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Abstract

Aqueous solution pigment produced by Strepfomyces californicus KS—8% showed a vivid bluish
purple pigment and purified by silica gel column chromatography. The pigment indicated a deep
purple color zone by the C.LE. chromatic diagram, and showed UV absorption maxima at 575nm.
The color intensity in aqueous solution was fairly stable in the ranges of pH 5~8 and was
not affected by UV light, however, sometimes it had faded slightly by the heat. It was possible
to prevent significantly by the addition of metal salt. Especially, this pigment has no mutagenicity
and antitumor activity and it appears to be devoid of antibiotic activity.

introduction

Natural pigment is essential to restore an accep-
table appearance and it plays a significant part
in our enjoyment of food. But, unfortunately natu-
ral pigments usually are destroyed to easy toward
food processing depending on a number of factors.
These factors included the fact that natural pigme-
nts are easily decolorized under the many condi-
tion of food additives, temperature, pH and sunli-
ght, etc. However, natural pigment by microbial
origin is a very useful method because this techni-
que has a possibility of mass production and non-
toxicity as compared to the economic synthetic
preparation. For the purpose of use as food colors,
non-toxic bluish purple pigments of microbial ori-
gin Streptomyces californtcus KS— 89 were isolated
from a soil in Pusan area’. In a previous paper?
optimal cultural conditions for production of bluish
purple pigment already was investigated®’. The
bluish purple pigment produced by Streptomyces
califonicus KS— 89 was found to have a possibility
of mass production for use of food. Therefore, the

bluish pigment should be checked out to the phy-
siological stability such as pH, heat, UV and chemi-
cals, and also biological safety such as mutageni-
city, tumor or antitumor activity, etc. This paper
deals with the physical and chemical stabilities
and biological properties of bluish purple pigment
which produced by Streptomyces californicus KS—
89.

The bluish purple pigment produced by Strepio-
myces. califonicus K5-89 was found the possibility
of mass production for was of food. Therefore, the
bluish pigment should be check out the physiologi-
cal stability such as pH, heat. UV and chemicals,
and also biclogical safaty such as mutagenicity,
tumor or antitumor activity, etc

Materials and Methods

Microorganism and media

Streptomyces californicus KS— 89 used in this ex-
periment was isolated from the soil in Pusan areat’
and the GSG medium media was used®.
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Separation and purification of pigment

A fermentation broth containing bluish purple
pigment was filtered with the aid of 5% active
diatomaceous earth. Separation and purification
procedure were carried out according to the me-
thod of Oshima et ol

Observation of pigment by CIE system

Quantification of colour appearance, a method
of quantifying the appearance of any surface color
was determined by CIE(Comission International
de U'Eclairage) using color and color difference
meter{ Nippon Denshoku CT6R—1001DT)*. The
pigment was calculated by using the following
equation :

X ¥ A
. Y= or Z=
X+Y+Z X+Y+2Z

Assay for bivish purple pigment produced in
culture hroth

The amount of pigment was determined on a
spectrophotometer(Shimadzu, UV-VIS-1604) by
measuring its absorbance at 220—~575nm of the
culture filtrate. At that time, concentration of artifi-
cial food blue celor No. 1, No. 2 and violet color
No. 1 diluted with deionized water as 0.001% of
standard colours.

Biolegical tests of biuish purple pigment

Determination of antibiotic activity . Antimicre-
bial activity was readily determined by streaking
individual Streptomyces isolated on one side of a
petri dish covering approximately one-third of the
surface of the glucose peptone agar(Difco) layer.
After incubation for 72~120hr at 28¥ a variety
of test microorganisms were cross streaked at right
angles to the border of the Streptomyces. The test
species were compared with Salmonelle typhimu-
rium, ATCC 6229, Escherichia coli ATCC 25922,
Staphviococcus aurens, ATCC 6538, Proteus vuiga-
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7is, ATCC 27519 and Shigella flexneris, ATCC 9403,
The cross streaked plates were reincubated at 28C
for 48hr and examined for inhibition of the test

strains® .

