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The Bffect of Food Processing
on the Bioavailability of Selenium
in Tuna and Wheat: Human and Rat Studies

I. INTRODUCTION

The study df the hioavailabiiity of selenium (Se) has
been a relatively recent undertaking by nutritional scien-
tists. Although Schwarz and Folté (66) evaluated the Factor
3 activity of various Se compounds in 1958, little research
was done in this area until the 1970°s. In 1973, Rotruck et
al. (57) reported an essential role of Se as an integral
component 6f the enzyme glutgﬁhione peroxidase (GSH-Px, EC
1.11.1.9) . Following this{ nuch effort was focused on the
metabolism of different Se compounds in a variety of animal
species. |

There is no estabiished standard method for studying Se
bioavailability in rats. Early studies used death from liv-
er necrosis as a method to evaluate bioavailabiltiy. Later,
after 1973, tissue levels of GSH-PXx were employed as a means
to determine Se nutriture while Se adequate diets were fed..
Human studies on the bioavailability of Se are lihited. Ro-
binson et al. (54 reported a human bioavailability study,
but it involved only three subjects whosé dietary intake was
not controlled. Iﬁ.general, it is believed ﬁhat Se from

vegetable sources is better utilized than Se from animal



sources. Presumably this is true in humans as well, but it
has never been demonstrated. |

. Although biocavailability of Se has been siudied in sev-
eral animals with different Se containiag foods and com-
~ pounds, no one has looked at the effects of food processing
on the bioavailab;llty of Se. As society increases its de-
pendence on processed foods, this questioa becomes more im-—
portant. The possibility of losing nutrients during pro-
cessing is well estabiished. But how available are those
that are left? Reinhold et ail. .(51) demonstrated that zinc
bioavailabiltiy improved in yeast leavened bread. Is there
a poséibillty.of a.similar enhancemént with Se?

In order to'apswer theselqnestions, tWwo studies were
initiated. First the influence of conventional food pro-
cessihg on the bioavailabiliﬁy ot Se was determined. Por
this tuna at three stages of ?roceésing (raw, précooked and
canned) and wheat as whole wheat flour, bran and whole wheat
bread were 'chosen. Bioavailability of Se in rats was deter-
nined by measuring Se concentration of liver, kidney, muscle
and’whole biood and GSH-Px activity of liver, kidney ana
whole blood. Second, the biocavailability of Se in men was
determined by using two of these foods, cannea tuna and
whole wheat bread. The biocavailability of these two foods

was compared in rats and men by using two biochemical param-



eters from the animal study, whole blood Se and GSH-Px. In
addition a controlled Se balance study was conducted in the

hel.



II. REVIEW OF LITERATURE

SELENIUM ESSENTIALITY

The first evidence for the essentiality of selenium was
presented by Schwarz and Foltz in 1957 (65). Previous re-
search by Schwarz, initiated in 1944, revealed that rats fed
a torula yeast based diet which.is low in sulfur amino
acids, and withoqt vitamin Eldied from severe liver'necro-
Sise. Adqitions of cystine and vitamin E as well as a third
constituent, known only'és FPactor 3, would alleviate the
syﬁptoﬁs of this necrosis (64). FPurther purification of
Pactor 3 led to the discbvery that the active component in
the prevention of liver necrosis was selenium. Later sodium
selenite was shown to be 500 times as active as vitamin E
and 250,000 timesfas active as L-cystine in preventing liver
necrosise. .Schﬁarz and Poltz stated that "It can be inferred
from our results that selenium is an essential trace ele-
ment" (65).

Subsequent research (66) compared the Pactor 3 activity
of various Se compounds. They were evaiuated on the dose
required to preveant liver necrosis in rats fed a torula
yeast based diet. Schwaitz and Poltz found that Factor 3 Se
was the most potent; selenite, selenocystine, selenccysta-—

thionine and selenomethionine were not significantiy diffe-



rent from oné another, but less potent than Factor 3.  Other
inorganic selenium compounds such as sodium selenate, selen-
ic acid and potassium selenocyanate were comparable to sele-
nite. However, elemental selenium was inactive. They sug-
gested that4the greater biopotency of Factor 3 could be that
it is more closely related to the metabolic formland could
be incorporated more readily and efficiently at the active

site.

PUNCTION QOF SE: A HISTORICAL PERSPECTIVE

In 1951 Schwarz reported that administration of vitamin
E to rats on torula yeast-based diets, prevented liver ne—
crosis (62) . Subsequentlg he and Foltz reported that sele-
nite was'ﬁuch more effective than either vitamin E or L-cys-
tine (65). In 1955 Chernick et al. (15) reported that
liver slices from pre-necrotic rats could not haigtain nor-
mal respiration in vitro. The metabolic defect was prevent-
ed by dietary administration of &d-tocopherol, selenium and
L-cystine. Since the effect of L-cystine was later shown to
be partly due to contamination of the amino acid with sele-
nium (17), the reiationship of Qltamin E and Se was ex-—
plored.

Diplock (17) noted that in vitamin E-supplemented rats,

36% of the total 7?SSe in the mitochondrial fraction and 43%



in the microsomal fraction wvas present as [7SSé] selenide.
In vitamin E-deficient rats, theSe figures dropped to 25 and
30%, respectively. When the fractions were dialyzed, the
[ 79Se] selenide was found to be retained in the.membrane,
suggesting that it was protein-bound. It was concluded that
protein-bound selenidé is a major component of rat liiver
subcellular organelles and that its presence depends on die-
tary vitamin E. Purther studies (11) indicated that seleni-
um and particularily selenide were located in the smooth and
rough endoplasmic reticulum (ER) of rat liver. These same
authors (12,13) later observed that incorporation ot 7?SSe in
smooth ER.after treatment with phenobarbitone (inducer of
liver microsomali drug-metabolizing enzymes) was dependent on
dietary vitamin E. Also an oxidant dependent non-heme iron
pro;ein was detected‘in the liver ﬁicrosomes only 1in rats
fed adequate levels 0f 6itamin E and Se. They sug@ésted
that this protein was Se and vitamin E dependent with Se at
its active center. They proposed that it acts as an eléc-
tron carrier between the flavo protein apd cytochrome FE450
in the NADH-dependent electron transfer chain.

The real bgeakthrough cane froﬁ Rotruck et ail. (56) in
1972. Using rat erythrocytes in an in vitro system, they
demonstrated that the role of Se'in preventing oxidative

damage to the membrane and hemoglobin of erytarocytes is



different than that of vitamin E and involves the utiliza-
tion of glﬁtathione in maintaining cell integrity. Further
work by Rotruck et al. (57) demonstrated that Se was an in-
tegral part of the enzyme glutathione peroxidaée. They of-
fered an explanatior for the interaction of Se, vitamin E
And sulfur amino acids. These three nutrients often influ-
ence similar nutritional diseases becauée they produce a si-
miiar biochemical effect; the lowering of the concentration
of peroxides or peroxide-induéed products in tissues. Vita-
min E prevents fatty acid hydroperoxide formation; sulfur
amino acids, as precursors of QSH} and Se, as GSH-Px, are
involved in peroxide destructioﬁ. Se rather thaﬁ'vitamin E
would be more likely ﬁo protect susceptibile non-ﬁembrdne
proteins against okidation, whereas vitamin E would play a |
- larger role in protecting tissues or subcellular compoﬁents
inherently low in GSH-Px. |

Subseéuently, Oh et al. (42) purified GSH-Px from
ovine érythrocytes and Flohe et al. (21) purified bovine
erythrocyte GSH-Px. Both groups of researchers demonstrated
that there were four gram atoms of Se per molecule of en-
Zyme. Since the enzyme has four subunits, it was assumed

that there was one Se ator per subunit.



SELENIUM AEQ GLUTATHIONE PEROXIDASE

The function of GSH-Px had been established before Se
was found to be associated with it. In the erythrocyte it
is involved in the oxidation of glucose and is tied into the
- hexose monophogphate pathway because ot its requirement for
NADPH. The reaction sequence is diagrammed in Figure 1.

The relationship of Se and vifamin E is at best conm-
plex. Imn é study by Yang et al. (86) both an excess and a
deficient level of vitamin E depressed activities of GSH-Px
in liver, plasma and uterus. Scott et al. (67) varied both
vitamin B and Se content of rat diets and discovered that in
the presencé of vitamin B (100 and 500 mg/Kyg diet), a 0.4
ppm supplement of Se in the diet increased the activity of
'GSH-Px in liver and kidney over non-supplemented groups, but
a 4.u0 ppm Se'éupplement decreased the activity of GSH-PX in
liver and kidney. This waé not seen HAQD vitamin ﬁ was not
added to the diet. 1In. that instance, the increasing level
of Se in the diet increased the GSH-PX activity in liver and
kidney. Red plood cell GSH-Px activity increased with each
increase of Se supplementation at all levels of vitamin E
supplementation (0, 100 ,and SOOhg/Kg diet). 1t appears that
the ability of vitamin E to increase GSH-Px activity occurs
within a narrow range of vitaﬁin E and -Se supplementation

and also varies with respect to the tissue.



glucokinase
Glucose > Glucose-6~-Phosphate (G-6-P)

G-6-P dehydrogenase

G-6-P > 6-phosphoglucono lactone
NADP . NADPH
glutathione
reductase
2 reduced ‘ oxidized
glutathione . - glutathione

2 (GSH) (GSSG)
GSH Peroxidase

H202 2H20

Figure 1: Reaction Pathway of Glutathione Peroxidase
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The effect of dietary Se on the activity of GSH-Px was
studied by several investigators. Chow and Tappel (16) fed
rats a low Se aiet for 17 days and then supplémented them
with 2 ppm Se¢ as selenomethionine for 11 days. They mea-
sured GSH-Px activity and found the most labile tissue for
both depletion and repletion was plasma and the most stapnlie
was testes. The GSH-Px activity in plasma, kidney, heart,
liver, luné.and erythrocytes decreased when rats were fed a
Se deficient dieﬁ and significantly increased when refed
selenomethionine in the diet.

Haféman et al. (28) cohducted experiments to guanti-
tate the relationship between dietary Se and activity of
GSH-Px in erythrocytes and liver. Increased dietary Se al-
ways resulted in.an elevated GSH-Px activity compared to Anf
group receiving a smaller supplement except in the liﬁers ot
rats receiving 5.0 ppm Se. This was attributed to hepatic
damage caused by Se toxicity. In a second experiment they
supplemented previously depleted rats with 3 levels of Se
and found the erythrocyte GSH-Px activity increased with the
response being more rapid and higher maxima reached at the
highér levels of Se. In all cases this dramatic rise pla-
teaued after approximately 60 days on the diet which sug-
gested that Se is incorporated into GSH-Px only during er-

ythropoeisis. They suggested that GSH-Px is a convenient
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assay for Se nutriture, although other factors éuch as séx,
age, ﬁitamin 2 status, pro- and anti-oxidants should be con-
sidered. ‘

 The influence of dietary peroxides and Se on GSH-Px ac-
tivity was studied by Reddy and Tappel (50). They fed rats
a torula yeast based diet with either i5% tocopherol-strip-
ped corn oil or 15% autoxidized corn oil with a peroxide va-
lue of 692 mEq/Kg. Rats fed these diets were further divid-
‘ed into groups fed eiﬁher 0 or 2 ppm Se aS'Seienomethionine.
In the Se un-supplemented rats, the GSH-Fx activity ¥as
"higher in those fed the auﬁoxidized corn oil than those fed
the untreated oil. HBowever, there were no:signiflcant dif-
ferences in GSH-PEx actiﬁity in Se-supplemented rats with or
without peroxides. It would appear, fronm this study, that
peroxides have a significant influence on GSH-Px activity
only in rats fed Se-deficient diets.

In order to study the relationship of dietary Se to
‘tissue GSH-Px (72), weanling rats vwere fed a low selenium
torula yeast based diet supplemented with varying amodnts ot
selenomethionine. After five weeks the GSH-Px activity was
determined in liver, heart, kidney, erythrocytes, lung and
muscle. A& significant (p<0.00l1) linear correiation (r>0.7%)
between the GSH-PX activity in these tissues and the log of

the dietary selenium was observed.



