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ABSTRACT Two new cyanogenic glycosides, linustatin and neo-
linustatin, were isolated from linseed oil meal. Each of the compounds
was fed to rats in a corn-based diet at levels of 0.1 and 0.2%. At the
0.2% level, both substances gave significant protection against growth
depression caused by 9 ppm selenium as sodium selenite. Both com
pounds also promoted a significant increase in liver and kidney weight
over the selenium control animals. Linustatin and neolinustatin are closely
related in structure to linamarin and lotaustralin and were found to be
present in linseed oil meal at levels of 0.17 and 0.19%, respectively. Lina-
marin fed at the level of 0.2% also gave significant protection against
growth depression and liver damage. A related cyanogenic glycoside,
amygdalin, appeared to give a small but nonsignificant protective response.
The isolation of the two new glycosides provides a probable explanation
for the protective activity of linseed oil meal against selenium toxicity.
J. Nutr. 110: 145-150, 1980.
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In 1941, Moxon3 demonstrated that lin- chicks as the assay organism, showed the
seed oil meal (LOM) protected against factor was partially extracted by methanol
selenium toxicity when included in the diet and that the active principle in the metha-
at a level of 25%. Olson and Halverson noi extract could be partially removed with
(1) showed that 207o LOM would give chloroform-methanol (2:1). Earlier work
protection against 10 ppm selenium in rats at our laboratory * indicated that absolute
as measured by growth and liver damage, methanol was not very effective in remov-
but 5 or 10% was not adequate. This was ing the factor from LOM directly,
supported in other studies (2). Attempts Studies on the mechanism of action of
to fractionate the selenium protective fac-
tor showed that it was present in both the Receivedfor publication12 April 1979.
pmhrvn anrl hull f"Ã®41 anrl that if- wa<! ' I'ublished with the approval of the South Dakota
emoryo ana null (J, I), ana tnat U was ABrlcllItlire Experiment Station aÂ» Journal Article
not associated with the anti-B-6 principle x<>.iosa.
of LOM (5). Contrary to earlier assump- J^SkÃ„TSSBÃ„* A%J* Â»
tions, HalverSOn et al. (6) demonstrated ment of Agriculture under Grant No. 5901-0410-8-
v ... t â€¢ (MillÃ­-0from the Competitive Research Grants office,

that the protective factor was not aSSOCl- Â»Moxon.A. I.. <1941) The Influence of some pro
ated with protein, since it could be ex- teinilon tne toxicityof selenium.Ph.D. thesis, um-

, .il MMÂ«Â« iii versltv of Wisconsin,
tracted With hot 50% ethanol and was not < Larson R L (1959) Further attempts to Iso-
precipitated by lead acetate. Fractionation u^^ii-tg S
studies by Jensen and Chang (7), using university.
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the protective principle have been limited.
Levander et al. (8) suggests that the
principle in LOM binds selenium in the
tissues in a form unavailable for binding
to sensitive cellular sulfhydryl sites. Others
have shown that if such selenium binding
by LOM occurred, it was not sufficient to
accelerate the onset of deficiency symptoms
in rats fed diets low in selenium (9).

Our purpose was to further fractionate
and purify the selenium protective factor(s)
in LOM.

MATERIALS AND METHODS

Animals and diets. Male, Sprague-Daw-
ley rats (Sasco Inc., Omaha, NE), weigh
ing 60 to 70 g, were housed individually in
stainless steel cages and given feed and
water ad libitum. The basal diet contained:
( in % ) corn, 79; casein, 12; brewer's yeast,
2; salts,5 3; corn oil, 3; vitamin mix,6 1.
The treatment diets all contained 9 ppm
selenium as sodium selenite, which was
added to the basal diet in a 50% ethanol
solution prior to mixing. LOM or various
fractions were added at the expense of
corn. After a 3-week feeding period, the
animals were killed and liver, kidney and
muscle samples were taken and analyzed
for selenium by the method of Olson et al.
(10). Effectiveness of treatment was
judged by body weight gain and by liver
and kidney weights.