Mutagericity activity (Ames test)®’

Bacterial strains : Salmonella typhimurium TA
98, TA 100, TA 1535, was kindly supplied by Prof.
B.N. Ames, University of California, Barkley, CA,
USA.

Induction of rat liver microsomal enzymes . The
rat liver enzymes were induced with a polychlori-
nated biphenyl(PCB) mixture(Aroclor 1254)9.
The induction procedure was similar to the method
of Czygon et. al”. A single i.p. injection of Aroclor
1254(diluted to 200mg/m, in corn oil) at z dosage
of 500mg/kg was given to a who survived five days
before sacrifice.

Preparation of liver homogenate (S—8) and S—
9 mix - The microsomal preparation was made ac-
cording to Garner et al¥.

Assay of mutagenic test®’ | Mutagenicity assays
were carried out using Ames strain of Salmonelin
typhimurium TA 98, TA 100 and TA 15635. Histi-
dine(His™) reversions were measured by stan-
dard method®. The standard method of assaying
the mutagenic test of bluish purple pigment at the
level of 500§pm and 1000ppm, which was compa-
red with the mutagenicity of Try-p-II and aflatoxin
B1. Usually mutagens were made at 0.0012ppm
of Try-p-I1 and 0.0012ppm of aflatoxin B; in dime-
thylsulfoxide(DMSQO) as references.

Determination of antitumor activity

Animal and tumor cell : Female mice of ICR
strain and Sarcoma— 180 were supplied from the
college of Pharmacy, Seoul National University.

Inhibition test of solid tumor growth : Tumor
cells (10X 108 cell/mouse) were inoculated subco-
ntaneously into the left groin at 24 hours before
the start of sample administration{7 mice to a
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group). Samples were administered once a day
for ten days by intraperitoneal injection, the mice
were killed and the tumor were extirpated and
weighed? .

Results and Discussions

Absorption spectra of bluish purple pigment

The absorbance curves of bluish purple pigment
and others from mixed bluish purple colour No.
1 and brilliant blue FCF as references were shown
in Fig. 1. Visually, mixed bluish purple colour No.
1(FCF synthetic pigment) showed the most bril-
liant blue color, while the pigment from bluish
purple pigment and blue colour No. 1 was deep
blue. The absorbance curves of these three pigme-
nts showed that the maximum and peaks were
575nm and 220nm for the bluish purple pigment,
560nm and 220nm for violet color No. 1 and 620nm
and 320nm for the blue color No. 1, respectively.
The absorbance curves of bluish purple pigment
were similiar to blue color No. 1, No. 2 and violet
color No. 1, These data indicate that a high peak
and low peak were 575nm and 220nm, respectively.

1.00

____blue colorNo, 1
.......... violet color No, 1
— —-hlue color No, 2

200 3CI10 4(I)0 560 G(I}U 700
Wavelength (nm}

Fig. 1. Absorption spectra of bluish purple pig-
ment produced by Siveptomyces californicus
KS— B89 with comparision of artificial co-
lours. Concentration of artificial colours di-
luted deionized water as 0.001 % of stan-
dard colour.

We confirmed that bluish purple pigment should
belong to the bluish purple pigment category.

~ Chromaticity of pigment by C.L.E system
C.LE diagram is capable of quantifying the chro-
maticness of any colour by its dominart wavele-
ngth. X, Y, Z tristimulus values of bluish purple
pigment were measured as three dimensional color
space by color and color difference meter. Tristi-
mulus values X, Y, Z were 0.3, 0.3 and 0.6, respecti-
vely. The pigment was calculated by using the fol-
lowing equation.
_ 0.3 _ _ 0.3
T0st03+08 2 YT 03r03+06
In this case, Streptomyces californicus KS— 89—

=0.24

420 of the curve represents the spectrum locus,
some wavelengths being indicated | the CIE diag-
ram represents the locus of the blue and pur-
ple * the positions of the illuminants aiso indicated
the area of bluish purple{Fig. 2). It confirmed that
this pigment belongs to the bluish purple pigment
category.

