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TMPRPVED HIGH-PRESSURE LIQUID CHROMATOGRAPHIC ASSAY OF SERUM 
25-HYDROXYCHOLECALCIFEROL AND 25-HYDROXYERCaCALCTFEROL AFTER 
REVERSE-PHASE SEP-PAK C18 CAR'I'KTDGE PREPARATION OF SAMPLE 

E. Alan Kohl and Phillip C. Schaefer 
Department of Medicine, IJniversity of Texas Health 

Science Center at San Antonio, and 

San Antonio, Texas 78284 
Audie L. Murphy Memorial VA Hospital, 

ABSTRACT 

A simplified method is described for extracting and purifying 
2 5 - h y d r o x y c h o l e c a l c i f e r o l  and 2 5 - h y d r o x y e r g o c a l c i f e r o l  from serum 
for auantitation by high-pressure liquid chromatography. The 
method involves extracting and purifying these metabolites from 
serum (1-10 ml) with a reverse-phase octadecylsilane bonded silica 
cartridge (Sep-Pak c18). 
described method involving extraction with dichloromethane and 
purification by Sephadex LH-20 chromatography. The correlation 
between the two methods was excellent (r2 = 0 . 9 6 ,  p<O.OOOl). 
coefficient of variation for the new method is 4.3%. The new 
method allows measurement of 2 5 - h y d r o x y e r g o c a l c i f e r o l  from human 
serum since both 25-hydroxycho leca lc i f e ro l  and 25-hydroxyergo- 
calciferol are extracted equally. This allows the use of 
[3H175-hydroxycholecalciferol to monitor the recovery of both the 
D2 and the D3 forms of the metabolite. 

This method is faster than a previously 

The 

INTRODUCTION 

High-pressure liquid Chromatography (HPLC) (1) has been shown 

to resolve 25(OH)D3 and 25(0H)D2 from each other and from other 
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2024 KOHL AND SCHAEFER 

m e t a b o l i t e s  o f  t h e  v i t a m i n  D2 and 1’3 f a m i l y  ( 2 , 3 ) .  

used  t o  measure  25(0H)D2 and 25<0H)D3 i n  b o v i n e  ( 4 )  and human 

(5-10) s e r a .  HPLC methods  a r e  more p r e c i s e  and e x p e d i e n t  t h a n  

p r e v i o u s l y  r e p o r t e d  c o m p e t i t i v e  p r o t e i n - b i n d i n g  (CPR) methods  f o r  

a s s a y  o f  25-hydroxyvi tamin  D (5-10) .  CPX methods  do n o t  

d i s t i n g u i s h  t h e  D2 from t h e  D3 forms o f  25-hydroxyvi tamin  D ,  

whereas  HPLC methods  c a n .  Q u a n t i t a t i o n  by HPLC r e q u i r e s  

e x t r a c t i o n  and p u r i f i c a t i o n  o f  25(0H)D3 from serum t o  a d e g r e e  

t h a t  a n a l y t i c a l  r e s o l u t i o n  o f  t h e  sample  becomes p o s s i b l e .  The 

p u b l i s h e d  HPLC methods  arc! based  upon l i p i d  e x t r a c t i o n  and some 

p u r i f i c a t i o n  of  t h e  e x t r a c t  v i a  column ch romatography  w i t h  

Sephadex LH-20 (5,6,8), Sephadex LH-20 and L i p i d e x  5000 ( l o ) ,  o r  

s i l i c a  g e l  (9) p r i o r  t o  a n a l y t i c a l  ch romatography .  These  methods  

s u f f e r  i n  t h a t  t h e  measurement o f  25(0H)D2 r e l i e s  upon t h e  

a s sumpt ion  t h a t  t h e  f r a c t i o n a l  r e c o v e r i e s  o f  25(0H)D2 and 25(0H)D3 

t h r o u g h  sample e x t r a c t i o n  and p u r i f i c a t i o n  are t h e  same. T h i s  

a s sumpt ion  a l l o w s  t h e  u s e  o f  I3H]25(0H)D3 t o  m o n i t o r  o v e r a l l  

r e c o v e r y  o f  b o t h  25(OH)D2 and 25(OH)D3. 

