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Corval l is ,  OR,  U S A  

Twenty young Chinese men (ages 18-40 with a mean age o f  29 years) living in a selenium deficient 
area o f  China (Dechang county, Sichuan province) were selected, divided into two groups, and pro- 
vided with 200 txg selenium daily for  1 year as either selenate or selenomethionine (Semet). Blood and 
24-hour urine samples were collected initially, after 1 month o f  supplementation and subsequently at 
bimonthly intervals. Selenium increased in both plasma and erythrocytes at a significantly fas ter  rate 
in deficient men taking Semet  than in those taking selenate. Glutathione peroxidase (GSH-Px) activity 
increased in both plasma and erythrocytes up to 4 months where a plateau was reached, bu t  there 
were no differences in this activity between these two supplemental groups. The percentage o f  selenium 
associated with GSH-Px was significantly lower in plasma and erythrocytes in men taking Semet  than 
in those taking selenate. Gel filtration chromatography revealed two selenium-containing peaks in 
plasma o f  men taking Semet  but mostly one in plasma from men taking selenate. Urinary excretion 
o f  selenium gradually increased throughout this study, but there were no differences in the excretion 
o f  total selenium or trimethylselenium (TMSe) between the two treatment groups. The TMSe content 
ranged between 1%-2.5% o f  total selenium in both groups. 

Keywords: selenium deficiency: humans; Keshan disease: glutathione peroxidase; gel filtration; erythrocytes 
and plasma 

Introduction 

There are several reasons for investigating the metab- 
olism of  different forms of  selenium (Se) in humans. 
When rats ~ rhesus monkeys 2 or women with moder- 
ately low Se status 3 were given inorganic Se there was 
a higher correlation of  blood Se with glutathione per- 
oxidase (GSH-Px) activity than when selenomethio- 
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nine (Semet) was given. One factor responsible for 
this was probably the distribution of  Se between the 
erythrocyte (red blood cells [RBC]) and plasma frac- 
tions. When selenite was given to rats ~ and monkeys 2 
or selenate to women, 3 the majority of the RBC Se 
was associated with GSH-Px,  but in contrast the ma- 
jority of  the Se was associated with hemoglobin (Hb) 
when Semet was the form of Se administered. There is 
only one major Se-containing peak that elutes slightly 
ahead of  GSH-Px activity when animal plasma is sub- 
jected to gel filtration. 4 However ,  gel filtration of  hu- 
man plasma revealed two Se-containing peaks neither 
of which cochromatographed with GSH-Px activity. 
Presumably this is a reflection of  the dietary Semet in 
humans, based on work with monkeys 2 and women 
with moderately low Se status. 3 Therefore, more infor- 
mation is needed to determine factors affecting Se me- 
tabolism in humans. 

The Se status of  people influences the correlation 
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of  b lood  Se wi th  G S H - P x .  Popu la t ions  o f  peop le  wi th  
a d e q u a t e  b lood  Se l eve l s  usual ly  do not  show a sig- 
nificant co r r e l a t i on  b e t w e e n  b lood  leve ls  and G S H - P x  
ac t iv i ty  5 and h a v e  on ly  1 0 % - 1 5 %  of  the R B C  Se asso-  
c ia ted  with  G S H - P x .  6 In con t ras t ,  h u m a n s  wi th  a low 
Se s tatus s h o w  a pos i t i ve  co r r e l a t i on  b e t w e e n  R B C  Se 
and G S H - P x  ac t iv i ty  and h a v e  3 0 % - 4 0 %  of  the Se 
a s soc i a t ed  wi th  G S H - P x .  6'7 

T r i m e t h y l s e l e n i u m  (TMSe)  is the only  Se com-  
pound  that  has  b e e n  ident i f ied in urine.  A l though  once  
thought  to be a de tox i f i ca t ion  p roduc t  o f  Se,  its levels  
in ur ine are  s e l d o m  a b o v e  5% of  the total  unless  Se is 
in jec ted .  8'9 The  a d m i n i s t e r e d  chemica l  fo rms  o f  Se had 
no ef fec t  on the a m o u n t  o f  T M S e  e x c r e t e d  in rats,  9 
but  the re  is v e r y  little i n fo rma t ion  on this in humans .  
A p re l imina ry  r epor t  ind ica ted  that  more  ur inary 
T M S e  was  e x c r e t e d  by w o m e n  of  m o d e r a t e  Se s tatus 
w h e n  they  took  se lena te  than w h e n  S e m e t  was  taken.  J0 
T h e r e f o r e ,  the o b j e c t i v e s  o f  the p resen t  s tudy were  to 
inves t iga te  the inf luence  o f  chemica l  fo rms  of  Se on 
its d i s t r ibu t ion  b e t w e e n  R B C  and p lasma  pro te in  and 
on its e x c r e t i o n  as T M S e  in ur ine f rom men  with a 
v e r y  low se l en ium status.  