0.9
0.84

0.7

06 07 0.8

Fig. 2. The CIE chromativity diagram showing the
spectrum focus/purple line and the posi-
tions of important illuminants.

X : Bluish purple colour zone produced by
Streptomyces californicus KS—89
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Effect of heat and pH of bluish purmple
pigment

Most foods need to be treated by heat to make
food processing and cooking. At those times, natu-
ral colors occur to easy decolorization in the proce-
dure of cooking and food processing at various
temperatures, In order to maintain the food qua-
lity, sometimes natural colours are used after in
processing. This experiment was carried out to
design the temperature conditions of 90 and 120
¥ and pH 3~9. Temperatures used in cooking
and food processing can be detrimental to food
pigment. Heat stability of bluish purple pigment
were performed range from pH 4 to 8 to average
boiting of 90T and 1207 for 30, 60 and 120min,
respectively, Fig. 3 showed that bluish purple pig-
ment is stable to food processing at 30C. However,
bluish purple pigment occurred which will cause
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pigment marked less or changes of shade at pH
45 and 9.

Effect of metals

Natural pigment for food uses are affected by-
metals and in most cases complete loss occurs eve-
ntually. This is common in some foods where me-
tals, particularly iron, zinc, manganese, cobalt, and
copper react with any compounds, with subsequent
pigment loss. Bluish purple pigment was disssol-
ved in buffer solution(pH 7.0 which measured
at 1.0>X1072M concentration of each metal ion
such as Ca?”, Mg?", Cu?*, Zn?", Co*™, Fe’™ and
APT . In this experiment, the mixtured ratios of
bluish purple pigment and Zn** or Fe3t were 21 1
and 3 I 1, respectively. The mixture solution was
incubated at room temperature for 1 week or at
90T for 30 min, As shown in Fig. 4, the reaction
mixture was unstable in the presence of Cu?™ ion,
but others were relatively stable m the presence
of Co™*, Zn®™" and Co®* among metal ion. In gene-
ral chelate stability of metal jon were Ph>Cu>
NiZ>Ph>Co>Zn>Cd >Fe>>Mn >Ca
Considerable bluish purple pigment may be repla-

in order.

ced with Fe?* in chelate compound, while it was
relatively reduced in the presence at Cu®™, Co?™
and Zn?"

Residual bluish purple pigment (%)
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T —Tr T
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MnSO,v?H;O_—'
CaCly2H, 0 Pmi—'

Fig. 4. Effect of metal salts on the stability of
bluish purple pigment.
[J 1 90T, 30min{pH 7.0)
W 25T, 1week(pH 7.0)
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Antimicrobial test

Paper disk susceptibility test : The agar diffu-
sion disk technique is the method commonly used
in labolatories for measuring the susceptibility of
bacteria to various antibiotic agents. As shown in
Fig. 5, a filter paper disk impregnated with Streplo-
myces californicus KS—89 was placed on the agar
surface previously inoculated with organism to be
tested toward E. coli. The organism could grow
up around the disk of bluish purple pigment (10
9/ml) while showing distinct zones of growth
inhibition around the disks such as kanamycin,
tetracycline, penicillin, ampicillin and rifampicin
(Fig. 5.

The Fleming ditch plate test ; Fleming develo-
ped the first method for performing antibiotic sus-
ceptibility testing. GSG agar medium in the form
of a plate was placed and replaced with medium
containing the Streptomyces californicus KS—89
which are made at left angles to the plate. Multiple
streak inocula of the organisms to be tested were
made at right angles to the disk.

When tested at a concentration of 1~ 10pg/mé
of Streptomyces californicus KS— 89 against 5 mic-
roorganisms by agar diffusion disk plate assay, this

Fig. 5. Disk antibiotic susceptibility plate on
which have been placed 5 disks containing
a different antibiotics.
A | Bluish purple pigment, B © Kanamycin,
C ! Tetracyclin, D Penicillin, E: Am-
picilin, F . Rifampicin

strain({A) gave no inhibitory activity(Fig, 6).

