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Effect of Methionine Supplementation on Glutathione Peroxidase
Activity in Young and Old Murine Tissues
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Abstract

The effect of methionine (Met) supplementation on glutathione peroxidase (GSHPx) activity in young and 14
month-old rat and mice was investigated. GSHPx activity was more enhanced by methionine supplementation
in young rats when selenium (S¢) was given as selenite than given in the form of selenomethione (Se-Met), How-
ever, GSHPx activity was not influenced by Met supplementation in the old rats. When diets were low in Se, the
biopotency of the enzyme by Met was facilitated. Mo significant differences in GSHPx activity was observed
with Met supplement in growing mice when Met was given 0.3% and 0.8% in the diet at high levels of Se
(2ppm). The peak GSHPx in liver and kidney occurred at day 18, thereatter it decreased. Particularly, the liver
GSHPx at day 18 increased 4.2 times than that at day 4 by 0.5% Met supplementation, while the unsupplemen-
ted group remained only 2.5 times increase. It is considered that in some tissues Met requirement may be met
by Se-Met when rats were fed a diet suboptimal in Met. In addition, at lower levels of Se the utilization of Se is
more enhanced by Met than at higher levels of dietary Se. Therefore, GSHPx activity may be influenced greatly

by Met status aleng with dietary Se.
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INTRODUCTION

With the discovery that Se is an integral part of the
enzyme GSHPX, linear correlations of erythrocyte or
whole blood GSHPx activity with blood Se concentr-
ations have been demonstrated for sheep and cattle”
? swine®, horses® and rats®.

The activity of the enzyme GSHPx significantly de-
creases in the absence of dietary Se and the activity
is dose-related to the dietary level of Se. Omaye and
Tappel® observed that the specific activity of the en-
zyme increases as a logarithmic function of the die-
tary Se level. '

Se controls the appearance of the GSHPx in the cy-
tosol and mitochondrial matrix space during the rib-
osomal protein synthesis. Cytosolic Se concentrations
may have a role in GSHPx protein synthesis. Intracell-
ular Se may be bound to proteins and intracellular sto-
rage sites such as mitochondria or microsomes.

Strong correlations between blood selenium and
GHSPx activity have been observed in individuals co-
nsuming low levels of Se™, but Schmidt and Heller®

and Schrauzer and White' have reported a lack of
correlation between blood GSHPx activity and blood
levels of Se in individuals consuming adequate or hi-
gh levels of Se. This is most likely due to the efficient
incorporation of selenomethionine into blood prote-
ins. In addition, blood Se and GSHPx were not correl-
ated in the blood of pregnant women'™?, indicating
that other factors may be involved in the relationship
of Se and GSHPx activity.

When selenite is supplied to mammals, Se can be
recovered as GSHPx"'®, dimethylselenide or the tri-
methylselenonium ion'™. This assimilation of inorga-
nic selenite into these organic forms represents a uni-
que reduction by the animal cell of an inorganic ion.
Other inorganic ions such as nitrate and sulfate are
generally considered not to he reduced but rather
oxidized by the animal cell.

The study of the biological potency of various Se
compounds that provide Se for GSHPx synthesis pro-
vides practical information on the bicavailability of
various dietary forms of Se. The biopotency of selen-
ite, selenomethionine, and Se-cystine for GSHPx sy-
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nthesis in vivo has been reported to be generally sim-
itar when nutritionally adequate levels of Se are fed.
Pierce and Tappel'” found that a single large dose of
selenite or selenomethionine (300ug Se/90g rat) giv-
en to Se deficient rats resuited in similar increases in
tiver, kidney, small intestine, and stomach GSHPx act-
tvity within 48 hours of Se administration. The reten-
don of Se in major animal tissues revealed that it was
much higher when given as Se-Met than in an inor-
ganic form as selenite or selenate'™*", Se bicavailabi-
lity studies in humans using Se-Met, showed that
approximately haif of the dietary intake of Se was ex-
creted in urine, and the remainder was excreted in
the feces. Tracer studies using “Se-Met showed that
80% of the dietary intake of Se was absorbed, and
“suggested that food Se is highly bicavailabie where
the Se content of soil is low.

Many Se compounds have been isolated from pl-
ants including Se-methyiselenome thionine, seienc-
homocysteing, selenocystine, selenite, selenate, sele-
ninic acid, dimethy! selenide, dimethyl diselenide,
and selenocystathionine. Selenomethionine was found
to be one of the major Se compounds in seeds or fora-
ges consumed by livestock. The existence of different
levels of Met in the diet not only affects the bioavaii-
abilily of Se compounds i vive but also infiuences
the activity of GSHPx. Therefore in this study, the bio-
potency of the two major selenium compounds, sele-
nite and Se-Met on GSHPx activity was compared in
ditferent growing stages of rats and mice.

