t hI or H')f'lIilllll 
: !lol'onill~;·1 !( liquid illllh<1olllilllll ,'a I'· 

IIi;.:!!!, ft.-mah· 

<'1521, mnlt' 
J(i;j2.5, fcmai(.' 

do , 
! AM'ill'S pnl !'"('lIl 
, ;\0 l'dl'lIIa 

I 
1 Jj;,~; I~~i"ns ('hnrll('t('ri~t it' of H'!~ni\llll 
I pniS()~lim:'i '7 !! fluid in nhdOluinui (j1\'* 
: .lIy, HI()ot1y Huill tn inlr,tilil', 

\:n fPpurl. 
)11,

; 
-----,.~., ......,.-...... 

.Animals lOr)l!) nlld l(i5;2-!:ma\'ll'l!itimntelv!Je (,oll~id('I'('d a:-;('ontl'ols. 
since t'l1l'Y WCI'(' killl'd and allto'p"il'd at till' ~'I,d of till' 1:3-we('k peri(Jd~ 
when the gl'oup was tl':tn::->'I'l'I'I'l'd 1'1'0111 till' dil·t l'olltaillillg T,;j p. p. Ill. 

of S(,jPllillnl to til(' f'l'ICllilllll-I'I'('(' diet. Both of tIH'H' '!'ats sl\(l\\'pd 
the lin'l' Icsiolls ('haral'tel'isti(' of s('ll'nilllll poi:-;oning, 

~\tltop.;y !'PIHlI'ts fol' fin' of til(' eight: I'Plllainill1! allil1lab maill­
tailled Oil thl' sl,Il'lIilllll-JI'l'P did io!' \'al'jolls It'll!!ths of tillll' n'\'cal 
the pn'S('llt'C of {'haI'Hetl'l'isti(' lin!' h'sions, 011(' ;rr thc tlll'('P allillntis 
1'01' wh iell 110 II lit opsy I'l'POl't ,,'a~ IlHt Ill' ('Ollt i lllil't! to show j Ill'l'paS­
illgl,\' SP\'PI'P S,\'IllptOlll;; (If ns<"itp" nfU'l' hping Oil tlH"l'It'lIilllll-fl'l'l' 
dipt 1'01' as lOll!! as 1~1:, \\'{'l'k~, 

'rIds p\-idpll('l' WOlil(! illtlknl!' that 1t':--iol1~ 011('(, fOl'1I1l'd !llltY I'PIiWill 
ns pPI'1I11lnNIt illjul'ips a 1'("1' iltgp,tilill or sl'It'!lilllll i" dis('onti'II11l'(1. 

~DDIAHY ,AXD COXCIX~IOXS 

nl'ailH nnd plant Illat(,l'inl" that pl'oduC'(' tll(' (,1'l'on('on~ly eull('cl 
'"alk:rli <lisl'asp" ill Ial'g\' allimals abo [11'0<111<'(' toxic ;;Ylllptonls in 
I'ats, TIlt' Il.lOst P!'OIl Ii nl'llt oj' t11":,t' al'p gt'Ill'I'alizl'c1 ('(/('111:1 alld Ii \'('1' 

illjl1!',\', III a!lnUl('('t! (':1st'" tlH' lin'!' !lI'l'H'lli,-; nil ntl'ophi[' 110d 11 1:1 I.' 
npl)('Hl'uIH'{' alld oft('ntinH'h .is g!'OWIl tOQ;l'tIH'1' ill a single hnl'll IlIH!';;;, 

Lnl'l!C' IInlOllllts of II "l,'nw-('oIOI'l'd Iltiid eolh'd ill thl' abdoillillal 
cil\'ity, TIH's{' SYlllptOllls iIl'l' idt'llticul witlt tlto>'!' [l1'Odll('l'd ill I'at:-; 
b,· f('('dill!! sillull anlOlillts o'l' ~l'I('lljou:-; a('id (II' s('I('llilllll ~alt,.;. The 
t{lxie :-;ynl'pIOlIlS l1oil'd ('nllilot Iw :J('('Olilltl'd f(lI' 011 til(' lwsis of low­
C'n'(l food illtalw, 