h a z a r d o u s  and can  l e a d  t o  error  i n  measurement o f  25(0H)D2 a s  h a s  

been  p o i n t e d  o u t  by S t r y d  and G i l b e r t s o n  ( 1 1 ) .  One g roup  ( 5 )  h a s  

s y n t h e s i z e d  and used  [3H]25 (OHIID2 t o  v a l i d a t e  t h i s  a s sumpt ion  f o r  

t h e i r  p r e p a r a t i v e  p r o c e d u r e .  However, [3H125(OH)D2 i s  n o t  

commerc ia l ly  a v a i l a b l e  and t h e  r o u t i n e  use o f  [3H]25(OH)D3 t o  

m o n i t o r  25(OH)D2 r e c o v e r y  is n o t  v a l i d  w i t h o u t  d e m o n s t r a t i o n  o f  

equa l  r e c o v e r y  o f  bo th  c o n g e n e r s .  An improved method f o r  

e x t r a c t i n g  and p u r i f y i n g  25(OH)D2 and 25(0H)D3 from human serum i s  

p r e s e n t e d  i n  t h i s  r e p o r t .  I t  i n v o l v e s  p r e c i p i t a t i o n  o f  serum 

I t  h a s  been  

The a s s u m p t i o n  is 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2025 HPLC ASSAY OF SERUM 25(0H)D3 AND 25(OH)D2 

p r o t e i n s  w i t h  me thano l  and r a p i d  e x t r a c t i o n  and p u r i f i c a t i o n  o f  

25(0H)D2 and 25(0H)D3 w i t h  a r e v e r s e - p h a s e  o c t a d e c y l s i l a n e  bonded 

s i l i c a  c a r t r i d g e  (Sep-Pak c18) .  

i n d i s t i n g u i s h a b l e  from t h o s e  o b t a i n e d  by one o f  t h e  p u b l i s h e d  

p r o c e d u r e s  (81, which employed Sephadex LH-20 ch romatograph ic  

p u r i f i c a t i o n .  The t ime  and l a b o r  p e r  a s s a y  a r e  r educed  

s u b s t a n t i a l l y .  

h e r e i n  e x t r a c t s  25(0H)D2 and 25(0H)D3 e q u a l l y ,  r e c o v e r y  o f  bo th  

m e t a b o l i t e s  can  be mon i to red  by use  o f  [3H125(0H)D3 added 

i n i t i a l l y  t o  serum. 

T h i s  g i v e s  r e s u l t s  f o r  25(0H)D3 

S i n c e  t h e  Sep-Pak c18 p r e p a r a t i v e  method r e p o r t e d  

MATERIALS 

Reagent  g r a d e  me thano l ,  i s o p r o p y l  a l c o h o l ,  c h l o r o f o r m ,  and 

d i ch lo romethane  were r e d i s t i l l e d  i n  g l a s s .  Hexanes ( M a l l i n c k r o d t ,  

I n c . ,  S t .  L o u i s ,  Mo., c e r t i f i e d ) ,  t o l u e n e ,  and t e t r a h y d r o f u r a n  

( r e a g e n t )  were used as r e c e i v e d .  

Sephadex LH-20 (Pharmacia  F i n e  Chemica l s ,  I n c . ,  P i s c a t a w a y ,  N . J . )  

were used as p r e v i o u s l y  r e p o r t e d  ( 8 ) .  Reverse-phase c a r t r i d g e s  

( 1 . 2  x 0 . 9  cm) w i t h  an  o c t a d e c y l s i l a n e  bonded s i l i c a  a d s o r b e n t  

(Sep-Pak C18, Waters A s s o c i a t e s ,  I n c . ,  M i l f o r d ,  Mass.)  were washed 

w i t h  10 m l  o f  t e t r a h y d r o f u r a n  fol lowed by 10 m l  o f  g l a s s - d i s t i l l e d  

w a t e r .  H igh-p res su re  l i q u i d  chromatography was e f f e c t e d  w i t h  two 

U P o r a s i l  columns ( 0 . 4  by 25 cm, Waters A s s o c i a t e s )  connec ted  i n  

s e r i e s .  

