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DETERMINATION OF VITAMINS D2 AND 
D3 IN FEEDINGSTUFFS BY HIGH 

PERFORMANCE LlQUl D CHROMATOGRAPHY 

George W. C. Hung 
Department of Ch ern istry 

The University of Montevallo 
Montevallo, Alabama 351 15-6476 

ABSTRACT 

A s e n s i t i v e  and r e l i ab le  HPLC method f o r  c o m p l e t e  
s e p a r a t i o n  and  q u a n t i t a t i o n  of  v i t a m i n s  D2 and D 
c o m p l i c a t e d  b i o l o g i c a l  m i x t u r e s  s u c h  as f e e d i n g s 2 u f f s  
h a s  been  d e v e l o p e d  and described. The method h a s  been  
a p p l i e d  t o  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of D and D3 
i n  f e e d i n g s t u f f s  and re la ted matrices a t  b o t h  i i g h  
p r e m i x  levels and low f e e d  l e v e l s  r a n g i n g  down t o  a 
d e t e c t i o n  l i m i t  n e a r  100 I U / l b  o r  0 . 2 2  IU/g  sample .  
The p r o c e d u r e s  c o n s i s t  o f  t h e  i n i t i a l  s t e p  of sample  
p r e p a r a t i o n  by e x t r a c t i o n ;  f o u r  sample c l e a n u p  s t a g e s :  
S e p / P a k / S i l i c a  C a r t r i d g e  C l e a n u p ,  M i l l i p o r e - T e f l o n  
C l e a n u p ,  G e l  P e r m e a t i o n / S e p h a d e x  LH-20 Column C l e a n u p ,  
and HPLC/Part is i l -PAC Column C l e a n u p ;  and t h e  f i n a l  
s t e p  of Reverse-Phase  HPLC S e p a r a t i o n ,  I d e n t i f i c a t i o n ,  
and Q u a n t i t a t i o n .  The a n a l y t i c a l  Column u s e d  w a s  
R a i n i n  Accupak 2 0  cm-3 um C-18 & Guard Columns. The 
Waters Associates  Model 4 4 0  F i x e d  Wavelength  UV Detector 
a t  2 5 4  nm w a s  u s e d  f o r  a l l  measurements .  A l l  s e p a r a -  
t i o n s  and q u a n t  i t a t  i o n s  w e r e  carried o u t  i socra t  i c a l l y  
a t  room t e m p e r a t u r e  and u n d e r  subdued l i g h t i n g .  B y  
t h e s e  p r o c e d u r e s ,  t h e  s e n s i t i v i t y  f o r  b o t h  D2 and D3 
i s  a b o u t  t h e  s a m e  ( 2 0  n g ) ,  and t h e  r e s o l u t i o n  i s  e x c e -  
l l e n t .  Normal ly ,  t h e  D2 p e a k  e l u t e d  a t  30-31 min. and  
t h e  D3 p e a k  f o l l o w e d  a t  2-3 min. l a t e r .  
s t a n d a r d  c a l i b r a t i o n  and s t a n d a r d  a d d i t i o n  m e t h o d s ,  

i n  

By u s i n g  t h e  
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95 4 HUNG 

t h e  p e r c e n t  r e c o v e r y  r a n g e s  f r o m  9 0 . 0 % - 1 0 4 . 8 %  w i t h  
t h e  mean v a l u e  of  9 7 . 4 % ,  w h e r e a s  t h e  a c c u r a c y  is  f r o m  
8 5 . 3 %  t o  1 0 8 . 9 %  w i t h  t h e  a v e r a g e  o f  9 7 . 8 % .  The s t a n -  
dard d e v i a t i o n  i s  2 5 . 2 %  a n d  t h e  c o e f f i c i e n t  of v a r i a t i o n  
i s  5 .3%.  