Selel1iuI11 add('(.l 1'0 illl' (liN of ,'uts ill tlte f01'1l1 of stllt'llions :H'id 
is toxi(' ill PI'opol,ti(JIl t.o its ('OIl('l'llt!'ntioll in till' (\ipt. 'I'll(' tlll'l'sh­
old ]P\'"I of {lit' lethal <'lost' WHs lJl't\\,l'l'1l 1:\ alld ]H..! p, p, Ill. The 
('ondit:ioll of allilllais Oil tlil' di!'t ('olltainillg JH,-I· p. p, Ill, of wleniulll 
Illost lI('al'ly l'('sl'IlIIJIl'd til(' allillHlI:- Oil tlie toxic. whenl dil't that COIl­
tainNI D,H ii, p. Ill, 



,Yheat contninint! Rl,jeniulll jllC'ol'porutC'c1 in thC' dil't of: rats hU:i U 
(lC'trimental e/l'eet Oil growt It and n'prot\u('tioll ill direct proportion 
to the amollnt of scll'niulll supplied. 011 a diet eontainingH.T p. p. nl .. 
growth ,,,as stnnh'll, Yl'ry fe,,- young wel'e born. and none real'l'd, ~ 
AttC'l' lL l)(,l'iod of s('\-el:al Illonth;:;. all allimals showl'(l:-:e\'l'l'c toxit' ... 
Bymptollls' On tll(' diC't C'olltainillg G,O p, p. 111 .. wPight ,\-as eOIl- '" 
sidpl'Hbly below 1101'mal lIn(l the 1111111bC'r of ~'()llllg borll and the ]Jel'­
('entage l'cul'C'd "·CI'('· h'SR titan 1101'1llHl. In tlte seton(L gl'l1el:atioll 110 

yOllng Wl'l'e 1'(,:Il'C'd. The dit't ('ontaining :3,0 p. p ..m.'had U slil!ht 
Pll'(>{'t on l'epl'oduetion, although gl'owth was apparently normal. 
"Tlwn the diet conla i IlPtl 1.;'> p, p. 111. 01' le~s tltel'(' was llO clph'l'iu bit.· 
pifect. OIl growth 01' l'ejll'o(J ud ion. Till' i ngpstion of toxiC' wlwat !ill p­
plying liS little as 0.0002;') g of seknillll1 PCl' 100 g or b()(l~r \\'L·ight ... 
pCI' weck ]cd to dpVl'lopllH'nt or toxic symptoms. 

There is l'ol1sidl'mble Yal'iation in SIlSl'l'ptibilit,\' or il1lli\ritlual rat:-: 
to s('lpnilllll illjlll'Y, 

Hto!'age. of splt'lliulll 111 thp body of till' rat is not cllnllllatin. 
The totnt CjllanWy f;tcu'pd dilillot in any eflsC' C'x('t'pd 1 mg. )[axi­
lllUllL stol'age O('C'lllTNI within n few w('cks aHc!' the animal wa:, 
gin·n thl' diet C'untaillillg spll'nilllll. III tlH' ('as(' of: the InaIL·s, st'I(·­
HillIn stol'l'lL in the body wa,.: not PIltil'ply t'liminatl·<l whpll tIl(' 
splenilllll l'l'ginH'n ,,'as dis(:ontilllll'll. i,rIll'lh('1' t his is t:!'lll' of fl'lllalt':-; 
as \\,pll ('allllOt be :iflil'l1wd fl'UlIl the data obtailH'(L in this stlldy, 

EJI'('('b; of sell'lIiulll poisolling in I'ats pl'l'si:ilp(l ai't('1' till' :llIinwh­
\\'('I'C l'ptul'lH'd to a 11 0 l'lll.a1 <1i('( and ('\'('n though most of the sclcnillln 
taken up by the :tfl'l'etl'd tis:;ll(,s hall bl'ell ('linlinat('(1. This fa('t. Plll ­

]1hnsizl's thc Sl'riOllSnl'SS of spleninm POisollillg and suggpsts the IH'pd 
ft)(' Pl'ojp('tin' lIH'aSlll'ps designed to ('lillIlllatl' this !l(,l'il whidt may 
I'IHlangl'1' tIll' healtll of human IJt'in!!s a" \\'(,11 11:-; or 1I11ill1al:;, 

UTJoJRA'ITlm ('ITED 
1.11 .I:n:HS, JI. G. 