Mass . )  was used a f t e r  ch romatograph ic  p u r i f i c a t i o n  th rough  two 

Chromatography columns o f  

[3H]25(OH)D3 (17 Ci/mmole,  N e w  England N u c l e a r ,  P o s t o n ,  
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2026 KOHL AND SCHAEFER 

p p o r a s i l  columns. C o n c e n t r a t i o r 2 s  of  s o l u t i o n s  o f  p u r i f i e d  

25(OH)D2 and 25(0H)D3 were  dc t c rmined  by uv abso rbance  a t  265 nm 

(Beckman Model 24 S p e c t r o p h o t o m c t c r ) ;  ‘265 o f  18,000 was used  ( 8 ) .  

13H]Vi tamin  D3 (22  Ci/mmol,  New England N u c l e a r ,  Ros ton ,  Mass.) 

and [3H11,25(OH)2D3 (110 Ci/mmol,  New England  N u c l e a r ,  B o s t o n ,  

Mass . )  were used a s  r e c e i v e d .  150th 25(OH)D2 and 25(OH)D3 were 

g i f t s  from t h e  IJpjohn Co. ,  Kalamazoo, Mich. Serum o b t a i n e d  from 

s u b j e c t s  ( i n fo rmed  c o n s e n t  o b t a i n e d )  was s t o r e d  a t  -20OC u n t i l  

u s e .  

METHODS - 

H i g h - p r e s s u r e  l i q u i d  ch romatography  o f  p u r i f i e d  serum e x t r a c t s  

was per formed a s  p r e v i o u s l y  d e s c r i b e d  ( 8 )  e x c e p t  t h a t  i s o p r o p y l  

a l coho1 :hexanes  ( 4 : 9 6 ,  v : v )  was used  a s  e l u e n t .  Chromatography 

was conduc ted  a t  room t e m p e r a t u r e  w i t h  a s o l v e n t  f l o w  r a t e  o f  

1 . 0  ml/min ( 8 0 0  p s i ) .  

25(0H)D? were  e l u t e d  16 and 18 ininii tes f o l l o w i n g  i n j e c t i o n ,  

r e s p e c t i v e l y .  For each  a n a l y s i s  t h e  f r a c t i o n  c o r r e s p o n d i n g  t o  

25(OH)D3 ( 1 7 . 5  t o  20 .0  ml) was c o l l e c t e d .  The r e c o v e r y  of  

[3H]25(OH)D3 was t h e n  d e t e r m i n e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  

w i t h  c o r r e c t i o n  f o r  quench ing .  

25(011)D3 peaks  were  de t e rmined  by t r i a n g u l a t i o n  ( p e a k  a b s o r b a n c e  

a t  254 nm x peak w i d t h  a t  h a l f - h e i g h t  i n  ml); 

used  ( 8 ) .  E x t r a c t i o n  and p u r i f i c a t i o n  of 25(0H)D3 from serum on 

Sephadex LH-20 chromatography w a s  performed as p r e v i o u s l y  r e p o r t e d  

TTnder t h e s e  c o n d i t i o n s  25(0H)P2 and 

The a r e a s  o f  t h e  25(OH)D2 and 

E 254 of  16 ,900  was 
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HFLC ASSAY OF SERUM 25(OH)D3 AND 25(OH)D2 2027 

( 8 ) .  

serum with the Sep-Pak c18 cartridges were performed as follows. 