Included in the test organism were © (B) Sabmo-
nella typhimurium ATCC 6229, (C) E. coli ATCC
25022, (D) Staphylococcus aureus ATCC 6538, (E)
Proteus vulgaris ATCC 27519, (F) Shighella flexne-
rit ATCC 9403, When tested at a concentration
of 1ug/mé purple red pigment produced from Stre-
plomyces echinoruber'™ against 19 microorganisms
it appeared to be devoid of antibiotic activity. Con-
sequerntly, bluish purple pigments have no antibio-
tic activity.

Ames mutagenicity test

Since the metabolite products of microorganisms
may play a role in human carcinogenesis, their
potential or actual health hazard has successfully
been applied to estimate the mutagenic or antimu-
tagenic properties of man made and naturally oc-
curing chemicals by Ames test of Salmonella typhi-
murivm,

6. Reproduction of ditch plate antibiotic sus-
ceptibility test. Streplomyces californicus
KS—89, was placed in the ditch. In this
illustration, 5 species were considered to
be nonsensitive to the action of the St cali-
Sornicus KS— 89, since they could grow
up to the ditch.

. Streptomyces californicus KS—89

: Salmornelle typhimurium ATCC 6229

L E. coli. ATCC 25922

. Staphylococus aureus, ATCC 6538

: Proteus vulgaris. ATCC 27519

. Shigeilla flexwerii, ATCC 8403

Fig.
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Bluish purple pigment were contained at conce-
ntrations of 500ppm and 1000ppm per plate. Muta-
genic acitivity of bluish purple pigment were car-
ried out at 500ppm and 1000ppm giving(Fis™)
revertants per plate using Salmonella typhimurium
TA 98, TA 100 and TA 1535 as indicator, with
or without S—9. The mutagenic activity of Bluish
purple pigment was compared with plate contai-
ning mutagens at 0.0012ppm of aflatoxin B; and
0.0012ppm of Tryv-p-II per plate. As shown in Ta-
bie 1, bluish purple pigment has no mutagenic aci-
tivity as the numher of Hist revertants.

Antitumor activity of biuish purpie pigment
using Sarcoma-180 bearing mice, ICR.

Antitumor activity of bluish purple pigment was
attempted by using Sarcoma-180 bearing mice ICR.
Antitumor activity of the pigment was not indicated
in vive by the occurrence and suppression of the
tumor growth toward sarcoma-180 transplanted to

B.H. Lee,
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mice. As shown in Table 2, antitumor activity of
the pigment was not recognized, when it was admi-
nistered by the intraperitoneal injection once a
day at the dose of 10mg, 25mg, 50mg, 75mg and 100mg
per kg. The pigment appeared not to have antitu-
mor activity at the all dose. Each sample of mice
not been recognized the complete regression of
tumor. These results indicated that the bluish pur-
ple pigment had no antitumor activity.
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Abstract

The bioavailability of selenium(Se) is affected by intrinsic and/or extrinsic factors. Especiafly,
the chemical form of Se may change bioavailability. Selenomethionine, as an important naturally
occurring form of Se in foods and feeds can replace methionine in @ number of biochemical
processes. Bicavailability assays are growth response, prevention of Se deficiency, tissue conce-
ntration of Se, Se dependent glutathione peroxidase activity and chemical balance.

introduction

Selenium(Se) has become a very exciting topic
to the academic researcher as well as to the gene-
ral public since the discovery of Se as an essential
nutrient”, The literature concerning the bioche-
mical role of Se is extensive. Current interest is
focused on the bioavailability of Se. The current
knowledge concerning the efficiency of utilization
of Se in the body of animals is limited.

This review will focus on bicavailability of Se
related to chemical form. In addition, other factors
which affect bioavailability and bioavailability as-
says will be briefly reviewed.

Bioavailability of Se

Definition

It is obvious that the adequacy of food to meet
Se requirements depends not only on the total
Se intake but also on its bioavailability>’. Then,
the practical guestion is, how does the body use
dietary Se efficiently, since chemical analysis does
nct appropriately show the biclogically effective
level of the nutrient®’.