MATERIALS AND METHODS

Animals

Sprague-Dawley rats and ICR Swiss mice were
used in this sudy, maintaining under standardized [ab-
cratory conditions with the lights on from 06 : 00 to
18 : 00 and were fed low Se diet and distilled water
ad libitum. At the end of the experiments they were
anesthetized by ether and sacrificed by cervical disio-
cation. Blood was collected by heart puncture and
major selenium pool organs including fiver, kidney
and spleen were taken, rinsed with saline solution
and kept frozen unti! analysis.

Composition of Se-deficient diet

Torula yeast based Se-deficient diet was fed for ap-
proximately three weeks to deplete Se stores in the
body before the start of each experiment. Composit-
ion of Se—deficient diet is shown in Table 1. Cod liver
oil and sucrose were added as a source of essential
fatiy acids and a pure source of carbohydrate and en-
ergy, respectively.

Experiment 1

Rats were depleted of Se by feeding Se deficient di-
et prior to the experimeant. 0.5% Met was suppleme-
nted to the diet containing 0.05, 0.1, 0.2, 0.5 and 1.0
ppm Se either in the form of Se-Met or selenite.

Experiment 2

In order to further examine the effect of Met on
GSHPx activity in old rats comparing to the previous
experiment used growing rats 14 month-old rats we-
re used. Animals were fed with 0.3 and 0.8% Met in
the diet at 0. 15, 1.0 and 2.0ppm Se leveis.

Experiment 3

Growing mice were maintained on a 2ppm Se in
the diet for 80days. One group was supplemented
with 0.5% Met and the other remained unsuppiemen-
tation, while the basal diet contained 0.3% Met, GS-
HPx activity was measured at 4, 10, 18, 28, 42 and
80days after feeding experimental diet containing
2ppm Se.

Measurement of glutathione peroxidase activity
and protein determination

GSHPx activity in tissuies and biood samples were

Table 1. Compesition of Se-deficient diet

Torula yeast 30%
Mineral mixture{No Se) 5%
Tocopherol stripped lard 5%
Cod liver oil 3%
Vitamin mixture 1%
Sucrose 56%
ZnS04 - H20 700mg/kg

AIN-75 vitamin mixture and AIN-76 mineral mixtures were
used. Zinc sulfate was added to mineral mixture

Se was added as either in the form of selenite or Se-Met to a
Se—deficient diet
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measured by a medification of the method of Paglia
and Valentine® as described by Stults et al.™ with 0.
25mM H20z2 as substrate. Assays were performed in
0.1M phosphate buffer, pH 7.0, containing 2.0mM
GSH, 0.2mM NADPH, 1.0unit/mi GSH reductase, 1.
OmM NaNs, and 3.0mM EDTA. One unit of GSHPx
activity is defined as the amount of enzyme required
to oxidize 1umole NADPH per minute.

Protein determinations were performed by the pro-
tein—dvye binding method™ using Coomassie brilliant
biue G-250.

Statistical analysis

Data are expressed as mean and standard error of
the mean, Statistical differences were examined using
Student’s t-test

RESULTS

Table 2 and 3 illustrate the increase of GSHPx acti-
vity in growing rats by 0.5% methionine supplement-
ation in the diet. GSHPx activity at a lower level of Se
tended to be enhanced more by methionine supplem-
entation than that at a higher level of Se. The enzyme
activity was almost doubled by methionine supplem-
entation at 0.1ppm Se as selenite, while it increased
75.9% when Se was given as Se-Met. Overali, the bi-
opotency of sefenium was enhanced by methionine
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in the group fed seienite than Se—-Met.

Fig. 1 shows the GSHPx activity of 14 manth-old
Sprague Dawley rats with 0.3% methionine supple-
mentation at different Se levels. Enzyme activity was
not enhanced by methionine supplementation in 14
month-old rats. Even at a 2ppm level of Se, enzyme
activity was still increasing at Zppm Se level, which
was considered a toxic level to young rats.

Similar results were observed with the human stu-
dies by Thomson et al.” with New Zealand residents.
They demonstrated that increases in Se concentrat-
ions in whole blood, erythrocytes, and plasma were
greater after supplementing Se~Met-Se than after sele-
nits—5e was consumed. Furthermore, Se concentra-
tions tended to plateau after selenite-Se, while after
Se~Met-Se they continued to rise as long as doing co-
ntinued. This may be due to the fact that Se utilizat-
ion is enhanced by Met through the protein synthesis
including the synthesis of enzyme GSHPx.