Materials  and m e t h o d s  

Subjects 
The subjects for this study were male farmers (ages 18-40 with 
a mean of 29 years) in Dechang County of Liangshan Prefecture, 
in Sichuan Province, People's Republic of China. Dechang 
County has a population of about 150,000. The daily selenium 
intake was estimated to be 11 gg per person based on results of 
a nutrition survey conducted in 1985 by the Antiepidemic Sta- 
tion of Liangshan Prefecture. J j'~2 There has not been any major 
large-scale Se supplementation in Dechang County. Previously 
the incidence of Keshan disease in this county has been among 
the highest in China? 2 but it has declined steadily since 1980. ~3 

All subjects were recruited by local antiepidemic station per- 
sonnel working with village doctors. It was made known by 
word-of-mouth that volunteers for a study were being sought. 
The nature and purpose of the study were explained to the men 
who indicated an interest. Subjects who appeared to be qualified 
were given a physical examination by the village doctor, includ- 
ing an electrocardiogram and a chest X-ray. Subjects who were 
considered normal and had no known chronic disease were con- 
sidered qualified. Final selection, which excluded a few volun- 
teers, was based on a prediction of subject compliance by the 
village doctor. The study protocol was approved by the Oregon 
State University Committee for the Protection of Human Sub- 
jects and by a special Institutional Review Board convened at 
the Chinese Academy of Preventive Medicine in Beijing. Oral 
consent was obtained from each subject. Each person received 
an amount equivalent to $70 for his participation in this study. 

Protocol 
This study was conducted for 1 year, starting in January of 
1988. Two groups of 10 men were given one yeast tablet which 
contained 200 p,g Se as either selenate or Se enriched yeast 
daily. The Se in the Se-enriehed yeast has been shown by analy- 
sis to be Semet. J These tablets were manufactured by VitaTech 
International, Inc. (Tustin, CA, USA) and supplied to us by 
Nutrition 21 (La Jolla, CA, USA). The carrier yeast for selenate 
analyzed 0.2 ~g Se/tablet. A designated participant in each of 
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the treatment groups delivered a yeast tablet to each of the 
participants daily and watched him swallow it. On the evening 
before each sampling day all subjects were assembled and trans- 
ported from their respective villages to an inn in Dechang 
County. Urine was collected for 24 hours. Blood was also col- 
lected during this time. 

Blood, urine, hair, and fingernail sampling 
Blood samples were taken between 0900 and 1000 hr, at the 
beginning of the study, l month after the supplementation 
started, and bimonthly thereafter. A tourniquet was applied to 
the upper arm, and a 12-mL blood sample was taken from the 
antecubital vein using a 20-mL plastic syringe with a 20-gauge 
disposable needle. EDTA was used as the anticoagulant. The 
blood was centrifuged at 800g for 15 rain to separate the RBCs 
from plasma. The RBCs were washed once with saline and both 
plasma and RBCs were frozen in separate vials with liquid ni- 
trogren, transported to Beijing while frozen in liquid nitrogen, 
and maintained in the frozen state at -70  ° C until shipped to 
Oregon. They were then packed in dry ice and shipped to Ore- 
gon State University in two different lots by air express. All 
samples through 6 months were shipped first and the remaining 
ones at the termination of the experiment. 

Each time the subjects were brought to the laboratory, 24-hr 
urine samples were collected in plastic 2-liter containers. After 
measuring the total volume, about 100 mL was saved under 
toluene as a preservative. These samples were transported to 
Beijing in the liquid state, and total and TMSe content deter- 
mined in the laboratory of Y. Xia. 

After the final urine and blood samples were collected at l 
year. fingernails and hair samples were collected. The finger- 
nails were clipped with a nailclipper. Newly grown hair was 
collected at the base of the skull. This was done by clipping the 
hair with a coarse set of clippers, and then with a fine set of 
clippers. The hair collected with the fine clippers was saved for 
analysis. The hair and fingernails were shipped by air to Oregon 
in the dry state. The fingernails were soaked in 0.1 N HCI for 
14 hours and any remaining foreign material scraped from the 
nails with a knife blade before analysis. The hair was soaked in 
distilled water for 14 hours, washed twice with distilled water, 
and finally with acetone on a suction flask before analysis. The 
fingernails and hair were treated by these procedures to remove 
any Se adhering to them. 