Fractionation of linseed oil meal. LOM
(500 g ) was mixed with 3 liters of hot 50%
ethanol and stirred intermittently in a 70Â°

water bath. The material was filtered and
extracted again for 2 hours with 2.5 liters
of 507 ethanol. Extracts were combined
and evaporated in a 70Â°forced air oven.

The dried solid was taken up in water (1
part solid to 2.5 parts water). The result
ing suspension was centrifuged and the
supernatant liquid was decanted and evap
orated in the forced air oven. The dried
material was extracted three times with
methanol ( 1 part solid to 3.5 parts metha-
nol), and the combined extracts were
further fractionated by the addition of 2
volumes of chloroform. The insoluble resi
due was treated three additional times by
dissolving in methanol and precipitating
with 2 volumes of chloroform. The com

bined filtrates were evaporated, dissolved
in methanol and subjected to separation on
a 7.4 x 7.5 cm, 100 mesh, silicic acid col
umn. The column was loaded with 12 g of
sample dissolved in 40 ml of methanol and
eluted successively with 400 ml CHC13,
800 ml CHCl3-methanol (4:1) and 1,500
ml CHCl3-methanol (2:1). The 2:1 CHC13-
methanol fraction was retained and evapo
rated to dryness. It was dissolved in metha
nol and separated by high performance
liquid chromatography (HPLC) employ
ing a 5.7 X 30 cm C18-column. Elution was
with methanol-water (3:17) at a rate of
250 ml per minute and the load applied to
the column was 2.5 g in 10 ml.

Preliminary judgment as to the adequacy
of a procedure was aided by examining the
fractions by thin-layer chromatography
(TLC) on Silica Gel G using CHCl3-meth-
anol-177c NH4OH (2:2:1) as solvent. The
two substances of interest were located in
the R, region of 0.55 to 0.70.

Recrystallization of compounds in Peak
2 and Peak 3. The fractions from HPLC
were evaporated to dryness in a rotary
evaporator immersed in a 50 to 60Â°water

bath, dissolved in methanol, treated with
charcoal, filtered and evaporated to dry-
ness again. The material from Peak 2 was
dissolved in 14 volumes of absolute ethanol
and allowed to crystallize in the refrig
erator. The resulting crystals were redis-
solved in 35 parts of ethanol and allowed
to crystallize again. White crystals were
obtained: m.p. 123 to 125.5Â°.

The material from Peak 3 was dissolved
in 90 volumes of ethanol and crystallized
in the refrigerator. Recrystallization was

"ICN Nutritional BiochemicalÂ«, Cleveland, OH.
Salt -Mixture U.S.P. XIV: (in mg/100 g) cupric
sulfate, 7.78 ; ferric ammonium citrate, 1,528 ; man
ganese sulfate. 20.09 : ammonium alum. 0.23 ; potas
sium iodide, 4.05: sodium fluoride, 50.71; (in %)
calcium carbonate, 6.86 ; calcium citrate, 30.83 ; cal
cium biphosphate, 11.28; magnesium carbonate, 3.52;
magnesium sulfate, 3.83 ; potassium chloride, 12.47 ;
dibasic potassium phosphate, 21.88 ; sodium chloride,
7.71.

Â«Vitamin Diet Fortification Mixture, ICN Nutri
tional Biochemicals, Cleveland, OH : (in g/kg mix.)
vitamin A (200.000 units/g), 4.5; vitamin D (400,000
units/g). 0.25; alpha tocopherol, 5; ascorbic acid, 45;
Inositol. 5 ; choline chloride, 75 ; menadione, 2.25 ;
p-aminobenzoic acid, 5 ; niacin, 4.5 ; riboflavin, 1 ;
pyridoxlne hydrochloride, 1 ; thiamin hydrochloride,
1; calcium pantothenate, 3; (in mg/kg mix.) biotin,
20; folie acid. 90; vitamin B-12, 1.35.
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carried out in 80 volumes of ethanol. White
crystals were obtained: m.p. 190 to 192Â°.

Other materials. Amygdalin and linama-
rin were commercially obtained (Calbio-
chem-Behring Corp., San Diego, CA). They
were shown to be pure by TLC and were
used as obtained. LOM was a solvent-
extracted meal available locally and was
used without further treatment.

