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1.

INTRODUCTICN

The problem of selenium poisoning has been extensively reviewed
by Moxon (1), Mowon and Rhian (2), and Trelease and Beath (3). Although
a considerable amount of work has been done on this problem, the mecha-
nism of the toxic action of selenium is not understood. This work was
undertaken as part of an eifort tc datermine tho rature of the protec-
tive effect of certain substances against selenium pcisoning, in that
this might aid in understanding its toxic action,

Moxon (1) reported that proteins minimized the severity of sele=
niun peisoning and others have reported similar findings (. ds 6, Ts 8.)
Some work discussed by Trelease and Beath (3), has indicated that sele-
nivm and sulfur metabolism by living organisms may follow similar routes.
In view of this and the protective effect of proteins, methionine as a
possible selenium antagonist has received considerable attention, and
ruch work with alvino rats on this problem has been reported as discussed
below.

Smith (€) showed that the effect of feeding naturally occuring
selenium to albino rate depends on dietary factoxrs and that the extent of
danage 1s correlated with the percent of protein in the diets., ie also
concludaed that it is the protein-selenium ratio rather than the level of
selenium intake that influences seleniun tcxicity most,

Lewis, Schultz and Cortrer (7) found that the addition of methio-
nine to diets containing 6 percent pmto;.n in the form of casein ine
creaeed the resistance of rats to the toxic effects of 25, 35, and 50
ppe of selenium in the form of sodivm selenite. The addition of cystins,
however, had no effect. On the other hand both methlonine ard cystine
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were equally effective in increasing growth when added to the control
grcup containing 6 percent casein, These authors suggested that methio=
nine might possibly function as a scurce of methyl grcups in the detoxi-
fication of selenium, Nevertheless a comparison between a high protein
diet (30 percent casein) and low protein diet (& percent casein) supvle-
mented with methionine to give the same percert of methionine as the high
protein diet negated methionine as the only factor in protein supplemsnts
respcnsible for the diminished toxicity of seleniur.

Smith ard Stohlman (8) reperted that lysine and methiordne at levals
of 1.7 percent ard 0.8 percent respectively were ineffective in preventing
poisoning caused by naturally occuring wheat selenium at a lewvel of 10 p.
p. m, PFurther they found that methionibe and cystine when fed simule
taneously at levels of C.5 and 1.0 percent respectively were ineffective
in preventing selenium poisoning caused by sedium selenite at a level of
15 p.pette of selenium in a diet containing L percent casein.

Sellers, You, and Lucas (9) showed that methionine at a level cf
0.5 percent gave protection against eelenium poisening or a diet which
was adequate for normal growth and which contained 20 p.p.m. seleniun as
scdium selsnite but only in the preserce of a~tocopherol, They also re-
ported that choline chloride (0.15 percent) afforded slight protection
while cystine (O.k percert) was ineffective,

Klug and Harshfield (10) found that 2 percent of methionine was
not effective in preventing symptorwd of selenium peisoning in 250 gram
rats on a naturally seleniferous diet (23 p.p.m. selenium). Later, Klug
et al, (11) reported that 2 percent of’ ﬁet‘nionim, alone or with 0.05

percent added a-tocophercl, did not afford protection against 23 p.p.m.
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of naturally cccurring selenium, In view of the fellure of the great
excess of methiorine tc prevent selenium poisoning, the avthors discarded
the idea of a metabolic antagornien between selenimm and the sulfur cf
methionine cr the in vivo inactivation of methionine by seleniun,

Unpublished work, which was undertalten at the South Dakota Agri-
cultural Ewperiment Station after Baron and Allison (12) repcrted in-
creased tissue regeneration caused by a mixture of glycocyamine and me-
thionire, indicated that glycocyamine alone was not effective against se-
lenium in the form of selenite while methionine alone was effective. A
mixture of methionine and glycocyamine was more effectiwe than methionine
alona. The rcle of glycocyamine in this latter finding was interpreted as
that of a protective agent ageinst the toxicity of methionine itself at
tbs relatively high levels used.

Fels and Cheldelin (13) found that methicnine was specific in the
detoxification of selenate by yeast and that only the naturally ocecurring
L form was active., Dl=homocystine plus a methyl donor such as cholins or
betaine did not reverse the inhibition caused by selenate.

The conflicting findings concerning the effectiveness of methionine
against selenium poisocning were obtained with a variety of diets and under
a variety of other experimental conditions. 1t appeared, therefors, that
certain unknown factors or conditions might be necessary for methionine
to be active as a protectant, It was dscided that a gemi-purified diet
containing 10 pepem. of selenium as sodium selenite and male albino rats
weighing about 70 grams sixcuvld be uwsed for further study of the problem,
wWith such standardized conditions and with a diet of constant and well-

defined compcsition the unknown facters might be determined, Part of the



work discussed here deals with the effectiveness of methionine and relat-
ed compounds against selenium poisoning under these conditions.