Fox et al¥’ defined bioavailability as follows : “a
quantitative measure of the utilization of a nuirient

under specified conditions to support the orga-
nism's normal structure and physiological pro-
cess.” Biocavailability is the proportion of a nutrient
in a food used in a given biological processS). It
is related to absorption and utilization. Utilization
is the process of transport, cellular assimilation
and transformation to a biologically active form®,
Thus, the bioavailability reflects the efficiency with
which ingested Se is absorbed from the gastrointe-
stinal tract and is available for storage or further
use?.

Factors which affect the bioavailability of Se

The bioavailability of Se is affected by intrinsic
factors such as the physiological status of the ani-
mal or person that consumes Se. In this category
are species, genotype, age, sex, metabolic function,
that is, maintenance, growth, reproduction, and la-
ctation 5 nutritional status including adaptation to
dietary intake ; physiological stress, intestinal mi-
croflora and infection®.

On the other hand, extrinsic or dietary factors
affecting bioavailability are intake level of the ele-
ment, chemical form, presence of promotors or
mhibitors, mineral-mineral interactions, mineral-
micronutrient interactions, food processing, and

dmgSS“GJ .
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Chemical forms of Se

In the periodic table Se belongs to a group of
VI elements like sulfur, Se is similar to sulfur in
chemical and physical properties. However, chemi-
cal reactions of Se occur much faster than those
of sulfur, and bioclogical and metaholic consequen-
ces of Se are different from those of sulfur” . While
sulfur has a tendency to be oxidized, selenates
(Se*5) and selenites(Se**) are readily reduced
in the body to the active selenide(Se™2) form? 8.
In the various Se-dependent enzymes, the active
catalytic form of Se has been shown to occur as
selenocysteine®.
Se, which has covalent characteristics, may form

1 There are several organic

organic complexes
and inorganic forms of Se which are important
in nutrition{Table 1), In the diet of animals, two
major chemical forms of Se are food Se and inorga-
nic Se. Food Se from natural sources is in the
form of amino acids such as selenocystine, seleno-
cysteine, and selenomethionine!! 12, Selenite
from nutritional supplements are added as the ino-
rganic form. In animals the existence of these dif-
ferent forms in feed complicates the assessment
of Se bioavailability®.

Variations exist among different chemical forms
of Se in their relative ability to alleviate specific
deficiency conditions. When Schwartz and Foltz™

investigated the potency of a variety of Se compou-

Table 1. Some organic and inorganic forrms of Se®

Organic forms
Selencamino acids
Se-methionine
Se-cystine
Se-cysteine
Se-cystathionine
Se-methylselenocysteine
Inorganic forms
H»Se, HySeOs, HeSeQ, CdSe

nds against liver necrosis in vitamin E deficient
rats, sodium selenite, sodium selenate, selenocys-
tine, selenocystathione and selenomethionine were
almost equally protective, but natural organic Se
from pig’s kidney, which they designated “Factor
3", was much more effective. Elemental Se was
almost inactive. Since vitamin E and certain antio-
xidants also play a role in protecting against the
disease, this assay is not specific for Se'*’. Later,
different researchers used different species. In vi-
tamin E deficient chicks high availability values
for sodium selenate and selenocystine but low va-
lues for selenomethionine, sodium selenide and
elemental Se were obtained by Cantor, et al®)
Again; the disadvantage of this assay is that it is
not specific for Se because the disease is respon-
sive to vitamin E, too. The criteria used by Cantor,
et al.'® was prevention of exudative diathesis. Ho-
wever, when they used a different criterion{preve-
ntion of pancreatic degeneration), they found sele-
nomethionine was four times as effective as either
selenite or selenocystine. The difference in pote-
ncy was presumed due to the ability of the panc-

reas of the chick to concentrate selenomethionine
16)

Osman and Latshaw!”