]!I:'.;;. t)('l'I'III1E:",('I': OF HI·;J.~;:>l\',1I I:> MIll,:; ()\- '1111'; [':-;ITEIJ :iT.WI·::;. WITII .1 
IlIH(,['SHIO:> OJ.' ItJo;J..I'mlJ 'I'()I'J( ,~. ".~.' )('\It .•\!!I'. '1'(·(·It. null. 
,Ii;:!, ,1/ P\I., i 1111;;. 

I:!I ,. -- 1111<1 K:>WIIT, H. G. 

10::,). 1'1':1.1';:>11'.\1 I" Sllll,~ 'x l:Er,.ITro:> '1'0 1 I.'; ·1'1t~;:;I,;:-;n; 1'\ n:(;I·;T.ITI!IX. 


IulinH. IIlId ]ojll!!ill. CltClI, :.!i: nll:!'-!)O~. iIlu:i. 

r::) I lJll:-; J\I';t:, K. It., 'l'II()~"'SIlN, ". 1(., :tll(1 ~I.II:HIr, :'II. 


lH!!i..1:"' 1:"'I'E:iTI(;,ITIlI" (lI-' 'rilE KFFI,("l' 1'1'(1, ILITS (1[0' J.tlNl;'l'o:"'TI:>n:D 
l:"'m;H'I'IIlX (I\<' :'.IXl' (,O~II'()I·:"'DS. W ITIl hSI'I';CI.IL J:I';I'I':J:~;:>(,I'; 'I'll '1'111·: 
H1~I"I'n()N Ill<' :'.1:>0 gXI'HI':'I'IO;\, Ttl :'.1,,(' :!'('I',\ln:. .\1111'1', ;10111'. 
I'It~·;;illl. ill: 2S·I-:lOU, ill liS. 

(,I) Ilt'DI,I':Y. H. ('. 
1!1:!1;, 	 'I'OXJ('OJ.OC;Y OF H!';I.I~:>ILII. I ••1 slTIl\, 01' TIn: III:iTt:IIWI'IO:> m" 

sl';U;,J(')1 IN .\(T'l'E .I:>IJ {III:0:>IC LIH"H OF HI';I.":>Il')1 I'lJl;iONI:>(;. 
,\111('1', ,10\11'. lIyg:, 2:':: Jfi!)-l.'~(j, 

1!l:1li. TOXJ('OI.(l(n: Ill' HI';I.E:"'I['~I. II. 'I'll": ,'ltIN.llt\' Jo:Xl'IU('l'IO:> OF SI':L1'::\,"·~1. 


,\1111'1' • .rnul'. H.'·.~'. 2:.:: 1.'-i1-1-"1;' 

«(j) I.'ItAN!\J;;, K. W. 


1!l:\·1..1 :>1';\1' TOXJ('A;\'I' O(,['HI:IN(: ;\'.I1'I·HAI.I.Y I:> n:UT.Il" sA~"'I,I·:H OF 
I'I,,\:"'T FOODH·ITI")'H. 1. 1:I';St"I,TH OlIT.\I:>IW IN I'HI·;U,III:>.\HY n:lml:'>l. 
'I'Ul.\I,S. .Ioul'. Xutl'itillll .'-i: ii!li-liOs' illuf;, 

(i) ."" 
lll:H..1 :-;1':\1" TOXI['.INT 0(,(,,'1:1:1:-;0 'nT,'ILII,I" 1:-; n:tn'.\IN H.I~II'r.I·:H OF 