12

Depletion and‘repletioﬁ of dietary selenium was stu-
died by Pedersen et al. (47). 1In the depletion experiment
they tound the liver tissue was the most responsive. The
GSH-Px activity fell to undetectable levels by 4 weeks in
the groups unsupplemented with vitamin B and Se, and by 16
weeks in the vitamin E-adequate, Se-—-deficient group. In the
Se repletion experiment, Se-deficient weanling rats were fed -
éither a Se-deficient diet or Se-adequate diet. Within 4
weeks there was a significant increase in GSH-Px activity of
erythrocytes, liver, heért and kidney in the Se-supplemented
rats. Although the liver was the most sensitive to chanée
in Se staius; the erythrocyte wés viewed'as a better indica-
tor of QQerall Se status. The enzyme level.of the erythro-
cytes of the rats fed the selenium-depletion diet remained
the same over the 10 week period; however, fhe GSH-Px activ-
ity in the erythrocyies of the rats on the selenium reple-
tion experiment increased within 30 days. Apparently the
previous level of Se nutriture cén affect GSH-Px levels in
thé red blooa cells.

Sunde and Hoekstra (76) examined the rate of Se incor-
poration into GSH-Px in Se—adequate and Se-deficient rats.
Rats were injected with {7s5Se] selenite at physiological
levels and sacrificed at intervals over a 72 hour period.

ZSSe incorporation into GSH-Bx was detected within 30 mi-
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nutes in Seéadequate rats, but not until 2-3 hours in Se-de-
ficient rats. After 72 hours, 70% of the supernatan£ 7SSe
was incorporated into GSH-Px in the Se-adequate rats, but
only 50% in the deficient animals. Injection of cyclohexi-
mide prior to injection of 7SSe prevented its incorporation,
which indicates that Se is incorporated into GSH-Px during

protein synthesis.

SELENIUM AND HUMAN STUDIES

Selenium research in humans has been haphazardaly aécu~
mulated with major areas left unstudied. Some information
is available reqgarding Se levels in disease states, particu-
larly kwashiorkor and cancer. Since Sé is associated with
the prptein componenfs of animal tissues and foods; it is
not suprising to see selenium deficiency in children with
protein-calorie malnutriiion or kwashlorkor. Schwarz (64)
described two children with protein-calorie malnutrition who
were not gaining weight with apparently adeguate treatment.
When given 25ug of selenium daily, the children immediately
starteda to §ain wéight. Burk et al. (6) reported Guatema-
lan chiidren uith.kwashiorkﬁr had an average piood selenium
content of 11 ug/100 ml compared with 23 uqg/100 ml in con-

trols.
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Many studies correlated blood selenium levels and canc-
er. This was ceviewed in 1972 by Shapiro (70). Schamber-
ger et al. (69) observed that patients with hepatitis, cir-
rhosis or cancer of tae colon, stomach or pancreas had sig-
nificantly loﬁer blood selenium than the controls or
patients with rectal cancer or diabetes, 1In é New.Zealand
population, Robimson et al. (55) found that blood selenium
levels of elderly controls were liower than those in youngqg or
middle agéﬂ contfols. The bléod levels of cancer patients
were similar to those of the elderly population and patients
with melanomas had the lowest blood Se levels. They suggest
that the lower Se levels reported for cancer patients may be
caused by the decreased Se consumption due to anorexia. If
there was a causal relationship between poor Se status and
cancer, New Zealand might be expected to have higher inci-
dence and ﬁortality ratés from cancer, put this is not ne-
cessarily true.

Two groups'of people who are ofteh studied to uncover
nutritional deficiencies are pregnant women and infants. At
these two times in life, rapid growth can impose a stress
that can demonstrate an increased requirement. In one study
pPreynant women were shown to have a siygnificant decrease in
both plasma GSH-Px and Se by the third trimester. This was
nét skewed by the hemodilution observed during pregnancy

(5) .
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Studies on Se and GSH-Px levels in the blboa ot infants
and children (38,58) have revealed that these parameters are
loue; in infancy and early childhood in normal children.
These levels are'even lower in children consuming restricted
or synihetic protein diets such as those preséribed for
children with phenylketonuria or maple syrup urine disease.
The diets of New Zealand residents contain less Se and the
blood Se and GSH-Px concentrations of chiidrea living there
are accordingly lower than those reported for children liv-
ing in other countries. Clinical examinations of children
with low Se concentrations did not reveal any abnormality
"which could be interpreted as a Se deficiency.

The strongest evidence for a deficiency of Se in hurans
is Keshan disease (2,14,32,33). It has been described by
Chinese researchers as an.endemic cardiomyopathy of unknown
cauée; It is seen mainly in tne,mountainous tegious of Chi"
na and afflicts primarily children below 10-15 years of age
and women of caild bearing age. The popﬁlation in affiicted
regions have lower Se levels in plood, hair and urine and
lower GSH-Fx levels in biood. This is in accordance with
lower consumption of Se in their food suppiy. When target
popurlations were éupplemgnted with sodium selenite, ihe in-
cidence of tae diseasé and its mortality were dramaticaily

improved. The authors are cautious in designating Se as the
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sole factor responsible for the occurrence of Keshan diseasé
because it aione would not explain other epidemiological
characteristics. A recent report by Johﬁson et al. (31)
described a patient who had received totali parenteral nutri-
tion for tﬁo years. The patient eventually died and the au-
topsy revealed a cardiomyopathy simitiar to that described
as Keshan Disease. ‘Red.blood cell Se and GSH-Px were mea-,
sured and found. to be oniy 10% of normal valuese.

'Van Rij et al. (81) reported a Se-responsive syndrome
of a patient on total parenteral nutrition. The symptoms
lincluded pain in the thigh muscles on passive and active
movement which inhibited mobility, and tenderness in the in-
volved muscle. The authors compared this to the sywptoms of
white muscle disease seen in Se—deficieht sheep. After one
week of intervenous infusion of selenomethionine; the pa-
tient was asymptomatice. Numerous anecdotal reports emerge
from regions in New Zealand where residents report they im-
proved muscular aches by self-medication with Se. whether
these reports are similar to the muscular conditions of tﬁis
patient 1is not Kknown.

Studles'describing Se intake and effect of supplementa-
tion have been conducted by several 1nvestigators. Schrauz-
er and White (60) reportedisé intakes for ten young adult

Californians were estimated at 90 to 186 ugsday. The high~-
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est intakes were observed in individﬁals selecting diets
high in whole grain cereal products and seafood. The Se
concentrations of the whole biood correlated signiriéantly
with the dietary Se intakes. When'the subjects were supple-~-
mented with 150 ug Se/day, the whole blood Se increased from
0.15 ug/ml to 0.21 ug/ml within three weeks. ﬁSB-Px activi-
ties were nof found to be correlated with dietary Se or
whole blood levels of Se. .In contrast, Robinson et al.

(53} found a very high correlation petween,whole biood Se
and GSH-Px in 264 New_Zealand residents, but not in New Zea-
land res%dents returning frbm-overseas visité Or new sett-
lers. Since New Zealand residents have some of the lowest
blood levels of Se in the world, it may be that a correla-
tion between Se and GSH-Px is present only in the lower
'ranges. Valentine et al. (80) studied the relationship
bet;een whole blood selenium and erythrocyte GSH;PX aétivity‘
in the non-deficient stéte. Their population conéisted of
33 residents who had‘consume& well watef for one year or
more that contained 0.026 to 1.8 ppm Se. Se concentration
in whole blood (0.17 ppm) ﬁas comparabie to Schrzuzer ana
White‘s (60) values (0.15 ppm) and neither observed a corre-
lation.between Se concentfation and GSH-Px. 7This 1s also in
agreement with Schmidt and Heller (5Y) who observed no cor-

relation between enzyme activity and Se concentration of hu-
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man erythrocytes. In contrast, Rudolph and Wong (58) ob-
served a close positive correlation . (r=0.86) in both plasma
and red blood celis, in their human maternal and cord'blood

samples.

BIOA#AILABILITY

After the nutritional value of Se was established, the
measurement.of this element in foods consuned by'various po-
éulation groups was undertaken (20,29,35,40,41,61) . Pruits
and vegetables are generally recognized as poor sources;
however, some vegetables éuch as garlic, mushrooms and as-
paragus can contain appreciable quantities. Dairy'products
and eggs are variable in Se content depending on the Se con-
tent of the graiﬂ fed to the animals. Grain products can be -
quite nigh or low based on the Se content of the soil where
they were grown. HMuscle meats have generally good quanti-
ties, and organ meats and seafoods have high Se concentra-
tions. The form of Se in these foods 1s generally unknown;
however, Olson et al. (&4) were_éble to account for aimost
half the Se in wheat as selenomethionine. -

Bioavailability studies on Se have been done using a
number of animal models and a review of some of these ap-
proaches is presented. Se deficiency in the chicken is man-

ifested by exudative diathesis (ED) ana pancreatic degehera-
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tion even in the presence of dietary vitamin E. In a study
by Cantor et al. (8), protection against ED was used as one
measure of bioavailability. They found that for the plant
products tested, percent biocavailability ranged from 59.8 to
88.6% with the exception of alfalfa meal which was 210%.

The piological availability of the products of animal origin
were ali lower, 8;5 to 24.9%. The bioavailability of'organ—
ic ana iﬁorganic Se compounds ranged from 89.3% for sodiun
selenate to 7.4% for elemental Se. Since plant products are
known to have about 40% selenomethionine, these investiga-
tors wanted to compare the bioavailability of selenite ver-
sus selenomethionine. Since protection against ED is highly
correlated with plasma GSH-PX, they measured plasma levels
of GSH-Px and Se in chicks that were fed graded levels of
selenite or selenomethione. The regression coefficient for
the relation of plasma GSH-Px to dietary Se levels optained
for chicks fed selenite was significantly greater than that
for selenomethionine, suggesting a difference in the utili-
zation of these two compounds. They concliuded that the
biological availanility seems to be determined by the apili-
ty of the chick to utilize Se for GSHE-Px activity and sele-
nite is cleariy superior to selenomethionine for this'pqr—

pose.
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In another study, Cantor et g;. (9) , evaluated the ef-
ficacy of Se from selenite, selenomethionine, selenocfstine,
wheat and tuna meal in preventing pancreatié fibrosis in |
chicks. Histological examination of the pancreas indicated
that wheat and selenomethionine were the most effective
sources of Se. When they were unable to show any relation=-
ship between enzymé activity in plasma ana pancreatic GSH-PX
and prevention of the deficiency diseaSe, they suggested
that perhaps the role of Se in protecting the pancreas is
distinct troi.its effect 6n GSH~Px activity. Osman and Laﬁ—
shaw (45) fed,sélenite, selenomethionine and selenocystine -
and confirmed that selenomethionine was less effective ln.
prevenﬁing ED than selenite or selenocystine. ﬁowever, more
Se was retainéd in the pancreas and muscle in aens fed sele-
nomethionine than selenite or seiegocystine. Latshaw (34)
looked further into the differential distribution of Se com-
pounds and fed laying hens a diet that had either 0.10 mng/Kg
or 0.42 mg/Kq.natural Se or 0.42 mg/Kg selenite Se. The na-
tural selenium diets were formulated from identicali ingredi-
ents; one obtained from a low Se area and the other from a
high Se area. He found that breast muscle, eqgg white, liver
and plasma contain more Se if the hens were fed a natural

source of Se than if fed selenite.
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Research on the efficacy of different Se compounds in
preventiné white muscle disease was initiated long before Se
was recognized as an integral part of GSH-Px. Ehlig et ail.
(19) fed selenité and selenomethioniue to lambs and reported
that those given selenite excreted more Se in their urine
than lambs given sgelenomethionine. Furthermore, Se reten-
tion. was greater for lambs fed seienomethionine than seie-
nite. According to their measureﬁents, absorption of the
two forms was the same, but the excretion varied. Later
Jenkins and Hidiroglou (30) fed 75Se labeled selenite and
selenomethionine to lactating ewes and couwpared them as
sources of Se for suckling lambs. The source of Se affeéted
its binding to milk proteins in colostrum;_hovever, in ma-
ture milk, Se was éarried by the caseins, regardless of
source. 7SSe concentrations were higher in the serum pro-
teins and tissues of.thé iamb whose dam received selenome-—
thionine, which seems to indicate that selenomethionine is
morCe available to the lamb than selenite. This finding was
confirmed by Fuss and Godwin (24) who injected 75Se as sele-
nite and selenomethionine into ewes and noted that the entry
of the isotope into milk was rapid and ygreater when sele-
nomethionine was administered than when selenite was given.
In contraét, greater amounts of activity from selenite were

found in plasma proteins in both ewes and lambs.
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Rats have also been used to study the metabolism of or-
ganic and inoréanic selenium. Cary et al. (10) measured re-
tention and tissue distribution of difterent forms and lev-
els of dietary Se fed to Se-depleted rats. .As was seen wWith
lambs, rats fed selenomethionine retained'more Se than those
fed selenite. This was believed to be due to a greater uri-
nary excretion of thé selenite-fed group. The concentration
of Se in muscle of rats fed selenomethionine was higher than
- in rats fed selenite. Se concentrations in the other tis-
sues were generally related to the level of dietary Se and
- not the source of dietary Se.