also reported that so-
dium selenite and selenocystine were almost equa-
lly effective as selenomethionine in chicks, when
they used weight gain and prevention of exudative
diathesis to evaluate Se bioavailability. In their
study, chicks fed sodium selenite or selenocystine
had a similar tissue Se content, Chicks fed seleno-
methionine had z lower selenium concentration
in the kidneys, liver and heart than chicks fed
either sodium selenite or selenocystine, but a hi-
gher concentration in the pancreas and breast mu-
scle, Thus, the pattern of Se distribution in tissues
appears to be an important factor to determine
Se hioavailability though the reasons for different
patterns were not well understood.
Selenomethionine may be more effective in pre-
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venting pancreatic degeneration in chicks because
it is readily incorporated into protein and becomes
concentrated in the pancreas due to the high pro-
tein turnover rate in this organ ). Recently Van
Rij et al.1¥ have demonstrated that selenomethio-
nine retention was greater than sodium selenite
in patients with very low plasma Se when they
were given Se supplements in total parenteral nut-
rittion. Thus, the different chemical forms of Se
may change bioavailability. Selenomethionine may
be incorporated with efficiency into fissues and
retained better than sodium selenite.

Seienomethioning

Generally, plants incorporate Se into amino
acids. The predominant form is selenomethionine
which is an important naturally occurring form
of Se in foods and feeds. Selenomethionine comp-
rises the major portion of the Se in cereals consu-
med by humans!l'1?, Therefore, cereals tend to
have a higher Se content than fruits and vegetables
which have a low protein content?”. The flour from
hard wheat contains significantly more Se than
soft wheat flour?”’. Selenomethionine, that is, me-
thionine containing Se instead of sulfur, can rep-
lace methionine in a number of biochemical proce-
sses. In one study selenomethicnine could comple-
tely replace methionine for the normal growth of
a mutant of £ coli which had a requirement of
methionine®®, In another study B-Galactosidase
vroduced from strains of E. coli had 75% of its
methioninyl residues replaced by selenomethioni-
nyl residues without affecting catalytic activity of
the enzyme23). In addition, it was shown that sele-
nomethionine can substitute for methionine in tra-
nsmethylation reactions and in polypeptide chain
initiation and synthesis in E. coli?¥.

Recently, Sunde, et al?® studied the effect of
dietary methionine on the bioavailability of Se from
selenite and selenomethionine in rats fed a torula
veast basal diet. They found that the level of die-

tary methionine supplementation did not change
selenite biopotency, which was quantitated by as-
saying liver, plasma and heart for GSH-Px. Howe-
ver, the biopotency of selenomethionine was inc-
reased by the dietary methionine supplementation,
Thus, low dietary methionine decreased the biopo-
tency of selenomethionine but not of selenite. Tt
appears that selenomethionine is incorporated into
general body proteins by the same pathway as me-
thionine? . At suboptimal dietary levels of methio-
nine, more selenomethionine is utilized for general
protein synthesis to satisfy part of the methionine
requirement and less Se is available for GSH-Px
synthesis®™ . This study suggested that methionine
is required for optimal utilization of plant Se as
selenomethionine is presumably a major form of
plant Se'V’. In addition, it was reported that vita-
min Bg deficiency impaired the increase in liver
GSH-Px activity?”, erythrocyte levels of Se and
GSH-Px® in the rat, because of interference with
the conversion of selenomethionine to enzyme

Precursors.
Bioavailability assays

The availability of Se for absorption may or may
not be a measure of its utilization. The nutritional
potency of a dietary Se source is based on how
well it is absorbed in addition tc how well it is
transformed into a biologically active form. If abso
rhed dietary Se is not in a biochemically active
form, it must be metabolically converted into such
a form'¥. Thus, Se taken as selenite or selenate
must be reduced and incorporated into the seleno-
cystine residue of GSH-Px or other selenoproteins
in order to be compietely utilized®. Methods to
assess bioavailability are as follows®

1. Growth response

2. Prevention of Se deficiency

3. Tissue concentrations of Se

4. Se-dependent GSH-Px activity
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5. Chemica! balance.

Growth response

Growth response may he used as an index when
young animals can be used and Se is the only
limiting nutrients’. The growth rate of animals fed
a food source of the limiting Se is compared to
that of other animals given a pure salt of Se.
Often, deficiency symptoms are seen in the more
rapidly growing animals. If the faster growth rate
results in a higher requirement, a lower estimate
of bioavailability might occur?®’. Another disadva-
ntage is that the growth response bicassay is not
feasible in adult humans and cannot ethically be
used with infants®.