All steps were carried out at room temperature. Each serum sample 

(1-10 ml) was labeled with 5000 dpm of [3H]25(OH)D3 (in 0.02 ml of 

isopropyl alcohol) to monitor overall recovery o f  25(OH)D3. The 

sample was added dropwise to a volume o f  methanol two times the 

volume of  serum with vortexing to precipitate serum proteins. The 

concentration of methanol was adjusted to 50% by addition of 

glass-distilled water, and the precipitated proteins were removed 

hy centrifugation at 1000 x g for 10 min. After separation of 

Extraction and purification of 25(0H)D2 and 25(OH)D3 from 

pellet and supernatant fractions, the pellet was washed with a 

volume of methano1:water (1:1, v:v) two times the volume of serum. 

The supernatant fraction from this washing was combined with the 

initial supernatant fraction and both were decanted into a g l a s s  

syringe which was coupled to a Sep-Pak C18 cartridge. The 

supernatant fraction was passed throclgh the cartridge with gentle 

pressure on the plunger. The cartridge was washed with 10 ml of 

methano1:water (7:3, v:v). 

eluted with 10 ml of methano1:water (85:15, v:v) and concentrated 

to dryness in a stream o f  nitrogen. The residue was dissolved in 

0.25 ml of isopropyl alcoho1:hexanes ( 4 : 9 6 ,  v:v), and this 

solution was analyzed by HPLC ( 8 ) .  

Then, 25(OH)D2 and 25(0H)D3 were 

RESULTS 

Application of [3H!25(OH)D3 in methano1:water (1: 1, v:v) to 

the Sep-Pak C18 cartridge resulted in almost auantitative 
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2028 KOHL AND SCHAEFER 

retention of  tritium. 

10 ml of methano1:water (7:3, v:v) resulted in recovery of 6% o f  

total activity in the effluent. Washing of the cartridge with 

10 ml of  methano1:water (R5:15, v:v) eluted 93% of the total 

activity. 

quantitatively when applied with methano1:water (l:l, v:v). 

I3Hl1 ,25(@H)203 was eluted along with f3H]25(OH)D3. 

percent of  the [3H]vitamin D3 was eluted by methano1:water 

(85:15, v:v). Virtually 100% was eluted by methanol. HPLC of  

serum extracts prepared with thc Sep-Pak Cl8 method yielded 

chromatograms with clear resolution of 25(OH)D2 and 25(0H)D3 peaks 

upon a substantially flat baseline (Figure 1). 

Washing the Sep-Pak C1p cartridge with 

13HlVitamin D3 and [3H]1,25(OH)2D3 were also retained 

Only ten 

The extraction and purification procedure f o r  serum 25(OH)D3 

by the Sep-Pak CIR cartridges was compared with that by Sephadex 

LH-20 (8). Both mpthods were tAsed to assay sera (1 ml sample 

volume) obtained f rom 15 healthy adults. Recovery of  tritium 

activity averaged 52.5% for the Sep-Pak c ] 8  purification as 

compared with 31% for Sephadex LH-20 purification. The range of  

concentrations of 25(0H)D3 in the 15 serum samples was 14- 

57 n g / m l .  

demonstrated no statistically significant difference in the assay 

of sera prepared by these two methods (intercept = - 0 . 2 ,  

slope = 1.006, p<O.OOOl, r2 = 0 . 9 6 ) .  

(C.V.) for seven separate assays of a single serum (mean 25(OH)D3 

of  37 ng/ml) purified by the Sep-Pak c18 method was 4.3% compared 

to the C.V. of 5.1% for the Sephadex LH-20 method ( 8 ) .  

Linear regression acalysis of the results (Figure 2) 

The coefficient of variation 
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l A  
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B 

0.0002 
A 

2029 
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FIGIJRE 1 .  HPLC chromatograms o f  2 a l i q u o t s  o f  t h e  same human 
serum p r e p a r e d  by t h e  Sep-Pak c18 method.  A ,  1 - m l  a l i q u o t  
(25(OH)D n o t  d e t e c t e d ;  25(OH)D3=14 ng; r ecove ry=55%.  B ,  10-ml 
a l i q u o t  ?25(OH)D2 peak area f a r  less t h a n  3 ng;  25(OH)D3=120 ng; 
r e c o v e r y = 4 8 % ) .  
ch romatography .  