An examination of the effect of dietary methionine on
the bioavailability of selenite and selenomethionine in the
rat was recently reported by Sunde et al. (73). They quan-
titated bioavailability by determining a change in levels of
GSH-PxXx in liver, plasma and heart over a one-wee& period in
Se-deficient rats. They found that sub-optimal dietary ne-
thionine decreases the bicavailability of selenocmethionine
but not selenite, suggesting that selenomethionihe is incor-
porated into protéin in lieu of adeyuate methionine. AROth-
er nutrient which affects bioa#ailability of Se compounds is
vitamin B6. Yasumoto et al. (87) fed ; diet deficient in
Se and vitamin B6 to rats for 2 weeks, then added back vita-

min B6 or Se or both for 2 or more weeks. In the presence
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of vitamin B6, both selenite and selenbmethionine increased
GSH-Px activity in liver ahd erythrocytes. 1In the abéence.
of vitamin B6, selenomethionine was less'effective in the
liver and ineffective in increasing GSH-Px above basal lev-
els in the erythrocftes.- Selenite performed equally well,
regardless of the presence or absence of vitamin Bé6.
Another.vay to study b;oavailability is thréugh the use
of isotopes. Thomson g;'g;.l (78) compared the long term
‘fate of an oral dose of [ ?SSe ] selenocystine with that of
({ 7SSe ] selenomethionine in the rat. They found that whole
body retention of 75Se was gfeater with the [ 75Se] selencome-
thionine than [ 7Sse]] selenocystine.for the first week aad
this difference was maintained throughout the study. Uri-
nary léss Qf absorbed 75Se derived from selenocystine was
greater than that from selenometnionine. This is similar to
findings of other researchers using selenite and selenome-
thionine (10,19). 1In another study by the New Zealand group
(52), 75Se as selenite or selenomethionine incorporated in
¥ivo into fish muscle waé compared with the metabolism of
[ 73Se ] selenite and [755e] selenomethionine which wefe fed
to rats with unlabelled fish homogenate. Intestinal absorp-
tion of 7SSe given as lébelled fishlhomogenate was less com-
plete than that of 75Se mixed w;th uniabeiled fish homogen-—

ate. Although there were differences in urinary excretion
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of absorbed 73Se, tissue distribution of retained ?SSe and
long term whole body turnover rate were similar in all -
groups. This does not confirm other reports (10,19,78) whe-
re a difference in retention of various forms éf selenium is
observed.

Very few studies have been done on the biloavailability
of different Se compounds in humans. Robinson et al. (54)
supplemented the daily intake of three subjects: one woman
with 100 ug Se as selenomethionine, one man with sodium
selenite for 10-1li weeks and one woman with 65 ug Se as
mackerel for 4 weeks. only a small attempt was made to con-
troli their Se intake over the dietary period. They re-
frained from liver and kidney ,at least, before urine and
fecal coilections, and their'intake of fish was honitored.
Obviously this was only a pilot study so firm coanclusions
can't be drawn. The subjects consuming the selenometnionine
and mackerel had -increasing levels of blood Se throughout
the study, whereas the subject eatinyg the selenite plateaued
after about 7 weeks. The selenite seleniuh appeared to be
.less well absorbéd and more of tne absorbed Se was excreted
than in tae other two forms. in terms of intake, approxi-
mately 0.5 of the intake of selenomethionine and fish Se was

retained compared with 0.3 of the intake of the selenite Se.

In another Study py these researchers (26), the long-tern
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fate of an oral dose of 20 uCi of [ ?5Se] selenomethionine

- Wwas studied in four women. Intestinal absorption of the‘
dose was 95.5 to.97.3%. Plasma 7SSe concentration reached a
maximum within three to four hours and erythrocytes reached
a maximum at 8-12 ﬁeeks. No radioactivity was detected in
.expired air.

Levander et al. (36) examined the bioavailability of
wheat in six young meh. Using a depletion/repletion desiga,
they demonstrated a rapid response in urinpary and fecal Se
to increased dietary intake. Plasma Se responded to in-
~ Creased Se suppleﬁentation in 11 days, but erythrocyte Se
and G6SH-Px, although they steadily decteased dufing the 44
day depletioh, showed no response to supplementation.

Bioavailability of different Se compounds has also been
studied in x;;;g. Sunde and Hoekstra (75) used an isolated
perfused rat liver to study incorporation oif Se inio GSH-Px.
Théy found a Q-fold excess of unlabelled selenite or selen-
ide was very effective in reducing incorporation of 75Se |
from [ 75Se] selenocystine into GSH-Px, but a 100-fold excess
. of selenocystine vas relati?ely iﬂeffective compared to
selenite and.selenide in reducing 75Se incorporation from
{ 75Se ] selenite. They concluded that selenide or selenite
are more readily available for incorporation into GSH-Px,

perhaps because they are more easily metabolized to the im-
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mediate Se precursor used for GSH-Px synthesis than seieno-

cystine.

(2}



27

III. METHODS

RAT EXPERIMENT

=

ats

In order to'oﬁtain maximum responses to Se feeding,
Se-deficient weaﬁling rats were used. The procedure of
Schwarz (63) was followed to produce Se deficient rats. Ba-
.sicalily this involved placement of the dam and her pups on a
Se-and vitamin E~deficient diet when the young were about
seven days old. At about 24 days of age the pups were we-
aned onto the test diets. OSU Brown rats from the Agricul-
tural Chemistry eolony vere used with three male and three

female rats per treatment.

Diets

The pércéntage (by weight) composition of the pre-wean-
ing diet was: torula yeast, 40; sucrose, 41.5; Solka Fioc,
7.5; tocopherol—stfipped lard, 5; mineral mix,? 5; vitamin

Bix,? 1; and vitamins A (10 mg/Kg) and D (100 ug/Kyg) .

1 Mineral mix was Hubbell-Mendel-Wwakeman Salt mix (J. Nutr.
14, 270 (1937) .

2 The vitamin mix had the following compositioan: thiamin
HCl, i ygm; riboflavin, 1 gm; pyridoxine HCl, 600 myg; Ca-D
pantothenate, 4% gu; choline-~dihydrogen citrate, 424 gm;
niacin, 20 gm; menadione, 200 mg; folic acid, 400 ug;
biotin, 200 mg; B12 0.1% trit., 20 gwm; lactose, 1750 gn.
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The test diets were the same composition as the
pre-vweaning aiet,ﬁith the_éxception of added Se, and the to-
copherol-stripped lard was replaced by corn oil which added
approximately seven mng d-tocopherol/Kg diet. The test
ingredients were analyzed for Se content and added to the
diets in place of.part of the solka floc depending on the
concenfration of Se in each ingredient. Each of the Se-con-
taining diets:was fed at tiuree levelsf 0.05, 0.10 and 0.15
pPpm Se; This gave 22 diets including tne basal diet (no ad-
ded Se). Food and water were available to the animals ad
libitum. Food consumption was recorded.

The Seven Se sources tested Qere sodium selenite, raw
tuna, retorted or precooked tuna, canned tuna (packed in
oil), wheat‘bran, whole wheat flouf,.and wholé wheat bDread
prepared with water; yeast, salt and sugar. The wheat
(North Dakota Hard Red Spring Wheat) was obtained from Dal-
las, South Dékota and was milléa at the Western Quality La-
boratory in Puilman, Washington. The whneat products were
high in Se (3.5-5.6 ppm) which reflects tae high Se content
of the soil in South Dakota. The tuna products were provid-
ed trom Bumble Bee Seafoods, Astoria, Oregon, and were sak—
pled from their usual production. Thelr Se content ranged

from 0.9 to 1.7 ppih Se.
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Sample Preparation

The rats were fed the diet for four weeks at which time
thef were anesthetized with ether and decapitated. Blood
was collecﬁed in citrated tubes and 0.25 sl of whole blood
was immediately frozen omn Dry Ice and saved for the GSH-Px
assay. The remainder of the blood, liver, kidneys and mus-—
cle wvwere saved and frozen at -200C for Se and GSH-PxXx assays.
Initial and final rat weights were recorded and a record of
Vfoo& consumption for the four-week period was kept. Liver
and kidney weights were noted at the time of sacrifice.

The liver and kidneys were prepared for the GSH-Px as-
says as follows: one kidney or approximately 2 grams of
liver tissue were briefly homogenized in 4 or S nml, respec-
tively, of 1U% sucrose in 0.1M phosphate buffer per gram |
tissue. After‘the homogenate was centrifuged at 39C for 10
minutes at 10,000 x g, the supernatant was filtered through
glass wool. GSH-Px activity was deterwined in the soluble
fracfion. The 0.25 wl of whole blood was diluted to 1.5 ml
with 0.85% &acl solution. A 0.5 ml aliquot of this hemoly-
sate was mixea with én equal volume of Drabkins solution
(39) and diluted to 7 ml with aouble distiiled water. This

is the hemolysate on which the enzyme assay was performed.
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Laboratory analyses

Glutathione peroxidase activity was determined by the
method of Paglia and Valentine (46) using hydrogyen peroxide
as.substrate and added GSH reductase.? The hemoglobin con-
centration in the hemolysate was determined using the method
of Shenk et al. (71) and the protein content of the tissue
solublie fraction was measured by the Lowry methoa (37 .

Seleniunm was determined in iiver, kidney, muscle and
whole ploqd. .The samples were first pre-digested overnight
in 10 ml nitric acid and 3 ml perchloric acid, in 50 ml
acid-washed erlenmeyer flasks. They were theﬂ wet-digested
on a hoﬁ plate until 15 miﬁutes-after the‘appearance of per-
chloric acid fumes, at which point l.ml of concentrated HCLl
was added and digestion continued for 15 minutes longer;
Fiftgen ml of 0.027 M EDTA and 2 drops of the cowbination
indicator bromcresol green and cresol red were added to the
flasks. The samples were titrated with 5N ammoniuil hydrox-
ide to pH 2-3. The sauples were run on an automated system
whichlextracted the Se into cyclohexane and mixed it with a
solution of 2,3 diaminonaphthalene (DAN) (43) and 0.84 ny-
droxyl amine. The samples were activated at 369 mu and
fluoresence was measured at 525 mu. Se concentration was

determined by comparisons against a standard curve run alony

3 GSHd reauctase was obtaired from Sigma Chemical Co., St.
Louis, MO.
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with the samples. The standards were prepared according to

Olson (43).

HUMAN EXPERIMENT

Experimental DeSign

The palance study consisteda of a 10;day adjustment per-
iod followed by three 14 day experimental periods, in a 3x3
Latin Square design. Three male subjects were.initially as-
signed to one of three diets. Then they rotated to a ditfe-
rent diet in each diet period (Table 1) . The ﬁhree dietary
treatments were the pasal diet plus canned tuna, whole wheat
bread- or peanut butter. Since subjéct #6 dropped out before
the.completion of the first experimental perioa, no data
were collected on him.

The selenium content of the diets ranged from 331.5 to
354.5 ug/d&y, Since another part of this study involved the
bicavailability of vitamin B6,%* it was not possible to keep
the Se consteant from one period to another. The peanut but-
ter was also included for the purpose of studying B6 metcabo-
lism. Peanut butter,whiéh suppiied only 43 ug Se per day,
was supplemented with 225 uy/day of selenized yedst during
this treatment period to maintain a reiatively constant Se

intake throughout the three experimental periods. The Se

4 Results from this study will be published elsewhere.
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TABLE 1

Assignment of Subjects to Diets

Diets

‘Whole
Tuna . Wheat
Bread

. Subject Number

'2,3,5 4,8,9

7,8,9 1,5
. 1,“ 2'3'7

Peanuc
Butter

'2,3’“

5,8,9

32
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balance study data does not include values from the subjects

when they were eating the peanut butter diet.