Prevention of deficiency

As discussed previously, species-specific criteria,
such as exudative diathesis, or pancreatic degene-
ration in chicks and liver necrosis in rats, resulted
in diverse and conflicting data®-15:18’ Some disc-
repancies may result from different assay condi-
tions and differences in the basal diet®, These
considerations must be taken into account when
the significance of animal experimental data to hu-
man nutrition is evaluated.

Tissue concentrations of Se

In animals Se is distributed in all the cells and
tissues of the body, The concentrations vary with
the tissue, the level and the chemical form of inge-
sted Se3. When animals consume Se at their die-
tary requirement(0.05~~0.20 ppm), Se concentra-
tions in the liver and kidney are highest, whereas
the Se content in muscle, bone and blood is lower
than in the liver and kidney. The brain and ner-
vous tissue have the lowest Se content3V,

In rats fed a torula yeast, low Se diet for 4 weeks,
the Se levels in the kidney dropped from 1.0 to
0.3 ppm and in the liver from 0.7 to 0.1 ppm(fresh
basis)32). It was also reported that the liver content

of Se was more prone to the effect of dietary Se,
while that of the testis and Kidney was less affected
by dietary Se deprivation. However, the dietary
supplementation of Se as sodium selenite signifi-
cantly increased the Se content of all tissues and
of plasma in the same study. The differential ability
of tissues to retain Se may suggest differential
metabolic and functional roles of Se in different
tissues®®. Tissue Se concentrations are generally
higher when Se is ingested in an organic form
rather than an inorganic form®3 However, Se
in fish meal and tuna had poor biologic availakility,
perhaps due to heavy metal complexing’® .

For estimating Se contents in tissues, it is nece-
ssary to treat the sample to release the Se from
the matrix or chemical combination, to destroy or-
ganic matter, to dissolve Se and bring it to the
required state of oxidation®”. Digestion with a nit-
ric/perchloric acid mixture, solvent extraction for
separation of Se from interfering substances, is
needed. The most popular method, the spectrof-
luorimetric method is based on the use of 2, 3-
diaminonaphthalene (DAN) to form a fluorescent
piazoselenol by complexing with Se(IV)3®_ This
method has been automated for the determination
of nanogram quantities of $e*®. Spallholz et al.1®
reported a single test tube method. Neutron acti-
vation analysis is another accurate method for Se,
but expensive facilities are required for its vsetl’.
Atomic absorption spectrometry is not as sensitive
as fluorimetric methods for measuring low Se con-

centrations®?,

Se-dependent GSH-Px activity

GSH-Px was discovered by Mills* who demon-
strated that it protects erythrocytes against hemo-
globin oxidation and hemolysis induced in vitro
by Hz02 or ascorbic acid. Later this enzyme was
identified in rat erythrocytes as a selenoprotein
by Rotruck et alV and it was demonstrated that
GSH-Px from ovine and bovine erythrocytes con-
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tained 4g atoms of Se per mole?’. This enzyme
has since been purified from several sources inclu-
ding human tissues®™. GSH-Px, with a molecular
weight of approximately 80,000, consists of four
identical subunits?. It was found that the molecu-
lar weight of GSH-Px varies with the species and
the tissue?®. In contrast to other peroxidases, this

47 or me-

enzyme does not contain heme or flavin
tals other than Se*. It was further demonstrated
that the Se at the active site of the enzyme is
i the form of selenocysteine, although the exact
mechanism by which the selenoamino acid is inco-
rporated into the protein is still unsettied”. GSH-
Px is thought to remove HoGs and a variety of
organic hydroperoxides in the c:ell using gluta-
thione as the source of reducing equivalents. GSH-
Px may prevent + OH generation by reducing HoG,
to Hz0. Thus, Se-dependent GSH-Px and vitamin
E complement each other to block formation of
free radicals and prevent subsequent attacks on
membrane phosphotipids®’,