INTRODUCTION 

V i t a m i n  D ,  p a r t i c u l a r l y  v i t a m i n s  D2 a n d  D 3 ,  p l a y s  

a v i t a l  r o l e  i n  t h e  n o r m a l  b i o l o g i c a l  o r  b iochemica l  

f u n c t i o n s .  C o n s e q u e n t l y ,  t h e  d e v e l o p m e n t  of a n a l y t i c a l  

m e t h o d s  f o r  a s s a y i n g  b i o l o g i c a l  f u n c t i o n s  o r  biochemical 

a c t i v i t i e s  o f  v i t a m i n s  D2 a n d  D3 h a s  b e e n  a c o n t i n u o u s  

i n t e r e s t  f o r  several decades. The  ear l ies t  d e v e l o p e d  

methods of b i o l o g i c a l  a s s a y s  f o r  v i t a m i n s  D2 a n d  D 3 ,  

w h i c h  u s e s  a n i m a l s  f o r  d i r e c t  t e s t i n g ,  is  a n  a p p r o x i m a t e ,  

t i m e - c o n s u m i n g ,  a n d  e x p e n s i v e  me thod  ( 2 ) .  B e s i - d e s ,  it i s  

n o t  over ly  prec ise .  Among o t h e r s ,  a l a r g e  number  of 

p h y s i c a l - c h e m i c a l  m e t h o d s  have b e e n  proposed a n d  deve- 

loped t h a t  have l i m i t e d  a p p l i c a t i o n s  f o r  i d e n t i f y i n g  

a n d  q u a n t i t a t i n g  D2  a n d  D3 i n  v a r i o u s  s y s t e m s .  F o r  

e x a m p l e s ,  co lor imet r ic  me thod  ( 1 ) .  n u c l e a r  m a g n e t i c  

r e s o n a n c e  s p e c t r o s c o p y  (31, i n f r a r e d  s p e c t r o p h o t o m e t r y  

( 4 , 5 ) ,  a n d  r e c e n t  g a s - l i q u i d  c h r o m a t o g r a p h y  ( 8 - 1 5 ) .  

h a v e  b e e n  t r i e d  on a v a r i e t y  o f  m a t r i x  s y s t e m s  w i t h  

p a r t i a l  s u c c e s s e s .  

The  m o s t  r e c e n t  a d v a n c e  i n  h i g h  p e r f o r m a n c e  l i q u i d  

c h r o m a t o g r a p h i c  i n s t r u m e n t a t i o n  (HPLC) a n d  co lumn 

p a c k i n g  t e c h n i q u e s  have provided a more r e l i a b l e  me thod  

for s e p a r a t i o n  a n d  d e t e r m i n a t i o n  of f a t - s o l u b l e  v i t a m i n s .  

W i l l i a m s  e t  a1 ( 1 6 )  p a r t i a l l y  r e so lved  D2 a n d  D3 by 

u s i n g  reverse p h a s e  p a r t i t i o n  c h r o m a t o g r a p h y  a n d  a 3 m 

P e r m a p h a s e  ODS Column. O s a d c a  and  A r a u j o  ( 1 7 )  described 

a s i m p l e  a n d  r a p i d  q u a l i t a t i v e  me thod  f o r  d e t e r m i n i n g  

t h e  p r e s e n c e  o f  D2 a n d  D3 i n  v a r i o u s  c o m m e r c i a l  p r e -  

p a r a t i o n s  by reverse p h a s e  HPLC. D e V r i e s  et ( 1 8 - 2 0 )  
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D VITAMINS IN FEEDINGSTUFFS 955 

r e p o r t e d  a series of s y s t e m a t i c  and comprehens ive  

s t u d i e s  on HPLC methods f o r  D3 i n  v i t a m i n  D c o n c e n t r a t e s  

and i n  m u l t i v i t a m i n  p r e p a r a t i o n s .  From t h e  r e s u l t s  o f  

c o l l a b o r a t i v e  s t u d y ,  t h e y  have  recommended t h a t  t h e  HPLC 

method f o r  t h e  d e t e r m i n a t i o n  of D3 i n  m u l t i v i t a m i n  

p r e p a r a t i o n s  s h o u l d  b e  a d o p t e d  as t h e  o f f i c i a l  f i r s t  

a c t i o n  f o r  a n  a l t e r n a t i v e  t o  t h e  c h e m i c a l  method. Un- 

f o r t u n a t e l y ,  v i t a m i n  D w a s  n o t  i n c l u d e d  i n  t h e  s t u d y ,  

n e i t h e r  w a s  t h e r e  a n  i n d i c a t i o n  of  t h e  p o s s i b l e  s e p a r a -  

t i o n  of D2  and D 

column and a c e t o n i t r i l e / m e t h a n o l  ( 5 0 / 5 0 )  m o b i l e  p h a s e  