Diets

The menu for the basal diet is presented in Table 2
The Se content of the basal diet was analyzed to be 78.6 ug
Se/day. During the adjustment period 70 gm of cheédar
cheese and 270 gm (raw weigﬁt) of ground beef were added,
bringing the Se level to 92.3 ug/day. Por the tuna test
period, 293 gm of drained, oil packed tunaS were added td
the basal diet. The-Se content of this diet was 331.5 ug/
daf (475.9 ug from the tuna}. FoOr the wheat test period,
415 gm of whole wheat bread® providing 252.9 ug Se/day was
added to the basal diet for a total Se content of 354.5 ug/
day. During the peanut butter test perioa, 252 gm of smooth
peanut butter were copsumed along with the basal diet. This

diet providea 43 ug Se/day from the peanut butter, 225 ug Se

5 The tuna was proviaed by Bumble Bee Seafoods, Astoria, Or-
egon. It was from a reqular plant run made up or extra

. small yeilow fin. It was brine frozen from a purse sein-
er, unloaded in Astoria. The fish were from five to eight
pounds in size. The cans were packed with 5% vegetabie
broth and soybean oil to fill and 1.2% salt added.

6 The bread was made from a blend of whole wheat flours in
order to approximate the Se content of the tuna. The
flours were the high-Se, North Dakota Hard Red Spring from
Dallas, S.D., and a2 low-Se (0.006 ppm) Soft White and Hara
Red blend from Corvallis, OR. The breaa was baked in a
commercial bakery in Corvallis, OR.
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from the selenized yeast and 78.6 from the basal diet,
giving a total of 346.6.ug‘3e/day.

All foods weré bought in case lots to insure uniformi-
tye. Fdod conposites were made weekly and analyzed foﬁ'sé |
content. The diet was supplemented with mérgarine, hard
candy, 7-Up and honey as necessary to maintaiﬂ the supjects?®
weight. The diet contained 100% of the recommended dietary
allowances (23) for 23+ year old males. The caloric content
of the diets was computed to bé 2478 Kcal for the Adjustment
diet, 2245 Kcal for the tuna d;et and 2675 Kcal for the
wheat diet. The subjects took no drugs or vitamin supple-
~ments and did not drink any alcoholic beverages during the

study.
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TABLE 2
Menu for the basal and experimental diets fed to human male
subjects
Breakfast:
Orange juice, frozen, recoanstituted 250 g
Rice cereal, ready-to-eat 35 g
Bread, white, enriched 25 g
Milk (22.5 g dry nonfat) 240 g reconstituted
Margarine : -
Honey variable, available at every meal
7-Up _ to maintain weight
Hard candies
Lunch:
Bread, white, enriched 25 g
Carrots, raw 80 g
Raisins . 56 g
Milk (22.5 g dry nonfat) : 240 g reconstituted
Pears, canhed 100 g, drained
Pear syrup , , . 20 g
Dinner:
Casserole: Rice 45 g (raw)
Tomato juice, canned 100 g
Nater ‘ 30~-40 ml
. NaCl, 10% solution 10 ml
Green beans 65 g drained
Liquid from canned beans 10 g :
Corn, whole kernel, canned 30 g
Peaches, canned 100 g drained
Peach syrup - 20 g
Ice cream, vanilla : 80 g
Celery, raw 80 g
Bread, white, enriched ‘ 25 g
Snack: S
Vanilia sandwich cookies 3 cookies
TEST POODS ADDED ONE AT A TIME
Adjustment Diet: Cheddar Cheese, at lunch 70 g
Ground Beef, at dinner 270 g
Tuna Diet: ' Tuna, oil pack, arained 293 g
- Mayonaise~type salad dressing as desired
Wheat Diet: Whole Wneat Bread 415 g

Peanut Butter Diet: Peanut Butter 252 g
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The foods were purchased in case lots to insure uniformity.

The tuna was supplied to Bumble Bee Seafoods, Astoria, OR from -
their regular plant run made up of extra small yellow fin.

The bread was made from a blend of whole wheat tlours. 'The
flours were high Se, North Dakota Hard Red Spring and low Se,
Soft White amd Hard Red blend. The bread was paked in a
commercial bakery in Corvallis, OR.
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Subjects

The subjects were eight young men, 21-30 years old who
were students at Oreqon State University. Their descriptive
data are presented'iﬁ Table 3. Thej had no known metabolic
aisease and exhibited normal xylose absorption ia response
to a 5 gn dose of L-xylose (7,27). They had normali values
for liver function and blood chemistry. The latter anaiyses
were performed at Good Samaritan Hospital, Corvﬁllls,IOR
(Hycei Super 17 Sequential Multipie Analyzer, Hycel Inc.,
Houston, TX). Subjects were not confined to the laboratory
during the study; however, they were reqﬁired to consume all
their meals in the métaboiic facility in the School of Hoame
Economics dgring supervised time periods. They weighed
themselves daily before breakfast, and collected all excreta
in designaﬁed containers. They refrained from strenuous
physical activity and continued their normal daily activi-
ties which included a full academic scaedule. This investi-
gation was approved by the Human Subjects Comumittee at Ore—v
gon State University. Eefore participating in this study,
the subjects signed an informed consent form approved by

this committee.
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TABLE 3

Descriptive data of the male subjects

, Welght

Sub ject Age Height Initial Final
Number yIs : cm kg kg
1 | 24 17.3 | 69.0  70.8

2 - 29 7.5 83.0 85.3

3 28 S 191 89.8 89.8

4 27 17.3 | 64.0 65.3

5 21 17.0 66.2 66.7

6 2% 18.8 92.1% -

7 30 17.8 67.1 6.4

8 21 18.0 70.3 70.3

9 21 . 17.3 69.0 68.5
Mean 24.7 17.8 T4.5 73.3

tSD +3.8 0.7 +10.8 9.1
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SAMPLE COLLECTION

Twenty-four hour urine collections were made every day
of the study. The urine was collected under toluene and re-
frigérated. The following day, the entire samp;e was mixed,
measured and aiiquots were, frozen for future analysés.

Complete fecal collections were made and stored in the
freezer until mixing. The feces vwere separated by the fecal
marker FDC Blue #1 (50 mg FDC Blue #1 plus 200 mg methyl
cellulose), which was given to the subjects at breakfast ev-
ery four or five days.' Four or five day fecal collections
were mixed and weighed. An aligquot was removed and refrozen
until analysis.

Blood was drawn iﬁto heparinized Vacutainers by & re=-
gistered medical technologist before breakfast at regular
intervals during each period. Se analysis was dohe On every
whole blood sample, GSH-PXx activity was determined only at
the beginning and end of each dietary period. Por the GSH-
PXx assay, a 250 ul aliquot was frozen on dry ice as in the

rat experiment.

Laboratory Analyses

Selenium assays were performed on conrposites of each
subjects*' fecal coliectious, whole biocod samples and every
third day for the'urine samples. If there was reason-to

suspect that the urine specimen might not be complete, based
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on creatinine content or the subject*s report, then the
urine spécimen from another day was substituted. Selenium
Qas determined by thé same method as in the rat experiﬁent.'

Glutathione peroxidase activity was measured in the
whole blood samples at the beginning and end of each diet
period. The same method was used; but th different sub-
strates, hydrogen peroxide and t-butjl.hydrogen peroxide,
were employed.

Completeness of urine colliections waé checked by mea-
suring creatinine (Technicon Autoanalyzer, Technicon Corp.,
Tarrytown, NY) by an automated procedﬁre using alkaline pic-'
rate (48). Hemoglobin and hematocrit were determined weekly
in each subject by stgndard procedures. These two indices

remained constant over the study.



IV. RESULTS

RAT EXPERIMENT

| Tables 4-8 contain the dgscriptive data collected on
the rats: food consumed over the four week period, weight
gain, final weight, liver weight and kidney weight. There
were no significant differences among tuna treatments or
bread treatments at any one leQel. When the three bread
groups and the three tuna groups wefe combined and compared
to eaéh other and the selenite (Se032-) fed groups ({Tables
9-13) , there weré some isolated significant (p<0.05) differ-
ences and they reflected a general trend Qf tﬂe wheat eating
animals eatinyg more and weighing more than the selenite and
tuna fed aﬁimals. More specifically, the wheat-fed animals
‘consumed more food (Table 9) at all dietary levels than the
£ﬁna or selenite-fed animals. This was significantly diffe-
rent (p<.05) only at the 0.10 ppm level when the wheat fed
animals consumed #445.0%93.3 gms over the four weeks &nd the
selenite~rfed animals consumed 300.0t52.3 gms. The wheat-fed
animals always gained more weight than the tuna- or sele-
nite- fed animals, but this was significant (p<.05) only in
one.comparison, between the wheat-fed rats (i19.7x26.4) and
the Selenite;fed rats (91.7+9.9) at the 0.05 ppm diet level.
Consequently thne final weight of the rats followea the saﬁe

pattern (Tabie 11). The wheat-fed animals were consistently
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heavier than the selenite- or tuna-fed animals. This was
significant (p<.05) only between the wheat- (170+£27.3) and
selenite-fed rats (137.7:10.8) at the 0.05 ppm dietary lev-—
el. The rat kidnéy welghts were very similar (Tabie 13),
except for those fed at the 0.05 ppm dietary level. At this
level, both the selenite- and tuna-fed rats had kidneys sig-
nificantly (p<.05) smaller (l.2+0.1 and 1l.3:0.2 gms respec-
tively) than the wheat-fed animals (l1.6%0.2 gms). In this
instance this did not represent a trend because five out of
the six remaining groups had a mean kidney weight of 1.6
gms. No explanation for tﬁis difference can be offered..
Tables 14 and 15 present the data on liver Se content.
The most significant observation is that rats consumind can-
ned tuna have higher liver Se than rats eating precooked
tuna or raw tuna. This is observed at all three levels'of
Se in the diet and is statisticallylsigniflcant (p<.05) .
When the combined tuna products and combined wheat products
were compared with the selenite fed group, there was no con-
sistent significant difference'(Table 15) . - However, those
rats fed tuna at V.10 and 0.15 ppm Se diet levels were lower
than the other two gr00ps,.but only those fed the 0.10 ppm
Se in tuna were significantly different (p<.05). Kegression
equations were caléulated for each biochemical parameter;
liver selenium, liver GSH-Px, kidney seleniﬁm, kidney GSH-

Px, whole plood selenium, whole blood GSH-Px and mpuscle sel-
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TABLE 4

Pood consumed (gms) by rats over fdur.week period

Level Source of Se
of :
Se Se032—~ Raw Precooked Canned Whole Whole Bran
(ppm) Tuna Tuna Tuna Wheat Wheat
Flour Bread
.05 325 394 379 346 378 430 414
+25 57 £33 +17 +80 +123 117
.10 *300 375 . 407 367 446 44O 450
+52 +49 . %61 +72 +101 +96 +101.
«15 410 407 391 459- 424 467 428
+70 +53 +52 +111 +130 196 2145
0 284
+33
Mean+Sb

Numper of rats per group (N)=6 (*N=5)



44

TABLE 5

Weight gained (gms) by rats over four week period

Level Source of Se
of Se(032— Raw Precooked Canned Whole Whole Bran
Se Tuna Tuna Tuna Wheat Wheat
{(ppm) Fliour Bread
.05 91.7 103.3 112.2 99,0 114.7 12z2.7 121.7
9.9 £27.4 +19.2 +13.3 £16.6 +31.8 +32.2
«310 *95.0 119.0 128.5 V7.7 120.7 o 1200 110.2
+18.6 +28.4 +26.9 +33.8 £29.0 +11.3 +=11.0
.15 119.7 122.3 117.3 127.8 120.7  144.2 118.7
+28.1 +24.2 +16. 1 +57.3 +33.0 247.8 135.4
0 73.0
' 6 .0
Mean+SD

N=6 (*N=5)



TABLE 6

45

Final weight (gus) of rats after four weeks on diets

Source of Se
Precooked Canned

Tuna
150.2
+25.9

170.0
+33.4

175.7
+23.9

Level
of 5e032— Raw
Se
(ppm)
<05 137.7
~+10.8
.10 *1u4.4
.15 175.0
+33.0
0 117.2
' +10 .4
Mean*SD

N=6 (¥N=5)

Tuna

162.0
+20.6

181.2

+33.0.