Analytical procedures 
Aliquots of RBCs were lysed (ratio 1 : 120) with deionized water 
and Se content and GSH-Px activity determined both on this 
lysate and with plasma. The RBCs (6 mL of a 1 : 7 dilution with 
water) were chromatographed on gel filtration (Sephadex G-150) 
columns (2 × 100 cm) at a flow rate of l0 mL per hour with 
0.05 M phosphate buffer, pH 6.8, containing EDTA (10-3M) and 
sodium azide (10 4M) as previously described. ~ About 5 mL 
were collected per fraction. The eluted fractions were monitored 
for GSH-Px activity and Hb at 540 nm. Duplicate fractions of 
the GSH-Px and Hb peaks were combined, acid digested and 
their Se content determined by the fluorimetric procedure. The 
overlap area (descending side of GSH-Px and ascending side of 
Hb) was corrected by extending the curves to the baseline. The 
columns were standardized with purified GSH-Px and Hb. The 
areas under the GSH-Px and Hb curves were determined, then 
divided by the total areas to obtain the percentages and the 
percentages multiplied by the concentration of Se in RBCs to 
obtain the content in each of these fractions. 

Plasma was diluted with ammonium acetate buffer (ratio 1 : 3) 
and chromatographed on columns (2 x 120 cm) of Sephadex 
G-150 with 0.33 M ammonium acetate buffer, pH 6.8, containing 
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Accumulat ion of selenium (insert) and glutathione per- 
oxidase activity in erythrocytes of Chinese men taking selenium 
either as selenate or selenomethionine The bars at each point 
represent standard errors of 10 samples. 

EDTA and dithiothreitol (10 4M) at a flow rate of 10 mL per 
hour. About 5 mL were collected per fraction. The columns 
were standardized with purified GSH-Px. GSH-Px activity and 
absorbance at 280 nm were determined on the eluted fractions. 
Except for the initial samples, Se content was determined di- 
rectly on the eluted fractions with a Perkin-Elmer atomic ab- 
sorption spectrophotometer (Model 3030, Norwalk, CT, USA) 
with a Zeeman background corrector. A nickel-magnesium solu- 
tion was used as the matrix modifier. The Se in the initial sam- 
ples (Figure 7, bottom) was determined on combined fractions 
as was done for RBCs. 

The plasma GSH-Px has been purified to homogeneity from 
humans in the Oregon Laboratory ]4 and shown to exhibit 28 
units (~mol NADPH/min) per mg protein. This calculates to be 
8.15 ~tmol NADPH/(min.ng.Se) on the basis of 4 g atoms of Se 
per mole and a molecular weight of 92,000. This was used as 
the standard to calculate the percentage of Se associated with 
GSH-Px in the plasma of the subjects, using the plasma GSH-Px 
activity per unit Se. The percentage was multiplied by the Se 
content of plasma to obtain the amount of Se in GSH-Px. The 
difference between the percentage of Se with GSH-Px and 100 
was taken as the percentage of Se in other Se-containing pro- 
teins, and this value was multiplied by the Se content of plasma 
to obtain the Se in other Se-containing proteins. The percentage 
of Se associated with GSH-Px in RBCs was calculated with 
purified bovine RBC GSH-Px as the standard, ~5 from the GSH- 
Px activity and Se content of the RBC lysate. Under our condi- 
tions of assay, this enzyme oxidized 112 Fxmol NADPH/ 
(min.ng.Se). After the percentage of Se associated with GSH-Px 
was calculated from this standard, this was multipled by the Se 
content of the RBCs to obtain the Se content in GSH-Px. The 
difference between the percentage of Se with GSH-Px and 100 
was taken as the percentage of Se in Hb. This percentage was 
multiplied by the Se content of RBCs to obtain the Se content 
in Hb. 

The percentage of Se with GSH-Px in plasma and RBCs was 
also estimated from the gel filtration chromatograms. The sum 
of the areas under each peak was divided into that of each peak 
to obtain this percentage.-' This number was multiplied by the 
concentration of Se in plasma or RBCs to obtain the amount of 
Se per peak per mL sample. 