( 2 1 )  w e r e  u s e d  s u c c e s s f u l l y  t o  r e s o l v e  t h e  D2 and D3 
s t a n d a r d  m i x t u r e .  However, s o  f a r ,  no  r e p o r t s  on p r a c -  

t i c a l  a p p l i c a t i o n s  of HPLC t e c h n i q u e s  t o  s e p a r a t e  and 

q u a n t i t a t e  t h e  amounts  of D2 and D j  i n  c o m p l i c a t e d  b i o -  

l o g i c a l  s p e c i e s  s u c h  as f e e d i n g s t u f f s  have  a p p e a r e d  i n  

t h e  l i t e r a t u r e .  The p r e s e n t  p a p e r  d e s c r i b e s  a q u a n t i -  

t a t i v e  r e v e r s e  p h a s e  HPLC method f o r  s e p a r a t i n g  and  

d e t e r m i n i n g  D2 and D3 c o n t e n t s  i n  f e e d i n g s t u f f s .  A 

R a i n i n ' s  s h o r t  a n a l y t i c a l  column ( 1 0  c m )  packed  w i t h  

s m a l l  p a r t i c l e  s i z e  ( 3  urn) C-18 and a m i x t u r e  of 

m e t h a n o l / w a t e r  ( 9 0 / 1 0 )  as m o b i l e  p h a s e  were u s e d .  The 

p r o c e d u r e s  c o n s i s t  o f  t h e  i n i t i a l  sample  p r e p a r a t i o n  

by e x t r a c t i o n ,  f o u r  sample  c l e a n u p  s t a g e s  f o l l o w e d  b y  

t h e  f i n a l  s t e p  of HPLC s e p a r a t i o n ,  i d e n t i f i c a t i o n ,  and 

g u a n t i t a t i o n .  

2 

The Vydac 2 0 1 T P 5 4  reverse p h a s e  3' 

EXPERIMENTAL PROCEDURES 

C h e m i c a l s  and R e a g e n t s  

( a ) .  S t a n d a r d s . - - V i t a m i n  D2 s t a n d a r d :  E r g o c a l c i f e r o l ,  

c r y s t a l l i n e ,  1 g ,  ( 4 0 , 0 0 0 , 0 0 0  IU/g  or  4 0 , 0 0 0 , 0 0 0  U.S.P. 

U n i t s  p e r  gram, S igma,  S t .  L o u i s ,  M O ) .  Vi tamin  D3 s t a n -  

dard: c h o l e c a l c i f e r o l ,  a n  act ivated 7 - d e h y d r o c h o l e s t e r o l  

( S i g m a ,  S t .  L o u i s ,  M O ) .  V i t a m i n s  D2 and D3 s t a n d a r d  
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956 HUNG 

s o l u t i o n s .  S o l u t i o n  A: 50 mg/100 m l  d i c h l o r o m e t h a n e .  

S o l u t i o n  B:  working  s t a n d a r d s ,  0 . 2  ml of s o l u t i o n  A/100 

m l  HPLC m o b i l e  p h a s e .  

( b ) .  S o l v e n t s . - - A l l  s o l v e n t s  u s e d  are HPLC g r a d e ,  

d i s t i l l e d  i n  g l a s s  ( B u r d i c k  and J a c k s o n ,  F i s h e r  S c i e n t i -  

f i c ,  and Waters A s s o c i a t e s ,  e t c . ) .  

( c ) .  B u t y l a t e d  h y d r o x y t o l u e n e  ( B H T )  s o l u t i o n . - -  

1 mg/ml hexane  ( F i s h e r  S c i e n t i f i c ) .  

( d ) .  Sodium p h o s p h a t e  t r i b a s i c  s o l u t i o n . - - 2 0 %  

aqueous  s o l u t i o n  ( F i s h e r  S c i e n t i f i c ) .  

( e ) .  Mobi le  Phase.--90/10 Methanol /Water  m i x t u r e  

( F i s h e r  S c i e n t i f i c ) .  

( f ) .  Mobile P h a s e  f o r  GPC.--9812 C h l o r o f o r m I I s o -  

o c t a n e  m i x t u r e  ( F i s h e r  S c i e n t i f i c ) .  

( 9 ) .  E l u t i n g  S o l v e n t  f o r  Sep/Pak . - -Benzene/Ethyl  

A c e t a t e  m i x t u r e ,  9 9 / 1  ( F i s h e r  S c i e n t i f i c ) .  

( h ) .  Adsorbents . - -Sephadex  LH-20 ( P h a r m a c i a  F i n e  

C h e m i c a l s ,  P i s c a t a w a y ,  NJ). 
( i ) .  S e p / P a k / S i l i c a  Gel C a r t r i d g e  (Waters Asso- 

ciates  ) . 
( j ) .  M i l l i p o r e  F. H.  0 . 5  um T e f l o n  F i l t e r  Membrane 

( M i l l i p o r e  C o r p . ,  B e d f o r d ,  M A ) .  