170.8
+21.3

Tuna

144.3
+10.3

158.3

£32.4

183.5
+55.5

Whole
Wheat
Piour

165.8

£22.1

176.0
+27.0

175.2
+36.4

Whole
Wheat
Bread

171.2
+29.0

177 .0
+17.6

201.7
+56 .7

Bran

174.3
+34.0

169.7
x23.0°

176.3

+47 .4
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Liver weight (gms) of rats after four weeks on diets

Tuna

6.9
+1.3

8.0
t1.6

Level _
’ of. Se032— Raw
Se
(ppm)
.05 6.8
+0.8
10 *7.1
1.1
«15 8.
i1.5
v 5.9
+0.8
Mean+Shb

Source of Se
Precooked Canned

Tuna

Tuna

30.6

7.8
1.3

7.7
2.8

Whole
Wheat
Flour

7.5
$0.3

7.7
£1.1

7
+1

- 6 .
o7

Whole
Wheat
Bread

7.9
+1.1

8.0
0.9

8.2
2.1

Bran

7 .6
t1.5

7.0
x1.0

7.7
1.6
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TABLE 8

Kidney weight (gms) of rats after four weeks on diets

Level Source of Se
of Se032—~ Raw Precooked Canned Whole -~ Whole Bran
Se Tuna Tuna Tuna Wheat Wheat
(Ppiu) - : Plour Bread
05 1.2 1.4 1.4 1.3 1.5 1.6 1.6
$0.7 0.2 $0.1 20.1 0.2 0.2 0.2
<10 =1.4 1.6 1.7 1.6 1.6 1.7 1.6
.15 1.6 1.6 1.6 1.7 1.6 1.7 1.6
+0.2 $0.3 $0.2 £0.4 $0.2 0.4 0.3
0 1.1
101
Mean+SD

N=6 (¥R=3)



TABLE 9

Food consumed by rats (gms): Comparison of combined tund,
combined wheat and selenite fed groups

Level of - Se032- Tuna Wheat

Se (ppnm) Groups Groups Groups
(N=6) {(N=18) (N=18)
.05 : 325.2 : 373.3 407.2
+25.1 42.5 104 .1
« 10 300.01 383.2 445,01
+52.3 £60.1 - £93.3
(N=5)
+70.0 +78.4 x151.3

Matcaoing buperscrlpts indicate significant differences
at p<.05.

Mean+SD
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TABLE 10

Weight gained (gms) by rats: Comparison of combined tuna,.
combined wheat and selenite fed ygroups

Level of Se032~— Tuna . Wheat
Se (ppm) Groups Groups Groups

(N=6) (N=18) (N=18)

.05 91.71 104 .8 ' 119.71

£9.9 , +20.3 +26.4

.10 95.0° 118.4  116.9

+18.6 +29.4 +18.6

(N=5)
.15 119.7 122.5 127.8°
+28 .1 +32.3 +38.8

Matching superscripts indicate significant differences
at p<.05.

MeanzSD ~



TABLE 11

Rat finai weight (gms): Comparison of combined tuna,
combined wheat and selenite fed groups

Level of Se032~ Tuna Wheat

Se (ppm) Groups - Groups Groups
{(N=6) (N=18) (N=18)
.05 137.72 152.2 170.43
+10.8 ' £20.2 27.3
.10 144 .4 170.2 174.2
+17.1 +32.3 +21.7
(N=3)
.15 175.0 176.7 184.4
+33.0 +35.2 247.2

Matching superscripts indicate significant differences
at p<.05.

Meanz*SD
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TABLE 12

Rat liver weight (gms): Comparison of combined tuna,
combined wheat and selenite fed groups

Level of Se032-~ Tuna ‘Bread
Se (ppm) Groups Groups Groups
(N=6) , (N=18) (N=18)
.05 6.8 . 7.2 7.7
.10 ’ ’ 7.1 8.1 : ’ 7.6
+1.1 +1.3 +1.0
(N=5)
- 15 8.2 8.0 7.8

t1.5 1.7 V.7

Mean+SD



TABLE 13

Rat kidney weight (gms): Comparison of combined tuna,
combined wheat and selenite fed groups

Level of Se(32- Tuna Wheat
Se (ppm) Groups Groups Groups
(N=6) (N=18) . (N=18)
.05 ' 1.2 _ 1.32 1.612,2
: +0.1 +0.2 +0.2
- 10 1.4 1.6 ' 1.6
0.1 £0.2 0.2
(N=5)
« 15 1.6 1.6 1.6
0.2 0.3 0.3

Matching superscripts indicate significant differences
at p<.05.

MeansSD

52
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enium, regressed.on the actual amount of selenium consumed

by each rat. This was calculated by prultiplying tae total

food consumed in the four week period by the level of sele-
nium in the diet.

Tables 16~18 delineate the liver GSH-Px activity data.
Table 16 indicates that there are no significant differences
among the three tuna treatments or three bread treatments,
at any dietary level. Table 17 reveals a trend, often sig-
nificant (p<.05), of rats consuming wheat products having
higher liver GSH-Px than selenite fed and tuna fed rats.
Since there appeared to be a sex difference in GSH-Px activ-
ities in the liver, the male and female rats wvere Sepafated,
and the mean and standafd deviatipns fécalculated (Table
18) . The female.rats had higher levels of GSH-Px than the
males, in every comparison. Unfortunately due to the small“
number of animals and higﬁ standard deviation, this was sig-
nificant in only 6 out of 22 éomparisons.

Data for kidney Se are presented in Tables 19 and 20
Rats fed canuned tuna had significantly more (p<.05) kidney
Se than rats fed raw tuna or precooked tuma at the two high-
er leveis fed (Tabie 19). There were no significant differ-
ences among the wheat eating animals. However, when the
combined tune and wheat groups were compared with the sele-
nite groups (Table 20), the wheat fed animals always had

higher kidney Se than the tuna fed and two out of three



TABLE 14

Selenium content (ppm) of rat liver

Source of Se

Whole
Wheat
Bread

0'229
+0.08

0.69
$0.30

0.8“
+0.21
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Bran

0.139
+0.04

0.59
+0.27

0.72
+0.09

Level
of Raw Precooked Canned Whole
Se Tuna Tuna Tuna Wheat
(ppm) Flour
.05 0.151,3 0.203,2 0.262,3 0.20
- #0.02 +0.01 +0.02 +0.07
.10 *),19¢,6 0.23+4,5  0.455,6 0.65
'10.03 +0.02 Q.05 - +0.31
« 15 0.u457 0.468 1.027,8 0.91
+0.16 +0.16 +0.10 +0.26
MeanzSD
Matching superscripts indicate significant differences
at p<.05

N=6 (*N=5)

Regression equations for rats fed:
0.01x + 0.01 (r=0.87, p<0.05)

0.007x + 0.006 (r=0.86, p<0.05)
0.007x + 0.03 (r=0.87, p<0.05)

Selenite:

Raw Tuna:
Precooked Tuna:
Canned Tuna:

Wnolie Waneat Plour:
Wnole wheat Bread:
Bran:

g g b b

0.01ix
0.01x
0.01x
0.01x

+ 4+ 1+

0.04 (r=0.93,
0.001 (r=0.91,
0.12 (r=0.77, p<0.05)
0.02 (r=0.85, p<U.05)

p<0.05)
p<0.05)
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TABLE 15

Rat liver Se (ppm): Comparison'of combined tuna, combined
wheat and selenite fed groups

Level of Se032—~ Tuna ‘ Wheat
Se (ppm) -. Groups _ Groups Groups
: (N=6) (N=18) (N=18)
05 ° 0.19 0.20 _ 0.18
+0.04 ' +0.05 +0.07
.10 0.38 0.29% . 0.05%
+0.06 +0.12 +0.28
(N=5) K
.15 0.81 0.64 0.82
+0.33 +0.30 +0 .20

Matching superscripts indicate significant differences
at p<.05. )
MeanxSD

Regression equations for rats fed:
Selenite: b4 0.01x + 0.01 (r=0.87, p<0.09)
Tuna: y 0.009x + 0.001 (r=0.76, p<0.05)
" Wheat: Y 0.01x + 0.07 (r=0.78, p<U.U5)

nn
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TABLE 16

Rat liver GSH-Px activity (nm NADPH ox/min/mg proteih)

Level Source of Se
of Se Raw Precooked Canned Whole Whole Bran
(ppn) Tuna - Tuna Tuna wWheat  Wheat

Flour Bread

-05 15.97 16.60 11.97 105.50 153.72 51.00
+12.36 +8.63 +7.61 $£110.34 +720.40 $44.05

10 42.78 37.47 46.75 © 697.97 732.65 717.62
o +37.37 +19.9 +27.74 £541.22 +£585.67 x582.7Y9

-15 135.45 246.05 236.03 1047.30 957.57 B8u42.18
+113.95 £229.13 +£166.12 +642.75 1358.25 x352.13

MeanzSD
N=6

Regression equations for rats fed:
Selenite: 8.37x - 26.32 (r=0.84, p<0.05)
Raw Tuna: 2.08x - 12.09 (r=0.63, p<0.05)
Precooked Tuna: 3.92x - 40.19 (r=0.61, p<0.0Y)
Canned Tuna: 2.61x - 5.67 (r=0.57, p<0.05)
Whole Wheat Flour: 18.13x - 112.35 (r=0.83, p<0.05)
Whole Wheat Bread: 11.90x + 58.04 (r=0.70, p<0.05)

" Bran: 12.066x = 7.42 (r=0.69, p<0.05)

g R M b
(T I T 'O L 1 I 1



57

TABLE 17

Rat liver GSH-Px (nmoles NADPH ox/min/mg protein):
Comparison of combined tuna, combined wheat and selenite fed

groups
Level of . Se032- Tuna WHheat
Se (ppm) Groups Groups Groups
(R=6) (N=18) (N=18)
.05 . 49,6 ' 14.81 103.61
.10 ' 223.32 42.33 - 716.12,3
+121.7 +27.7 +535.8
{N=5)
<15 519.74 205.85 949,.04,5
+211.6 ' +173.3 +450.8

Matching superscripts indicate significant differences
at p<.05.
MeantSD

Regression equations for rats fed:
Selenite: ¥ 8.37x - 26.32 (r=0.84, p<0.05)
*Tuna: Y 3.15x - 34.12 (r=0.55, p<0.05)
Wheat: ¥ Wo22x - 27.32 (r=0.68, p<0.05)

W nwn
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Rat liver GSH-Px (nmoles NADPH ox/min/mg protein):

Level

of Se032—

Se
(ppn)

MALES

+4..0

"« 10 171.3%

.15 333.8
46 .0

0 3.4
0.3

PEMALES

.05 56.84
.10 258.1
+154 .8

.15 705.6
+77.8

Raw
Tuna

7.63
.$0.9

2.9

+30.3

24 .31
+13.2

71.55
+31.8

206.8

Source of Se

Precooked

Tuna

9.1
+1.5

19.5
2.1

83.76
+21.5

24 .1
i“.“

" 55.5

+3.7

408.4¢6

+127.6 *227.5

Canned

Tuna

- N
L] L ]
W

"

H N
w N
L ] L ]
~] -

96.2

18.5
4.1

71.4
9.1

375.8
+93.0

whole.
Wheat
Flour

2“.22
+3.9

230 .“
+93.9

540.7
$221%.1

186.82
+102.8

1165.5
£260.0
1553.9
+462.7

Comparison between maies and females

Whole Bran
Wheat
Bread

73.9 35.06
+50.1 $£32.9

256.83 199.2
$+30.0 £151.4

682.1 614.9
+147.9 £316.8

67.6
£54 .7

233.6
£120.9
1208.531236 .0
+421.2 +141.5
1233.0
+267.2

Matching superscripts indicate significant differences
between mezles and fewales at p<.05

ﬂeaniSD.

N=3 (¥N=2)
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times had significantly higher kidney Se than the selenite
fed controls.

Tables 21 - 23 contain data on kidney GSHAPx activity;
As with the liver GSH-Px data, there are no significant dif-
ferénéés among the tuna fed groups or the wheat fea groups
{(Table 21). In Table 22, the combined tuna, combined wheat
and selenite-fed groups follow the same patﬁetn as the liver
GSH-Px. The wheat-fed groups show the highest activity,
followed in decreasing ofdet by the selenite-fed groups, and
the tuna-fed groups. Except at the.O.US pom level, these.
are all significantly different from each other (p<0.05).
Whén the kidney GSH-Px data for the males and females are
examined seéarately, the females had higher GSH-PX activity
in every instance, although this was significant in only 2
out of 22 comparisqns (Table 23).