\ 

I'L,IN'I' FOODHTl'I"J.'H, fl, 'I'll I·; tll'( t 'H J:I'::"' n: 1110' 'I'll l'; TIlXIl'.I"'I' IN TH I'; 
PHOT"l" J'H,ICTW:>, ,lour. Nutl'itiOll S: 009-(;1:3, illus. 

http:hSI'I';CI.IL
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TOXLCITY OF l"OOIJ l'O,XTAI,Xl,XG ::;ELE'xLU~[ 25 

FHAX1, I';, K. W, 
l!J:lr., .1 :\1-:\1" TOXICA:,\T o('cnmr:'\c; X.ITt·II.IUS Ii\" ('I-:WI',\[:'\ S.I~IPLI>S OF 

1'.1 .. 1:\'1' FOODS'I'I"I,'Ffl. X, 'I'HI~ };FI,'EC"I' OF 1,'1';1.;01:\(1 TOXIC FOOI)STl"FF"; 
IX \'.IHYI:\(1 .\:IIOt'NTS. AND 1'01: I)[FI-"I':II"X'I' 'I'DII'; j'I';HIOI)S. ;1(1111'. 
XutdtiOll 10: :!28-2:n, mus. 

ll):m, .1 XE\\, 'I'OXI('.IN'I' OCCl'HIUXG X,I 'I'\" 11.1 1,1,\' IX ('1'Wf'.I'IN fl,Url'l~I-;;; (ll' 

1'1~.IX·I' FOOIlSTD"I,'fl. XL TIH~ 1':1'1'1':(''1' IlF rl,I-:OI,XG 'J'(!XIl' ,1;\,1l (,OX'J'1I01. 
1'(lllllii'ITI''I'S .IL'I'E!tX.ITm.Y, ;Ioul'. XUl'l'itioll 10: :!:1:.~-:!:lll, illllR. 

--- Hull 1IIoxoN, A, .L. 
l!l:)·l, .\ :\I~\\, TOXIe.I;\''i' ()(,(,!~HlnXG X.\'ITlt.II.I.Y IX <'EIIT.\lX ;;.DII'I.I';1> OF 

.l'r • .IN'I' FOO1>I>'I'\'!!I-';;, ]I', EFFI,;("I' (lI>' 1'lInTI':IXI> OX '1'1,,\;;'1' 1"ElI~U';X'I'.\' 

'1'\Oi\", ,IOUI', Xutl'ilioll S: (j:!5-(j:~:!, illuf', 
--- and l!o'''I'lm, \', H. 

IOa,1. ,\ i'll,\\, TOXI('.IX'I' oeCl'IWINe} :-i.ln'II.II,!.Y IX n;II'I'.IIX S.I.\II'LI';:-; (II; 
l'L.IX'I' :FOOJ)f;'I'I'I'I'S. lil. JII-:~I()nL()JtIX 1.1,;\'10:1.;; o Hi,n:Ii\'E!l IX WIIITI'; 
I:.I'I'H WIIH'll \\,lml';l'I-:Jl'!'OXIC I\'HI'.I!'. ;101l1" XIIII'ilion~: 01:;-(;2-1, 
j 1111':;. 

--- nlill l'o'l"mll, Y. n. 
Ina:;, .1 NI"" 'l'OXIC.I:-iT OCCCltItTXG N.ITe-n.I/'/'Y IX (·I':U'I'.IIX H,'I.III'I.I-:S (II' 

1'1..1,,'1' 'rOODH,!,\'FFS, IX. 1'OXI(' I';I"FI~(,'I'H <W OIt.lI.I,\" J:-:(;I,;;;-n:Jl 
1>1~r.gXlnl. ;Iolll'. ~UITili()1l 10: 21::<!21. illtl~. 

--- HIOI'], '1'. .I)., ;rOUNHON, A. I)., :lnd !';CIIOl-:XING, II. "', 
lH:::-I. ItbI'OH'I' UN .\ 1'1I1~!.I.\J.lX.\!:Y Fm!'J) H\'It"":\" of TIII-J HO'("II,J.J.;J) ".If.l(,ILI 

I)J~I'],IHI';" (W UYI'STOl'K. L'.~. lit'PL .\.!!' I'. ('i1'e. :)20, 10 !lll., illu~, 
-~-' :Iud ~I'I"I.I.Y, \\'. ('.

