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UNITED STATES DEPARTAMENT OF AGRICULTURE
WASHINGTON, D. C.

TOXICITY OF FOOD CONTAINING
SELENIUM AS SHOWN BY ITS EFFECT
ON THE RAT

By Hlazen Mo MUNSELL, sepfor nwtrition chomist, {Grace M DeVaxey, formoerty
assistent nadrition chemist, and May H, Kexxevy, assisban! seicntific aid,
Foads und Nutrition Jpivision, Rurcan of Haowme EBcoiomics
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INTRODUCTION

The fact that plunts grown n certain areas of the northern Cireat
Plains produce definitely toxic symptoms when ealen by man or
2 animals has been known for some time. The ailment ha= been called
“alkall disease™ (/)% & broad term commonly wsed in the West for
several disovders. As a result of studies undertaken at the Scuth
Dakotn Agriealtural Expeviment Station by Franke and others,
this problen was hrought to the attention of the United Statos De.
pariment of Agvicultare, and a conperative stidy wax stubsequently
undertaken by the Bureaus of Chemistey wud Soils, Animal Industry,
Plant Industry. and Fome Eeonomies. for {he purpose of determin-
g if possible the cawsative agent,

Franke and associatos (4.7 N9, 40, 71,12, 14, 15, 25y have alveady
pablished the results of studies in which selenium i definitely i
dicted as the substance responsible for the conditions olserved, “Sev-
eval other reports from the Tnited Siates Departimont of Agrieul-
ture (Byers (). Byers and Knight (7). TTorn. Nelson. and Jones

PiiaHe setmlers in parenvhoses pofer (o Literdure Vited, e 2L
ThliEs —u8 1
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(16) Knight (20). and Huwd-Kavrer (7, 25, 19}) deal with the
occurrence of selentum in soils and its effect on plants,

The findings deseribed here are the resnles of the studies made
with rats in the nutrition hiboratory of the Bureau of Home Feo-
nomics. These cover the preliminary observitions made carily in 1931
in which evidence was first obtained that seleninm was the factor
involved, und also long-time feading tests designed to show how mwuch
of the scleniferous food may be included in the diet of the rut with-
out some evidence of injury. A few studies were also made to de-
terneine the amount of scleniuin stored in the different parts of the
body, the rate of storage, and the rate of (imination.

PRELIMINARY STUDIES

MATERIAL AND METHODS

Before definite progress could e made it was neeessary o become
familiar with the symptows that develop in the rat whén the toxic
plant materinl is included in the diet. I VW Franke of the South
Dakota Agricaltural Experiment Station supplied large samples of
wheat grown in a district known to produce toxic grain.  This grain
ground fine was incorporated in the following dict designed to sup-
ply all of the nutrients needed for growth and veproduction : Casein.
10 pereent; wheat, 63 percent; yeast, 10 percent; buller, 8 percent;
cod-liver o), 2 percent; Osborne-Mendel selt mixtuve, 4 pereent
el salt, T peveent,. Young s taken ab 28 days of age were watin-
tained on this dick until they developed definite pathological symp-
toms. In each ease there was o Htler-mate controb of {he same sox
o a diet of the same composition made up with ground wheat frou
the supply kept for the laboratory stock eolony,

TOXIC SYHMEPTOME SHOWN BT RATS

During the first 2 weeks the animals on the toxic grain invaviably
showed o eharacteristie sharp lo~x in weight due undoubtedty Lo the
lowerad foud intake. clnee niost animals exhibit o decided distaste
for the toxie fwod. When hunger eventually compeltled the eats to
eal- the diet they gradually gained in weight, althongh growth was
considorably below normat. At this lovel of fewding of the particu-
lar samiple of wheat wsed (63 percent). definite pathological synip-
toms appeared after 2 to 3 months. The mest pronounced symptom
wis a genernbized cdenas and in nany anitals the abdomen became
greatly distended (g, 10.1), Antopsy of such animals revealed o
Lirge amount of finid, sometmes ox muich as 1530 e, in the abdoniinal
eavify, and in some cases death seemed to be the result of suffocation
from the pressure of this exeess Huid ngainst the diaphragu. Gen-
erally the floid was free Trom blood althonell in sevoral rats there
were definite indicntions of hemorvhage.  The livers of these uni-
mals usially presented a nodular atroplie appearance (fig. 1, 22},
and very often were shrunk to one-lmlt or one-thicd the normal
size.  ‘The lobes were abuormal in size aml very much distorted:
in some instunees several were grown together in a single hard
mass and atinehed to the nearby tsnes,




TOXTCITY OF FOOL CONTAMIXING SELENIUM
IDENTIFICATION OF SELENIEM AS THE TOXIC AGENT

As soon as the chavacler of the roxic symptoms was established,
definite efforts were made to identify the substance thal was re-
sponsible, The soil in the district from which the toxic plant mate-
rial eame was lavgely of shale origing and it was supgested that
some of the rarer elements, such as Iithium and \unmchum, might
be involved. Accordingly, salts of these elements. as well as Qodmm
fluoride, were tested by incorporating cach one separately in an
adequate diet, which was then fed to young rats.  Although the
amounts used were definitely toxic. as evidenced by the appesrance
of pathologicalsymp-
tons in the vats, the
effects produced were
so dissimilar to those
produced by the toxic
wheat that these ele-
ments were promptly
eliminated  ag  siis-
pects,

About this tine in
conference II. G
Knight, Chief of the
Burean ot Chemistry
and Soils, called at-
tention to the known
toxicity of thallium
and  selenium, with
the sugeestion that
the latter might very
possibly be the toxic
agent soughl.  Act-
ing on this sugges-
tlon. tests were made
in which selenious
acid and sodium sel-
enute were added in
minute wmounls  tu
the diet of rals. On
a  diet  containing
U‘.003 1)0!'}'63”1’ of E-i{"]("- " "t:ll ll:lll}l}:;lj Iiil‘;!itlt\llll:;{“d’":_‘;-l'lIi:..l.lIil!il'.l\il':.li;‘lgilil :irxll!":ilt;:flm:)rl"-I:’r..t;lli
nious neud, the ant- votitafoing = lvniui s B, liver of rat sbown fo i,
muls  developed  the
characteristic edemn and nodulir apperance of the hiver shown Ly
the vals on 63 percent of toxie wheat, mudieating that the symptoms of
selentem poisoning were simsilar 1o, 1F not .mmli\ identical with,
those produced by toxie grain,

While these studies were under way. W. 0. Robinson. of the
Burean of Chemistry and Soils, analyzed samples of grain and
reported the presence of relatively l.n<fo aniounts of selenium in
the wheat. This fact further substantinted the conclusion that the
seleninm in the food was responsible for its toxicity.