Whole blood Se data are presented in Tables 24 and 25.
As was observed with the liver Se data, the rats fed éannea
tuna had the highest blood Se followed, in decreasing order,
by the rats fed the precocked tuna, and raw tuna. This was
only seen at the two higher levels and waé sﬁatiétically
significant. The rats fed the bran had siightly lower blood
Se then the rats fed whole wheat flour or bread. This was

significant only at the lowest level of Se fed (0.05 ppum) .
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TABLE 19

Se content (ppm) of rat kidney

Level Source of Se
of Raw Precooked Canned Whole Whole Bran
(ppm) Tuna Tuna - Tuna Wheat Wheat
Flour Bread
.05 0.32 0.31 0.32 0.40 0.54 0.306
.10 . 0.381 0.3462  0.561,2 0,68 0.71 0.64
+0.11 10.04 +0.15 +0.04 +0.11 +0.10
.15 0.513 0.56% 0.773,% 0.91 0.91 0.89

+0.18 +x0.09 20.16 0.4 0. 14 +0.15

Matching superscripts indicate significant differences
at p<.05.

Mean+SD

N=6

. Regression equations for rats fed:

Selenite: Yy = 0.008x + 0.17 (r=0.87, p<0.05)
" Ravw Tuna: y = 0.0ubx + 0.14 (r=0.76, p<0.05)
Precooked Tuna: y = 0.007x + 0.12 (r=0.86, p<0.05)
Canned Tuna: y = 0.008x + 0.18 (r=0.79, p<0.05)
Whole Wheat Flour: y = 0.0llx + 0.19 (r=0.85, p<y.05)
Whole Wheat Bread: y = 0.008x + 0.29 (r=0.74, p<0.05)
Bran: Y = 0.01lx + 0.16 (r=0.87, p<0.05)
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- TABLE 20

Rat kidney Se (ppm), comparison of combined tuna, combined
wheat and selenite fed groups

Level ot SeQ32— Tuna Wheat

Se (ppm) Groups Groups Groups
(N=6) {N=18) (N=18)
.05 0.38 0.322 0.43%
S +0.11 +0.09 +0.16
(N=5) -
- 10 o 0.442 0.433 0.682,3
10.08 0.4 +0 .09
(N=3)
.15 O.b649 0.615 0.90+,5

Matching superscripts indicate significant differences
at p<.05.
Mean+SD

Regressiocn equations for rats fed:
Selenite: ¥ 0.008x + 0.17 (r=0.87, p<0.05)
Tuna: Yy =.0.006x + 0.19 (r=0.68, p<0.05)
Wheat: Y 0.008x + 0.30 (r=0.73, p<Uu.0YH)

o



TABLE

21

Rat kidney GSH-PX aétivity (nm NADPH ox/min/mg protein)

Level Source of Se
of se Raw Precooked Canned Whole Whole  Bran
(ppnm) Tuna Tuna Tuna Wheat Wheat
Plour Bread
.05 76.1 67.0 55.1 168.3 297.9 172.4
+28.2 +17.6 +T4 .4 t64.9 x260.2 86.3
« 10 *85.1 87.2 116 .8 448.0 479.6 40ob.7
+15.2 +28.2 +31.7 $206.9 £130.4 x108.1
.15 160.2 152.9 170.9 669.8 649.1 549.4
44,2 44,9 +49.8 2123.3 £117.2 2150.1
MeanzxSD
N=6 (*N=5)
Regression equations for rats fed:
Selenite: Y = 5.50x +.58.07 (r=0.71, p<0.05)
Raw Tuna: Yy = 2.19x + 18.40 (r=0.88, p<0.05)
Precooked Tunha: Yy = 2.07x + 18.57 (r=0.83, p<0.05)
Canned Tuna: y = l.92x + 29.81 (r=0.77, p<0.05)
Whole Wheat Flour: y = 9.61lx + 19.28 (r=0.91, p<0.05)
Whole Wheat Bread: y = 7.0lx +122.09 (r=0.76, p<0.05)
Bran: Yy = 7.35x + 46.47 (r=0.87, p<0.05)

62
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TABLE 22

Kat kidney GSH-Px (nmoles NADPH ox/min/mg prot.): Comparison
of combined tuna, combined wheat and selenite fed groups

Level of. ' Se032~- Tuna Wheat

Se (ppm) Groups : Groups Groups
(N=6) (N=18) (N=18)
.05 " 173.8 66,11 212.91
o +37.7 ©$21.5 +164 .8
" (N=3)
.10 238.52,3 97.02, ¢ 444,83,
+87.6 +29.1 +148.2
(N=5) (N=17)
.15 407.75,6 161.45,7 622.86,7
+222.8 +44 .2 +134 .4

Matching superscripts indicate significant differences
at p(.os. ) ‘
MeantSD

Regression equations for rats fed:
Selenite: ¥ 5.50x + 58.07 (r=0.71, p<0.05)
Tunas Y 1.89x + 30.47 (r=0.74, p<u.05)
Wheat: Yy 7.29%x + 99.06 (r=0.77, p<0.05)
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TABLE 23

Rat kidney GSH-Px (nmoles NADPH ox/min/mg protein):
Comparison of males and females

Level Source of Se
of Se Se032— Raw Precooked Canned Whole Whole Bran
(ppm) Tuna Tuna - Tuna Wheat Wheat
Flour Bread
MALES
«.05 156.9 57 .4 51.6 u2.8 109.5 157.22 122.1
+14.9 $11.0 4.5 7.9  £11.1  52.5 £67.5
« 10 294.0*% 4.7 T3.418 97.1 440.3 413.3 321.6
£123.3 +7.2 +5.0 +6.2 +273.3 110.3 =z27%.7
«15 293.7 123.5 149.9 137.8 664.7. 573.7 536.6
- £68.5 *24.6 +44.9 +40.0 £187.0 +34 .8 +111.8
0 10.1
+1.2
PEMALRS
.05 199.2% 94,8 82.3 67.4 227.2 438.72 222.7
+55.6 128.6 +6.6 . +1.5 4.3 £327.2 80.4
.10 201.5 100.7#% 100.93 136.6 455.0 545.9 491.8
+51.1 +3.9 +37.4 +36.1T #179.4 +131.0 +33.1
.15 521.7 i96.9 156.0 204.1 674.9 T24 .4 5b62.2
+283.6 +15.4 +54.8 +30.1 +54.6 +127.0 x208.1
0 13.8 '
+2.8

Matching superscripts indicate significant differences
between males and females at p<.05.

MeantSD

N=3 (*N=2)
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Tablie 25 gives the data obtained when the combined tuna
groups, wheat groups and selenite—fed group were compared.
The tuna-fed group always had the lowest blood Se value and
this waé Significanf (p<.05) five out of six comparisons.
The wheat-fed groups were not significantly different froan
the selenite fed group.

Déta for whole blood GSH-Px are presented in Tables
26-28. There are no significant differences among the
tuna-fed groups. However, in the wheat-fed gfoups,-the rats
fed‘bran have lower éSH-Px activity than the whole wheat
bread-fed ani@dls‘at all three diet levels whiéh is signifa-
cant at the 0.05 ppm level'(p<.05) (Table 2b) . When the
data for the males and females were separated and compared,
the females had higher blood GSﬁ—Px in every instanée, alt-
hough the maynitude of the difference was not as great as
that seen in the kidney aﬁd liver. There was oniy one com-
parison between the males and females that was significantly
different, tﬁe 0.05 ppin level of canned tuna (Table 27).

The wnole blood GSH-Px was 34.5£16.6 and 55.920.3 nmoles

NADPR ox/min/mg Hb for the males and females, respectively.
Due to the smail number of/animals, there were no signifi-
cant differences among the seven Se sources at any one die-

tary level of Se that vas fed. The comparisons of the com-—



Level
of Se
(ppm)

-05

.15

Matched
P<.05
MeantSD
N=6

TABLE

24

Se content (ppn) of rat‘whole bliood

Source of Se

Raw Precooked Canned
Tuna Tuna Tuna
0.11 " 0.11 0.10
+0.02 £+0.02 +0.02

0.143,6 . 0.183,2  0.223,8 (.30

+0.02 +0.02 +0.02 +0.06
0.212 - 0.235 0.302,5 0.34
+0.07

20.05 +x0.00 x0.05
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Whole Whoie Bran
Rheat Wheat
FPlour Bread
V.17 0.174% 0.12¢
+0.03 +t0 .04

20.05

0.31 0.27
+0.00 +*0.06

0.35 0.32
$0.02 10.04

superscripts indicate significant differences at

Regression equations for rats fed:

Selenite;

Raw Tuna:
Precooked Tuna:
Canned Tuna:

Whole
Whoie
Bran:

0.005x
0.003x
0.003x
0.004x
0.005x
0.004x
0.004x

Wheat Floﬁr:
Wheat Bread:

A b G g
T VI TR TR TR T |

+ 4+ o+t

0.06
0.03
0.03
0.05
0.05
0.08
0.04

(r=0.93,
(r=0.92,
(r=0.92,
(r=0.90,
(r=0.95,
(r=0.88,
(r=0.93,

P<0.05)
p<0.0b5)
p<L.05)
p<0.05)
p<0.05)
p<0.05)
p<0.05)
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Rat whole blood selenium (ppm): Comparison of combined tunz,

combined wheat and se

Level of
Se (ppm)
.05

.10

.15

Matching superscripts indicate significant differences

at p<.05.
HeanzSD

Se(032~- Tuna
Groups Groups
(K=6) . (N=18)
0.161 0.101,2
+0.03 _ +0.02
0.24 0.183
+0.02 +0 .04
(N=5) ’
0.334 . 0.25¢,S

+0.05 +0.06

Redqression equations for rats fed:
0.005x + 0.0b6 (r=0.93, p<0.05)
0.003x + 0.05 (r=0.84, p<0.05)
0.004x = 0.009 (r=0.87, p<0.05)

Selenite: ¥
Tuna: Y
Wheat: Yy

lenite feda groups

Wheat
Groups
(N=18)

0.152
+0.05

0.293
10.06

0.345
+0.05
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bined tuna, combined wheat and selenite—fed groups (Tablie

28) followed a similar pattern, i.e., the wheat-fed groups
were always significantly higher than the tuna-fed ‘groups.
The wheat-fed groups were not always higher than the sele-
nite fed groups, however.

Data for muscle Se is in Tables 29 and 30. In Table 29,
the rats consuming canned tuna generally had higher muscle
Se than those consuming precouvked or raw tuna. Kats eating
bran, always had lower muscle Se than rats eating whole
wheat bread or whole wheat.fiour, and this Qas significant
(p(.OS) in two éut of three instances. In the comparisoas
of combined tuna, combined wheat and selenite fed groups
(Table 30), no clear pattefn emerged. The wheat fed groups
bhad higher muscle Se at the 0.10 and 0.15 ppe diet, but iow=

er &t the 0.05 ppm diet level.
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TABLE 26

Rat whole plood GSH-PX activity (nmoles NADPH ox/min/mg Hb)

Level Source of Se
of Raw Precooked Canned - Whole Whole Bran
Se Tuna Tuna Tuna Wheat Wheat
(ppm) Flour Bread
.05 51.03 48 .57 *43.06 78.57 87.65% 58.1012
+8.7 +7.9 +16 .0 +18.9 £22.0 x18.7
10 %61.34 57.87 ' 66.80 166.15 191.78 160.15
+20.3 +8.7 +14.3 +38.7 $46.7 2U5.6
.15 90 .10 104 .20 106.93 227.78 236.88 193.75

+29.4

Matched superscripts indicate signiticant differences

at p<.05.

MeanxSD

N=6 (*N=5)

Regression equations for rats tfed:

Selenite: Yy = 2.25x + 51.90 (r=0.88, p<0.05)
Raw Tuna: ¥y = 0.96x + 29.78 (r=0.84, p<0.05)
Precooked Tuna: y = 1.10x + 27.24 (r=0.84, p<0.05)
Canned Tuna: y = 0.97x + 31,90 (r=0.81, p<0.05)
Wnole Wheat Flour: y = 2.90x + 33.206 (r=0.94, p<0.05)
Whole Wheat Bread: vy = 2.41x + 54.62 (r=0.78, p<0.095)
Bran Y = 2.44x + 31.03 (r=0.89, p<i.05)



TABLE 27
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Rat whole blood GSH~Px activity (nmoles NADPH ox/min/myg HD) :
Comparison between males and females

Level
of Se

(ppw)
MALES

G5

<10

15

PEMALES

.05

.10 .