In his studies of seversl protein supplements, Moxon (1l) found
that 1linseed o0il meal gave the most consistent protection against sele-
nium poisoning. Halverson, Peterson and Klug (15) reported that flax
enbryo seemed to be more effective than the flax Imll against naturally
occurring selenium (10 p.p.m.). Later, Schuchardt, Halwverson and Clagett
(16) made a similar study and found that both hull and embryo were about
oequally protective when an inhibitory effect of the hull on the growth
of rats was considered.

In 1955, Halverson, Hendrick and Clson (17) reported that the pro-
tective principle could be extracted from linseed oil meal with hot SO
percent ethanol-water mixture. Ashing destroyed the activity of the ex-~
tract. The protective principle was soluble in water and it could not be
precipitated by lead, making it unlikely that it was protein in nature.
It vas active against both inorganic and naturally occurring selenium,
Balverson and Herdrick (18) also establiahed that there was no relation-
ship between this factor and the anti-vitamin Bg principle of linssed oil
meal (18). Further studies on the fractionation of linaeed oil meal are

reported here,
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STUDISS WITH METHIONINE AND RELATED COMPOUNDS

ZIPERIMENTAL

All of the experiments with methionine and related compounds were
carried out using male aldbino rats of the Sprague-Dawley strain. The
animals were put on the experiment when they weighed about 65-75 grams.
They were kept on experiment in individual wire bottom cages for about

four weeks and received food and water ad libitum. Their weight was re-

Table I

Basal diet used in studies with methionine and related compounds,

Major Constituents - Vitamin mix

Dracket protein 1 20% Thiamine . HCl 0.60 gnm,
Lard 3% Riboflavin 0.60 gm.
Salt Mix 2 3% Pyridoxine « HCl 0.60 gn.
Solka floc 3 32 Calcium pantothenate L.00 gn.
Corn starch g Nicotinic acid 2,00 gm.
3 Incsitcel 100 .00 gnm,

Vitamin mix 0.14 g./100 g. diet. Pteroylglutamic acid 0.20 gm,
Biotin 0,01l gm.

2-methyl-l,L-rapthoquinone 3.00 gm.

Para aminobenzoic acid 30.00 gn,

Vitamin Bs 0.002¢m,
m.UIEa.

lpurified soybean protein

20.3+P« X1V, Nutritional Biochemicals Corporation

3A cellulose product of Brown Company

LVitamin A, D and E supplement orally once a week: 600 IU Vitamin A, B85 1U
Vitamin D, and C.8 mg. a-tocopherol,

corded once a week and at the end of the experimental periocd they were

weighed and sacrificed. Their livers were then removed, weighed and their
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eslenium content for a group as a whole determined. The weights of the
livers, expressed as the percent of body weight were used to express
liver darmge nunsrically. Awerapge daily -ain was calculated for all the
animals on an cxperiment,

A eemi-purified diet low in methionine was vsed in these studies.
The composition of this diet is shown in Tatle I, It should be noted
that choline has been omitted from the vitamin supplement,

In the diets containing added methionine or other sinilar supple-
ments, the welght of supplemsnt replaced an squal weight of starch, other
ingredients remaining the sare. When selenium was tc be fed, it was in-
corporated into the diets as sodims selanite by dissclving the salt in
70 percent etlianol and sprinkling the aflution on the other ingredients.
In all experiments the level of selenium was 10 p.pe.me All dists were
well mixed and stored at 3°C (X 2°),
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RESULTS

Di~Methiorine: Although a response to Di~methionine at the 1 and 2 per-

cent level had been shown using a corn type selerniferous diet (unpublish-
ed wark, Scuth Dakota Agricultural Experiment Station), it was decided
that a similar study was necessary withk the semi-purified diet. This diet
contained nc chrline and had a calculated methionine content of only 0.20
percent bvt contained adequate amounts of other essential amino acids and
vitamins, Three levels of added Dlemethionine were used here: 0.30, 0.80,
and 1.80 percent. Both non-seleniferous and seleniferous diets were thus
supplewented with the amino acide The results of this experiment are
given in Figure 1.

With rats on the non-seleniferous diet, some stimulation of growth
was obtained at the 0.30 percent added DLe-methionine level. This could
be expected in view of the low retldonine content of the basal diet. l.ess
stinulation was obtained at the C.B8C percent level, and at the 1,80 per-
cent level grcwth was actually retarded below that of the rats on the diet
with no added metnionine., At no level was the liver:body weight ratio in-
creased over that obtained on the basal diet, and all rats in all groups
survived.