Final confirmation of thix assumption wag given by feeding tosts
with specially grown wheat supplied by the Durean of Phuat Tn-
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dustry. The first Jot of wheat grown on nutural soil to which a
selenium salt had been added was tested on rats and reported by
Nelson, Hurd-Karrver, and Robinson {27). The second lot of grain
was grown in nutrient solution in washed quartz sand to which small
amounts of sodiam selenate had been added. About 300 g of this
wheat were available for testing.  “Control™ grain grown on washed
sand without the addition of the selenium salls was also available.
Four diets containing skim-milk powder, 15 percent: wheal, T3 per-
cent; yeast, 5 percent; butter, 5 pereent; and cod-liver oil, 2 percent,
were made wp (1) with control wheat grown on sand without
seleninm; (2) with wheat grown on sand to which sodinm selenate
was added; {3} with the naturally toxic wheat supplied by Franke:
and {4) with normal wheat to which selensious ueld was added so
that the diet contaiied 0.003 percent of selenhun. Tour litler-mate
vits. were mantained, one on euch of these diets, for 5 weeks, when
the supply of specially grown
wheat became exhausted, Al

40
ot L/ four rats were then killed and
2 / :mt?pswd. .
Froo— ] ——  Growth curves wre shown in
2 bavs figure 8. The animal given the
5% control wheat grew normally and
¥eo / presented ne pathological changes
. ‘ . \{ at  antopsy. while the one fod
a0 \——\ whoeat

grown on sand to which
20 i the seleninm salt bad been added
g 2—fivewwth eurves wf Toe Qigler- -“']““_"t'(.i t]!t“.”\'t‘?.' a I?d- other ‘('h:llfgi‘ﬁ
e s, ful o0 snteol vt typical of seleninm  poisoning.
avtificiniy selenized whear wown in - The other two rals grew at a sub-
_{:ﬁ'ﬂ,’;}ji‘;ﬁ et ‘;‘f.‘,’°”,,=,’§'.}'1;',‘|';’;5 normal rvate but n{'l'wrr\\"ise showed
el iy eontiione sy o toxie symptoms, The amonn!
which selradous agid was addoid, of selenium present in these fwo
diets was probably too small to
eause development of lesions wirhin a period of 5 weels, although
it did affect growth. The results with these four rats, however,
ulfered incontrovertibie evidence thut the selenium in the grain was
responsible for its toxicity.

FOOD INTAKE IN RELATION T¢ DEVELOPMENT OF TOXIC SYMPTOMS

At this point the question was raised as to whether the lowered
food intake of the rats on the foxie grain had anything to do with
the development of symptons, i. e, whether some of the symptoms
were merely starvation effeets. To anewer this, feeding tosts were
conducted in which one aninml of & prir was given a diet containing
70 percent of the toxic grain and the other 70 percent of the non-
toxie laboratory stock diet grain. The food allowance of the rat
on the nontoxic grain was restricted in amount to the quantity eaten
by its litter male on the toxic-grain diet, =0 that both rats of & pair
consamed fhe same quantity of food. Tive puirs were fod in this
way.

After various lengths of time, all of the ratg on the toxic grain
died.  As this happened, the litter-mate control on the nontoxic
grain was killed, and both rats were autopsied at the sume time,
All five rals on the toxic grain showed the typical symptoms asso-
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ciated with selenium poisoning. while the litter mates on the non-
toxic grain were normal in every way. Growth curves and post-
mortem photographs of a ty pical patr are given in figures 3 and 4

Particular attention should he given to the appeavance of the liver,
testes. and fat deposits. The liver of the rat (16657) on the toxic
grain was haed, nodular, and shrunken to one-half its normal size.
The testes were small and the spleen. not visible in the photograph,
was about one-half as large as that of the rat (1668%) on e non-
toxte grain.  Although these two rats ate the same quantity of food.
the one iven the w heat containing selenium showed little, if any,
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fat doposits, while the one on nontoxie gradn, despile the fact that its
fooll intake was restricted, had a good supply of subcutancons fat.
The rat (166873 on the toxie grain showed the distended abdomen
vharacteristic of (ke animals with marked ascites.  Subsequently
there was a leakage of serous material from the Lladder with an
necompanying loss in body weight.  This condition was never severe
but rather persistent. The material was generally faintly tinged
with blood. i -

These findings ruled out any possible suggestion that the symp-
toms shown by rats on the toxir grain weve in any degree ascrib-
able to chronic staevation.
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EFFECT OF DIFFERENT QUANTITIES OF SELENIUM (SELENIOUS
ACID) IN THE DMET

After it was established that selenium was responsible for the tox-
icity of the plant material, the next logical step was to determine
how the severity of the symptoms was related to the amount of
seleniuni in the diet. Selenious acid was used in these feeding tests.
A solution of known concentration was prepared and used to muke
up 13 diets in which the concentration of selenium ranged from 4.5
to 6,100 p. p. m. These diets were fed te rats 28 days of age.
Although a Hmited nomber of animalg was placed on each diet, the
resuits (tuble 1) show a definitely graded eilect. Al of the animals
on the diets containing 244 or mare p. p. n. of selenium died and
the length of time the animals suvvived was roughly proportional
to the amount of selenium present. Those on G600 or more p. p. m.
lived only u few days and died in convulsions, The rats on 61 to
310 p. p. m. of selenium slse died within a short time, but their
deaths were not violent and no gross tissue changes were visible at
autopsy. On dicts containing 245 to 49 p. p. m., the rats lived 30 or
moere days and showed the ascites and liver ehanges aseribed to the
poisoning eflect of selenium.