Growing mice were fed 2ppm Se with 0.3% and 0.
8% methionine supplementation and GSHPx enzy-
me activity was measured at different periods of the
experiment (Table 4 and 5). No significant differences
in the enzyme activity was shown between groups.
The highest enzyme activity in both liver and kidney
occurred at 18 days in both groups of mice. Particu-
larly, the liver GSHPx at day 18 increased 4.2 times
than that at day 4 by 0.5% Met supplementation,

Table 2. Increase of plasma GSHPx activity by methionine suppiementation at various fevels of dietary selenium in young rats

Dietary selenium level tppm;}

0.05 .1 0.2 0.5 3.0
Se-Met + No Met 3.240.21 5.8x0.62 13.9+£0.78 2451224 27.243.21
Se-Met +0.5% Met 3.8+0.15 10.2:4£0.35% 23241.72* 2724326 306215
Selenite + No Met 7.1+0.05 12.8+0.82 18.34+1.85 22.6+1.75 20.1+3.28
Selenite +0.5% Met 524022 23.742,12% 33.5+3.25% 37.2+4.25*% 29.2+3.22

*Statistically significant at p<C0.05 relative to Met unsupplemented control
A unit of enzyme activity is one umole NADPH oxidized per minute per g plasma protein

Data represents mean:+SEM

Table 3. Increase of GSHPx activity by methionine supplementation*

0.05ppm Se 0.1ppm Se
Se~Met 18.8% 75.9%
Selenite - 26.8% 85.2%

0.2ppm Se 0.5ppm Se 1.0ppm Se
66.9% 11.0% 12.5%
83.1% 64.6% 45.3%

* The increment of the enzyme activity was calculated dividing the Met supplemented into the Met unsupplemented control, then

the figure was expressed as perceniage
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while the unsupplemented remained only 2.5 times
increased.

Enzyme activity showed a decrease after 18 days.
Between 18 to 42 days, the enzyme activity decreas-
ed by half in both tissues.

The biopotency of Se compounds in growing ani-
mals increased by Met supplementation particularly
when low Se was fed, suggesting that at lower levels
of Se the utilization of Se is more enhanced by
methionine than that at higher [evels of dietary Se.

GSHPx enzyme activity was not changed by meth-
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ionine supplementation in mature rats and growing
mice. However, in mature rats as the Se leve] incre-
ases the GSHPx activity increased even at 2ppm Se
supplementation in the diet. This may also be due to
the fact that Met may be involved in Se detoxificat-
ion in vive and thus increasing the utilization of Se.

DISCUSSION

Of the various body compartments studied, parti-
cularly rat Yiver and plasma, GSHPx activity shows a
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Fig. 1. GSMPx enzyme activity of 14 months-old Sprague Dawiey rats in kidney, spieen ang tiver given methionine and sele-

nium supplements. .

Tabie 4. tiver glutathione peroxidase activity of methionine

Tabie 5. Kidney glutathione peroxidase activity of methionine

supplemented mice supplemented mice
Dietary methionine levels Dietary methionire levels
Days o Days -
3% Mel o 5{3,}8£et ::pp 0-3% Met 5?’f;ghﬁet’1§:pp
I t AN a - - {a] -
{unsupplemented) lemented) {unsupplemented) lemented)
4 6.05x0.42 4.02x0.28 4 1.20x£0.26 1.23+0.34
10 8.72+0.61 8.48+0.34 10 2241046 2.00+0.23
(GSH Peroxidase 18 15.05£0.87 16.78+0.66 GSH Peroxidase 18 1.96+0.38 3.85:0.49
{EU/mg) 23 12.02+0.37 12.85+0.58 (EU/mg protein) 28 2.78+0.48 3.00x£0.37
42 7.28+0.58 7.35£0.77 42 1.60£0.52 1.78+0.47
50 8.81x0.46 9.21=+0.84 80 1.98+0.45 1.80+0.29

Dietary Se fevel was 2ppm, fed 10 mice for 80days

A unit of enzyme activity is one pmole NADPH oxidized per
minute

Data represents mean=SEM

Dietary Se level was 2ppm, fed to mice for 80days

A unit of enzyme activity is one umole NADPH oxidized per
minute

Data represents mean+SEM



Effect of Methionine Supplementation on Glutathione Peroxidase Activity in Young and Oid Murine Tissues 433

rapid decrease during Se depletion and a similarly ra-
pid increase during Se repletion®®. Oh et al* have
reported that tissue GSHPx activity plateaus at app-
roximately 0.1ppm dietary Se for all tissues except
erythrocytes and pancreas. The leveling off of GSHPx
activity with increasing Se supplementation suggests
that tissue GSHPx activity may be a better indication
of effective Se status than tissus Se content,

In spite of the fact that the enzyme activity was al-
most doubled by Met supplementation at low leveis
of Se, Sunde et al™ claimed that dietary Met has no
effect on the biopotency of GSHPx activity.

The enhanced GSHPx activity by methionine sup-
plementation in group fed selenite rather than Se-
Met indicates that Met requirement may be met by
Se-Met in some tissues, particularly when rats were
fed a diet suboptimal in methionine.