After acid digestion with nitric and perchloric acids, Se was 
determined on RBCs and RBC fractions, plasma, hair, finger- 
nails, and eluted fractions of Figure 1 (bottom), by the semi- 
automated fluorimetric method ~6 with an Alpchem Autoanalyzer 
II (Beaverton, OR, USA) as previously described.] GSH-Px ac- 

tivity was determined at 30 ° C in a water-jacketed cell by a 
coupled enzyme method ]7 with t-butyl hydroperoxide (140 
~mol/L) as the substrate. The positions of the Hb peak in the 
RBC chromatographs and the total Hb content were determined 
from the absorption at 540 nm.~8 

Total Se content of the urine was determined by a modifica- 
tion of the method of Watkinson ~9 in the Beijing Laboratory. 
TMSe was measured in the urine samples by the two-column 
procedure. -'() Renal clearance of Se was calculated from the con- 
centration of this element in the plasma and plasma fractions 
with that in the urine. 2~ 

Stat is t ical  analysis 

The data were subjected to statistical analysis using analysis 
of variance, the Student-Newman-Keul procedure, regression 
analysis, and calculation of correlation coefficients, z2 Where 
necessary to achieve homogeneity of variance, the data were 
subjected to logarithmic transformation. 

Results 

All the subjec ts  who s tar ted this s tudy comple ted  it as 
scheduled  and were en thus ias t i c  about  it. Excep t  for 
the c o m m o n  heal th  p rob lems  such as colds,  there were 
no major  heal th  difficulties with any  of the par t ic ipants  
at any  t ime dur ing  this s tudy.  Slightly more  than a 
two-fold increase  of  Se occur red  in RBCs in men  tak- 
ing se lenate  where  a peak appeared  to be reached after 
about  6 m o n t h s  of supp l e me n t a t i on  (Figure 1, Insert) .  
In cont ras t ,  abou t  an eight-fold increase  of Se oc- 
curred  in RBCs  in me n  taking Semet ,  where  a plateau 
was reached at abou t  4 mon ths  of supp lementa t ion .  
The Se levels at 1 m o n t h  of supp l e me n t a t i on  and after- 
ward were s ignif icant ly higher (P < 0.01) in RBCs of 
me n  taking  Semet  than  in those taking selenate.  Al- 
though the G S H - P x  act ivi t ies  increased  in RBCs of 
men  taking both Se supp lemen t s ,  there were not sig- 
nif icant  d i f ferences  be t w e e n  the two groups at any  
time of  the expe r imen t  (Figure 1). A plateau in act ivi ty  
was reached  in both groups  at 4 mon ths  of supp lemen-  
tat ion.  

The gel f i l trat ion pa t te rns  for RBC lysates f rom 
me n  init ial ly and  after  supp l e me n t a t i on  with ei ther  sei- 
enate  or Semet  for one year  are shown in Figure 2. 
Most  of the Se was assoc ia ted  with Hb  in the initial 
samples  (Figure 2, bot tom),  in which the d is t r ibut ion  
was s imilar  to that in m e n  taking Semet  for one year  
(Figure 2, top). The  Se concen t r a t i ons ,  of  course ,  
were marked ly  higher  in these  f ract ions  after 1 year  of 
s u p p l e m e n t a t i o n  than  initially.  In  cont ras t ,  the Se was 
about  equal ly  d i s t r ibu ted  be t w e e n  G S H - P x  (first peak) 
and Hb  (second peak ) in RBCs  from men  taking sele- 
nate for one  year  (Figure 2, middle).  

The a m o u n t s  of  Se assoc ia ted  with G S H - P x  and Hb  
with t ime of  s u p p l e m e n t a t i o n  as ca lcula ted  by stan- 
dard G S H - P x  are show n  in Figure 3. As would  be 
an t ic ipa ted  f rom Figure 2, the a m o u n t  of Se increased  
very rapidly in Hb  of  RBCs from m e n  taking Semet  
(Figure 3, right). There  were no differences in the ac- 
c u m u l a t i o n  of  Se in G S H - P x  be tween  the two treat-  
men t  groups  (Figure 3, left). Similar  pa t te rns  were ob- 
ta ined  w h e n  the a c c u m u l a t i o n  of Se in Hb and 