A p p a r a t u s  

( a ) .  L i q u i d  Chromatograph:  Waters A s s o c i a t e s ,  I n c .  

Model 6000A Pump, U6K S e p t u m l e s s  U n i v e r s a l  I n j e c t o r ,  

Model 440 F i x e d  Wavelength  UV D e t e c t o r  a t  254 nm wave- 

l e n g t h  (Waters Associates ,  M i l f o r d ,  M A ) .  T h i s  e q u i p -  

ment w a s  u s e d  f o r  a n a l y t i c a l  s e p a r a t i o n  and  q u a n t i t a t i o n .  

( b ) .  G e l  P e r m e a t i o n  Chromatograph:  A n a l y t i c a l  B i o -  

Chemica l  L a b o r a t o r y ,  I n c . ,  Model 1002 GPC e q u i p p e d  w i t h  

a 45 c m  x 1 . 5  c m  column s l u r r y  packed  w i t h  Sephadex LH- 

2 0  ( A n a l y t i c a l  B i o c h e m i c a l  L a b . ,  I n c . ,  Columbia,  M O ) .  

I t  w a s  employed f o r  c l e a n u p  p u r p o s e .  

( c ) .  C l e a n u p  L i q u i d  Chromatograph.--  V a r i a n  HPLC 

e q u i p p e d  w i t h  W a L c o  U n i v e r s a l  I n j e c t o r  and 100 m i c r o -  
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D VITAMINS IN FEEDINGSTUFFS 951 

l i t e r  sample  l o o p  ( V a r i a n  A s s o c i a t e s ,  I n c . ,  P a l o  A l t o ,  

C A ) .  

( d ) .  C o l u m n . - - A n a l y t i c a l  Column, R a i n i n  Accupak 

10  cm-3 um C-18 Column and Guard Column ( R a i n i n  I n s t r u -  

ment C O . ,  I n c . ,  Woburn, M A ) .  C l e a n u p  Column, Whatman 

25 cm-10 urn P a r t i s i l  PAC Column w i t h  Guard Column 

(Whatman Chemica l  S e p a r a t i o n ,  I n c . ,  C l i f t o n ,  NJ). 
( e ) .  R o t a r y  E v a p o r a t o r :  F i s h e r  S c i e n t i f i c ,  I n c . ,  

S t .  L o u i s ,  M O ) .  

( f ) .  Dr i -Block  Heater: F i s h e r  S c i e n t i f i c ,  I n c . ,  

S t .  L o u i s ,  M O ) .  

( g ) . W r i s t  - A c t  i o n  S h a k e r :  B u r r e l l  Corp  . , P i t  t s-  
b u r g h ,  P A .  

( h ) .  Hami l ton  Micro-Syr inge :  1 0  ul, 50 u l ,  

Hami l ton  Company, Reno, Nevada. 

P r o c e d u r e s  

The c o m p l e t e  p r o c e d u r e s  c o n s i s t  o f  t h e  i n i t i a l  s t ep  

o f  sample  p r e p a r a t i o n  b y  e x t r a c t i o n ,  f o u r  c l e a n u p  s t a g e s ,  

f o l l o w e d  b y  t h e  f i n a l  s t ep  of HPLC reverse p h a s e  s e p a r a -  

t i o n ,  i d e n t i f i c a t i o n ,  and q u a n t  i t a t  i o n .  A l l  t h e  p r o c e -  

d u r e s  are a p p l i c a b l e  t o  t h e  s e p a r a t i o n  and d e t e r m i n a t i o n  

of  v i t a m i n s  D2 and D3 i n  a n i m a l  f e e d s  and re la ted  

matrices a t  b o t h  h i g h  p r e m i x  l e v e l s  and l o w  f e e d  l e v e l s .  

A l l  p r e p a r a t i o n s ,  s e p a r a t i o n ,  and q u a n t  i t a t  i o n  p r o c e -  

d u r e s  w e r e  c a r r i e d  o u t  u n d e r  subdued l i g h t i n g  a t  room 

t e m p e r a t u r e .  

Sample P r e p a r a t i o n :  The o r i g i n a l  feed sample w a s  f i r s t  

ground t o  a b o u t  200 mesh p a r t i c l e  s i z e  and homoqenized.  