Selenite and selenomethionine have been reported
to have equal bioptency in chicks®. However, when
the diet of chicks was supplemented with Se at less
than 0.Tppm for seven days, selenite was twice as
potent as selenomethionine™.

At low dietary levels of Se supplementation {fess
than 0.06ppm), selenite was generally more efiective
than selenomethionine for the synthesis of GSHPx.
The biopotency of selenomethionine for GSHPx was
reduced when suboptimal levels of methionine were
fed to rats, whereas selenite biopotency was not affe-
cted.

Therefore, the relative biopotency of selenomethio-
nine for GSHPx can vary according to the dietary me-
thionine status of subjects.

However, selenomethionine was shown to be four
times as biopotent as selenite for the prevention of
pancreatic degeneration of chicks. Hawkes et al.®
reported that selenomethionine was more effective
than selenite in providing Se for GSHPx synthesis in
liver slices in vitro. In contrast, Sunde and Hoekstra®®
have shown that selenite and selenide are more read-
ily metabolized than selenocystine to a form of Se
that can be incorporated into GSHPx.

Metabolic data suggest that when diets are low in
Se and suboptimal in Met, GSHPx synthesis is facilit
ated by Met supplementation.

This may be due to a more efficient utilization of Se

by Met for the synthesis of GSHPx. A Chinese study
indicated that RBC GSHPx activity of peopie in low
Se areas increased by Met supplementation. Similar
results have been obtained in chicks®. These meta-
bolic studies add interest to the experimental obser-
vations that Met may be involved in the synthesis of
Se-Cys catalytic site of GSHPx.

Selenite Se can be metabolized and reduced to di-
methyl selenide or trimethyl selenonium jons in ma-
mmals'®. This assimilation of inorganic selenite into
these organic molecules represents a unique reduc-
tion of Se by the animal of an inorganic ion.

The reductive pathway proposed by Esaki et a/>”
suggests that selenomethionine is incorporated into
selenocysteine of GSHPx in pathways anaiogous to
sulfur metabolism. Selenomethionine is not normally
synthesized from either selenite or selenate in anim-
als, for animals fed Se-Met accumulate Se in tissues
compared to animalis being fed selenite.

The increase of GSHPx activity with Met Supplem-
entation, suggests that there may be a methionine pat-
hway for the efficient utilization of Se, especially wh-
en Se is suboptimal as observed in the enhanced GS-
HPx synthesis in either man or animals. Methionine
metabolism is dependent upon hormones, enzymes
and tissues. For example, Finkelstein ef al*® reported
that Ns-Methyhetra-hydrofolate~homocysteine me-
thyltransferase activity contributes significantly to the
regulation of methionine metabolism in mammals.

L-methionine is incorporated into proteins, acts as
the methyl group donor via S-adenosyl methionine, is
a precursor for cysteine, cystine and taurine and part-
icipates in the transamination process. The wide vari-
ation in the biological utilization of sulfur containing
amino acids for growth of various animal species may
be related to the relative susceptabilities of D-amino
acids to oxidation to the corresponding keto acids by
specific and nonspecific D-amino acid oxidases.

Although L-cystine is not an essential amino acid
for rodents, less methionine is needed for growth in
the presence of some L-cystine in the diet®®. The me-
chanism of this so—called “sparing effect” is not well
understood.

Selenomethionine follows the metabolic pathways
of intact methionine, and thus when methionine is
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limiting, selenomethionine will be incorporated into
body proteins in place of methionine, where Se wili
be unavaiiable for GSHPx synthesis until these prote-
ins turn over.

A recent study™ using ™Se-selenite and Se-Met in-
dicates that a fraction of selenomethionine is depo-
sited directly and nonspecifically into tissue proteins
in piace of methionine. The fact that selenomethio-
nine biopotency is impaired when dietary methion-
ine is limiting may also be an indirect evidence that
methionine may contribute a portion of carbon sou-
rce, which may then increase the activity of the enz-
yme GSHPx.

Evidence has also suggested that selenocysteine is
synthesized from selenomethionine. Easki er al™ rep-
ortedt that the pathway of selenomethionine has a si-
milar pathway as methionine leading to selenocys-
teine. This evidence suggests that Se in the form of
selenomethionine can be converted to selenocysta-
thionine then to selenocysteine for the immediately
available form of GSHPx synthesis.

From the observations in this study, the enhance-
ment of GSHPx activity by Met is apparently greater
in the young animal than the old at fow levels of Se
than at high levels of Se. The recognition that methi-
onine contributes 1o the endogenous synthesis of GS-
HPx when Se is limiting represents a discovery of a
previously unrecognized function of Met and awaits
further elucidation for the specific metabolism in-
volved,
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