204 J. Nutr. Biochem, 1992, vol. 3, May 



A 

E .3 
e- 

@ 

2 

1 

0 

0 . 5 0  

0 . 4 0  

0 . 3 0  

0 . 2 0  

0 . 1 0  

0 . 0 0  

0 . 4 0  

0 . 3 0  

0 . 2 0  

0 , 1 0  

0 . 0 0  

12 month8 / ~  
8e-Met I ~  ~ 

j S  ~ 

12 months ~ '~  / ' ~  

I ~_.'i ."-.',_~ 

Initial 

", "'-,,. 
30 

60 120 SO 

40 

30 ! lO 

2o  ~ 
lO .~ 

* ~ o 
60 ,c - 2o $ 
50 ~ 

4o ~ 
a 

30  ~ • lo  

2o ~ 
~ - 

1 0  

0 .~- - 0  

15 ~ - 20 

t 2  ~ 

0 

s ~ 

0 - 0 
35 40 45 50 55 60 65 

i 
I 
i 

E 
c 

0 

I n  

¢ -  

0 

< 

Fractions 
Figure 2 Gel filtration patterns of erythrocytes initially and after 
1 year of supplementation with either selenate or selenomethio- 
nine. Note the marked differences in the scale for selenium among 
the three graphs; and the GSH-Px activity scale between the bottom 
graph and the other two. These graphs are the average of three 
determinations of pooled samples composed of RBCs from three, 
three, and four men. 

0.80 

• "1- 0.60 

E 

e -  

0.40 

E 
.,= 

-~ 0.20 09 

0.00 

Se in GPx & Hb af ter  supplementat ion 
( b y  s t d -  1 1 2 m u / n g S e )  

Se in GPx Se in Hb "[ , , ' ~ " - ]  

/I'...t,,'"~'SeMet 
, 

f 
, 

f 

2 4 6 8 10 12 0 2 4 6 8 10 12 

SeO 4 

. i . . . i . . . . , i . 

o 

Months of supp lementa t ion  

Figure 3 Amounts of selenium in hemoglobin and glutathione 
peroxidase as determined with the GSH-Px standard with time of 
supplementation with either selenate or selenomethionine. The per- 
centage of Se with GSH-Px was determined as described in Materi- 
als and Methods. The bars at each point are standard errors of 10 
samples. 

Selenium metabolism in men: Xia et al. 

400 

E 
.=_ 

~ 3 0 0  

z 2OO I L  

< 

Z 

0 

~ 1 0 0  

SeO, ~ GPx in Plasma 

. . . .  S e - M e t  

• 14o . . ~ . .  

IX;. '_':[  Iz-" . . . . .  . 

. . . . . . . . . . . .  " ' ;  "2 - - ' ,  

0 I I I i I i I i I I I I I 

0 I 2 4 6 8 10 12 
Months of supplementation 

Figure 4 Accumulation of selenium (insert) and glutathione per- 
oxidase activity in plasma of Chinese men taking selenium either 
as selenate or selenomethionine. The bars at each point are stan- 
dard errors of 10 samples. 

GSH-Px were determined from the gel filtration chro- 
matogram (data not shown). Significantly greater ac- 
cumulation of Se occurred in Hb of men taking Semet 
but no differences were found in the Se content of 
GSH-Px in RBCs between the two groups of men. The 
correlation coefficients for these two methods were 
0.93 and 0.74 for Se in GPX, and 0.84 and 0.99 for Se 
in Hb, from men taking selenate and from men taking 
Semet, respectively. 

Se levels reached a plateau in plasma much faster 
than in RBCs (Figure 4, Insert). There was a rapid 
increase from the original values from about 20 ng/mL 
to about 73 ng/mL at 1 month of supplementation with 
selenate, with a very slight increase throughout the 
remainder of the experiment. In contrast, the increase 
of Se in plasma of men taking Semet was much greater 
after the plateau was reached than in those taking sele- 
nate. At 1 month and afterwards the plasma Se levels 
were significantly greater (P < 0.01) in men taking 
Semet than in those taking selenate. Similar to the 
RBCs, the plasma GSH-Px activity increased in both 
groups of men but there were no significant differences 
between the two groups (Figure 4). In contrast to the 
Se levels, this activity in plasma did not reach a pla- 
teau until 4 months of Se supplementation. 

The accumulation of Se with GSH-Px and other 
Se-containing proteins as calculated with the GSH-Px 
plasma standard is shown in Figure 5. Similar to the 
RBCs, there were no differences in the accumulation 
of Se with plasma GSH-Px between men taking Semet 
and selenate. However, significantly greater amounts 
of Se accumulated with the other Se-containing pro- 
teins in men taking Semet than in those taking sele- 
nate. The other Se-containing proteins represent sele- 
noprotein P and albumin. 23 