Statistical analysis. All values are re
ported as the mean Â±standard deviation.
Student's f-test for unpaired values was

used to evaluate differences between treat
ment groups and the selenium control ( 11).
Correlation coefficients were determined as
prescribed by Steel and Torrie (11).

RESULTS AND DISCUSSION

The flow diagram in figure 1 illustrates
the general procedures used to fractionate
LOM. The figures in parentheses are the
yields at each step in terms of percent of
the original LOM. The first two steps were
developed by Halverson et al. (6) and the
third and fourth steps were patterned after
the work of Jensen and Chang (7). Al
though the latter workers were able to
extract the active principle directly from
LOM with methanol, in our experience, a
considerable portion of the activity could
not be removed in this manner. Therefore,
the extractions with aqueous ethanol and
water were retained in the procedure.
Growth assays were conducted at most
steps, but only those for our final step will
be reported.

The final purification step (fig. 1) in
volving HPLC resulted in the separation of
the LOM extract into essentially three frac
tions. Peak 2 and Peak 3 appeared to be
pure and could be crystallized from etha
nol. The concentration of these two sub
stances in the original LOM was 0.17 and
0.19$;. These percentages probably repre
sent the minimum, since no attempt was
made to correct for incomplete extraction
at the various steps.

Each of the LOM fractions isolated by
HPLC was fed to rats in diets containing
9 ppm Se as sodium selenite (table 1).
LOM itself, when fed at a level of 20%,
significantly increased the 3-week body

LINSEED OIL MEAL

Extract with
50Â°/.Et OH

FILTRATE (14.5Â°/o)

Evaporate &
Extract with

RESIDUE

RESIDUE SOL. FRAGT (9.5%)

Evaporate &
Extract with
Me OH

EXTRACT (4.3%)

CHCI3-MeOH (2:1)

RESIDUE

RESIDUE EXTRACT (1.5%)

Silicic Acid
Column

r~
2'1 CHCI3- MeOH (068%)

HPLC

RESIDUE

1
PEAK 1I PEAK 2

(017%)PEAK
3

(0.19%)I
RESIDUE

Fig. 1 Flow diagram showing the main fea
tures of the system for isolating the selenium
protective factors from linseed oil meal. The num
bers in parentheses are the percent yields based
on original linseed oil meal.

weight gains over the control animals re
ceiving just 9 ppm Se in the diet. The puri
fied compounds obtained from HPLC
Peaks 2 and 3 gave some growth response
at the 0.1% level but it was slightly less
than that required for statistical signifi
cance. When fed at 0.2%, both compounds
promoted highly significant increases in
weight gain. The response of the selenium-
fed rats to each of the two compounds was
actually greater than that of the rats fed
2ÃŸ%LOM. The efficacy of the two sub
stances against selenium toxicity was about
the same. Although only the weight gains
at 3 weeks are reported, essentially the
same results were observed for weeks 1
and 2.

Peak 1 was shown by TLC to contain a
mixture of several substances and it gave
no protection against 9 ppm Se at either
the 0.1 or 0.2% level. No further attempts
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TABLE 1
Effect of fractions of LOM and of amygdalin on the toxicily of selenium to rats1

Additions todietNone

20%LOMNa,SeO,
(9 ppmSe)20%0.1%0.2%0.1%0.2%0.1%0.2%0.1%0.2%LOM

+ 9 ppmSePeak
2 +SePeak
2 +SePeak
3 +SePeak
3 +SePeak
1 +SePeak
1 +SeAmygdalin

+SeAmygdalin
+ SeAverage

wt.
gains after

3weeks!l165.0

Â± 8.7
170.4Â±6.657.8
Â±20.4108.0Â±26.3l75.0

Â±17.7119.0Â±14.6278.6

Â±24.4123.8
Â±17.7'51.2Â±24.047.8

Â±16.249.4
Â±8.575.8
Â±20.3Selenium

concentrationLiver

wt.!/16.01Â±1.73

16.71Â±0.517.75Â±2.9413.10Â±3.70*9.56Â±0.8013.00Â±3.43210.02Â±3.5115.05Â±2.2325.46Â±1.718.19Â±1.99Kidney

wt.e1.013Â±0.050

1.049Â±0.0480.692
Â±0.1030.991
Â±0.08520.806Â±0.1131.038

Â±0.115Â»0.793
Â±0.1411.010Â±0.143'0.723

Â±0.0820.839
Â±0.138Liverppm0.63

Â±0.06
1.05Â±0.625.45
Â±1.344.60
Â±0.455.