On the seleniferous diet, all levels of Dil-methionine gave better
growth than the basal without added Dl-methionine, although the 1.80 per-
cent level was not quite as good as the C.80 percent level. All levels
of Dl-methionire also gave betier liver:t;ocb/ weight ratios than the basal
diet, but at 1.80 percent, the ratio was not quite as good as at 0.6C
percente As to survival, only the 1.80 percent level seemed to prevent
deaths.
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Data for averasge daily gain indicated some protection at the 1,60
percent level, At this level rats on the sclerdferous diet gained better
than those on the same diet without aided Dl~ methionine, while for those
on the none-seleniferotuc diet the revorse was true. Considering survival,
again it wvas only at the 1.8C percent level where any effect was apparent,
The liver data, hcwever, indicated that the C,80 percent and poseibly the
0,30 percent levels also gave some protection against seleniun, lieverthe-
less, thc results were not decisive and did not clearly demonstrate a pro-
tective eoffect,

Choline: Although dl~metnionine did not give clearly defined protection,

the suggestiun of vrotoctior, and the earlier results already wentionsd,
made trials with other methyl dcnors ssem advisable, lewis, Schults and
Gortner (7) have postulated that metlyl grovps might detoxify selenium,
and the finding that diretiyl selenide is exhaled by rats injected with
inorganic seleniwm (20) rakes this seem quite possible, Choline chloride,
anotler methyl group donor, was used at levels of 0,10, 0.20, 0.k0, and
0.80 percert, It was added tc both the seleniferous and non~seleriferous
diets and the results are given in Figure 2,

The non-seleniferous diet sroduced increased growth of rats at the
0.10, 0.20, amd C.iO percent levels. The 0.10 percent level was the best
while C.EO percent gave decreased growth. The liver:body weight ratio
showod the largest increase at the 0.10 percent level with all other levels
®eing only slightly more effective than the basal, All rats in all groups
survived,

Protection from selenium hy chelinc chloride was more proncunced

than by dl-methionire, especially as measured in terms of the liveribody
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weight ratio, Protection as exprescod by the average daily gain was
again apparent only at the highest lcval,

Betaine: In view cf the resvlts with clicline chloride it was decided

that betaine should be studied mext. It was added tc both the selenifer-
ous and ncn-seleniferous diets at C.08l, C.17, C.3lL and C.67 percent
levels, ‘These levels were used in order to make the number of moles of
betaine per unit weight of the diet in each lzvel equal to the number of
moles of choline chloride at 0,10, 0.2C, 0.L0, and 0.80 percent levels
respectively. The resuvlts of the betaine experiment are shown in Figure 3.

Rats on the non-selenifercus diet shcwed increased giowth at the
0.08L, C.17, and C.3L percent levels, while at the C.(T percent level the
growth was about the same as for the rats ¢n the diet without added be-
taine, The stimulation of growth at the;{C.l? percent level was better
than that cbtained at the C,08L percent level and about the same as that
‘of the C.3k percent levels The liver:body weight ratios on the 0.17 and
C.3L porcent levels were about the sane as that on the basal diet, while
the 0.08L and C.67 percent levels docreased the liver:body weight below
that of the btasal diet, These variations are probubly not of significance.
All rats in all groups of the non-seleniferous diets survived,

Cn the seleniferous diet all the levels of betaine produced bstter
growth than the basal, with the 0.08L, and G.17 percent levels being about
equally effective, Further increase of the betaine supplement resulted in
an additional growth stimulatior., A1l lewels gave a better liver:body
weight ratio than the basal diet. As concérns the data on survival, all
the supplemented levels gave better protectior than the basal, but only at

the 0.67 percent level was 100 percent ewrvival found, There was apparent-
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ly some prctection from selenium by betaine in tids experiment, although
it was very slight, There was scme indication that higher than C.67 per-
cent of beta’ne in this type of diet might te mcre efiectivs.

Jl-Homocystine:; To ascertain whether methyl grou, was responsible for the

apparent protcction cbserved with methionire, en expveriment with Dl~hopo-
cystine was undertaken, It was added tc the seleniferous and non-seleni-
fercus diets at C.27, C.72, snd 1.€2 percest levels, waich correspond on
the basis of homceystine content to the C.3C, C.E0, and 1.80 percent DL-
mothiorine added in the earlier experiment, The results of this experi-
rent are piven in Figure L.

Rats on the non-seeleniferous diet displayed a steady decrease in
growth with increasing arount of homocystine added, ILiver:body weight
ratios showed a considerable increase at all levels of added Dl-—homocy-
stine, with the greatest increese at the C.72 percent level. All rats in
all grocups survived.