The percentage of Se associated with RBC GSH-Px 
dropped from the initial values in both groups at 1 
month of supplementation (Figure 6, top), and then 
gradually declined in men taking Semet through the 
rest of the experiment. In contrast, this percentage 
increased slightly after the initial drop in men taking 
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selenate. At 1 month and afterwards, the percentage 
of Se associated with GSH-Px was significantly higher 
(P < 0.01) in RBCs from men taking selenate than 
in those taking Semet. Similar to the RBCs, the per- 
centage of selenium associated with plasma GSH-Px 
dropped after 1 month of supplementation in both 
groups (Figure 6, bottom). An increase was seen again 
in both groups of  men, where a maximum was reached 
at 6 months in men taking selenate and at 2 months in 
men taking Semet. Subsequently,  a slight decline in 
this percentage occurred throughout the rest of the 
study. At 1 month and afterwards the percentage of 
plasma Se associated with GSH-Px in men taking sele- 
nate was significantly higher (P < 0.01) than in those 
taking Semet. 

Gel filtration patterns of the plasma from men ini- 
tially and after 1 year of  supplementation with either 
selenate or Semet are shown in Figure 7. Initially there 
was predominately one gel filtration peak (Figure 7, 
bottom), which eluted slightly ahead of  the GSH-Px 
activity peak. The plasma pattern from men taking sel- 
enate for l year was similar to the initial pattern but, 
of course,  the Se content was markedly higher (Figure 
7, middle). After I year of Se supplementation with 
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year. Note the differences in scale for selenium and GSH-Px be- 
tween the bottom graph and the top two. These graphs are the 
average of three determinations of pooled samples composed of 
plasma from three, three, and four men. 

206 J. Nutr. Biochem., 1992, vol. 3, May 



Semet,  there were two gel filtration peaks (Figure 7, 
middle). The correlation of  plasma Se with GSH-Px 
activity was similar in plasma of  men taking selenate 
(r = 0.63) and in those taking Semet (r = 0.61). How- 
ever,  the correlation coefficient of RBC Se with GSH- 
Px activity was higher in RBCs of  men taking selenate 
(r = 0.82) than in those taking Semet (r = 0.65). 

No significant differences were found in either the 
total urinary Se or TMSe excretions between the two 
treatment groups (Figure 8). The total urinary Se lev- 
els increased from 3.4 -+ 2.5 i~g/24 hours initially to 
64 --- 39 ixg/24 hours for those taking selenate and to 
87 -+ 35 ixg/24 hours for those taking Semet at 1 year. 
The percentage of  TMSe remained low (1%-2.5%) 
throughout the study and no differences were found 
between treatments.  

It took a higher total plasma Se content in men con- 
suming Semet to result in the same renal clearance of 
Se as in those consuming selenate (Figure 9). There 
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Figure 8 Urinary excretion of total and trimethylselenium in Chi- 
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selenate or selenomethionine. These are the average values of 10 
men at each sampling time. 

Selenium metabolism in men: Xia et al. 

Table 1 Effect of selenium intake as either selenate or seleno- 
methionine on selenium content in blood, hair and fingernails in 
Chinese men. 

Tissues Selenate a Semet a 

Plasma 84 -+ 8 153 _+ 26 b 
Erythrocytes 53 -+ 9 178 -+ 46 b 
Hair 357 -+ 43 620 -+ 108 b 
Fingernails 397 -+ 87 646 -+ 131 b 

a Nanograms selenium per g tissue. 
b p < 001.  

was no overlap of any of the values for men consuming 
Semet in comparison with those consuming selenate. 
These values were statistically significant (P < 0.1) 
between the two groups of men. Se content in GPx 
and Se in other  proteins were also plotted against renal 
clearance, but neither of these were as significant as 
that shown in Figure 9 for total plasma Se. The regres- 
sion equations and correlation coefficients for men 
taking selenate versus Semet were y = 0.004X + 
0.20, 0.24; and y = 0.0022X + 0.099, 0.71 for renal 
clearance plotted against Se in other proteins; and y 
= 0.0007X + 0.35, 0.03; and y = 0.0019X + 0.24, 
0.18 for renal clearance plotted against Se in GPx. 

The Se content  in plasma, RBCs, hair, and finger- 
nails were significantly higher in men taking Semet 
than in those taking selenate for 1 year (Table 1). The 
initial values (mean -+ standard errors) respectively 
for plasma, RBCs, hair, and fingernails were 17.5 + 
1.3, 17.7 -+ 7.6, 134 _+ 31, and 164 + 64 ng/g. The final 
values represent 4.8-, 3.0-, 2.7-, and 2.4-fold in- 
creases,  respectively,  for plasma, RBCs, hair, and 
fingernails for those taking selenate, and 8.8-, 10.1-, 
4.6-, and 3.9-fold increases, respectively, for those 
taking Semet. 