.15

Se032— Raw

103.7
19 .4

147 4%
+1.1

183.5
+30.2

30.3
16.7

127 .3%
5.0

112.3
6.1

150 .9
+38.2

27.7

- +15.8

Matched superscripts indicate 51gn1f1cant dliterences

Tuna

Tuna

43.0

52.0
2.5

92.9
210.7

63.7
9.0

115.5
+14.6

Precooked Canned

Tuna

34.512

+16.6

59.6
+15.3

97.5

*55.91
0.3

4.0

between males and females at p<.05.

MeanzSD
N=3 (*N

:2)

Whole
Wheat
Plour

86.3

t22.5

197.5
+14.3

250.8
+31.9

Whole
Wheat
Bread

73 .3
+15.4

166.3
x32.1

222.2
+29.5

102.0
+18.9

217.3

251.6
+103.5

Bran

47 .6
:5.6

132.2
+50.1

193.2
+38 .6

68.6
$22.8

188.1
+18.6

194 .3
+25.7
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‘TABLE 28

Rat blood GSH-Px (nmoles NADPH ox/min/mg Hb) : Comparison of
combined tuna, combined wheat and selienite fed groups

Level of Se032- Tana - Wheat

Se (ppm - Groups Groups Groups
o (N=6) (N=18) (N=18)
.05 ' 113.23,2 47.81,3 ' 74.82,3
+14.7 +11.1 +22.7
(N=5) (N=17)
.10 126.3+,5S 62.04,6 172.75,6
(N=5) (N=17) ’
.15 187.27 100.47,8 219.58
+31.1 . 18.4 $48.7

Matched superscripts indicate significant differences
at P<.05.
MeanzSDh

Regression equations for rats fed:
Selenite: d 2.25x + 51.90 (r=0.88, p<0.05)
Tuna: ¥ 1.00x + 30.33 (r=0.78, p<0.05)
Wheat: Y 2.44x + 47.10 (r=0.81, p<0.05)



TABLE 29

Se content (ppm) of rat muscle

Level Source of
of Raw Precooked Canned
Se Tuna Tuana Tuna

(ppm) '

.05 0.071 0.081 0.08
+0.008 +0.009 +0.01
«10 0.092 0.093 0.112,3
‘ +0.02 +0.004 +0.02
.15 0.11e 0.128 0.154,5
+0.01 +0.02 +0.02
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Se
Whole Whole.  Bran
Wheat Wheat :
FPlour Bread
- 0.06 . 0.006 0.05
+0.01 +0.02 +0.01
0.12 0.126 0.10¢0
+0.02 ;0.02 10.02
0.15 0.167 0.137
+0.02 +0.02 +0.02

Matched superscripts indicate significant differences at

p<.05
MeantSD
N=b

Regression equations for rats fed:

Selenite: : Yy = 0.001x +
Raw Tuna: y = 0.001x +
Precooked Tuna: ¥ = 0.001x +
Canned Tuha: y = 0.002x +
Whole Wheat FPlour: y = 0.002x +
Whole Wheat Bread: y = 0.002x +
Bran: y = 0.001x +

0.04
0.04
0.04
0.04
0.03
O.04
0.03

(r=0.92,
(r=0.92,
(r=0.92,
(r=0.88,
(r=0.96,

(r=0.86,

(r=0.92,

p<U.05

p<0.05)
p<0.03)
p<0.U5)
p<0.05)
p<0.05)
p<0.05)
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Rat muscle Se (ppm) : Comparison of combined tuna, combined
wheat and selenite fed groups

Level of
Se (ppm)

.05
10

.15

Matching supersc
at p<.05.
Mean+tSDh

Regression equat
Selenite: 'y
Tuna: ¥
Wheat: Y.

Se(Q32- ' -Tuna
Groups Groups
(N=6) (N=18)
0.07 0.08¢%
+0.01 +0.01
0.10 0.092
+0.006 +0.02
(N=5)
0.123 - 0.139
+0.01 +0.02

Wheat
Groups
(N=18)

0.122
+0.02

0.153,«
x0.02

ripts indicate significant differences:

ions for rats fead:

0.001x + 0.04 (r=0.92,
0.001x + 0.05 (r=0.83,
0.002x + 0.04 (r=0.80,

p<0.05)
p<0.05)
p<0.G5)
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HUMAN EXPERIMENT

The Se content of the urine and feces from young aduilt
males receiving tuna and whole wheat bread diets iSfpresent-
ed in Tables‘31 and 32. lThére is no difference between the
Se excretion on the tuna or bread diets in urine or feces.
There is a difference between the adjustment diet and the
tuna and bread diets. However, the adjustment diet provides
only 27.8% and 26.0%, respectively, of the Se of the tuna
and bread diets. This decrease in excretion of Se reflects
this decrease in gquantity of Se.

The'balance study data are found in Table 33. No dif-
ference was observed between the two test foods. On the
tuna diet, the intake was 331.5 ug Se/day, the excretion was
240.9 ug/day and the subjects were in positive balanée,
storing 90.6 ug/day. On the bread diet the Se intake waé
354.5 ug/day, the total excretion was 249.6 ug/day and the
subjects were iq positive balance storing 105.0 ug Se/day.
Since the subjects were consuming slightly different amounts
of Se between these two diets, the total excretion was ex-
pressed in terms 6f percent of intake. on the tuna diet,
they excretea 72.7% of the Se consumed and on the pread diet
they excreted 70.4%. During the adjustment phase the sub-
jects were consuming only 92.3 ug Ses/day. Apparently this
was not adequate to cover even their obligatory losses of Se

because they were in negative balance losing, 16.2 uy Se/



Average Se content of urine (ug/day) in male,

Subject

Number

1

2
3

&

~ W

8
9

MeantSD'

TABLE 31

and bread diets

Adjustment
Diet (N=4)

93.7x14 .72
B4.6221.9
69.6£10.9
52.7+ 9.8
95 .1£19.4
67.9+11.2
95.4140.1
60.4% U.6

77.43:16.9

1 Values represent Mean+SD

Tuna

‘Diet (N=5)

199.1z 7.9

169.8+21.3

109.1+11.2
118.6+14.8
166 4£10.5

157.3£14.5

378.2220.0

163. 71 4,2

157.7£30.0

humans fed tuna

Bread
Diet (N=5)

165.7+20.3
229.0+16.9
152.0430.4
193.6220.0
181.8% 6.3
142 .52 6.8

146 .2£9.5

141.81204.9"

169.1£30.8

75
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TABLE 32
Average Se content of feces (ug/day) in male humans fed tuna
and bread diets

Subject Adjustment Tuna

. Bread
Number Diet (N=2) Diet (N=3) Diet (N=3)
1 23.8+ 3.62 88.3x 9.3 91.8151.3
2 29.3%+ 8.1 86.4+£55.2 105.6+£19.2
(N=2)
y 19.7+ 4.0 84.9%26.9 50.8x 5.9
S " 30.2:13 .4 T7.7£32.6 95.81+50.7
7 35.6+12.3 81.91£25.0 77.4x12.1
8 33.7+ 2.9 95.0+45.2 70.1220.2
9 35.1+£17.9 91.7+38.8 94.6+14 .0
(N=2)
Mean*+SD 31.i16.9 83.2+9.7 80.5+19.7

1 Mean*SpD
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day. Their Se intakes must have been higher before they
star;ed to consume the adjustment diets. This would corres-
pond with the estimates of typical Se intakes in the United
States which average about 150 ug per day (22) .

Table 34 contains the data on the whole blood Se. This
remained coﬁstant for the entire study. The avérage Se cén—
centration during the adjustment period was 0.20%.02 ug Se/
gd whole blooaq, for thae tﬁna diet it was 0.23:.03 and for
the bread diet it was 0.24%.03.

Likewise there was no difference in the GSH-Px activity
among the three diets. The GSH-Px assay was done with two
different substrates, hydrogen peroxide (Hzoz)add t-butyl
hydrogen pefoxide (t-butyl Ho0 2 . Table 35 presents these
data. There were no differences among the three diets for

either substrate.



TABLE 33
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Human Se balance study data, ug Ses/day consumed and excreted
- and per cent of intake that was excreted

Intake
(ug Se/day)

_ Excretion:
Urine
Feces
Total

Balance
Mean+SD

Ad justment
Diet

92.3
ug Se %

day

77.4 83.9

37.1 33.7

108.5  117.6

intake

Tuna
Diet

331.5
ug_Se %
day intake
157.7 47.6
83.2

240.9 72.7

+90.6+9.5

Bread

Diet

354 .5
ug_Se %
day  1intake
169.1 47.7
80.5 22.7
249.6 70 .4

‘+105.0x10.3
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TABLE 34

Average whole blood Se (ug/gm) in male humans fed tuna and
bread diets

. Subject Adjustment Tuna Bread

Number Diet (N=3) Diet (N=3) Diet N=3)
1 0.231.0112 0.28%£.02 0.23x2.02
2 . 0.20:.62 \ 0.23+.01 0.27+.01

. (N=2)

3 0.19% 0 0.19t.006 0.24x.01
4 0.19£.005  0.27:.04  0.21%.04
5 - 0.22+.02 0.25+.03 0.292.02
7 0.19+.02 0.23£.02 0.25%.01
8 0.20+.006 0.23+.04  0.22%.006
9 0.17x.01 0.19+.02 0.15+.02

MeanzSD 0.20£.02 0.23.03 0.24+.03

1MeantSo
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TABLE 35

Average GSH-Px activity (nmoles NADPH ox/min/mg Hb) in human
' whole plood using two substrates

Adjustment Tuna Bread
Diet : Diet Diet
H202 .
23.67 24.07 26.42
+4.9 ' 4.9 . 5.1
t-butyl H05
26 .46 25,72 25.74
Mean#SD

N=8
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V. DISCUSSION

RAT gxpznngg

Although many approaches to the question of bioavail-
ability of Se have been undertaken, there is no real conéen—
sus regarding the best method to be employed in its study.
Initially, we aoped to compare tissue ievels of GSH-Px and
Se in the rat to survival timevof'rats fed a necrosis pro-
moting diet. Unfortunately it was not possible to reproduce
this liver necrosis aSsay even though it had been success-
fdlly employed previously in our lab (82, 83), and'the des-
cendents of that same strain of rats, 0SU Browns,were used.
We concluded that the failure was probably due tovvarianlll—
ty introduéed into ﬁhé strain when it was outbred to in-
- crease fertility. In light of this, the measure of Se lievel
and GSH-Px activity in a variety of tissﬁes, as a test of
biocavailability, was used to énswer our research questions.
Another method used to express bioavailapbility is the slope
ratio method reported by Suttle (77). Using this method,
the sgiope of the regression line generatec by a dose-res-
ponse relationship for a test supbstance is divided by thae
slope of the regression line generated Ly the controli sub-
stance wnich would be selenite in the present study. The
ratio can then be used to quantitatively compare two fooas.

Kats fed canned tuna as a source of Se consistently had



82

significantly higher tissue Se levels than rats fed the oth-
er two tuna diets. However, there'was no difference in
GSH-Px activity among these three groups. This observation
was confirmed by the slope ratios presented in Table 36.

The bioavailability of the canned tuna, for example, ap-~
peared to be W3% greater than either the raw or precooked
tuna when liver Se levels were used. However, when liver
GSH-Px activity was the measure of bioavailapility, tae
slope ratics demonstrated that the canned tuna had oniy.68%
of the availebility of the precooked tuna and 128% of the
raw tuna. But does this mean that the Se i1n canned tuna was
more available to the rat? lIf.so, what is the rat doing
with the additional Se if more GSH-Px is not produced?