On the seleniferous diet the homocystine supplements caused a de=-
creape of growth at the 0,27 percent level, There was no change in the
growth rate at the C.72 percent level, but a siight increuse at the 1.62
percent level., The liver:body weight ratic decreased at the C.27 and C.72
percent levels and was increased somewhat at the 1.62 percent lsvel, There
was no protection as measured both by the average daily gain and the liver:
body weight ratios at the C.27 percent and C.72 percent levels, At the 1.62
percent level the avergge daily gain indica'ted a slight grotection, In-
crease in the llver:body weight ratio, becavse of a similar trend in the
correspording control groups, cannot be teken as a sign of protection from

selenium, In spite of the largely negative results, it cannot be definite-

SCUTH DAKOTA STATE COLLEGE LBRARY - 115871



IN GRAMS

DaiLy GaIN

AVERAGE

T
6
l‘\\\\illl:!ll ———
m .
A -
e ———X
\\\Xll-.l.lll
3k -
——
\\\8|
e =
N -
n il i i il ~ i - A ik A ra— | ramm—| i, A i

12,

0 ) 02 o3 04 0% o6 O7 o8 049

% BEYAINE IN DIETS
e o « NONSELENIFEROUS

XXX SELENIFEROUS

—— AV DAILY GAIN
—-— LIVER/BODY WT RATIO

Figure 3. Effects at various levels of betaine on average

daily gain in weight, on liver size and on survival of rats

on non-seleniferous and seleniferous diets.

There were 8 rats per group with the average initial
weight at 67.8 grams. The experiment was terminated at the
end of 26 days. On the non-seleniferous diet all animals
at all levels sirvived and on the seleniferous diet the sur-
vival is indicated by the small nvmexgls above each point on
the avera~e daily rain line.

A point on the graph resresents an average value for
all rats in a group.

-7
T
Im AIU
W
=
45
o
@
44
o
3t
43
w
o
7y
412
@
>
41 =
—
0
o



AveErRaGE Daiy Gain IN GRaMS

/',/ ““~‘\‘h\
7 ’/// ‘ﬁh\w‘ —_——3 7
-
/I
P
6 6
S 5
4 B 4
3 .‘\\ ,—-—'——’-’l’ 3
\\\ _____ X
N X e e
2 2
68
—x
]
8 ’ - I
(o] 0
(4] 02 04 o-6 08 IO 2 -4 I8 8 20
% HomocysTINE IN DieTS
es o NONSELENIFEROUS
x X X SELENIFEROUS
AV. DALY GAIN

LIVER/BOOY WT. RATIO

Figure !, vels ¢f DI= omocystine cn

average ~ils ain in wa'e t or liver size and o surv: al

of rats or —-seleni.~>ous Al seler iferows diets,

I'he were rats er up with the avera_e in tial
weight at . Se ex eriment was termira ted at the
end of 9 da,s. Crn t+ non-seleniferous diet all animals
at all lev 1s v d and the .elepiferous diet the sur-~
vival is ndicated by the small numer=ls above each point on
the avera e dail: gain line.

A oint on the graph re resents an average value for

all rats in a group, .

Size, % of Bopy IGHT

L_ VER



15¢

1ly stated that homocystine has no protective effect whatsoever.
LMethionine: In order to compare the physiological and chemical factors
in the protective effect of methionine a study with L-methionine was under-
taken, It was added to both the selenifercus and non-selenifercus diets at
0.15, 0.0, and C.90 percent levels in order to provide the same number of
moles of L-methionine as in C,30, 0.80, and 1.80 percent levels of Di-
methiorine respectively. The results are given in Figure 5,

In the non-seleniferous diet the added L-methionine produced in~
creased growth of rats at all levels. However, the increass at the 0,50
percent level was less than at either the 0.15 or the O.L0O percent levels
which were about equally effective, The liver:body weight ratios showed
a slight increase at the Cel5 and the C.l.0 percent levels, but decreased
somewhat at the C.90 percent level to below that for the unsupplemented
diet, All rats in all groups survived.

The seleniferous diet produced increased growth at all levels of l-
methionine, the rate of increase being about the same throughout. The
liver:body weight ratio decreased slightly at ths C.l5 percert level but
increased at the 0.L0 and the 0.90 percent levels abowe that for the non~
supplemented level, The survival in the seleniferous diet was 71 percent
in all levels.

In view of the similar trend in both the non-seleniferous and the
seleniferous diets at the 0,15 and the 0.LO percent levels no protection
can be said to be demonstrated at these ievels. At the 0.90 percent level,
hewever, some protection as expressed by the average daily gain and liver:
body weight ratio was evident.