D i s c u s s i o n  

The present results indicate that the chemical form of 
Se has a pronounced effect upon the distribution of Se 
between the different proteins in RBCs and in plasma. 
This is consistent with the results obtained with Rhe- 
sus monkeys" and with New Zealand women. 3 The 
results with the RBCs are generally consistent with 
trends noted in the rat, '  but there have been some 
observed differences. When rats were given selenite, 
over  85% of the Se in RBCs was associated with 
GSH-Px.  ] Even though selenate was given to New 
Zealand women 3 for 32 weeks or to men for 1 year in 
the present study (Figure 2), the percentage of Se in 
RBC GSH-Px never  exceeded 50%. 

Differences in plasma patterns between rats and hu- 
mans have also been noted. When selenate Se was 
given, mostly one gel filtration Se peak was obtained 
in New Zealand women 3 and Chinese men (Figure 7, 
middle), but when Semet was given two Se gel filtra- 
tion peaks were obtained (Figure 7, top). In contrast,  
the gel filtration patterns were very similar for plasma 
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from rats regardless of  whether  selenate or Semet was 
given. 24 Semet must presumably be converted to sele- 
nocysteine by the transsulfuration pathway for incor- 
poration into GSH-Px.  25 The rat appears more efficient 
in this conversion,  which could account for the differ- 
ences between rats and higher primates. 

The resolution of  the Se-containing peaks upon gel 
filtration in the present study (Figures 2 and 7) was 
not as great as in the study with the New Zealand 
women. 3 This is apparently due to the anticoagulant 
used in the two studies. Heparin was used in the New 
Zealand study whereas EDTA was used in the present 
one. Heparin has been shown to bind selenoprotein 
P, resulting in bet ter  resolution of  the Se-containing 
proteins. 2627 

Our data indicate that the dietary forms of Se con- 
sumed by humans may affect the correlation of GSH- 
Px activity with Se in some blood fractions. This cor- 
relation was similar in plasma from the two groups of 
men, but higher in RBCs of  men taking selenate than 
those taking Semet.  This higher correlation of Se con- 
tent with GSH-Px activity in RBCs when selenate was 
given as compared with Semet is consistent with ear- 
lier work on whole blood Se and GSH-Px activity in 
New Zealand women 3 and RBC Se with GSH-Px ac- 
tivity in Rhesus monkeys. :  We suggest that the greater 
incorporation of  Se from Semet into RBC Hb in com- 
parison to selenate is the reason for these observa- 
tions. The greater increase of Se in blood, plasma, and 
RBC with Semet than selenate is consistent with prior 
human studies. 3'e8"29 

Supplementation of  Chinese men with Semet gave 
gel filtration patterns of plasma Se similar to those 
seen in people consuming regular diets. Two gel filtra- 
tion Se peaks are present in plasma from humans con- 
suming regular diets, 3'4 whereas only one main Se gel 
filtration peak is seen in humans taking Se as selenate 
(Figure 7). 3 This suggests that Semet is one of  the main 
forms of  Se in human diet, which is consistent with 
evidence for Semet as the primary form of Se in 
wheat, 3° soybeans,  3~ corn, and rice, 32 and Se enriched 
yeast, j 

The methods used to estimate the percentage of Se 
associated with GSH-Px need further investigation. 
There was not good agreement between the use of 
purified GSH-Px as standard and the use of areas from 
a gel filtration chromatogram with plasma in the pres- 
ent study (data not presented).  However ,  excellent 
agreement was obtained between the two methods 
with RBCs. This may be due to only two Se-containing 
proteins in RBC lysates that are fairly well resolved by 
gel filtration. In contrast ,  there are three Se-containing 
proteins present  in plasma and these are not well re- 
solved by gel filtration (Figure 7),3 which creates a 
problem in estimating the areas under each curve. 2 
The amount  of  Se associated with GSH-Px has to be 
obtained by extrapolation and correcting for overlap 
of  these peaks. 2 The Oregon laboratory found about 
46% of the Se associated with GSH-Px in human 
plasma when determined from the gel filtration chro- 
matograms, 4 which is in close agreement with 45% by 

another  group using calculated values. 33 However ,  
less than 10% of the Se was calculated to be with 
GSH-Px when determined with purified GSH-Px as 
the standard. 34 In this last study, erythrocyte  GSH-Px 
was used to calculate the percentage of Se associated 
with plasma GSH-Px and this low value is probably 
because the GSH-Px units per amount Se in plasma is 
now known to be less than one-tenth of that for the 
RBC enzyme.  33 The activity of the purified GSH-Px 
standards (8.15 versus 112) is consistent with this ob- 
servation. However ,  in our study purified bovine 
erythrocyte  GSH-Px was used to calculate the per- 
centage of Se associated with erythrocyte  GSH-Px 
and purified GSH-Px from human plasma was used to 
calculate these values for plasma GSH-Px.  