11Â±0.804.12Â±0.524.66

Â±0.614.63
Â±0.887.80Â±1.324.83Â±1.02Kidneyppm0.89

Â± 0.05
0.84 Â±0.0426.311.024.015.922.116.931.928.8Â±12.0Â±

2.6'Â±
5.7Â±
4.1Â±
5.3Â±
8.9Â±10.3Â±11.5Muscleppm0.20Â±0.01

0.21Â±0.020.36
Â±0.050.43
Â±0.090.39
Â±0.080.38
Â±0.060.41
Â±0.060.42
Â±0.080.32

Â±0.050.38Â±0.06

1Values are meanÂ±SD for five rats. *Significantly different at the P < 0.01 level from the 9 ppm Se
group by Â¿-test. *Significantly different at the P < 0.05 level from the 9 ppm Se group by i-test.

were made to characterize this fraction.
Preliminary studies indicated that the re
sidual materials, which could be removed
from the HPLC column by methanol, were
also inactive.

Early work used liver to body weight
ratios as a measure of selenium toxicity
(6). In our studies, the rats were not as
severely affected by the level of selenium
used, and therefore the liver to body ratios
were not as enlightening. However, the
data in table 1 show that selenium greatly
reduced liver size, whereas 0.2% levels of
Peak 2 or 3 restored liver size to that of
the rats fed the basal diet or the selenium
diet 4- LOM. These data, along with the

TABLE 2
Effect of linamarin on the toxicity of selenium to rats1

Additions todietNoneNasSeOj

(9 ppm Se)
0.1% linamarin + Se
0.2% linamarin + SeAverage

wt.
gain in
3weeks9166.4Â±17.4

44.0Â±12.4
56.4Â±14.5
80.0Â±24.92Liver

wt.g14.97

Â±1.52
4.76Â±0.85
5.55 Â±1.82
8.20Â±2.023

1All values are meanÂ±SDfor five rats. 2Signifi
cantly different from the 9 ppm Se group at the
P < 0.05 level. 3Significantly different from the
9 ppm Se group at the P < 0.01 level.

body weight, suggest that the substances
in Peak 2 and Peak 3 can account for the
protective activity of linseed oil meal.

Preliminary TLC and spectral data indi
cated that the two isolated substances re
sembled cyanogenic glycosides. Amygdalin,
a known glycoside with a nitrile constitu
ent, was also fed to rats receiving the toxic
selenium diet. Table 1 shows that feeding
amygdalin at 0.2% of the diet gave a
growth response nearly equal to that ob
tained from 0.1% of the compounds in
Peak 2 and 3, but the response was not
significant. There was also a slight but non
significant increase in liver size in the
amygdalin-treated rats.

Linamarin and lotaustralin are cyano
genic glycosides which have been reported
to occur in flax ( 12 ). A commercial source
was located for linamarin only, and table 2
shows the effect of feeding the substance
to rats receiving the toxic selenium diet.
Linamarin at a level of 0.1% was not er"
fective against 9 ppm Se but when fed at
0.2%, the compound gave significant in
creases in 3-week gains over the selenium
controls. The same results were obtained
with respect to liver protection; 0.2%
linamarin significantly increased liver size.