One of ihe more significant observations of this study
was the great difference in GSH~Px activity between the com-~
bined tuna fed groups versus the combined wheat fed groups.
This was seen in the liver, kidney and blood (Tables 17, 22,
28) . The wheat fed groups clearly had much greater activi-
tye. The siope ratios ih Table 36 confirm this observation
and this also agrees with data collected on chicks by Cantor
et al. (8,9) and on rats by Douglass ex z2l. (18). An exa-
mination of the tissue levels of Se in liver, Kidney and
blood (Taplés 15, 20, 25) reveals that, aithough the wneat
fed groups are usually higher, and sometimes significantly

so, the magnitude of the difference is less than the ditter-



TABLE 36

Slope ratios (slope from regression line of test food
divided by that of selenite)

Biochemical _
Parameter Raw Precooked Canned
Tuna Tuna Tuna
Liver Se 0.70 0.70 1.00
Kidney Se 0.75 0.68 1.00
Blood Se 0.60 0.60 0.80
Muscle Se 1.00 1.00 2.00
Liver GSH-Px 0.22 0.47 0.32
Kidney GSH-Px 0.40 0.38 0.35
Blood GSH-Px 0.43 0.49 O.43
Combined
Tuna
Liver Se 0.90
Kidney Se ' 0.75
Blood se 0.60
Muscle Se 1.00
Liver GSH-PX : 0.38
Kidney GSH-Px 0.34

Blood GSH-Px 0..44

Diet
Whole
Wheat
Flour

1.00

1.38

1.00

2.00

2.17

1.75

1.49

Co

S
Whole
Wheat
Bread
1.00
1.00
0.80
2.00
1.42
1.28
1.07

mbined
Wheat
1.00
1.00
0.80
2.00
1.70
1.33
1.08

Bran

1.00
1.25
0.80

1.00

1.51
1.34
1.08
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ence in GSH-Px éctlvity. Agéin this is illustratea in the
siope ratios (Table 36) . The rTatios of ﬁhe wheat—-fed ani-
mals were 1.1 to 2.0 times larger than the tuna-feua animals
when tissue Se levels ﬁete considered. When tissue GSH-PX
activity was used, the slope ratios of the wheat-fed rats
were 2.5 to 4.5 times laryger than the tuna-fed rats. When a
high Se ievei is observed, as in the animals fed canned tuﬂa
versus precooked or raw, but not.a cbrrespondingly higher
GSH-Px activity, then the question arises as to whicﬁ assay
is the better method to determine bicavailability. It would
appear that the GSH-Px activity is a more reliable indicator
of bioavailability, since this represents biologically ac-
tive selenium. High levels of Se do not necessariiy indi-
cate that the minefal is participating 1in a metabolic reac-
tion. It may be in a storage form or it way be in an
elimination or detéxificgtion forﬁ. Thus it appears that
the canned tuna promoted the deposition of more non-GSH-Px
Se than the other tumna sources. The presence of Se in GSH-
Px, however, indicates that it is in a.fo:m ready to carry
out a particular metabolic role in.the tissue.’

Using GSH-Px activity as a criteria for bioavailabiii-
ty, it can bé seen that no diftferences were found in tne
bioavailability of Se due to food processing in either tuna
or wheat'products; Since this test can distinguish between

levels of Se fed, source of Se (i.e. tuna versus whe;t) and
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sex, its failure to distinguish between different forms of
the same food is probably real. Another possibility is that
the.high variability of these samples nasked any differences
other than the most obvious. The variability was quite
large partly due to the mixing'of sexes in each group and
partly beéause of the poorly controlled outbreeding which
had been uone previously with these animais. If there is a
difference due to proceséing, then it must be a subtle dif-
ference.

Animals consuming bran often had lower tissue levels of
Se and occasionally it was significantly lower. = Since this
was accompanied by a trend of lower GSH-PX activity, it sug-
gests that less Se was available to these animals. The pos-
sibility hust be considered’ that the bran wdas not As well
digested and, therefore, less Se was absorbed. This seenms
likeiy in view of the fact that smallvdecréases were found.

Previous studies (8,9,10,54) have compared the avail-
abiliity of different Se compounds. In general, they agree
that Se from wheat and selenomethionine were more available
thanp Se from selenite, selenocystine and tuna. Tnlsvcorres-
ponds well wita the data presented here, which dehoustrates
that Se in the wheat, which is approximately 40% selenome-
thionine (44), is more available than tuna.

Thrower and Andrewartha (79) fed a diet to rats in

which the protein source and Se content varied. They found
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that feeding 10 to 20% fish protein enhanced the GSH-Px
response over that in rats fed 20% protein as torula yeast,
even when supplemented with methionine. This does not agree
with our findings of a decreased availability of Se in tuna,
but perhaps this is due to the greater amount of fish that
they fed and the higher sulfur amino acid content of their
diets. A relationship between suboptimal dietary methionine
resulting in low biocavailability of selenomethionine was
noted by Sunde et al. (73). It is possible that the high
sulfur amino acid content of their diet could enhance the
availability of Se in the fish protein concentrate.

Douglass gﬁ al. (18) depleted rats for four weéxs and
repieted for four additioual weeks. They found that sele-
nite (O.ZPpm)lwas moie effective thaﬁ tuna.(O.prm); beef
kidney (0.2ppu) or wheat (0.2ppm) in raisang liver Se, but
only tuna was less effective than selenite in increasing
liver GSH-Px. Liver GSH-Px was lower in the rats fed tuna
than in the rats fed wheat and selenite. This was indicated
by a slope ratio of 0.54 of the tuna relative to selenite in
\inducing iiver GSH-Px. We do not observe a superiority of
selenite over wheat and canned tuna in 1increasing liver Se,
but we did agree on the inferiority of tuna Se in reaising
liver GSH-Px acti#ity. our slope ratio of tuna relative to
selenite for liver GSH-Px was 0.38, which, in view Of the

differences in experimental design, is comparable. Ga-
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brielsedénd Opstvedt (25) compared the availability of Se in
fish meali with soybean meal, corn gluten and selenomethio-
nine. They found in chicks that Se an soy meal and corn
gluten were less available than Se in mackerel ana capelin
fish meal for induction of plasma GSH-Px with respect to
selenite. Slope ratios for the two.fish products were 0.34
and 0.48. This corresponas well with our values for whole
blood GSH-Px in rats.l

Another observation which has not been stressed previ-
ously is the Sex differenée in GSH-Px response. Pinto and
Bartley (49) noted that female rats had higher tissue GSH-PX
activity, but this was before any association with Se and
the enzyme was discovered. We saw the greatest difference
between male and female rats in liver GSH-Px, less in kidmney
and whole blood. This leads to the épeculation that GSH-Px
activity may be under_somé hormonal influence. Behne et al.
(3,4) noted a decrease in serum Se and plasma GSH-PX 1in
pregnant and lactating female rats. Although they suspected
this decrease was due to the hich level of circulating nor-
mones, they were unaple to duplicate it in progesterone
treated ovarectomizeua rats.

In the present study, tissue levels of Se correlate
very highly with tissue GSH-Px activities (Table 37). Cor-
relation coefficients for each Se source as well as for the

combined tuna and wheat products are presented. This is in
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agreement with data from New Zealand researchers (38, 53)
who saw a signitficant correla;ion in their human popula-
tions, and Smith et al. (72).and Hafeman et al. (28) in .
fats. Whanger et al. (84) noted that a good correlation
between whole blood Se and GSH-Px was.observed in sheep only
at the lower blood Se levels. Valentine et al. (80) and
Schrauzer and Wnite (60) observed no correlation in their
human populations, possiblf indicating that this correlation
is influenced by the level of Se consumed. The New Zealan-
ders, as well as many of the animals studied, were consuming
dietary levels close to minimum requirements; whereas, the
two American populations (60, 80) were consuming generous
amounts. It is possible thét if an excess of Se is being
consumed, then when all the necesary GSH-Px is synthesized,
the excess is stored as some otner compoun&; however, when
marginal amounts of Se are available, little Se is stored
and most of it is used in GSH-Px.

In summary, it appears that GSH-Px activity is the bet-
ter measurement of bioavailability of Se. Using that crite-
ria, we found that the Se in wheat products tested was more
avallable than Se 1in the tuna products and sodium selenite
at all levels fed. There was no difference due to food pro-
cessing in tne availability of Se from the tuna or wheat
products fested. However, rats fed canned tuna deposited

more Se in thelr tissues than rats fed the other two tuna
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~ TABLE 37

Correliation coefficients (r) for Se content and GSH-Px
activity of rat tissues for each diet

Tissue Se032— Raw Precooked Canned WwWhole Wwhole Bran
Tuna Tuna Tuna wheat Wheat
Plour Bread

Liver  0.96  0.84 0.94 0.78 0.96 0.96 0.94
Kidney ©0.73  0.70  0.62 0.82.  0.79 0.50 0.88

Blood 0.79 0.85 0.81 0.86 0.92 0.82 0.96

All r vaiues significant at p<0.05

Combined Combined

Tuna Wheat
Liver | 0.67 0.95
Kidney 0.71 0.73
Blood ' 0.82 0.90

All r values significant at p<0.05
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products.

Using whole blood Se and GSH-PXx activity as a meaéure
of bioavailability in the men, no differénces between tuna
or bread were.revealed. It is possible that the subjects
were not on either diet long enough to see an effect. This
would agree with tne findings of Levander et al. (36) who
after feeding a Se depletion diet for 44 days to 6 young
men, found the erythrocyte Se did decrease during depletion
but did not show any relationship to Se supplementation upon
repletion. Likewise, erythrocyte GSH-Px did not respond to

ge supplementation. The life span of the erythrocyte is 120
dafs, therefore, in 14 days oniy 5.8% of the erythrocytes
will turnover.. According to Hafeman et al. (28), Se is in-
corporated into RBCs only during erythropoeisis. Perhaps
one reason why more differences were seen in the rat than
human is because the rats were fed diets tor 28-30 days and
the average life span of their erythrocytes is 60 days.

This accounts for almost 50% turnover. The human blood Se
and GSE-Px activity were also unresponsive to a change in
amount of Se fed. Tﬁe adjustment diet provided only 92.3 ug
Se/day and the tuna and bread diets provided 331.5 and 354.5
ug Se/day, respeétively. The lack of response, even 1i

light of the three fold increase in dietary Se, adds cre-
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dence to the explanation that inadequate time was allowed to
permit equilibration.

The whoie blood Se values'(0.20 ppm) on the adjustment
diet are in agreement with other researchers who looked at
normal American populations (1, 60, 80). Unfortunateiy the
whole plood GSH-Px activities were not comparable'uecause
different methods were used and the activity was expressed
in diiferent units.l | |

There was enough time to observe differences in tae ba-
lance study.' The subjects quickly adapted to the change iﬁ
Se levels from the adjustment diet to the test diets. Dur-
ing the adjﬁstment diet, however, they were in negative ba-
lance witih a loss of 16.2.ug/aay. This was not expected in
view of the faét that they.were consuming 92.3 ug Se/day,
which is more than Schroeder et al. (61) found in a stan-
dard two day hospital diet (62 ug) and much more than the
intake of New Zealanders, reported to be 6-35 ug Se/day
(54) . It is possible that our subjects had been consuming
more Se than the average Americaan, and the 92 ug/day was not
enough to allow for their obligatory losses.lLevanuer et al.
(36), even after a 44 day Se depletion in thelir male sub- .
jects, were unable to reduce the Se'excretion in urine to
that observed in New Zealand subjects. They found taat
their plasma Se leveis during depletion were double the lev-

els common in New “ealand. It appears that it takes a long
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time to adapt to low levels.of intake.

There was no difference in the Se retained between the
tuna and bread diets. Since the subjects were eating
slightly different amounts of Se, the per cent of Se excret-
ed expressed iﬁ terms of Se intake is the most convincing:
72.7% for tuna and 70.4% for bread. This is somewhat sur-
prisiné in view of the results in other species. Rats and
chicks definitely show a superiority of piant Se over animal .
Se in increasing tissue levels of Se and GSH~PX and preven-
tion of deficiency diseases (8,9,10,54,18), alihough reten—
tion of Se does not always correspond with the different
measures of bioavailability. This was observed with lambs
and eves (24,30), chicks (45) and rats (10). It is possible
that is also the case with the human subjects. A disadvan-
tage.of using human subjects is that the only tissue availa-
ble to study metabolism is blood. It was apparent from the
;at study that the biood was one of the least responsive of
the tissues. The‘slope ratios for the blood GSH-Px ranged
from 0.43 to 1.29, contrasted with liver GSH-Px which ranged
from 0.25 to 2.17. we did not éallect urine and feces on
the rats so we were unable to compare tne human retention
data with our animal model. Since we apparently did not al-
low sufticient time to see a change in the whole blood Se
and GSH-Px, it is premature to conciude on retention data

alone, that there is no difference in the availability of Se



in wheat and tuna for humans.
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