In:·:-1. .\ XI"\' '.I'OXll'.IX'I' ()(TI'IWIX(; X,11TH.II.I,\' IX ('1-:11'1'.\1.'" S.I.\lI'I.J~S Oh' 
1'1..\;o('I'I'OOIlHTt'FFH. Y. J.O\\' 1I.I'I'{'H.IJlI!.I'I'Y Ill'!; TO IlI':FOIDIITII,S LX 
(,III('KH. l'oulll'Y Sci. ].I: 2i:~:!iU, illu". 

--- :lIH1 Tn.lx, "'. C. 
In;:O..1 XEW '!'OXJe.I;O(T occnmlXG X.I'IT!:A!.I.Y IX C"HT,\lX H.Dll'r.I'''; OF 

I'I.,I;O(T FooD!>'I'\'I'I"S. I'll. 1'.0\\' HATl'1 LIIlII.ITY 1Il'J'; T{I IlI~FtliDll'I'n:,.; 

IN I'III('KH 1'1I0lJ1TIW FIIO.\I ElHiS OIl'I',\IXI';U F!:{)~I ('IIIl'KI,XH 01-' 
1\XO\\,X HIHT{)IIY. l'oultl'~' Hci. l:;::3W-::U;, illuH. 

Holtx, ;\I..J.. XI';U,OX, R :\1., :llIll ,IONI~S D. B. 
l!)::li. H'ITllII';S ox TOXIC \\,IlE.I'I' {ilW\\,X O:\' .'HllJ.S ('O;O(TAI;o(I;o(n HEr.I';XIl·~1. 

('('1'(>111 ('lleili. 1:::; 1:!1l-1:m, ;1I11~. 
llt'1!u,K.\IIHI';H, ,\, ~1. 

]!l:J:l. I="IIIIII'I'I(IX {lI!" SI~I.I':XIl·~1 1:\'.!l·HY 'I'll \\,III~,\'J' I'I.,IX'I'S ilY sn.H'H, 
}4l'il'I1('(' (II. s,) i,'i: :;011. 

]0:1-1. SI,:r.I~Nll·M. lX,J!'!:Y TO WIIENI' 1'1..\X1'S ,ISU]'!'''; I;O(HIBI'I'I{)X IIY Hl·l.l'lll·lI. 
•JIIUI.. •\~I·. Hp~(lHI'('h --In: ;.~I:~ ...·::;)j". ill Its. 

1!):::;. F.I(''I'lJltH ,IJ.'FI':("J'I "I; '1' I I F ,Insultl' I III " Ill' "il' I.I'::\' Il' ~I 1'110.\1 SUlI.S ll' 
1'1 .. 1:'\'1'''. ;/0111" .\;.\'1'. itP>'l':I J't'h :ill: ,1I::-,12i, illll~, 

K.Xll: liT. II. U. 
'1!I:~ii, '1'111'; HI~Il';XII"1 l'H()IIL1,;,r. ;/IlIJl" .\~""(', un', .\.L:I'. ('11('111, 11-:: 

1 0::-1 IlR. 
;\I';I.HO:'\, K ~1., 11t'IIIl-K,\I!Bm. A. :\1., lind H[)JII'\·,~ox. \r. 0, 

l!l:l::, ;;1';I.I':"W'l .\H .IX IXHI,\"I'I('IOI':, }4l'il'lll'l' (II, s.J iH: l:!L 
HUIH:\'SO:'\, "'. n., IIl'IlI,I':Y 11. C.. \\'II,I.I.I'h, K., 'I'., 1\1111 J:n;Bs. II. U. 

'111:l.J. JJI']'l'lm'II:\',\'I'rox (W fil':I,gXll'~1 .IXU AIIHI':XI(' BY UIHTII.J.,I'I'rn:-> IX 
I'YlII'I'I>S, HII.ILI,H, 1'011,1' .I:\'II ,1(;HI!TI:l'l·Il,II. I'HOIlI't'T", IlllllJ~, :lllli 
EnJ!;ill, 1'1I1'1l1 .. AIJ:t1.\'j·. Ed, Ii: :!i·l-:!iH. ill liS. 