Tawny L—Rreltavior of rety fed diels eamtaining differcat yuantitios of sefeninm
Tn e forme of selenions aeid

Setewinus nebl in

tha diet (pereents  ECleniune e

| Quantily {0 %
Hin thealiet ; & :
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0T 32 WY, 4 Severe nsciles, liver loslons, kidneys ca-
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On diets containing 13 to 184 p. pom., some animals lved and some
e, showing that the threshold level of the Tethal dose was within
these Hmits,  Most of the animals in these groups showed the Ly pical
edema and liver atrophy seen in the rats maintained Tor long period=
on (e toxic grain. Those on the diet containing 184 p. p. i, mosi
nearly resenibled the ralts on the dict containing 63 pereent of foxie
grain. Bvidently the continuons ingestion of slightly sobfethal doses
of selenhnmn results inow chronie subacute form of polgoning.

Aninls on diets containing 9 p, p. m. or less of seloniun derived
from selenious acid did not show any discernibie retardation of
growth or development of pathologieal symptonis,
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EFFECT OF DIFFERENT LEVELS OF WHEAT CONTAINING SELENIUM
IX THE DIET

During the eourse of this investigation the question arose as to the
aimtount of toxic grain or other “selenized™” material that could be
regularly included in the diet without eventual development of some
il effects. Several hundred pounds of the toxic wheat had heen
cupplied by Franke, Since this was suflicient lo feed n rather lurge
colony of rats for some time, it was decided to Teed the grain at
several different levels to carefully matehed lotw of rats and compare
their behavior with a contrel group given the same diet made up with,
nontoxic grain. Inasmuch as Franke's observations on chickens
showed that effects of poisoning might not appear until the sccond
generntion, plane were niade for continuing as many of the voung
rats as possible on the respective diets on which they were rearved.

PROCEDLUKE

The basal diet nsed in the preliminary studies was rather costly and
required considerable tite to prepare, For use in the Iater studlies
A less complex diet was therefore devised in which skim-milk powder
was substituted for the easein and Osborne and Mendel salt mixture,
giving a diet of the follewing percentage composition: Skim-milk
powder, 34 wheat, 38; venst, 5: buttor, 51 und cod-liver vil, 2, Pust
experience and knowledge of the requirements of the rat justified
confidence that this diet wonld be adeqiate for growth and repro-
linetion.

Robinson’s analyses of the grain showed that it contanined ahout
13 p. po meoof selentum. Accordingly a dict made up with 58 per-
cent of this grniin would contain 87 p. p. m. of selenium,  "The feed-
ing tests with selenious acid had indicated that rats conld live at
tenst 88 weelis on a diet containing 9 p. p. m. of selentum,  Therefore
one it was made up in which the entire 58 percent of wheal was
repliced by toxic gram, The athers in the sevies were nade up with
a mixtore of nontoxic whent and toxic wheat so that they contained
respectively 40, 20, 10, 5, and 2.5 pereemt of loxic grain, giving con-
centrations of seleniwm of 6.0, 3.0, LA, 075 and 038 p.opoome As
Fefore, the nontoxie wheat was from the supply kept for the regular
stock eolany. — One diet containing 38 pereent of nonfoxic crain was
Ao dnelwled Inothe series, The diets containing the small per-
ventages of {oxic grain were inelnded in fhe series Deeanse 18 had heen
sugrested (it selenimm, like horon, ight have a stimalatine offect
when ingested in small moungs, although ireer amounis were toxic,

Seven lofs of rals. cach containing fwo males and six females
dweeks of age. were then segregated, one for cach of the seven diel-
Lvery precaution was taken to make the lol< as nearly comparable
as possible, The young rats were drawn from two colonies, oqual
numbers of males and lemates being faken fram each.  Fourteen
Bitters in all were used,  Two ditters of soven males, one from ench
of the two colonies, were distributed. one of each litter to n Iot.  Tn
the ense of the Temales three or four animals woere selected from
cach litter, aud Titter nates were put on alternate tevels of the toxic
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grain, rather than all of one litter on the low levels and all of
another on the high levels, Tt was felt that this would give datn
more satisfactory for purposes of comparison.

After the lots of animals were arranged and established on the
different diets, they were eared for in the same way as the regular
breeding colony, i."e., they were weighed once a week. the pregnant;
mothers were separated from the group several days before parturi-
tion, and the young were wenned at 28 dayvs of age.

The seven original lots were continued 8 months ot the respective
diets on which they were reared.  Because of the rapidly incrensing
size of the colony, the second-generation animals were kept only
6 months. The first litter reared by each female of the second
generation was continued until it was 12 weeks old.  All other young
of these second-generation aninmly were killed at 4 weels of aue.

After the first study had been under way for some time the
animals on the diet that contained 4 pereent of toxic grain seemed
to show « superior performance over the control group in number
of young born mul percentage reared. There wns no explanation
Tor this other than the suggestion already made that certain amounts
of sclenium in the dict might have a stimulating effect. Before
accepting this explanation. however, it seemed advisable to earey
out Lurther feeding (ests to see whether these resulis wore repeatod,
and a second test was therefore planned.