DlLethionine and Naturally Seleniferous Wheat: As mentioned earlier here,
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There were 7 rats per group with the average initial
weight of éL.3 grams. The experiment was terminated at the
» ©n the non-seleniferous diet all animals
at all survived and on the selerifer™us diet the sur-
rival is Indicated by the small numerals above each point on
daily gain line,
~oint on the represents an average value for
all rats in a group.
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DI-methionine had been found to protect against selenium poisoning to a
fairly high degree (unpublished data). In these early experiments a coro-
casein type diet and sodium selenite were used. On the semi.purified diet
used here, the msthionine effect was slight. It was decided that the effect
of Dl-pethionine on a wheat type diet as used by Klug et al. (11) should be
further investigated. An experiment using selenifercus wheat was therefore
undertaken,

The results of the experiment and the composition of the diets used
are given in Table 11. In the non-seleniferous diet 2 percent of added Di-
methdonins decreased both the average daily gain and the liver:body wel ght
ratio, although the latter decrease was not of significance. All rats in
all groups lived.

In the seleniferous diet, 2.0 percent of ‘added methionine gawe an
increase in the average daily gain, about 50 percent greater liver:body
weight ratio and a much higher survival. Some protection from natwrally
occurring seleniwm by Dl-methionine at the 2.0 percent level was indicated
by all of the criteria used. A4lthough tris protective effect was ummis-
takable, it was again rather smsall.

Effects of Various Compounds on Selenium in Livers: The livers of all

rats except those in the choline chloride and the selenifercus wheat ex-
periments were analyzed for selenjum at the conclusion of each experiment
and the data are presented in Pigure 6. The method of Klein (23) was used
for the selenium determination, and the livers were analyzed without dry-
ing.

The data in Figure 6 show that even small amounts of a methyl donor

produced a large decrease in the liver selenium contert but that more than



Table IX

The effect of OlL-methionine on the toxicity of a naturally selenifercus diet (wheat).

Percent of Results on non-seleniferous diets®

Results on seleniferous diets?

bDl-methionine Kverage Liver welght Survival

) Average Tiver welight Survival
added to diet dafly gain daily gain
2. T of body T Z. % of body z
weight weight
0 6edls 5.58 100 0.15 2.76 12
2 38, S.h8 100 0.95 3.3 86

1 Basal diet as described by Xlug et al. (11),

Seleniferouvs wheat was used in an amount to give 10 p.p.m. of

selenium in the seleniferous diet. Vitamins A and D were given orally once a week.

2 a1 groups of rats composed of eight arimals emcept for the seleniferous diet containg 2.0 percent of addad
3

. Dl-methicnine whewe seven rats were used. Average initial weight of all groups was 66.5 grams. Animals were

on experiment for 21 days.

ig't
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about O.L percent of any supplement resulted in only a slight further ds-
crease. In contrast to this, the data obtained with Jl-homocystine gave
a straight 1line relationship between selenium content of the livers and

the amount of Dl~homocystine added.
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DISCUSS1ON

It is obvious fram the results presented here that none of ths
methyl donors used gave good protection against selenium poisoning on the
semi-synthetic diet. However, there is a certain consistency to the data
that does indicate a protective effect of small magnitude.

Considering the growth data for rats on non-selenifercus diets, all
of the methyl donors gave increased growth rates at the lower levels with
a subsequent decrease at the high level to almost or even below that of the
unsupplemented diet. For the rats on seleniferous diets, the growth rates
were again increased at the lower levels of supplementation, Except in
the case of INl-methionine, they continued to increase even at the highest
level. Wwith DL-methionine, however, a protective effect is also evident
since the highest lewel of this comround decreased growth on the non-sele-
niferous diet to below that of the basal lewel, while on the seleniferous
diet the growth rate was still over twice that of the seleniferous basal,

As to the data for liver:body weight ratios, the different levels
of the various methyl donors had no consistent effect on the non-selenifer-
ous diets. On the seleriferous diets, however, the liver:body weight ratios
increased with good consistency with increasing methyl donor level.

The data with Dl-methionine and L-metbionine are of interest because
they indicate that both forms of this amino acid are almost identical in
their action in either non-seleniferocus or seleniferous diets.

The data with the various metlyyl donors mgy substantiate the opinion
of Lewis, Schultz, and Gortner (7) that methyl groups are active in detoxi-
fying seleniun. Ths results obtained with Di-homocystine may seem to re-

fute this, but they mzy still be exrlained cn the basis of methyl group
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transfer if one accepts the general scheme of metabolic interrelationships
in the synthesis of methionine and related compounds as visualized by Ste-
kol (21, page 510). In support of this, it has been reported (22) that
dietary bomocysteine incrzases tiw amount of Clh incorporated into choline
fron formate and serine.