See  Methods S e c t i o n  f o r  c o n d i t i o n s  of  

To t e s t  t h e  h y p o t h e s i s  t h a t  25(0H)D2 and 25(OH)Dn a r e  

r e c o v e r e d  e q u a l l y  from serum by t h e  p r e s e n t  method,  a s s a y s  were 

per formed on a serum t o  which known amounts o f  t h e s e  m e t a b o l i t e s  

were added .  These  m e t a b o l i t e s  were i n i t i a l l y  u n d e t e c t a b l e  i n  

a s s a y  o f  1 m l  o f  t h e  serum used  i n  t h i s  e x p e r i m e n t .  The serum was 

o b t a i n e d  from a p a t i e n t  w i t h  p r i m a r y  b i l i a r y  c i r r h o s i s  o f  g r e a t e r  
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2030 KOHL AND SCHAEFER 

20 40 60 

FIGl lRF 2 .  
a n a l y s i s .  Data  o b t a i n e d  by  Sephadex LH-20 p u r i f i c a t i o n  ( X )  are 
p l o t t e d  a l o n g  t h e  a b s c i s s a .  
p u r i f i c a t i o n  (Y) a r e  p l o t t e d  a l o n g  t h e  o r d i n a t e .  
(Y = -0 .2  + 1 . 0 0 6  X ,  r2  = 0 . 9 6 0 ,  p<O.0001) .  

C o n c e n t r a t i o n  of  25(0H)D3 i n  serum d e t e r m i n e d  by  HPLC 

Data  o b t a i n e d  by Sep-Pak c18 

t h a n  3 y e a r s '  d u r a t i o n .  Marked d e p r e s s i o n  o f  serum 25-hydroxy- 

v i t a m i n  D i s  a r e p o r t e d  consequence  o f  t h i s  i l l n e s s  ( 1 2 ) .  To 1 - m l  

a l i q u o t s  o f  t h i s  se rum were added p u r i f i e d  25(OH)D2 and 25(0H)D3 

i n  known bu t  v a r y i n g  amounts ( T a b l e  1 ) .  These  samples  were  

a s sayed  and t h e  r a t i o  o f  25(0H)D, t o  25(OH)D3 r e c o v e r e d  was 

de t e rmined  f o r  each  sample .  

added t o  serum and r ecove red  from serum were n o t  s t a t i s t i c a l l y  

The r a t i o s  o f  25(0H)D2 t o  25(0H)D3 
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HPLC ASSAY OF SERUM 25(0H)D3 AND 25(OH)D2 

TARLE I 

2031  

Recovery  o f  25(@H)D2 and 25(OH)D3 Added t o  Serum (see t e x t  f o r  
e x p e r i m e n t a l  d e s i g n ) .  

5 7 . 0  
5 7 . 0  
4 2 . 8  
4 2 . 8  
28 .5  
2 8 . 5  
1 4 . 3  
14 .3  
1 4 . 3  
1 4 . 3  

1 3 . 8  
13.8 
27 .5  
2 7 . 5  
55 .O 
5 5 . 0  
82 .6  
8 2 . 6  

110 
110 

4 .13  
4 .13  
1 . 5 6  
1 .56  
0 .52  
0 .52  
0 . 1 7  
0 .17  
0 . 1 3  
0 . 1 3  

4 . 2 6  

1 . 6 9  
1 . 5 3  
0 . 5 9  
0 . 4 8  
0 . 1 8  
0 . 2 0  
0 . 1 3  
0 .15  

3 .87  

"L inea r  r e g r e s s i o n  o f  ( 2 5 ( @ H ) D 2  r e c o v e r e d  upon 25(nH)D3 added)  : 

s l o p e  = 0 . 9 8 1 ,  i n t e r c e p t  = 0 . 0 3 ,  r2  = 0 . 9 9 5 .  
2 5 ( O H  )D3 25(0H)D3 

d i f f e r e n t .  