For thix purpose a new basal diet was devised in which the pro-
tein vontent was considerably reduced in guantity and improved in
quality over that of the basal diet wsed in the firet study, since
- attention had been called to the fact that this Lasul diet contained
a relatively high percentage of protein, The pereentage composi-
tion ol this diet was as follows: Skin-mille powder, 13; meat serap, 5;
whole wheat, 683 yeast, 51 butter. 5; and cod-liver oil, 8. Diets von-
tatning 2.5, A, and 10 pereent of foxie grain were nsed as hefore.
The three Tots of rats established on these three diets ench contained
two males and Fonr females, The eroup on the contral diet con-
tained two males and six females. The usunl preenttions were talkenn
to make the lots as nearly eomparable ax possible,

Addditional fests were alsowade with high levels of the toxic grain;
namely, 5, 60, 63, and T pereent. The percentage composition of
(he Dasal diel in thix ense was: Skin-mille powder, 133 meat ser Gy
whole wheat, T0: Imtfor, 5o veasty 55 and cad-liver oil, 2. The five
lots of rats fed these four diets and the confrol diet were very woll
matehed, since every member of ench lof was paired with o litter
male of the same sex i each of the other lots,

This study was terminated af the end of 8 months, when the sape-
viving animals were killed and mtopsied,  The young were killed
and autopsied when weaned at 4 weeks of e,

During the course of the feeding tests all animals wore observed
for the appearance of symploms characleristic of selenium poisoning,
ancl ac the termination of the expertment autopsios were perfornied.
Nearly all of the members of the seven original lots in the firs sty
were examined by C. 1), Stein, assoeinie veterinarian, Bureau of Ani-
mal Industry. G Creeeh, veterinarion, of the same Burean made

THEGE =
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histological examinations of the tissues of several animals fed on the
58-percent level of toxic grain and one of the controls on normal
Zeain.

RESULTS

Although the data eannot be presented in detail, enough are given
to show the relative toxicity of the different diets as judged by the
effect on growth, reproduction. und development of gross pathologi-
cal lesions in the animais. In comparing results for the frst- and
second-generation animals of the first study it must be kept in mind
that the animals of the first weneration were continued until they
were 9 months old, while those of the second generation were kept
only 6 months,

GROW'EH

Average weight curves for the first- and. second-generation males
of the first study and for those of the third generation that were
continued for 12 weeks arve given in figure 5. Weight curves for the
females are not included, because after the tenth or cleventh week
inereased and variable weights due to pregnancey made them of little
vilue for purposes of comparizon.  Up to that time the females
showed the same relative trends as the males,

The animals in the first study on the dict containing 58 percent of
toxie grain gradually lost weight after the sixteenth to eighteenth
week nml appeared decidediy stunted.  Moxt of these animals were
thin and emaciated, and at nutopsy little snbeudaneous fat was found.
The animals on the 30-pereent tovel showed stight but definite re-
tardation of growth. This wax more pronounced in the second gon-
eration than in the first,

The animals of the first and third generations on 2.4, 5.0, 10.0, and
20.4 pereent of the toxie grain grew at practically the snme rate as
the controls on 738 pereent of normal grain. The curves indicate that
the secend-generation animals in the 23-, 5.0-, and 10.0-percent
groups weirghed more af 4 weeks of age and grew faster than the
animalg in the contrel group, Thiz reeming superiority, however,
can be atiributed only indirectly to the effect of the sefeninm.

As stated carlier in this report, the seven lots of the f[rst genera-
tion were made up with animals frem two different colonies. The
voung frous one of them invarinbly weighed more when weaned than
the yvoung from the other.  The females from this latker colony
showed the effeets of the seleniferons food move strongly than the
Temales from the first colony in ihat more of them failed to prodoce
voung, This accounts entirely for the higher starting point of the
arowth corve for the second-generation animwls in the 10-pereent
aroup, since it consisted entively of young of mothers that prodaced
the heavier offspring. The starting points for (he weight curves of
the 2.5- and J-pereent groups are between thase of the control and
10-percent groups beeause they eontained a preponderance of the
Farger rats,

Average growth curves for the males In the second stidy on the
higher levels of toxie grain are given in fgore 6. Growth curves for
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the groups of animuls on the low levels of toxic grain are not given,
since they pavalieled closely the one for the control group on nontoxic
grain,

The animals on 60, 65, and 70 peveent of toxic wrain showed the
characteristic initial Toss in weight due to deereased food intuke,
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The rate of growth of all of the rats on these higher levels of toxic
grain was ('onsulvl.lblﬂ Joss than that of the eontrol gronp.

REPRODCTIgN

The breeding records of the different groups were very interesting,
albeit somewhat difficult to explain, The pertinent data for the fe-
males in the fist study are tabulated in table 2, No rvecord is given
for the females of the third generation since (mlv a seattored fow of
these bore young before they were killed at lhe age of 12 weeks.
The data on I(-plurhu tive performance of ull lots in the second study
are given in table 3,
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In each of the seven oviginal lots nsed in the first study there
were six females; therefore the valies for the number of females
bearing voung, total number of young born, total number of litters
born, amd pereentage of young reared in the case of the different
lots may be compared. Al of these values were highest for the group
on § pereent of toxie grain. On the levels above this there way a
gradual decrense in values paralleling the inerease in foxic griin,
with the exception of the values for the 20-percent group. At the
A8-percent level only seven young were born and none reared.

In the second generation the different groups on the various levels
of toxic grain did not contain the same number of femnles. There-
fore only the values for average number of young per litter; average
number of young per bearing female, and percentage of young rearved
are valid for purposes of comparison. These vulues for the lots on
5 and 10 percent of toxic grain, especially for percentage of youny
rearved, were higher than the ones for the control gronp. In the
groups on 2.5 and 20 pereent of toxic grain the average number of
young per litter was slightly less than in the control group, although
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in each case the percentage of young reared was shghtly greater than
that of the control group. In the 40-percent lot there were fewer
young per litter and decidely fewer young per bearing female than
n the control group. This lot did not rear any young.

L1 contrast to the results described for the 5-percent lot in the first
study, the correspending group in the second study gave values for
average number of young per litter and average number of young
per bearing female that ave significantly less than these for the con.
trol group. The value for the percentage of young reared was prac-
sically the same as that of the control group.