Two d i f f e r e n t  sample  s i z e s  w e r e  u s e d  i n  t h e  d e t e r m i n a -  

t i o n .  Fo r  h i g h  p r e m i x  leve ls ,  w e  u s e d  100 mg, f o r  l o w  

f e e d  l e v e l s ,  w e  u s e d  1-20 g sample  s i z e s  d e p e n d i n g  upon 

t h e  D2 and D 3  c o n t e n t s  i n  t h e  sample .  All s a m p l e s  w e r e  

weighed i n t o  a 250  m l  g l a s s  s t o p p e r e d  E r l e n m e y e r  f l a s k ,  

t h e n  added  1 m l  o f  a n t i o x i d a n t ,  butylated-hydroxytoluene 
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s o l u t i o n ,  2 m l  o f  20% sodium phosphate  t r i b a s i c  s o l u t i o n ,  

and 200 m l  o f  methylene  c h l o r i d e  e x t r a c t i n g  s o l v e n t .  

Sodium phospha te  t r i b a s i c  s o l u t i o n  was added t o  d i s s o l v e  

t h e  p r o t e c t i v e  c o a t i n g  of r e s i n  and a l l o w i n g  t h e  D2  and 

D3 t o  go i n t o  t h e  o r g a n i c  phase .  

and c o n t a i n e r  w e r e  wrapped i n  aluminum f o i l  and shaked 

f o r  one hour .  A f t e r  t h a t ,  t h e  e x t r a c t i o n  m i x t u r e s  w e r e  

f i l t e r e d  th rough  f l u t e d  paper  i n t o  a 250 m l  v o l u m e t r i c  

f l a s k ,  and brought  t o  t h e  volume w i t h  methylene c h l o r i d e  

s o l v e n t .  An a l i q u o t  c o n t a i n i n g  about  100  IU e a c h  of D2 

and Dj w a s  t h e n  t a k e n  and t r a n s f e r r e d  i n t o  a Rotary  

Evapora to r  ove r  50 C w a t e r  b a t h  f o r  d r y i n g .  The resi-  

d u e s  w a s  d i s s o l v e d  i n  5 m l  benzene f o r  nex t  s t e p  of  

s e p a r a t i o n .  

S e p / P a k / S i l i c a  C a r t r i d g e  Cleanup:  T h i s  s t e p  removes 

much of  t h e  c o l o r a t i o n  from t h e  sample and r e t a i n s  s o m e  

of p o l a r  c o n s t i t u e n t s  found i n  t h e  f e e d .  I t  is  a q u i c k  

and e a s y  f i l t r a t i o n  s t e p .  I n  o p e r a t i o n ,  a l l  sample 

r e s i d u e s  i n  benzene and i n  t h e  washings from t h e  p r e -  

v i o u s  s t e p  w e r e  t r a n s f e r r e d  i n t o  a 1 0  m l  g l a s s  s y r i n g e  

a t t a c h e d  t o  a S e p / P a k / S i l i c a  C a r t r i d g e ,  and f i l t e r e d  

th rough  t h e  c a r t r i d g e .  The f i r s t  e l u t e d  benzene l a y e r  

w a s  d i s c a r d e d .  W e  c o l l e c t e d  a l l  e l u t e d  p o r t i o n s  of  

1% e t h y l  acetate i n  benzene and l e t  them d r i e d  a g a i n  

ove r  5O0c w a t e r  b a t h  by u s i n g  Ro ta ry  Evapora to r .  

The sample m i x t u r e  

0 

M i l l i p o r e  F. H .  0.5 um Tef lon  F i l t e r  Cleanup:  The 

o p e r a t i o n a l  p r i n c i p l e  f o r  t h i s  s t e p  i s  s i m i l a r  t o  t h e  

S e p / P a k / S i l i c a  C a r t r i d g e  Cleanup.  The r e s i d u e s  from 

t h e  p r e v i o u s  s t e p  w a s  d i s s o l v e d  i n  5 m l  methylene  

c h l o r i d e  and f i l t e r e d  th rough  t h e  1 0  m l  g l a s s  Syr inge -  

Swinney-Mil l ipore-0.5 um Tef lon  Membrane f i l t r a t i o n  

sys tem.  The f i l t r a t e  w a s  c o l l e c t e d  i n t o  a g l a s s  Sc in -  

t i l l a t i o n  V i a l ,  t h e n  d r i e d  ove r  a Dri-Block a t  5OoC 

w i t h  N 2  gas .  W e  t hen  r e c o n s t i t u t e d  t h e  r e s i d u e  w i t h  
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D VITAMINS IN FEEDINGSTUFFS 959 