'l'n,I.\". \y, ('., and 1,'IlA=" 1\1':, K, \\'. 
1!·)::·1•.1 ;\'V\\' 'I'{)XI("\XT {1('('I'IWlxrl :;.ITI·II.IIl.\, I'" !'FlfI',\I:'\ "''''II'I.I':S 01' 

I'r,.\ X 'I' FOOIISTI'I,'I'':;, \'1. .1 s'I'I'IlY OF 'r! n: 1-:1'1'1':(''1' (1i' ,I FI'I'"!'TI-;P 
liILII;';"; ox OIlO\\,I;\'(l ('UJ( J\.'i. 1'·'lIltl·~· ~{'i. 1·1: :!~I)-:!S·I, i1111'<. 



_____ __ 

ORGANIZATION 01<' TIlE UNITED STAHS DEPARTMENT OF AGRICUI.TURE 
WilEN THIS I'UBI.ICATION WAS lAST ]'JUNTED 

gcc'/"('ful'J/ Of A!ll'icul/.u/'l· 
UI/clc/" Sec/"c/I//"!I.---. 

1L~8i8trll/t 8eIT('/III'II____ _______ , ____ .._____ _ 


lJi/"f'cfllr ol B,I'fl'lIsion \rOl"'._ 

DiN'('tcW Of Pilwl/c'c_______ _ 

Direc/or of III{ol'll/(//iul).____ _______ _ 


lJi/"('pfol' of PI'1'801/1/1'{ ____ • 

Oil'ccIO/' of /(1'8('(//"cll ____ _ 

Ho/lei/o/'_________________________________ 

Af/riclIlIuJ'r/l A(/ju.~I/I/('l1/ A.(/1I11Ilislrafiu/I .... __ 

/:1I/"C({II. of Afl/"il'u7l1l/'al Eeo/to/llhw ______ .. _ 

RIII'CI/II, Of Af/l'iC'lIlllI/"oIBII!lil/('('rill!/. 

JlIII'call of A.llimlll IlltiI/811·JI _______ .<_ 

HII/"('elll of Ri%f/ie'a{ Surrcy________ 

/111/"('(/11. of Oll('llIi8/1'1/ (0111 80i/8 _____ _ 

('ollll/lO(lity R,I'('1t (IIIUI' .1 (//11;II i81 ro !iOIl __ 

nlll'eal~ of lJ";I'}I 1/11111811'/1________ _______ 

NIII'C((1/ of HllfO'lnolOflJl I//HI Plall/ QI/I/I'(I/Ifil/(' 


011i('(' of l!J,!'I)el'illlcnt ."{Iolio/IN______ 

POoe/ 01117 Dl'lIfI Alllllil/i,~/ralioll __________ . 

li'o/'("~/ SCI'Vir'C___• ________ • ______ < . ­

IIII/"ca/l of J[OIIl(, Br'OI/OllliC,L ______ ' _____ • 
Li1lra ,·11_____________________ _• , ___ 

IIIIN'(/ll of PI(IIII Jlldll.~II'JI_______ 
Burcau oi Plluli!' R()(/{IN_______ ._". ___ _ 

,'joil ('I1I1,~er/'((tiou 81'/.,.il'('__ ., 
11'1'111/11'1' }JIII'call __________ __ __ 

111;;N11Y A. W.\U.A(''', 


UE;XFOIW 0, ~l't'GWEI.L. 


:'II. L. "'11.80N. 


C, 'Y. 'YAltIlUitTON. 


W.A. Jt'1I11'. 

M. S. EISI':XHO\n:u. 

"', "'. ~TUCIi:Bl-:RI.m:lt, 
.r,UU'H T. ,J AIWlxl'], 

:\IASTIX n, 'VTII'l'E. 
11, H. TOJ.un', A (/11/ iuis/rll IIJ/'. 
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