The structures of the two compounds in
Peak 2 and Peak 3 have been determined
and the details of structural elucidation will
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be reported elsewhere ( 12 ). Figure 2 gives
the proposed structures along with those
of linamarin, lotaustralin and amygdalin.
Compound 2, which was isolated as HPLC
Peak 2 and has been named linustatin, is
closely related to linamann. Compound 3,
isolated from Peak 3, has been named neo-
linustatin and is closely related to lotaustra
lin. The unique feature that these protec
tive substances have in common is that all
are cyanohydrin glycosides. Upon hydroly
sis, they should all yield HCN. It has been
established that cyanide is detoxified in
mammals by the reaction with thiosulfate
under catalysis by rhodanese to form thio-
cyanate (13). Besides thiosulfate, the
sulfur donor substrates include thiosulfo-
nate, persulfides and polysulfides (14). It
is likely that selenium analogs of the sulfur
compounds may also be formed and it has
been suggested that selenopersulfides play
an active role in selenium metabolism ( 15,
16). Conceivably, cyanide released from
the glycosides might react with such forms
of selenium to form selenocyanates. Studies
by Prohaska et al. (17) support this hy
pothesis. By such a mechanism, excessive
levels of the element could be detoxified.
Injection and feeding studies with cya
nide (18) support this mechanism and ex
plain adequately the protective nature of the
cyanogenic glycosides but not the observed
structural specificity.

From the feeding trial ( table 1) it seems
that the various cyanogenic glycosides have
different efficacy against selenium toxicity.
Amygdalin appeared to be relatively in
active. Although linamarin did show some
protective effect, the levels required were
equivalent to much higher cyanide levels
than required for linustatin and neolinusta-
tin. Some of the apparent differences in
activity may be due to differences in ease
of hydrolysis of the compounds. For in
stance, it is known that amygdalin is sub
ject to hydrolysis by emulsion but linama-
rin is only slowly hydrolyzed by the same
/8-glucosidase (14). Some workers have
reported that animals lack the /3-glucosi-
dases necessary to hydrolyze the glycosides
when fed in pure form (12). In these
studies, the cyanide was apparently re-

CH-.OH
0-CH2 CH3

-Ã’-CN

OH
OH

Compound 2
( Linustatin)

CH2OH

HONu-<LAOH/ CH3
OH

OH

Compound 3
(Neo linustatin)

CH2OH CH3
Â°v,0-Â¿-CN

CH2OH C2H5
-O -c-

CH,

OH

Linamarin
OH

Lotaustralin

OH

Amygdalin

Fig. 2 Structures of the two cyanogenic glyco
sides isolated from linseed oil meal along with
some related glycosides. Compound 2 was ob
tained from HPLC Peak 2 and Compound 3 from
HPLC Peak 3. Trivial names which have been
assigned are shown in parentheses.

leased either by animal enzymes or by
intestinal bacterial action.

Table 1 also gives data on kidney size
and selenium concentration in the liver,
kidney and muscle. Supplementing the diet
with 207c LOM or 0.2% of linustatin
(Peak 2) or neolinustatin (Peak 3) signifi
cantly increased kidney weights over those
from rats fed diets with just 9 ppm Se.
With respect to selenium concentration in
the tissues, there was no significant effect
of LOM or the purified glycosides on the
selenium concentration in liver and muscle.
Previous reports in the literature have
shown increased tissue selenium concen-
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tratÃ­onsin the presence of LOM (2, 8). In
the data reported here, there appears to be
a trend in which LOM or the compounds
in Peak 2 and 3 lower the concentration of
selenium in the kidney as compared to that
in the kidneys of the control animals. How
ever, the differences were significant for
only LOM itself.

The data tend to show that the smaller
the average organ weight, the higher the
selenium concentration. When correlation
coefficients were determined for average
size versus average selenium concentration,
fairly high negative correlations were ob
served (r=-0.75, liver; r = -0.84, kid
ney). The same trend was observed when
the values for individual animals were con
sidered except that slightly lower coeffi
cients were obtained (r =â€”0.54, liver;
r - -0.66, kidney).

The data presented in this study suggest
that the two cyanogenic glycosides, linusta-
tin and neolinustatin, are responsible for
the protective action of linseed oil meal
against selenium toxicity.

ACKNOWLEDGMENTS

We express appreciation to Dr. Edwin
Olson and Michael Bauman of the South
Dakota State University Chemistry Depart
ment for their assistance in the preliminary
identification studies, to Ailene Herr for
her assistance in the selenium analyses and
to Kevin Bjordahl for his assistance in the
fractionation studies.

