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Urine is the major excretory route for selenium (Levander et al. 
1981, Swanson et al. 1983). Trimethylselenonium ion (TMSe) has 
been identified as a metabolic product in urine from rats that 
have been dosed with selenite (Byard 1969, Palmer et al. 1969) or 
selenoamino acid, such as selenomethionine (Palmer et al. 1970). 

Several methods have been developed for fractionating TMSe and 
other components in urine. Separation methods were used in the 
present study based on a combination of ion-exchange column and 
paper chromatography (Palmer et al. 1969) and precipitation with 
the Reinecke's reagent (Byard 1969) or cation HPLC using gradient 
elution (Kraus et al. 1985). 

The selenium and TMSe contents in urine were determined by using 
radioactive 75Se tracing (Byard 1969, Palmer et al. 1969, Burk 
1976, Nahapetian et al. 1983, Kraus et al. 1985), neutron activa- 
tion analysis (Nahapetien et al. 1984, Blotcky et al. 1985) or 
inductively coupled plasma mass spectrometry (Sun et al. 1987). 
Because of iJ~ long half-life period (118.5 days) and its hazard, 
the use of -uSe has been limited. Fluorometry is widely used on 
account of its accuracy. We have improved this method for the 
determination of selenium at the nanogram level (Hasunuma et al. 
1990), because the selenium concentrations in human tissues and 
urine are less than 1 ~g/g (Schroeder et al. 1970) and 0.1 ~g/L 
(Robberecht and Deelstra 1984), respectively. 

The purpose of the present work is to develop an analytical meth- 
odology for separation and determination of TMSe and other 
organic selenium compounds from human urine by cation exchange 
chromatography and fluorometry. Using this method, we have found 
that selenium compounds in human urine are separated into at least 
five components. 

MATERIALS AND METHODS 

Selenium standard solution (i000 ppm, as selenious acid, for 
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Figure I. Separation of urinary selenium components by Dowex 50W- 
X4 column chromatography. Arrows indicate changes of eluents. The 
eluents in the order used are 0.05, 0.1, 0.5, 1 and 4 N hydro- 
chloric acid. 

atomic absorption spectrometry) was purchased from Wako (Osaka, 
Japan). Trimethylselenonium iodide (>99.999~) was a product of Tri 
Chemical Lab. (Kanagawa, Japan). 

Urine samples were collected from lO healthy adults, 5 males from 
22 to 58 years of age and 5 females 21 years old. 

The urine sample (I0 mL), adjusted to pH 2.2 to 2.4 with 6 M 
hydrochloric acid, was applied to a Dowex 50W-X4 (200 to 400 mesh, 
H + form) column (12 x 155 mm). The column was washed stepwise 
with 70 mL each of water and 0.05, 0.1, 0.5 and 1M hydrochloric 
acid and finally with 100 mL of 4 M hydrochloric acid. Ten-mL 
portions of the eluate were collected. Ten-mL of the first frac- 
tions (peak A) adjusted to pH 7 with 6 M sodium hydroxide were 
applied to an AG1-X8 (200 to 400 mesh, CI- form) column (12 x 155 
mm). The column was washed stepwise with 70 mL each of water and 
0.1, I and 4 N hydrochloric acid. Ten-mL portions of the eluate 
were collected. 

Each fraction was neutralized, desalted, evaporated and applied to 

20 



0.08 1 

10 20 30 
Fraction No. (10 mL/Fraction) 

F i g u r e  2. S e p a r a t i o n  of  peak A in F i g u r e  1 by AGI-X8 column 
chromatography.  Arrows i n d i c a t e  changes of e l u e n t s .  The e l u e n t s  
a re  0 .1 ,  1 and 4 M h y d r o c h l o r i c  ac id  in the e l u t i o n  o rde r .  

a s i l i c a  gel  s i n t e r e d  p l a t e  (Hasunuma et  a l .  1991). T h i n - l a y e r  
chromatography was performed in (1) n - b u t a n o l /  a c e t i c  a c i d /  water  
( 4 : 1 : 1 ,  v /v )  or  (2) pheno l /  water  (5 :1 ,  v /v ,  ammonia vapor  s a t u -  
r a t e d ) .  

Selenium was de termined f l u o r o m e t r i c a l l y  u s ing  2 ,3 -d i aminonaph tha -  
lene (DAN) a c c o r d i n g  to the method d e s c r i b e d  p r e v i o u s l y  (Hasunuma 
e t  a l .  1982, 1990). 

RESULTS AND DISCUSSION 

Cat ion  exchange column chromatography was performed fo r  s e p a r a t i o n  
of  u r i n a r y  se lenium components.  As shown in F igu re  1, t he re  are  
f i v e  major peaks .  The peaks were named A, B, C, D and E in t h e i r  
o rde r  of e l u t i o n .  Peak A was f u r t h e r  s e p a r a t e d  by anion exchange 
column chromatography in to  s e l e n i t e  ( f r a c t i o n  no. 10, a few p e r -  
cen t  of  the  t o t a l  u r i n a r y  s e l e n i u m )  and an unknown s e l e n i u m  
component (F igure  2) .  Peaks B and C were e l u t e d  with 0.5 M and 1 
N h y d r o c h l o r i c  ac id ,  r e s p e c t i v e l y .  Peaks D and E were e l u t e d  with 
4 N h y d r o c h l o r i c  ac id .  Peak C was i d e n t i f i e d  as TNSe by Dowex 
50W-X4 column chromatography and TLC with an a u t h e n t i c  sample.  