GSH-Px activtiy has been shown in various tis-
sues, fluids, cells and subcellular fractions in ani-
mals. This activity depends on the species, tissue
and Se status of the animal*”’. The highest GSH-
Px activity is found in the liver and eryvthrocytes :
moderately high activity occurs in the heart, kid-
ney, lung and adrenal glands. The brain, testis
and fens have the lowest activity™. It is well esta-
blished that dietarv Se intake affects the tissue
activity of GSH-Px. Animals maintained on Se-de-
ficient diets show a rapid decline in tissue GSH-
Px activity*52), Upon Se supplementation, the Se
depleted animals show a rapid increase in tissue
GSH-Px activity™ 52 _In general, GSH-Px activity
correlated well with total Se in whole blood or
plasma in the New Zealand subjects who had maz-
ginal or deficient levels of Se intake™ 5. Howe-
ver, significant correlations were not shown in in-
dividuals with adequate levels of Se intake®®. This
enzymatic method s valid only in populations with

low Se intakes, since GSH-Px activity plateaus at
higher Se intakes®’. It was found that from 10
to 15% of the Se in human erythrocytes is associa-
ted with GSH-Px®7-%®, In contrast, 75 to 100%
of the Se in erythrocytes of rats and sheep is asso-
ciated with GSH-Px*®-5%)_ This finding may indi-
cate that non-GSH-Px. Se plays a very important
role in human blood®, a factor which makes the
GSH-Px assay more complicated.

Cantor et al.’¢ reported that prevention of panc-
reatic degeneration by selenomethionine did not
correlate well with pancreatic GSH-Px activity.
They suggested that the biochemical function of
Se in protecting the chick pancreas may not be
mediated through GSH-Px. Recently Lawrence and
Burk® discovered that Se deficient rat liver had
a non Se-dependent GSH-Px activity and that this
enzyme activity rises in Se deficiency. Thus, the
possibility exists that biologically active forms of
Se other than GSH-Px should be considered when
GSH-Px activity is determined.

There are two ways to analyze GSH-Px activity,
One is direct measurement of the decrease in GSH
80 The other method involves coupling the redox
cycling of GSH and GSSG to the oxidation of NA-
DPH®Y. The latter method is more frequently used
because the former method is cumbersome and
insensitive. Sodium azide is used to inhibit the
activity of catalase which destroys HoQs - HeOs,
t-butyl hydroperoxide, and cumene hydroperoxide
can be used as the acceptor substrate. However,
the Se-independent GSH-Px has peroxidase acti-
vity only against the organic hydroperoxides, so
Hy02 usually is used as the substrate for the assay
of Se-dependent GSH-Px activity. Otherwise, bia-
sed results might occur when samples contain high
Se-independent enzymes. However, it was repor-
ted that enzyme assays carried out with HyQp have
higher blank values than those performed with
organic substrates, because the non-enzymatic
reaction of HzO» with GSH is faster than that of
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the organic substrates®”. Another complication is
that hemoglebin also catalyzes the oxidation of
GSH by Hz0:5. Thus, hemoglobin must be conve-
rted to methemoglobin with Drabkin’s reagent he-
fore the assay for GSH-Px is performed®”. Recen-
tly, Levander et al.# demonstrated that blood pla-
telets may be useful for assessment of Se status
due to their rapid turnover, high Se content and
the responsiveness of platelet GSH-Px to changes
in Se intake. One special concern should be given
to the storage of blood samples. Butler et al.5”
found that changes in GSH-Px activity with time
of storage differ for blood from various species
of animals.

Chemical balance

This chemical balance technique is the most
used way for determination of Se bicavailability
in humans. If performed carefully and with intakes
of Se near or below the minimal requirement, che-
mical balance may be the method of choice for
evaluating Se bioavailability in adults of any spe-
cies®’. However, when intake is in excess of the
requirement to maintain balance, there may be
no evidence of reduced bioavailability. Further-
more, balance studies require a high degree of
technical sophistication and are applicable only to
small groups of subjects®’.
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