Other investigators have also obtained different re- 
sults depending on the method of  calculation used. 
Based on the Se content  of  blood and GSH-Px activity 
per unit Hb, RBC GSH-Px accounted for about 57% 
of the RBC Se content.  33 However ,  when this same 
group precipitated erythrocyte  GSH-Px with antibod- 
ies, 10%-15% of  the Se was calculated to be with 
GSH-Px,  35 which is in close agreement with results of 
other researchers.  T M  By use of  antibody precipitation, 
12%-15% of the Se in plasma was shown to be present 
with GSH-Px,  35 which is close to our values using the 
tandem column procedure with heparin-sepharose and 
reactive blue (unpublished work). Obviously, addi- 
tional work is required on the factors affecting these 
calculations for the determination of the correct  
amount of Se associated with GSH-Px.  

There were no significant differences observed ei- 
ther in the total urinary Se or the TMSe excretion 
between the two treatment groups (Figure 8). The ex- 
cretion of TMSe was higher in urine of New Zealand 
women taking selenate than those taking Semet, 3 
which is inconsistent with the present results. In the 
present study the urinary excretion of Se (Figure 7) 
did not reach the initial levels in the New Zealand 
women until after eight months of supplementation. 
The initial difference in Se status of people in these 
two studies may acocunt for this slight disagreement 
assuming no difference due to sex. This may not be a 
valid assumption because male rats have been shown 
to have a higher Se requirement than females. 37 How- 
ever, the renal clearance of Se between men taking 
selenate versus Semet is almost identical to that ob- 
served in the New Zealand women. 3 The lack of any 
significant difference in the excretion of TMSe be- 
tween men taking Semet and selenate is consistent 
with results with rats. 9 

The significantly higher Se content in blood, 
plasma, fingernails, and hair from men taking Semet 
than those taking selenate is consistent with results 
obtained with animals. Higher levels of Se were found 
in hair of  monkeys,  2 rats,38 and the wool of  sheep 39 fed 
diets with Semet as compared to those fed diets with 
selenite. These results indicate that without knowl- 
edge of the forms of Se in the diet the Se content in 
tissues cannot be used to accurately assess Se intake. 
Thus, the higher Se content  in men taking Semet is 
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not due to greater Se intake but instead a reflection of 
the forms of Se consumed. The age of a person may 
also be a factor based on work with rats. 38 The differ- 
ences between the effects of selenate versus Semet on 
hair and nail levels were greater in young rats than in 
old ones. 

The differences due to the chemical forms of Se 
pose problems in the assessment of the Se status of 
humans. Epidemiologic and intervention studies in- 
vestigating possible health effects of Se, such as can- 
cer chemoprevention, have pointed out the need for 
accurate indicators of Se status that would monitor 
the body pools of this element. 4°'41 It would be benefi- 
cial in such studies to utilize tissues obtained noninva- 
sively such as hair and nails to assess the Se status. 42 
Unfortunately, the present results indicate that ex- 
treme caution must be used for this assessment. Al- 
though hair Se levels along with blood levels have 
been used to distinguish between populations that 
were deficient or adequate in Se, 42 other work indi- 
cates that there is no apparent correlation of Se con- 
centration between hair and internal organs. 43 

Despite these limitations, hair and blood Se levels 
have been used to monitor Se status under some cir- 
cumstances. Blood and hair Se levels have been used 
advantageously to assess the probability of Se defi- 
ciency in Chinese populations. 42 When the blood and 
hair levels were less than 0.03 ppm and 0.12 ppm, 
respectively, the people were at increased risk of 
problems associated with deficiency. Significant corre- 
lations have been reported 44 between Se intake and 
blood Se levels, between blood Se and hair Se, be- 
tween blood Se and toenail Se, and between blood Se 
and fingernail Se. Recently it was reported that the 
Se content of toenails was lower in people with heart 
disease and the authors suggested a relationship be- 
tween Se and cardiac problems, 45 but this was later 
questioned. 46 Thus, it appears that hair and nail Se 
levels may be used as a guide for Se status, but not 
for drawing firm conclusions with respect to Se and 
metabolic disorders. 
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