25(0H)D2 and 25(0H)D3 e q u a l l y ,  L3H]25(0H)D3 can  be  used  t o  

d e t e r m i n e  t h e  r e c o v e r y  o f  25(OH)D2. 

S i n c e  t h e  Sep-Pak C18 p r e p a r a t i v e  method r e c o v e r s  

To t e s t  t h e  h y p o t h e s i s  t h a t  as much as 10 m l  o f  se rum c o u l d  

h e  e x t r a c t e d  f o r  a s s a y  w i t h  t h e  p r e s e n t  method,  I - m l  and 10-ml 

a l i q u o t s  were  p r e p a r e d  from 3 d i f f e r e n t  sera and a s s a y e d  f o r  

25(0H)D3 c o n c e n t r a t i o n .  E s s e n t i a l l y  t h e  same r e s u l t s  were 

o b t a i n e d  f o r  t h e  3 s e r a  ( 2 5 . 4  and 24 .9  n g / m l ,  28 .6  and 29 .1  n g / m l ,  

38 .7  and 3 6 . 6  ng/ml f o r  t h e  I-ml and 10-ml a l i q u o t s ,  

r e s p e c t i v e l y ) .  T h i s  d e m o n s t r a t e s  t h a t  t h e  pe r fo rmance  o f  t h e  

Sep-Pak c18 c a r t r i d g e  i s  independen t  o f  sample  volume t o  a t  l e a s t  

10  rnl. 

I f  10 m l  of serum a r e  p r e p a r e d  by t h i s  t e c h n i q u e ,  a s  l i t t l e  

as 0 . 6  ng/ml o f  e i t h e r  25t@H)D2 o r  25(0H)D3 shou ld  be r e l i a b l y  
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2032 KOHL AND SCHAEFER 

measured by HPLC and uv detection (on the assumption of 50% 

recovery and of a lower limit 05 detector sensitivity of 3 ng) 

( 8 ) .  To test this lower limit of sensitivity, serum with a very 

low concentration of 25(OH)D2 was assayed. A 10-ml aliquot of 

this serum had no measurable 25:OH)Dz (Figure 1). To another 

10-rnl aliqiiot of this serum was added 7.3 ng of purified 25(OH)D2. 

Results from the assay of this sample were 3.6 ng with 48% 

recovery. Total amount assayed was 7 . 5  ng, which is within 3% of 

the expected result. 

The Sep Pak c18 preparative method and HPLC assay for 

25(0H)D2 and 25(0H)D3 were applied to 1-ml samples o f  49 sera from 

healthy individuals (22-66 years of age) residing in San Antonio 

and the surrounding area. Blood was sampled in April, August, and 

November. Samples were obtained from many of the individuals 

during all three periods (Table 2). Serum 25(OH)D concentration 

(the sum of  25(0H)D2 and 25(OH)D3) was lower in April than in 

either August or  November (p<O.OOl). There was no significant 

difference between the August and November values. The majority 

of individuals had no measurable 25(OH)D2, regardless of season. 

When 25(OH)1)2 was found to be present, it contributed little to 

the total 25(OH)D concentration. The highest concentration of 

25(0H)D2 was 11.3 ng/ml, which was 36% of that subject's total 

25(OH)D concentration. 

All of the sera sampled in August and November were analyzed 

for differences in 75(OH)D concentration as a function of sex. 

The mean 75(0H)D concentration was 27.1 ng/ml 5 1.6 (SEMI 

(n=27) and 31.9 ng/ml+ 1.6 in women (n=l8). 

i n  men 

These are 
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2033 HPLC ASSAY OF SERUM 25(0H)D3 AND 25(0H)D2 

TABLE 2 

Total 25(OH)D and 25(0H)D3 Concentrations(ng/ml) in Normal Adults* 

Month 

Apr i 1 
mean 2 sem (n=2@) 
range 

August 
mean +. sem (n=lt?) 
range 

November 
mean L sem (n=30) 
range 

Sera with 
Total 25(OH)D 25(0H)D3 measurable 

25 (OH )D2** 

21.4 f 1.5 
12.8 - 36.4 

19.6 5 

28.0 L 2.0 26.7 3 
14.8 - 42.2 

29.4 2 1.5 29.4 I 
12.1 - 47.7 

* Assay of 1 ml serum from 49 healthy adults living in OK 
near San Antonio, Texas. 