I m l  o f  c h l o r o f o r m - i s o o c t a n e  m i x t u r e  ( 9 8 / 2 )  f o r  f u r -  

t h e r  c l e a n u p  b y  h i g h  p r e s s u r e  G e l  P e r m e a t i o n  Chroma- 

t o g r a p h y  (GPC ) . 
G e l  P e r m e a t i o n  Chromatography/Sephadex  LH-20 Column 

Cleanup:  T h i s  s t e p  i s  a s i z e  e x c l u s i o n - p r e p a r a t i v e -  

f i l t r a t i o n  c l e a n u p .  B y  t h i s  s t e p ,  m o s t  of t h e  h e a v i e r  

o i l s ,  h i g h e r  m o l e c u l a r  w e i g h t  p a r t i c l e s ,  and p igmenta-  

t i o n  would b e  removed o r  e l u t e d  b e f o r e  v i t a m i n s  D2  and 

D j .  
by A n a l y t i c a l  B i o c h e m i c a l  L a b . ,  I n c . ,  Columbia ,  MO. 

The column u s e d  w a s  a 45 c m  x 1 . 5  c m  column,  s l u r r y  

packed  w i t h  Sephadex  LH-20. The m o b i l e  p h a s e  w a s  

c h l o r o f o r m - i s o o c t a n e  m i x t u r e  i n  t h e  r a t i o  o f  9 8 / 2 .  

The column w a s  f i r s t  e q u i l i b r a t e d  w i t h  m o b i l e  p h a s e  a t  

a f l o w  ra te  of  4.0 ml/min,  t h e n  i n j e c t e d  1 m l  o f  1 ug 

e a c h  of  D2 and D working  s t a n d a r d s ,  and m o n i t o r e d  t h e  

column e l u a t e  w i t h  Waters Associates Model 440 f i x e d  

w a v e l e n g t h  UV d e t e c t o r  set  a t  AUFS = 0 . 0 0 5  and  a t  2 5 4  

nm w a v e l e n g t h .  V i t a m i n s  D and D3 f r a c t i o n s  w e r e  2 
e l u t e d  be tween 2 9  and 56 min. By t h e  same o p e r a t i o n ,  

w e  a l s o  i n j e c t e d  t h e  sample  r e s i d u e  i n  t h e  1 m l  m o b i l e  

p h a s e  i n t o  t h e  column,  and c o l l e c t e d  t h e  f r a c t i o n s  

be tween 29 and 56  min.  The f r a c t i o n s  w e r e  a g a i n  

e v a p o r a t e d  w i t h  t h e  R o t a r y  E v a p o r a t o r  t o  t h e  volume of  

10 -15  rnl and f i l t e r e d  t h r o u g h  t h e  S w i n n e y - M i l l i p o r e -  

Membrane f i l t r a t i o n  s y s t e m  i n t o  t h e  g l a s s  S c i n t i l l a t i o n  

V i a l .  The f i l t r a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  w i t h  N 

g a s  o v e r  Dr i -Block  a t  50 C ,  and r e c o n s t i t u t e d  w i t h  1 0 0  

t o  500  m i c r o l i t e r s  of m e t h y l e n e  c h l o r i d e  f o r  HPLC/Part i -  

s i l - 1 0  PAC Column f i n a l  c l e a n u p .  

H P L C / P a r t i s i l  PAC Column Cleanup:  T h i s  step i s  a l s o  a 
p r e p a r a t i v e - s e p a r a t i o n  c l e a n u p .  For  s a m p l e s  c o n t a i n i n g  

m o r e  t h a n  5000 I U  o f  v i t a m i n s  D2 and D j  p e r  pound,  t h e  

r e s i d u e s  a f t e r  GPC c l e a n u p  w e r e  s u f f i c i e n t l y  p u r e  f o r  

The equipment  u s e d  w a s  Model 1 0 0 2  GPC m a n u f a c t u r e d  

3 

2 
0 
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960 HUNG 

d i r e c t  a n a l y s i s  b y  HPLC. However, d u e  t o  t h e  l o w e r  

l eve ls  of D2 and Dj i n  f e e d  s a m p l e ,  t o  a v o i d  b a s e - l i n e  

n o i s e ,  t h e  r e s i d u e s  w e r e  f u r t h e r  p u r i f i e d  by u s i n g  t h e  