In view of the similar make up of retaine and choline, one might ax=
pect protection to about the same extent, but such was not the case here,
In this connection, it must be emphasized that the rats receiving choline
chloride were about 7 grams heavier at the beginring of the experiment than
those 1eceiving betaine, Becauvee of tiis variation between thecee twc, as
well as between other groups, a strictly cguantitative comparison btetween
the various supplements cannot be aade,

If the selenium content of the livers of rate cn seleniferous diets
can be taken as a measure of the relative protecticn against selenium by
the varicus supplementsc, then the methyl donors are ebvicusly more effec-
tive at lower levels than the hoiwcystine. Since the high levels of hemo-
cysteine and the methyl deners were about equally effective, there appears
to be no deficiency in metlyl groups available (from serine and forrate)
for transfer through homocysteine. Ths relatively low efiectiveness of ho=
mocystsine may then be the result of its inefficiert conversion to homocy-
steine,

In conclusion it might be said that although the data do indicate
& protective role fcr wmetidionine and related compcunds, tnis is perhaps of
little practical significance. In the first place, the amount of protec-
tion is emll, Secondly, the levels of the varicus compounds required to
giwe this alight protection ie considarably above what could be censidered

practical,
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The effects of DlL-methionine, L-methionine, choline chloride, be-
taine and homocystine in alleviating selenium poisoning in rats on semi-
purified diets corntaining sodium selenite weare investigated. One experi-
ment using Dl-methionine and a diet containing naturally seleniferous wheat
was included in this study.

A1l of the substances martioned appeared to give a relatively small
but consistent degree of protectior, but cnly at levels that depressed
growth in rats on diets containing no selenium. Since all of the compounds
used may act as methyl group donors or in their transport, the possibility
that the protective effect resulted from detoxification of selenium through
dinethyl selenide is discussed.

Data on the effects of some of the compounds on the sslenium content

of the livers are presented and discussed.



STUDIES WITH LINSEED OIL MEAL

EXPERIMENTAL AND HSULTS

The conditions for the rat work were the same as thcse dsscribed
earlier here except that the basal diet shown in Table III was used. Lin-
seed 0il meal and its fractions were added at the expense of the corn and
selenium was again added as sodium selenite (10 p.p.m. seleniun) as previ-
ously described,

Table IIl

Composition of basal diet used in linseed oil meal studies

Diet Component 1 Percent

Com 88.9‘
Casein (purified)? 12.0
Brever's yeast? 2.0
Salt mixture (U.S.P. XVI)? 2.0
Wesson oil 3.0
Animal protein factor? Cel

100.0

1 vitamins A and D orally once a week: 600 IU vitamin A and
85 IU vitamin D,

2 KNutritional Bioclsmicals Corporation

Halverson, Hendrick and Olson (17) have discussed the treatment of
linseed 0il meal to obtain a fraction active against selenium poisoning,
The method they used was ecsentially that shown in Figure 7. The same
authors found that the activity could not be removed from a water solution
of Fraction II by lead acetate and that ashing destroyed the activity of
the fraction, The work discussed here concerns attempts to further con-

centrate and purify the active principle from Fraction II. The procedures
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LINSEED OIL MEAL

Extracted 2 hlure with hot

50% ethanol

I
@ ReaizL

phes

FRACI'ION 1

Dried

FRACTIAN I-4A

Exhaualive extraction
with hot water

Residue FRACTION Il.A

i (Discardod)
..T_

Figure 7. Preliminary extraction of
linseed 0il meal according to method

desoribed by Halverson, Hendricks and
Olson (17).
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used are discussed below,

Extraction with absolute ethanol, 1In an attenmpt toward the isclation of

the protective factor fram Fraction II a treatment with absolute ethanol
wag vsed. Two 1iters of corvmrcial absolute etrancl in a flask were
heated to boiling and 100 grams of Fraction II was added slowly to it.

The mixture was boiled for 10 minutes with stirring, filtered immediately
with suvetion, evaporated to about one-~fifth of its criginal volwume and
then stored at -10°C overnight, The residue was saved fcr re~extraction,
On starding cverright at -10°C, a flocculent material separated from the
alcohcl sclution. The mixture was filtered with suction while still cold
and the precipitate was washed with cold absclute ethanol, The precipi-
tate (Fraction II-l) wes dried in vacuo. The filtrate and washings were
concentrated and during the concer.tra.;tion a crystalllne material separated.
The erystals (Fraction I1-2) which precipitated cut as the volume was re-
duced were filtered off and dried in vacuo. The filtrate was then concen-
trated in vacuo to a black tar (Fraction II-3).

The residve was re-extracted twicé using 200 grams the first time
and L0OO grams the second tims per two liters of absolute ethancl., The pro-
cedure from then ¢n was the same as that described above. In all, 15 por-
tions of 100 grams each of Fraction Il were so treated. The residue after
three extractions as well as all fractions obtaired from the 1500 grams of
Fraction II are given in figure &, a summary of the prvcedure used.