Although the 10-percent group rearved a higher pereentage of
young than did the control group. the diflerence 1s not so great as it
was N the second-generation animals of the first study. These find-
ings do not lend support to the suwoestion that smial quantities of
selenium i the diet might stimmlate biologic processes,

One female of the 50-percent lot guve hirth to one young that died,
None of the other females on the higher levels produced voungs.

TOXRTC BYMITOMS

The results of the examination of the rats for foxic sympboms are
swmmarized in tables 4 and 5. Data on third-gencration unimals of
the first study arve not given, since they were killed at cither 4 or 19
weeks of age and, with one exeeption, showed no abnormalities. In
grouping the animals according to severity of svniptoms. “slight” has
been nsed to indicate the condition of the rats showing nerely u
spotted liver. This may or may not have been an abnormal cotidi-
tion.  “Maoderafe” indicates definite but not extensive )iver changoes,
while “severe” denotes atrophy of the Hver and verv marked ascitos.
Tanme —Degree of lorie symptonts shawn by the Jirst and seeond goncrgtions
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TapLe 5. —Degrec of tozic spmpicing shown by rafz wsed i the seeond study.
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In the first stndy practically all of the animalg on the diet con-
taining 58 percent of toxic grain developed moderate or severe symp-
toms. s a matter of f‘l(f, diets containing 38 percent or more of
this particulnr grain never failed to produce “the characteristic ascites
and liver ¢l m'ves, altheugh the time of appearance of external evi-
dence of the ...itic condition varied consider ably wih different
animals. No .11t0mpt was made to determine the exact length of
time regoired for the development of tissue changes dne to selenium
peisoning.  Histological examination of the livers of these rats
showed the presence of small hemorrhages; leucoeyle and round-cell
infiltration, and a general or uniform clondiness of the Bver cells.
while the liver of the mut on 58 percent of nontoxic grain showed
none of these abnormalities.  Significant lesions were not present in
any of the groups below the 40-percent level.

The appearance of pronounced injury in one mmimal of the first
generation on the 23-pereent level cannol be explained unless one
asstines that certain animals ave (]Uflmtv]) wiore =en=itive than others
to thig tvpe of pelsoning.  Substantiation of thiz fact wonld mean
tliat this susceptible grong would have to he takern into consideration
in determining (he maximnm amount of this grain that coubil he in-
elirded in the diet of rats with safety.

I the second study one of the animals on the diet cont nining G
percent. of toxie grain died at the ewd of 38 days. one on 65 _[‘JL‘I.((‘HL
after 201 days, andd the Gwo on 70 percent at the end of 43 and 48
days, respectively.  With the exception of one, alt of the animals on
the higher levels showed gevere losions, while none of those on the
lower Jovels showed any signs of polsening.

FOOU CONSUAMITION

The food-consmnpiinn records of five litler-mate male rats in
the second study. one each on the 50-. G-, 65-. and T-pereent toxic-
grain dicts, and one on T0-percent nontoxic-grain divt were analyzed
m terms of grams of food eaten per rat per week and of graus caten
per 100 o 0| body weight per week, These values ave expressed
51.11)]11c'1lly in fignre ": and the mnnber of grioms of selenhinn in-
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gested per 100 g of body weight per week is given in the legend.
The total food intake of the rafs on the toxic grain was considerably
Jess than that of the control group. The number of grams eaten per
100 g of body weight, however, is ubout the same for all five animuls,
with the possible exception of a slightly higher value for the rat on
the 70-percent diet. A possible explanation of this may be the fact
that the records for this group were not so accurale as those for the
other groups, since the rats disliked the diet and scattered it.

The rats on (he diet containing 50 pereent of toxie wheat ate o
quantity of food that supplied 0.00025 g of selenium per 100 & of
body weight per week,  AlL of the rais in this group showed delinite
evidence of poisoning us judzed by lower body weight, failure to
reproduce, and the characteristic liver changes at autopsy, indieating
that the confinuous ingestion of very small quantities of selenium
will cruse tissue damage.

CONCLUSIONS

The resulis of the first stndy, in which wheat containing selenium
was Ted in graded amonnts to gronps of raty In some cases us lony us
8 months, gave convicing evidence that food containing certain
amounts ol selenium in the diet of the rat may have a profoumdl
effect on growth and reproduction.  On u diet containing 8.7 p. p. m.
of selenium, growth was decidedly stunted. Very few young were
born and none reared.  The antmals on the diet containing 6.0
p. p.om. grew ab a subnormal rate and their ability to produce and
rear young was sericusly impuaired. On the diet containing 3.0
p. p- m. of selenium the rats grew normally. but reproduction and
ability to rear young were somewhat below normal.

Animals on diets containing L3 pop.on. or less of selenium grew
normally.  The females of the first generation on the diet containing
0.75 p. p- m. and those of the second generation on 0.75 und 1.5
p. p. m. showed an apparvent superiority over the control group in
nunmiber of young born and pereentage rearved. However, no definite
conclusions could he drawn from these results as to wl . ther this
superiority was real or only apparvent.

These vesttlls compared with those obtained in the preliminary
studies with selenious achd indicated that on the basis of seleniwn
content, the wheat containing seleniom was relatively more toxie
than selenions acid,

In the second study the reproductive performance of the group on
the diet containing 0.75 p. p. . of selenium was not superior to that
of the control group. The group on the diet containing 1.5 p. p. m.
raisert w slichtly higher percentage of young, but the difference over
the value for the contrel group was not so great as in the case of
the sccond-genceratiom animals of the first study. These [indings
therefore did not confirm the suggestion that very small amounts of
geleninig in the diet might have a stimolating effect.