H P L C / P a r t i s i l - 1 0  PAC column. To c a l i b r a t e  t h e  column,  

w e  i n j e c t e d  50 m i c r o l i t e r s  of 1 ng of mixed D2 and D3 

s t a n d a r d s  i n t o  t h e  Whatman 2 5  cm P a r t i s i l - 1 0  urn PAC 

Column t h r o u g h  t h e  WALCO U n i v e r s a l  I n j e c t o r  and 1 0 0  

m i c r o l i t e r  s a m p l e  l o o p  of  V a r i a n  HPLC System. The 

v i t a m i n s  D2 and D3 f r a c t i o n s  w e r e  e l u t e d  between 1 1 - 1 4  

min. C o n s e q u e n t l y ,  t h e  f r a c t i o n s  o f  D2 and D3 i n  t h e  

f e e d  sample w e r e  c o l l e c t e d  d u r i n g  t h i s  t i m e  i n t e r v a l .  

These  f r a c t i o n s  w e r e  c o l l e c t e d  i n t o  S c i n t i l l a t i o n  

V i a l  and d r i e d  w i t h  N2 g a s  o v e r  t h e  Dr i -Block  a t  50 C .  

The f i n a l  r e s i d u e s  w e r e  r e c o n s t i t u t e d  w i t h  1 ml m e t h a n o l  

i n  a capped  v i a l  a t  50 C, s t o r e d  as s u c h  and w a s  r e a d y  

f o r  HPLC r e v e r s e  p h a s e  a n a l y s i s  and q u a n t i t a t i o n .  

0 

0 

HPLC/Reverse P h a s e  C-18 Column Q u a n t i t a t i o n :  I n  t h e  

f i n a l  a n a l y s i s  and q u a n t i t a t i o n ,  t h e  f o l l o w i n g  e x p e r i -  

m e n t a l  s e t - u p  w a s  employed: (1). L i q u i d  Chromatography 

Sys tems:  Waters A s s o c i a t e s ,  Model 6000A Pump, U6K 

U n i v e r s a l  I n j e c t o r ,  Model 4 4 0  F ixed  Wavelength D e t e c t o r  

a t  2 5 4  nm; ( 2 ) .  A n a l y t i c a l  Column: R a i n i n  Accupak 10  c m  

-3 Am C-18 Column and Guard Column: ( 3 ) .  Mobi le  P h a s e :  

Methanol /Water  ( 9 O / l O ) ;  ( 4 ) .  Flow Rate: 0 .8  ml/min--l .O 

ml /min . ;  ( 5 ) .  P r e s s u r e :  3500 p s i  (maximum working  p r e s -  

s u r e ) ;  ( 6 ) .  I n j e c t i o n  Volume: 1 - 2 0  u l ;  ( 7 ) .  AUFS: 0.005;  

( 8 ) .  C h a r t  Speed:  0 .25  cm/min.: ( 9 ) .  D e t e c t i o n  L i m i t :  

1 ng.  A t  least  d u p l i c a t e  r u n s  w e r e  made f o r  e a c h  a n a l y -  

sis. A s t a n d a r d  c a l i b r a t i o n  c u r v e :  t h e  amount of  D2 and 

D3 s t a n d a r d s  i n j e c t e d  ( n g )  =. t h e  c o r r e s p o n d i d n g  p e a k  

h e i g h t  ( c m )  o f  t h e  c h r o m a t o g r a p h i c  r e s p o n s e  w a s  f i r s t  

made t o  be u s e d  as t h e  b a s i s  f o r  t h e  s u b s e q u e n t  de t e rmi -  

n a t i o n s  ( F i g .  2 ) .  The R a i n i n  Accupak-Microsorb Column, 

1 0  cm l o n g  and 3 pm p a r t i c l e  s i z e  of C-18 column and 
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Guard Column, w e r e  used  as t h e  a n a l y t i c a l  column b e c a u s e  

it p r o v i d e s  f a s t e r  s e p a r a t i o n ,  s o l v e n t  s a v i n g s ,  and h i g h  

s e n s i t i v i t y ,  t h r e e  a d v a n t a g e s  o v e r  o t h e r s .  The f l o w  

r a t e s  w e r e  c o n t r o l l e d  be tween 0 . 8  m l  and 1 . 0  m l  p e r  min.  

s o  t h a t  t h e  column p r e s s u r e  would n o t  go o v e r  3500 p s i  

as  recommended by t h e  m a n u f a c t u r e r .  