The results of the feeding trial are given in 'l:)ahle IV, The data
show that the alcohol treatzment removed the activity since Fraction Il-l
was ineffective against seleriuri, The moist tar (Fraction Ii-3) was the

nost effective fraction, However, same activity appeared in Fractions II-l
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and II-2, indicating that partial separation had resulted during the steps
by which they were obtainecd. Thase results indicated that the active frac-
tion was somewhat soluble in absolute ethancl, and it was felt that wuwk

with wethancl miglht prcve even nore fruitful,

Tabls IV
Absolute ethar.ol in the removal of activity from Fraction II

5 rats per group for 27 )

Average ver
Praction &;iiiy weight Survival
None (Non-seleniferous basal) 23:1.1 I_o'f;isi;ﬁ'ﬁ.-:go
None (Selenifercus basal) 1.68 2,93 €0
I11-1 (kE of diet) 3.77 L35 60
I1-2 (L% of diet) 2.63 3.73 80
I1-3 (k% of diet) L.80 6.32 100
I11-4 (L% of diet) 1.69 2,39 60

In extracting Fraction II with absolute methanol (commercial) one
part of tha fraction was heated on the steam bath with S wolumes of the sol-
vent for L5 minutes. It was filtered hot with suction, The residue was ex~
tracted again with 3 volumss and then with 2 volumes of absolute methanol as
before. The residue, Fraction III-A (15.7 percent of original Fraction II),
was dried for feeding. The combined filtrates were added to 3 1/2 volumes
of acetone (further acetone addition gave no more pnééipitate) and after
standing over night the precipitate, Fraction I1I.B, was filtered by suction

and washed with acetone-metbanol (3 1/2:1). The precipitate was dried in
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‘vacuo after air drying (38.3 percent of original Fraction II). The fil-
trate (Fraction III) was dried on the steam bath and then in vacvo at 80°C.
to give a brown, bard substance (41,6 percent of original Fraction I1),

The various fractions were fed in two trisls (except for Fraction
1II-B). In the first trial (Table V) none of the three fractions seemed
to have appreciable activity, except that Fraction IIl gave excellent liver
protection., It appeared possible that in addition to its prctective effect
this fraction might also possess growth or apietite depressing characteris-
tics. Therafore, & second experiment using graded levels (2, L and 6 per-
cent of the diets) of Fractions II, III and III A was run (Table V). Frac-
tion II gave increasing growth and liver pretection with increasing levals.
The same was true for Fraction III.A, but its protective effect was not
great at ary level., Fraction III gave the best growth at the L percert
level, being better in this respect than agy l:vel of the other two frac-
tions. liver damage .protection was best at the L percent level, but was
also batter at the 6 percent lesvel than that given by the other fractions.
The findings in these two trials indicated that absolute mcthanecl was a
rather good solvent for the protective factor, that the factor could not
be effectively precipitated from methanol ty acetorne and that a general
growth or appetite depressing factor was also showing its effect.

An effort was next made to extract the active principle from lin-
seed o0ll meal itself with hot absolute methanol., This was not found to be
a practical procedure. The reason for the failure to efficiently extract
the active principle is unknown,

In an attempt to effect a further separation of the protective fac-

tor from Fraction III, this fraction was placed ir cold methanol and the



Table V

Abgoluts methanol in the removal of activity fram Fraction II.

Hactifn Amount™ Average  Liver curvival
added added  daily weight
gaein | o
o, ¢f body wt. ¥
(S rats per group for 21 )
Trial I
None (Ncneseleniferous basal) o 7.07 5.2L 100
None (Seleniferous basal) — 1.2h 3.23 80
Fraction II 10 5.72 [k ¢ 100
Fraction II1 10 2,29 6.73 100
fraction 1ll-A 10 2,01 3.71 100
Fraction II1l.B | 1.30 3.26 100
Trial I
(S rats per group for 20 days)

None (non-seleniferous control)e— 6.85 5.28 100
Nons (seleniferous contrcl) e 2.37 3.65 100
Fraction II 2 3.Lo k.36 100
Fraction Il L L,13 5.10 100
Fraction 11 [ L.2% 5.32 100
Fraction III 2 3.96 L.78 100
Fraction I1I L 5.25 7.00 100
Fraction 111 6 3.29 S.T0 100
Fraction II] - A 2 1.68 3.00 100
Fraction 111 - A k 2.03 3.78 100
Fraction 111 - A [ 3.39 L.88 100