The se len ium d i s t r i b u t i o n  among the f r a c t i o n s  is  g iven  in Table 
I .  All  the  u r i n e  samples  showed s i m i l a r l y  f i v e  e l u t i o n  peaks  
i r r e s p e c t i v e l y  of  sex and age,  thou~h the a rea  of each peak v a r i e d  
a l i t t l e  w i th  s u b j e c t s .  The t o t a l  s e l e n i u m  c o n t e n t  in u r i n e  
s t r o n g l y  c o r r e l a t e d  with each a rea  of  peaks A, B, D and E, except  
fo r  peak C (TNSe). We found tha t  the r e l a t i v e  c o n c e n t r a t i o n  of  
TNSe v a r i e d  from 3 to 20x of  the t o t a l  se lenium c o n t e n t  in the 
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ur ine  samples .  So f a r  the r e p o r t e d  va lues  of the r a t i o  of T~Se to 
the t o t a l  u r i n a r y  se lenium vary  widely ,  r ang ing  from 6 to 30~ in 
J apanese  (Oyamada and I s h i z a k i  1982) and 0 .3  to 80X in Nor th  
Americans (Nahapet ien e t  a l .  1984, Sun e t  a l .  1987, B lo tcky  e t  a l .  
1988). This discrepancy might be due to the difference of the 
environmental selenium levels and the dietary habit of the region- 
al inhabitants. 

Table 1. D i s t r i b u t i o n  of se lenium components in s i n g l e - v o i d  u r ine  
s e p a r a t e d  by Dowex 50W-X4 column chromatography.  

Subjec t  Selenium amount from each peak* (X)** Tota l  Se* 

Sex/Age A B C D E 

Male 
22 88 (36.5)  24 (10.1)  21 ( 8 . 7 )  28 (11.7)  29 (11.9)  241 
36 145 (50.5)  26 ( 8 . 9 )  34 (12.0)  37 (12.9)  13 ( 4 . 5 )  287 
37 204 (29.4)  92 (13.3)  48 ( 6 . 9 )  136 (19.5)  144 (20.8)  694 
49 120 (35.9)  29 ( 8 . 7 )  59 (17.6)  43 (12.9)  29 ( 8 . 6 )  333 
58 112 (27.2)  55 (13.4)  73 (17.6)  35 ( 8 . 6 )  47 (11.4)  412 

Mean 134 (35.9)  45 (10.9)  47 (12.6)  56 (13.1)  52 (11.4)  393 
S.D. 40 ( 8 . 1 )  26 ( 2 . 1 )  18 ( 4 . 4 )  40 ( 3 . 6 )  47 ( 5 . 4 )  161 

Female 
21 246 (20.4)  111 ( 9 . 2 )  58 ( 4 . 8 )  164 (13.6)  175 (14.5)  1205 
21 138 (26.7)  45 ( 8 . 7 )  88 (17.1)  79 (15.3)  56 (10.8)  517 
21 285 (47.5)  42 ( 7 . 0 )  37 ( 6 . 1 )  82 (13.7)  61 (10.2)  600 
21 131 (33.1)  37 ( 9 . 4 )  23 ( 5 . 7 )  48 (12.2)  72 (18.3)  395 
21 236 (62.8)  29 ( 7 . 7 )  11 ( 2 . 9 )  39 (10.4)  27 ( 7 . 2 )  376 

Mean 207 (38.1)  53 ( 8 . 4 )  43 ( 7 . 3 )  82 (13.0)  78 ( I 2 . 2 )  619 
S.D. 62 (15.3)  30 ( 0 . 9 )  27 ( 5 . 0 )  44 ( 1 . 7 )  51 ( 3 . 8 )  304 

Total  
Mean 170 (37.0)  49 ( 9 . 6 )  45 ( 9 . 9 )  69 (13.1)  65 (11.8)  506 
S.D. 62 (15.3)  30 ( 0 . 9 )  27 ( 5 . 0 )  44 ( 1 . 7 )  51 ( 3 . 8 )  304 

r $ 0.628 0.919 # 0.320 0.943 # 0.917 # 

�9 : nanograms. 
�9 , :  The r a t i o  to the t o t a l  u r i n a r y  se lenium (x) .  
$: C o r r e l a t i o n  c o e f f i c i e n t  of each peak to t o t a l  se lenium.  
#: p<0.01.  

In c o n c l u s i o n ,  by Dowex 50W-X4 column chromatography,  f i v e  major 
s e l e n i u m - c o n t a i n i n g  f r a c t i o n s  were found in human u r i n e .  Peak A, 
the f i r s t  f r a c t i o n ,  was s e p a r a t e d  f u r t h e r  in to  two s u b f r a c t i o n s ,  
an unknown peak and a minor peak of s e l e n i t e .  The chemical i d e n t i -  
t i e s  of  the s e p a r a t e d  compounds are  now under i n v e s t i g a t i o n .  
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