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Interest in the biological significance of selenium
has been confined to its toxic effects on animals in the
early stage of study, while its essentiality has been
noted in recent years. Of almost all trace elements, Se
belongs to a "highly toxic" group (BOWEN 1966) and its
salts are actually the most toxic on a molar basis.
Moreover, it is characteristic of Se that there are only
narrow safety margins among the deficient, nutrient and
toxic doses (VENUGOPAL & LUCKEY 1978). Therefore, adequ-
ate means of assessing Se status are now needed for hu-
man health and disease and the present methods used need
more evaluation to assure their specificity and reliabi-
lity (BURK 1976). Of body fluid samples used to assess
human Se status, urine seems to be one of the most comm-
on (VALENTINE et al.1978), Twenty-four hour urine colle-
ctions, not spot checks of urine, should be used as they
are not subject to error from meal and dilution effects
(BURK 1976). 24-h urinary excretion, however, had the
disadvantage of difficulty of collection (THOMSON & RO-
BINSON 1980). The indications hitherto used for urinary
Se level were largely Se concentration, ng Se/ml urine.
The purpose of this study is to show the advantage of
24-h urinary Se concentration expressed in terms of
creatinine concentration,ng Se/mg creatinine, over ng Se/
ml urine as indications of Se level in view of nonsuscep-
tibility to variation and dilution effects,and to present
the validity of estimation of urinary Se levels by using
single void urines as substitutes for 24-h urine samples.

EXPERIMENTAL

24-h urine samples were collected from three hea-
lthy subjects once a month during seven months from July
to January. All the individual void samples of a 24-h
urine sample set were obtained from eight healthy sub-~
jects. Urinary volume, and Se and creatinine (abbreviated
as CT) concentrations were measured. The determination
of Se was made by fluorimetric method with 2,3-diamino-
naphthalene (WATKINSON 1966) and that of CT by Folin-Wu
method (BOSNES & TAUSSKY 1945).
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RESULTS

Selenium levels expressed as Se(ng/ml), Se(ung) and
Se(ng/mg CT) in 24-h urine samples were compared with
respect to variation and dilution effects.The results
are summarized in Tables 1 and 2 and Figs. 1 and 2.
Table 1 gives the mean, standard deviation and coeffici-
ent of variation of Se levels. The variables, Se(ng/mg
CT) and Se{pg), were found to tend to have lower degree
of variation than Se(ng/ml) as is evident from coeffici-
ent of variation. The effect of urinary volume on Se le-
vels is given in Table 2 and Fig.l. Urinary Se(ng/ml)

TABLE 1. Selenium levelsa in 24-h urine during seven

months.
. Se Se Se No. of
Subject (ng/ml) {ng/mg CTb) (ng) samples
No.1l 46 + 24 33 i'lS 63 + 26 7
(52)° (45) (4D
No.2 61 + 19 36 + 13 40 + 13 7
(31) (36) (33)
No.3 35 + 18 36 + 6 33+ 5 7
(51) (17) (15)
Mean 47 + 20 35 + 11 45 + 15
(45) (33) (30)

8Value is mean + standard deviation(SD). bCreatinine.
Value in parentheses is coefficient of variation,
(SD/mean) x 100.

TABLE 2. Correlation coefficient for Se levels in
24-h wurine during seven months.

Sub- Se(ng/ml)- Se{ng/mg CTa) Se (ng) - Se (ng/ml) b
ject Volume (ml) ~Volume (ml) Volume (ml) -CT{mg/ml)
No.1l -0.83 ~-0.63 -0.74 0.51 7
No. 2 -0.44 -0.05 0.18 0.38

No. 3 -0.88 -0.14 ~-0.34 0.95 7
Mean -0.72 -0.27 -0.30 0.61
IMean| € 0.72 0.27 0.42 0.61

8creatinine. bNumber of samples.
Mean of absolute coefficient of correlation.
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Fig.1l Selenium level

plotted against volume in
24-h urine during seven
months from July to January.
Expression of Se level is
(A) Se(ng/ml), (B) Se(ng)
and (C) Se(ng/mg creatinine)

O : Subject No.l. O : No.2.
® : No.3. J: Sample in July.
A: in August. T: Mean of na~

tive coefficient of correla-
tion. ¥: Mean of absolute
coefficient of correlation.

Fig.2. Selenium con-~
centration plotted against
creatinine concentration in
24~-h urine during seven
months from July to January.
See Fig.l for symbols.
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was inclined to inc-
rease with decreasing
urine volume, and
particularly was a high
level inthe summer sea-
son most likely beca-
use of small volume of
24-h urine. Both the
means of native and
absolute coefficients
of correlation of uri-
ne volume with Se(ng/
mg CT) were lower than
those with Se(pg) and
especially with Se(ng
/ml). This means that
Se(ng/ml) has the dis-
advantage of great de-
pendence on urine volume.
Fig.2 gives plot of Se
vs. CT concentrations in
daily urine. This good
correlation is perhaps
responsible for both the
low degree of variation
and the slight dependen-
ce on urine volume which
were found in Se(ng/mg
CT) of 24-h urine. The-
se results suggest that
24-h urinary Se (ng/mg
CT) may be advantageous
as a monitor of Se sta-
tus in view of nonsuscep-
tibility to variation
and dilution effects in
comparison with Se(ng/ml)
and Se (ug).

Daily Urine Se(na/mg CT)

Fig.3. Se{(ng/mg creatini-
ne) level in 24~h urine
plotted against Se level
in individual void sample
of a 24-h urine set.