Measurable if at least 3 ng eluted. Another 7 sera had 
2510H)D2 peaks smaller than 3 ng. 

** 

statistically different with p<0.05. 

of  25(OH)D concentration versus age showed no correlation. 

Linear regression analysis 

DISCUSSION 

Extraction and purification of  serum 25(OH)D3 by the Sep-Pak 

C18 method i n  preparation for HPLC is an improvement over the 

previously-reported Sephadex LH-20 method ( 8 ) .  Sephadex LH-20 

chromatography imposes a limitation upon the rate at which sera 

can be assayed. Sephadex LH-20 purification involves reuse of the 

columns and requires stripping with one solvent and re-equili- 
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2034 KOHL AND SCHAEFER 

b r a t i n g  w i t h  y e t  a n o t h e r  s o l v e n t .  T h i s  i s  t h e  ma jo r  i n c o n v e n i e n c e  

i n  t i m e  and l a b o r  encoun te red  i n  t h e  r o u t i n e  u s e  of t h e s e  co lumns .  

Al though an  a s s a y  c a n  p roceed  f rom serum t o  I1PLC w i t h i n  h a l f  a 

workday ( w i t h  6 p r e p a r e d  co lumns ,  6 s e r a  r e q u i r e  4 t o  5 h o u r s ) ,  

p r e p a r a t i o n  f o r  r e u s e  o f  t h e  Sephadex LH-20 columns r e q u i r e s  an  

a d d i t i o n a l  11 t o  1 2  h o u r s .  

The Sep-Pak c18 p u r i f i c a t i o n  method r e q u i r e s  min ima l  

p r e p a r a t i o n  o f  t h e  c a r t r i d g e s .  S e r a  i n  g r o u p s  of 6 t o  10 c a n  b e  

p r o c e s s e d  th rough  p u r i f i c a t i o n  i n  a b o u t  3 h o u r s ,  a r a t e  f a s t e r  

t h a n  t h e  r a t e  a t  which HPLC a n a l y s i s  c a n  b e  per formed upon t h e  

p u r i f i e d  samples .  T h e r e f o r e ,  t h e  r a t e  a t  which  s e r a  c a n  b e  

a s s a y e d  i s  n o t  l i m i t e d  by e x t r a c t i o n  and p u r i f i c a t i o n  when t h e  

Sep-Pak C18 method i s  u s e d .  

Another  a d v a n t a g e  o f f e r e d  by t h e  Sep-Pak c18 p r e p a r a t i v e  

method i s  t h a t  b o t h  25(OH)D2 and 25(OH)D3 r e c o v e r i e s  c a n  be  

mon i to red  w i t h  [3H]25(OH)n3, which i s  commerc ia l ly  a v a i l a b l e .  

I t  h a s  been d e m o n s t r a t e d  i n  t h i s  l a b o r a t o r y  t h a t  a t  l e a s t  

3 ng o f  25(0H)D3 must be  e l u t e d  t o  i n s u r e  r e p r o d u c i b i l i t y  and 

l i n e a r i t y  o f  t h e  uv d e t e c t o r  r e s p o n s e  ( 8 ) .  With t h e  Sep-Pak C ~ R  

p r e p a r a t i v e  method t h e  a v e r a g e  r e c o v e r y  of 25(OH)D2 and 25(0H)D3 

from serum is 52%.  The lower  l i m i t  o f  c o n c e n t r a t i o n  f o r  e a c h  

m e t a b o l i t e  in serum t h a t  r a n  be measured  i s  dependen t  upon t h e  

volume of  serum e x t r a c t e d .  F o r  a 1-ml serum sample t h i s  lower 

l i m i t  of  s e n s i t i v i t y  is 6 ng/ml .  For a 10-ml serum sample  t h i s  

lower  l i m i t  i s  d e c r e a s e d  to  0.6 ng/ml .  The c o n c e n t r a t i o n  o f  