Analysis of the fool-intake records of u limtted number of animals
showed that the daily ingestion of enough seleniferous wheat to
supply as little ag 0.00025 g of selenium per 100 g of body weight
per week resulted in returded growth. failure to reproduce, and the
development of the characteristic symptoms of selentum poisoning.
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STORAGE AND EXCRETION OF SELENIUM

In the foregoing studies the livers of the rats showed the most:
prononunced eftects of selenium injury, and therefore it became of
interest to know whether this was due to excessive accumulation of
seleninm in this orgun. The results of analyses made by Robinson on
a few carcasses of rats fed seleniferous wheat indicated that selenium
was stored (o a considerable extent in the liver and to a slizht extent
In the niuscles and bones. At the suggestion of H. G. Byers, of the
Burean of Chemistry and Soils. balance experiments were under-
taken to determine the rate of exeretion of scleninm in relation to
intuke and also the amount stored in the body. Later these investiga-
tions were extended to include studies to determine the rate of storage
of selenium in the diffevent pavts of the body and also the rate of
climination when the animml was returned to a diet containing no
selenium.  George Bammstark of the Buresu of Chemistey and Soils
cared for the animals and wade the necessary seleninm unalyses.
Since the report given here was first submitted the results of some-
what similar studies miade at Johns Hopkins University have Leen
published {4, 5).

PROPORTION OF INGESTED SELENIUM STORED

MBS

Tleven rats ranging in age from 33 to 105 days were given a diet
ol the following pereentage composition : Wheat containing seleninm,
603 normal wheat, 8t meat scrap, 3: skim-milk powder, 15; yeast, 5;
cod-liver oil, 2: and butter, 3. The wheat was from the lot used in
the studies alveady reported and contained 15 p. p. m. of seleninni.
The diet thercfore contained upproximately 9 p. p. m. TPrevious
experience {pp. T and 13} indicated that this was sufficient to
prociice toxie symptoms bot nol enongh to cause death before the
expiration of at least 6 months,

Five of the rats were housed singly, one cage contuined fwo
animals and a thivd, four.  The eages used were 9 inches in diamoter
hy 8 friehes 1n height. Kor the small animale the flooring was made
of one-fourth-inch mesh ~creening, but for the lirger animals it was
made of one-hatf-nel mesh, Jars containing Tood and water were
kept in the eages, cave being taken to nreange the food javs so that
seatlering was reduced to o minimnm, The animals were weighed
at the end of each week and records were kept of body weight, Tood
intake, volume of urine, and weight of feeal mattor.

The method of separating the feces from urine was similar to
that described by Drinker, Thompson, and Marsh (). FEach eage
was supported divectly over a Inree funnel about 10 inchog in diame-
ter, the shortened stem of wiiich rested an inch above a pear-shaped
bulb in a small Tunnel about 2 iuches in dinmeter. 8ix snall pro-
Jeetions held this bulh abont one-fourth ineh frons the sides of the
fannel which was supported in the wounth of a smull graduate by
a rubber stopper. Phe graduate was protected by 2 evlinder of
galvanized iron 8 inches in dimmeter and 9 inches high.” This ar-
rangement permitied the urine to flow down the sides ol the Inrge
funnel onto the bulb, where it was divected into the graduate by the
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funnel. Small amounts of thymol and mineral ¢il were placed in
the graduate to inhibit bacterial decomposition and sibsequent loss
of selenium by volatilization. A fiiter paper was placed under the
graduate to absorb any urine which might be spilled. The feces
falling through the large funuel to the bulh were deflected onto the
filter paper at the bottom of the galvanized cylinder.

When the material was collected for analysis, the feces were
removed from the filter paper first and then the inside of the eage
and the sides of the funnel were washed with water which was added
to the urine sample. These collections were wade at intervals of
2 or 3 days. After each collection was completed, the soiled enge
and other apparalus was replaced with clean material.

The samples of feces and urine could not alwavs be analyzed
immediately, and therefore were stored to minimize logs of selenium
through oxidation and volatilization. "The feces were kept in tightly
stoppered bottles in the refrigerator.  The urine was pub in tightly
stoppered  flasks containing smunll quantities of nitrie acid and
hromine.

During the early part of the work the wreine and feces samples
analyzed included the amount colleeted during a week, but later in
the study collections made during 2 weeks were used.

At ihe end of the experimental period, the rats were killed and
their bodies prepaved for analysis. The stomach and intestinal
tract with contents were removed and disearded.  This introduced
a slight crror in that no record was obtained of the selenium in
these tissnes and in the undigested fowd. With the exception of the
first few animals, the body was divided into three parts for pur-
poses of analysis: (1) Organg of the thoracic and abdominal cavi-
ties; (2) skin and hair, feet, tail, and head: and 3} the remainder
of the careass, mostly wusele and bone. In the preliminary tests
an attempt was mude to separate the muscles and bones, but this
process proved too tedious and was therefore ot continued.  IT the
analysis could not be done on the same day the rats were killed, the
eareasses were stored in the freezing compartment of a refrigerator.
Tsually the time between death and dissection was not more than
2 days,

The selenium analyses were made according fo the method de-
veloped by Robinson and associates {(22). The material taken for
analysis wax first decomposed. as far as possible, by digestion with
30-pereent hydrogen peroxide and concentrated nitric acid on a
steanm bath.  The urine wag first evaporated to snmll velume after
addition of the nitrie acid, but before the hydrogen peroxide was
added.  When digestion wus completed, bromine and $0-percent
hydrabronnie achl were added, and after heing heated, the wixture
was distilled in an all-glass still antil only & small quantity of
Hguid remained in the distilling flask. The browine in the distillate
was then reduced by passing inoa stren of sulphure dioxide.  Ater
atlelition of about one-Tourth cram of hydroxyianmine hydrachloride,
the mixture was placed on n sfenm bath. Tt anly o siall amount
of organic matter romained nndestroyed and the ainount of seleninn
present was more than a teace, the ved precipitale of scelenium was
casily detected. This precipitate was then filtered off and dissolved
in livdrebromic acid to which o small amount of bromine had been
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added. A solution of pum arabic was added, and sulphur dioxide
passed through, after which a smiall amount of Liydroxylamine hy-
drochloride was added,  The quantity of seleniim’ present was esti-
mated by comparing the color of the resulting suspension with one
prepared in the same way with 1 known quantity of selenivm.