Se level is (A) Se(ng/ml),
(B) Se(pg) and (C) Se(ng/
mg creatinine). O: Subject
No.4. @: No.5. A: No.6. A:
No.7. d: No.8. M: No.9. v:
No.10. ¥w: No.ll. T: See
Fig.l. CT: Creatinine.
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The use of a single void urine sample as a substi-
tute for a 24~h sample for urinary Se determination was
examined. Fig.3 gives relationship between Se(ng/mg CT)
in a 24-h urine and Se level in individual void sample
of a 24-h urine set. The best correlation was obtained
when Se(ng/mg CT) was used as Se level in a single void
urine. The coefficients of correlation of single void u-
rine Se({ng/mg CT), Se(pg) and Se(ng/ml) with 24-h urine
Se(ng) were 0.88, 0.89 and 0.75, and those with 24-h ur-
ine Se{ng/ml) were 0.96, 0.80 and 0.92, respectively.
These results show that single void urine Se(ng/mg CT)
has the good correlation with all of indications of 24-h
urinary Se level and particularly with Se(ng/mg CT).

The single void urine, therefore, seems to be adequate
as samples to estimate human Se status as substitutes

for 24-h urines if Se(ng/mg CT) is employed as urinary
Se levels.

Selenium levels expressed as Se(ng/ml), Se(ng) and
Se{ng/mg CT) in a daily set of single void urines were
compared. The mean, standard deviation and coeffici-
ent of variation of Se levels are shown in Table 3. A
variable, Se(ng/mg CT) , was found to be much lower in

TABLE 3. Selenium levels® in individual void gsanples
of a 24-h urine sample set.

§ub— Se Se b Se No. of

Jject {(ng/ml) (ng/mg CT) (ng) samples

No. 4 32 i_c2 27 + 6 14 + 5 4
{ 6) (22) (3%)

No. 5 37 + 1 29 + 3 11 + 5 3
( 3) (10) (45)

No. 6 19 + 11 26 + 9 7+ 3 4
(58) (35) (43)

No. 7 248 + 50 240 + 20 95 + 26 3
(20) ( 8) (27)

No. 8 105 + 43 137 + 12 21 + 15 5
(41) {9) (71)

No. 9 223 + 83 151 + 16 32 + 15 3
(37) (11) (47)

No.1l0 30 + 13 52 + 13 10 + 2 5
(43) (25) (20)

No.1ll 100 + 20 96 + 20 l6 + 9 5
(20) (21) (56)

Mean 99 + 28 95 + 12 26 + 10
(29) (18) (43)

a,b and Csee Table 1.
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TABLE 4. Correlation coefficient for Se levels in indi-
vidual void samples of a 24-h urine sample set.

Sub~ Se(ng/ml)- Se(ng/mg CTa) Se (pg) - Se (ng/ml) Nb
ject Volume (ml) -Volume (ml) Volume{ml) ~-CT(mg/ml)
No. 4 0.61 06,50 0.99 -0.02 4
No. 5 0.69 0.69 1.00 -1.00 3
No. 6 -0.49 -0.63 0.57 0.87 4
No. 7 -1.00 0.34 1.00 0.96 3
No. 8 0.17 ~0.38 0.80 0.98 5
No. 9 -1.00 ~-0.98 0.91 1.00 3
No.10 -0.98 0.59 0.67 0.95 5
No.11l -0.85 -0.29 0.99 0.41 5
Mean c -0.36 ~0.02 0.87 0.52

IMean| 0.72 0.55 0.87 0.77

a,b and cqo o maple 2.

the degree of variation than Se(ng/ml) and Se(ug) as is
evident from coefficient of variation. Table 4 and Fig.4
represent the effect of urine volume on Se levels. The
data suggest that urine volume has slight influence on
Se(ng/mg CT) and substantial influence on Se(ng/ml) and
Se (pg) . Good correlation between Se and CT concentrations
shown in Table 4 and Fig.5 may underlie both the low
degree of variation and the slight dependence on urine
volume which were found in Se(ng/mg CT)of single void ur-
ines.These results suggest that Se(ng/mg CT) may possess
advantage over Se({ng/ml) and Se(ug) as an indication of
single urine Se levels in terms of variation and dilution
effect.

DISCUSSION

Body samples hitherto used to assess human Se sta-
tus are urine, blood(whole blood, erythrocyte and plas-
ma), hair and nails. THOMSON & ROBINSON (1980) described
whole blood and plasma Se have now replaced urinary ex-
cretion as an indicator of nutritional Se status in ani-
mals and man. But, VALENTINE et al. (1978) reported that
it is not sufficient to use only blood as an indication
of Se status, and that urine or hair measurements would
be more likely to give valid results.

As indications of Se status using fluid samples,

Se concentration has been largely used. Tc es-
timate urinary excretion of a given chemical substance

without the influence of urine volume, recently, expre-
ssion of urinary level of the substance as its concent-—
ration per creatinine concentration has been used (HUN-
TER et al, 1972, JAFFE et al. 1972, and VANDERLINDE 1979).
Validity of this method, however, has never been exami-
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ned particularly for Se excretion. It is the results in
this study that Se(ng/mg CT) gives better constancy of

Se excretion from single to single urines and from month
to month in any one individual and is more nonsusceptible
to dilution effect compared with Se(ng/ml). This clearly
shows the advantage of expression of Se excretion as Se
(ng/mg CT) over Se(ng/ml).

Use of single urine to estimate Se status has never
been reported because single urine is subject to meal
and dilution effects, but in this study was shown for
the first time to be adequate. Single urine secems to ha-
ve greater possibilities as samples to assess Se status
in respect to the collection and preservation of large
numbers of samples compared with daily urine.

Further examinations of expression of Se excretion
as Se(ng/mg CT) are now in progress, involving the cons-
tancy from individual to individual and the relations
with other monitors to assess Se status in comparison
with Se(ng/ml).
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