25(OH)D i n  serum of normal i n d i v i d u a l s  h a s  b r r n  r e p o r t e d  by 

v a r i o u s  g r o u p s  in North  Amer ica ,  Europe  and J a p a n  ( 5 , 6 , 8 - 1 0 , 1 2 -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



HPLC ASSAY OF SERUM 2S(0H)D3 AND 25(0H)D2 

2 2 ) .  The c o n c e n t r a t i o n  o f  25(OH)D h a s  been  found t o  b e  lower in 

Europe  t h a n  i n  Nor th  Amer ica ,  and lower  i n  w i n t e r  and s p r i n g  t h a n  

i n  summer and autumn ( T a b l e  7 ) .  The lower  l i m i t s  o f  25(OH)D 

c o n c e n t r a t i o n  were less t h a n  6 ng/ml i n  o n l y  3 of  t h e  17 c i t e d  

s t u d i e s .  The l o w e s t  r e p o r t e d  c o n c e n t r a t i o n  f o r  a normal  s u b j e c t  

was 3 ng/ml ( i n  England d u r i n g  t h e  w i n t e r )  ( 1 7 ) .  No lower  l i m i t  

o f  "normal" i n  Nor th  American p o p u l a t i o n s  s t u d i e d  w a s  less  t h a n  

6 ng /ml .  For  p r a c t i c a l  p u r p o s e s  a I - m l  sample o f  se rum p r e p a r e d  

and a s sayed  by t h e  p rocedure  r e p o r t e d  h e r e i n  would be  s u f f i c i e n t  

t o  d e t e r m i n e  whe the r  25(OH)D c o n c e n t r a t i o n  i s  d e p r e s s e d .  With a 

2035 

TABLE 3 

S e r i e s  R e p o r t i n g  25(OH)D C o n c e n t r a t i o n s  i n  V a r i o u s  P o p u l a t i o n s  

L o c a t  i o n  

Madison, Wis. 

R o c h e s t e r ,  Minn. 
San An ton io ,  Tx. 
T o r o n t o  
Ch icago  
S t .  Lou i s  

Bos ton  
Tuscon ,  A r i z .  
F r a n c e  
Belgium 
Uni t ed  Kingdom 

J a p a n  

Season  
( i f  g i v e n )  

Summer 
Win te r  
Summer 

Winter  

S p r i n g  

--- 

--- 

--- 

--- 
--- 

S p r i n g  
Win te r  
S p r i n g  
Autumn 
--_ 
--- 

25(OH)D range*  
(ng /ml )  

16 - 42 
1 9 . 6  - 4 1 . 9  
21 .2  - 29 .6  
1 1  - 52 
8.2 - 23.0  

1 7 . 6  - 40 
11 - 55 

8 . 2  - 29 
18 - 36 
25 - 40 

6 . 6  - 2 3 . 4  
5 . 2  - 21 .6  
3 - 22 
6 . 6  - 25.2 

10.8 - 4 1 . 8  
4 - 26.4  

13  - 33 

r e fe rence**  

5 
10 

6 
8 
9 

12 
13  
16  
14  
20 
15 
21 
17  
1 8  
18 
19  
22 

* Range o b s e r v e d ,  i f  r e p o r t e d ,  o t h e r w i s e  +2 SD f rom mean. 

F i r s t  5 s e r i e s  employed HPLC me thods ,  t h e  o t h e r s  employed 
CPB me thods .  

- 
** 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2036 KOIIL AND SCHAEFER 

10-ml serum sample, concentrations of 25(OH)D2 or 25(0H)D3 as low 

as 0.6 ng/ml can be reliably determined, a sensitivity approaching 

that reported for many of  the CPR assays (13-15,17,20). 
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