RESUIAYS

The results obtained are summarized in table 6. The quantity of
selenitim ingested was caleulated from the food intake.  Inasmineh
as there was always some seattering of food, these values may be
high, although the food-intake figure was adjosted to take care of
=pillage whenever this could Do estimated.

Tante G—Nloruge and ewcretion of seivnivm by rels fed o diet conlaining
foogeome of seleninne dovived from wheat
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In some of the first analvses, magnesiom vitrte was used in
the preliminary charving.  Unfortunately. tlis cnnsed approciabla
Toss of seleninm, nimking 1he values low Tor the quanlity vecovered
nuthe fivst F oweeks {or rac 16146, the first 3 woeks for wats 16148
aml 16150, and the fiest week for rat 16673, Losses in a fow othor
ases have heen noted in e rahle.

Wath tie exception of one case. the quantity of seleninm exereted
i the urine was greater than that exercted” by wiy of the feees.
The total amount roeovered Sic the body tssnes of e different ani-
mals varied eonsiderably. althowrh it vepresented only o sall frae-
tion of that inpgested and in no instance oxcopded 1 mg. The ani-
mals kepl on the dier for 11 weeks did nol show preater siorage
than those maintained for shovter periods, indicating that the slorage
af seleninn in the aninal body is not cinoulativoe,

RATE OF STUORAGE OF SELENIUM

Five litter-nimte wmale vats and foue Htter-nate fomalos were Haced
at 4 weeks of wge ona diet containing 50 pereent of selenized whent
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from the lot used thronghout these studies. This particular diet
contained therefore approximately 7.5 p. p. m. of seleninm. Atler
2 weeks on the diet one mule rat was killed and the body mmiyzed
for selenium by the method alveady described. AL the end of 4
weeks another male and a female were similarly treated. There-
after this procedure was repeated nt intervals of 4 weeks until ali
of the animals were disposed of. The initial and final weights of the
animuls and the total quantity of selenimm found in the bodies are
shown in talble 7. The female that was to have been killed at the
end of 16 weeks ddied before the expiration of that time amd therefore
ne analysis was availabie.

Lk T—Ntorage of seleninvpe by rats placed at 4 acecks of age on a diel con-
e o C ; o
tulning 3.5 poopo m. seleadion devived from wheat
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The data indicate that maxinnum storage of seleninm i probably
veached at some tine betwoeen the Tourth to eighth week, or rather
~oon after the anhoal is given the selenized food.  Although in cach
ease the quuntity recovered from the female was less than that from
the corresponding mule, the eases are too few fo warrant the con-
elusion that females store Joss than wales. The values for quantity
of solenimn stored are of the samie order of mungnitude as those ob-
rained in the halanee stody ({able G6).

HATE OF ELIMINATION OF STORRED SELENIUM

Five male vatx (Four Jitter mates) and five litter-male females
4 weeks of aee were given the diet containing 50 percent of relenized
grain and continued on that et for 13 weeks. At the end of His
time one wale and one female wepe killed and their bodies divided
into three parts us deseribed, and analyzed for selenium. The re-
nining eighl animals werve then given a diet of the sone composi-
tion as formerly. but with tie wheat component replaced by nopnial
erain containing no selentiom. After 2 weeks on this sefenium-free
diet, n mutle and o female were killed and their bodies amalyaed for
sefoninin, Al 2oweek intervals thiz procedure was repeated wa(il oli
of the animals had Deenc killed and analyzed.

The weights of the animals wf the time they were returned vo the
seleninm-froe dict, the weights when they were killed, and the quan-
tities of selenim reeovered from the carcasses are shown i table
& Tt was necessary (o have the snalyses on the Jast patr made in
another Iaborntory,  No seleninm was found in the budy of the fe-
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male and only 0.08 mg in the muscles and bones of the male.  These
vesults seemed rather out of line with the others, and this should be
falken info consitleration before definite conclusions are drawn from
then.

PanLe 8 —Rale of elimination of sclenbwin by rats given o selenivm-free diet
wafler being maintained from 4 i 37 aweeks of age onoa dict contuining 1.3
popo B selenivne devived from wheat

Mitles : Feannles
Period |
on the Selenium stered Solenivan stored
seleni- .
wi-froe - % A .
dleg = LT e i
{woeks) | z = v |E2ag=
.o S F
= 4 e
; = L= [ Y
‘ ' Ay J . . o« My U Afg | Mg 1My
0.. limm . Q.07 ] 0. 05 |0 D% 014 | 1eaE ... . Wy o.ar e a7 | ne
N . ML L v jakl o L8 1t il s P EL O (R 1
A0 .. i itz IiE) 116 166 .00 . % a1
[P L 3 aridoLm a5 130 .02 i Ri<EEN ]
1, B Ll | Gy dsba U 142 1TH 4 0 4] l L

£ Aplenbirng naolyses made i poother labsratory o See dexc,

The reailfs with the males would indieate that selenium stored
in the Lody Ussues is retained for a considerable time, at teast, after
the animnl censes to ingest selenium.  The results with the femulea
seem o indicale that s[mod geleninm may he gradually eliminated
.l]_lL‘L the animal censes to ingest the element. \\ helh{- these Iind-
ings are frue for the two sexes vannot be stated from the fow
{th.l avatlable,

Further work along (his line i needed. The guestion at issue dx
of iinpmi e 1o lhtN’ eoncerned with the marketing of meat from
animals that may have at one time or another bt il necess to plant
mpterinl nml.lmmw celeniun.