We are grateful to Calbiochem-Behring
Corp., San Diego, CA, for furnishing the
linamarin at a greatly reduced cost.

LITERATURE CITED

1. Olson, O. E. & Halverson, A. W. (1954)
Effect of linseed oil meal and arsenicals on
selenium poisoning in the rat. Proc. S. Dak.
Acad. Sci. 33, 90-94.

2. Olson, O. E. & Palmer, I. S. (1955) Further
observations on the protective effect of lin
seed oil meal and organic arsenicals against
selenium poisoning in the rat. Proc. S. Dak.
Acad. Sci. 34, 42-47.

3. Halverson, A. W., Peterson, D. F. & Klug,H. L. (1951) Fractionation of the "sele
nium protective factor" in flax seed. Proc. S.
Dak. Acad. Sci. 30, 97-102.

4. Schuchardt, P. A., Halverson, A. W. & Clagett,
C. O. ( 1955) Occurrence of the selenium
protective principle of flax in hull and em

bryo fractions. Proc. S. Dak. Acad. Sci. 34
48-51.

5. Halverson, A. W. & Hendrick, C. M. (1954)
Negative relation of the selenium protective
factor and the anti-vitamin B-6 principle of
linseed oil meal. Proc. S. Dak. Acad. Sci. 33
95-97.

6. Halverson, A. W., Hendrick, C. M. & Olson,
0. E. (1955) Observations on the protec
tive effect of linseed oil meal and some ex
tracts against chronic selenium poisoning in
rats. J. Nutr. 56, 51-60.

7. Jensen, L. S. & Chang, C. H. (1976) Frac
tionation studies on a factor in linseed meal
protecting against selenosis in chicks. Poultry
Sci. 55, 594-599.

8. Levander, O. A., Young, M. L. & Meeks, S. A.
(1970) Studies on the binding of selenium
by liver homogenates from rats fed diets con
taining either casein or casein plus linseed
oil meal. Toxicol. Appi. Pharmacol. 16, 79-
87.

9. Halverson, A. W. & Palmer, I. S. (1975)
The effect of substances which protect against
selenium toxicity on selenium utilization by
rats. Proc. S. Dak. Acad. Sci. 54, 148-156.

10. Olson, O. E, Palmer, I. S. & Gary, E. E.
( 1975) Modification of the official fluoro-
metric method for selenium in plants. JAOAC
58, 117-121.

11. Steel, R. G. D. & Torrie, J. H. (1960)
Principles and Procedures of Statistics, Mc
Graw-Hill Co., Inc., New York.

12. Smith, C., Weisleder, D., Miller, R., Palmer,
1. & Olson, O. (1979) Linustatin and neo
linustatin: cyanogenic glycosides in linseed
meal that protect against selenium toxicity. J.
Org. Chem. (In press).

13. Conn, E. E. (1973) Cyanogenetic glyco
sides. In: Toxicants occurring naturally in
foods, 2nd ed., Committee on Food Protec
tion, National Research Council, pp. 299-
308, National Academy of Science, Washing
ton, D.C.

14. Westley, J. (1973) Rhodanese. Adv. En-
zymol. 39, 327-365.

15. Ganther, H. E. (1971) Reduction of the
selenopersulfide derivative of glutathione to a
persulfide analog by glutathione reductase.
Biochemistry 10, 4089-4098.

16. Ganther, H. E. & Hseih, H. J. (1974)
Mechanisms for conversion of selenite to
selenides in mammalian tissues. In: Trace
Element Metabolism in Animals-2 (Hoekstra,
W. G., Suttie, J. W., Ganther, H. E. & Mertz,
W., eds.), pp. 339-353, University Park Press,
Baltimore, MD.

17. Prohaska, J. R., Oh, S. H., Hoekstra, W. G.
& Ganther, H. E. ( 1977) Glutathione Perox-
idase; Inhibition by Cyanide and Release of
Selenium. Biochem. Biophys. Res. Comm. 74,
64-71.

18. Palmer, I. S. & Olson, O. E. (1979) Partial
prevention by cynide of selenium poisoning
in rats. (1979) J. Org. Chem. (In press).

 by on N
ovem

ber 10, 2009 
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org