30,

1 All diets containsd 10 p.p.m. selenium except the non-seleniferous

controls,
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soluble part of it poured into ten volumes of diethyl ether (further ether

addition #d rot produce more precipitate), The insclulle part probably
belenged with Fraction III-C. After standing cvernight the precipitate
settled ot and the ether-methancl mixture was decanted, The flocculent
precipitate (Fraction IV) was centrifuged fer half an hour, decanted,
washed with msthanol-cther solution (1:10) ard again centrifuged for half
an bour, The contined washings were added to the originally decanted me-
thanol-ether mixture, This mixture was filtered by gravity, evaporated
under partial vacuum and the residve finally concentrated in vacuo, This
residue ( a tar) constituted Praction Il-A,

Fraction IV after centrifuging and washing was redissolved in ccld
methanol and again precipitated with etber as described above. finally it
was dried in vacuvo at a temperature of 70°C, Tle amounts of the various
fractions obtained from Fraction II by abaclute raethancl and consequent
treatment are given in Figure 9, which suwmmarizes the procedure used for
obtaining the protective factor in the highest ccrncertration thus far. In
the course cf preparing more of Fraction III this fraction, while still in
the methanol-acetone mixture, was left standing for a period of about five
days. ring tris time a precipitate appeared in the form of white cry-
gstals having a sweetish taste. These crystals ccnstituted Fraction III-C
(6.T% of the original Fraction II). The three fractions IV, IV-A, and I1I-
C were used in feeding trial, the results of which ara given in Table VI,
Fraction 1I1.C gave the same average daily gain as the basal seleniferous
diet and a slightly smaller liver:body weight ratio.' Thus it appears that
this fraction did not contain the protective factor.

Fraction IV-A gawve a slightly larger liver:body weight ratio and a
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TAELE VI

Ether-absolute metharol in the remo%al of a'.ct.ivit.l from Fraction II1

Fraction Arount Average Liver Survival

added added daily gain waight
s W;g.ﬁ 2 2 oZ'T:aﬁ wolght  §

(L rats per group for 23 days)

None (Sele::iferous

dasal) —_— 1.89 3.74 100
Fraction 1V 2 L.18 5.18 100
Fraction IV-A 2 3.10 L.06 5
Fraction I1I«C 2 1.89 3.45 75

scmewhat better average dally gain. However, the data on mortality show
that 25 percent of the animals in this group died befcre the end of the ex~
perirent and 67 percent of the surviving were almost dead, when the experi-
ment was terminated. Hence the protective effect of this fraction is quee-
tionable or at least it is miniwmized by the toxicity of the fraction,
Praction IV gave values for the awerage daily gain and liver:body
weight ratio that were considerably sbove the seleniferous control., All
rats in this growp survived. Therefore, it appears that the protective

factor was most concentrated in this fraction.
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D1SCUSEICN

The work presented here, although it doee net identify the sub-
starce or substances present in linseed oil meal that zrctect against se-
lenium, has ylelded some information that may be helpful in further iscla-
tion studies,

Rat feeding trials sliowed that the active principle can be removed
from Fraction II with hot absolute ethancl or methanol, Treatment of a
mathanol solution of the active principle with acetone gave an inactive
orincipitate while ethyl ether gave a precipitate (Fraction 1V) that was
protective, All results obtained thus far indicate that the active prin-
ciple is inscluble in non-polar sclverts,

Fraction IV is the most active (per gram of iry weight) of any ob-
tained to date. This fraction cons.titutes about l*percent ef the original
linseed oil meal. iowever, it is only about 10 times as active as the orig-
inal meal, which means that considerable loss of activity occurs during the
procedure used here. The occurrence of tnsse loesecs is furtier substan-
tiated by tne results of the rat feeding trials, whicin indicated that few
of the procedures used gave clear-cut separations. Howewer, chemical ex~
anination of the fractions obtained may yield an assay useful in future
studies, provided some chemical entity can be correlated with the acti-
vity of these fractions,

It has been found th:t Fraction IV partially diessclves in nhct et-
hanol. Upon concentration ard cooling of the solution, there was found a
precipitate which appeared to be crystalline., It is posaible that this
particular step might yield an active material pure ensugh for tue purpcse
of idertification, The preparation cf a large quartity of Fraction IV and



the subsequent solution and crystallization procedure seams to of fer an

excellent approach toward the final solution of this problem of isolation.



Me

SUMFARY

Previous work on the fractionation of linseed cil meal for the pur-
pose of ieolating the factor or factors respcnsible for protection against
selenium poisoning in rats was continued. A 50 percent ethanol-water,
water soluble fraction from the meal was used as a starting msterial for
these studies. Albino rats were used to test various fractions obtained
for activity,

Hot absolute methanol was found to be more satisfactory in remov=-
ing the active principle from Fraction II than was hot absolute ethanol,
Treatment of the methanol scluble material with acetone removed inactive
materials from solution. Subsequent treatment of a methanol solution
with diethyl ether gave a fraction 1 percent by weight of the original
meal and about 10 times as active. Further purification of this fraction

with absolute. ethanol seems possiblee.
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