PERMANENCE OF INJURIES DUE TO SELENIUM POISONING

The results of the stwbies on the stornge of seleninm in the body
indieated. conclusively that the amount of selenivm retained in the
tissnes was =mnall {'mnp.nt‘i} to the total gquantity ingested.  On the
other had, the resells of the feeding tests with varions levels of
whest as well as u(‘lvmmh aeil shiowed that the severily of lesions
aue to seleninm poisoning is direetly proportional to the quanlity
of seleniim in the diet. 1t seemed, therefore, that although seleninm
wast direetly responsible for the tiseue chinnges, its conl intied pros-
ence was nol essentinl to the pessistence of tiese changos.  In other
wortls, the guestion was rvaised: Ave fhe characteristic lesions of
sofenitm imjury also pernmnent!  The animals (table 8} used ib
the feeding test to determine the rate of exeretion of stored seleainm
aave evidenee on this poinl. The notations with regied Lo appenr-
ance of external symplonis of poisaning in these .mnmh during
the Teeding tests and the findings at autopsy ave shown in table 4.
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"LABLE Ne——Conditions during feoding oad od aifopey of aniivals given uosele-
witp-froe diet after befing mabidfadned from § to 87 weels of dge on o dict
eenfaining 7.5 poopo i, of seteninm devived froom wheal

| Condition when m"i" “anditfon
1 Conditlon when ¥ oo sele- | Canditlon dur- !
"':i""ii":m’“r [ wIL O selenidm= - njum- | ing selenintsies | Sy Tiphinges
b Tree wliot bodre - Tl ol g
Al

Hedw :
631, anale | Nipalema ’ Nodemne . L0 Liver lesions elawrwterisize of selentiin

: ; julsening.
16524, feqple 08} do E [EITH
Y50, 1nake. do . e b Liver lesioas charueterisiwe of seleniam
||u1*-<-nm... Sl pneewint uidl i hody
. Weeand i Choravie eavidy,
I, fele. a. . : o, o Liver feslons pharseleristic of seloniim
: : iy,
16517, mple. . ilo dn Narepart,
16524, feanle whet ; Coaloes o - Llver leswons ebwraeteristit of seleniom
. Jraesaning,
18515, male . . il ©o St edoin DLiver lestons elnracrerlstie of seleninm
! poloripe; -8 lgubd inadidominml -
1 1ty
I3, fpanale o ol Liver lestons eharueteristie of sctenfinn
polsaning ¥y Haid Ty alwdoroiol cov-
1 ; . fty. Hloody Muid by intestine,
Pna, sl Anvibes present D ATarkef aasiites Nn rl’i'url
16525, fenmle \ut\uh-un . . (BI118

Animals 16519 and 1652 may legitimately be vonsidered as controls,
gince they were killed and autopsied at the emd of the 13-weel period,
when the group was transterred from the diet containing 7.5 p. p. m.
of selenivm to the selenium-{ree diet.  Both of these rats showed
the liver lesions chavacteristic of selenimn poisoning.

Autopsy reports Tor five of the elght remmining animals main-
tained on the selenium-Tree dict for various Jvnwlh» ol time reveal
the presence of charcteristic liver lesions. One of the three animals
for which no aniopsy report was nade continued to show inereas-
mgly severe symptons ol aseites yfter heing an the ~elenium-free
diet Tor us lonr as 1215 woeks,

This evidence would indicate that lesions onee Tarmed may remain
as pernent injuries after lngestion of seleninm = discontinaed.

SUMMARY AND CONCLUSIONS

Grains and plant materialz thae praduce the erroncously called
“allkali disense™ in Targe animals also produee toxic symploms in
rats. The most prominent of these ave generalized edemn and tiver
injury. 1o advanced eases the liver ])I(‘Hl‘llln an atrophie nodatar
appearance ol oftentimes is grown together in o single ard mass.
Large amounts of a straw-colored i colleet in the abdominal
cavity, These svmptoms are identical with those produesd o orats
by Teeding small wnounts of selenious aeid or seleniom salts. The
toxic svmploms nofed cannot he pceounted Tor on the basis of low-
ered Jood intake.

Selenium added to the diet of pas i the form ol selenions aeid
s toxie in proportion to ils conceniration in the diet. The thresh-
old level of the tethal dose was between 13 and 184 popoome The
condition of animals on the diet contiining 184 po poone ol seleniom
most nearly resemibled the animals on the toxic wheat diet that con-
tained 0.8 p.p.
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Wheat contnining selenium incorpoerated in the diet of rats has a
detrimentul effect on growth and reproduction in direct proportion
to the nmount of selonmim supplied. On a diet containing 8.7 p. p. .,
growth was stunted, very few young were born, and none reared.
After o period of several months, all animals showed severe toxic
symptoms,  On the diet containing 6.0 p. p. m. weight was con-
sidernbly below normal and the number of voung born Tand the per-
centage veared were less than normal, To the seconi generation no
)(}unrr were veared. The dict contzining 3.0 p. p. n Thad a slight
effect on reproduction, although growth was apparently nor wal.
When the dict contained 1.3 p- p.onor less there was no detectable
effect on growth or reproduction. The ingestion of toxic whent sup-
plying as little as 0.00025 ol selenium per 100 g of body weight
per week led to development of loxic symptoms,

There is considerable variation in susceptibility of individual ratx
o selenhan Injory.

Storage of seleninm in the body of the rat is not cnmulative.
The totat gquantity stored did not in any ease exeeed 1 nyer, AMuaxi-
mum storage ocenrred within a few weeks after the animal was
given the diet containing seleninm. To the case of the males, sele-
pivnt stored in the bml\' wax not entively eliminated when the
seloninm regimen was discontinued. Whether this is troe of females
ns woll cannot be aftirmed Trom the data obtained in this study.

Lffects of selenium poisoning in rats persisted alter the annnals
were retiwrned to o normnal diet and even though most of the selenin
taken up by the alfected tissnes had been eliminated, This fuct em-
phasizes the seriousness of seleninm poisoning and snggosts the newd
for profective measures designed to eliminate this pertl which may
endunger the health ol liuman beings as well as of animals.
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