RESULTS AND DISCUSSION 

The c h r o m a t o g r a p h i c  r e s p o n s e s  of b o t h  D2 and D3 are 

a b o u t  t h e  s a m e  w i t h  t h e  e x c e p t i o n  of t h e i r  r e t e n t i o n  

t i m e  a t  t h e  e x p e r i m e n t a l  l eve l s .  F i g .  1 shows an  e x c e -  

l l e n t  l i n e a r i t y  of  s t a n d a r d  b e h a v i o r s  f o r  b o t h  D2 and D3 

a t  nanogram leve l .  Only a s i n g l e  s t a n d a r d  c a l i b r a t i o n  

c u r v e  is  t h e r e f o r e  p r e s e n t  f o r  b o t h  D2 and D3. 

c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .9997 .  I n  F i g .  2, t h e  w e l l -  

r e s o l v e d  chromatograms of  2 0  ng of  D2 and D3 are g i v e n .  

G e n e r a l l y  s p e a k i n g ,  t h e  s e n s i t i v i t y  f o r  b o t h  D2 and D3 
i s  a b o u t  t h e  s a m e .  The r e t e n t i o n  t i m e  o f  D2 i s  30-31 

m i n . ,  and Dj w a s  e l u t e d  2-3 min.  l a t e r .  

The 

PEAK HEIGHT ( C M )  

FIGURE 1. S t a n d a r d  c a l i b r a t i o n  c u r v e  f o r  q u a n t i t a t i o n  
of v i t a m i n  D2 and v i t a m i n  D f rom t h e  HPLC p r o f i l e s .  3 
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I I I I 1 
0 10 2 0  3 0  4 0  

M I N .  

F I G U R E  2 .  HPLC profiles f o r  2 0  n a n o g r a m s  of vitamin D2 
a n d  v i t a m i n  D3 s t a n d a r d  m i x t u r e s .  
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The a n a l y t i c a l  c h r o m a t o g r a p h i c  p r o f i l e s  of  a h i g h  

l e v e l  premix  sample  c o n t a i n i n g  a b o u t  t h e  same p o t e n c y  

of 2 . 3  m i l l i o n  I U / l b  of b o t h  D2 and D 3  af ter  t h e  s t a g e  

of  GPC c l e a n u p  are g i v e n  i n  F i g .  3-A and 3-B. F i g .  3-A 

i s  t h e  chromatogram o f  t h e  o r i g i n a l  sample  w i t h o u t  add- 

i n g  a n y  s t a n d a r d  s a m p l e s .  I t  w a s  u s e d  fo r  i d e n t i f i c a -  

t i o n  and q u a n t i t a t i o n  of D2 and D3 c o n t e n t s  i n  t h e  p r e -  

m i x  sample and a l s o  s e r v e d  as a b l a n k  f o r  r e c o v e r y  

s t u d y .  F i g .  3-B i s  t h e  chromatograms of t h e  o r i g i n a l  

premix  sample i n  F i g .  3-A s p i k e d  w i t h  1 2 5  ug of  b o t h  

D2 and  D3 s t a n d a r d s  and s e r v e d  as a c o n t r o l l e d  sample  

f o r  r e c o v e r y  s t u d y .  A f t e r  a l o n g  p r o c e d u r e  of many 

s t a g e s  of c l e a n u p ,  an  e x c e l l e n t  r e c o v e r y  o f  9 9 . 9 %  w a s  

s t i l l  o b t a i n e d .  

The chromatograms f o r  a v e r y  l o w  l e v e l  f e e d  sample  

a f t e r  t h e  f i n a l  s t a g e  of  H P L C / P a r t i s i l  PAC Column c l e a n -  

up are shown i n  F i g .  4-A and 4-B.  F i g .  4-A i s  f o r  t h e  

b l a n k  sample  c o n t a i n i n g  a b o u t  60  I U / l b  of  D2 ( b e l o w  t h e  

d e t e c t i o n  l i m i t s ,  es t imated)  and 2100 I U / l b  of  D 3 ,  w h i l e  

F i g .  4-B is  f o r  t h e  s p i k e d  sample  c o n t a i n i n g  b o t h  o r i g i -  

n a l  sample  and 3 3 %  of  e q u i v a l e n t  t o  t h e  e x p e c t e d  l eve l  

of t h e  o r i g i n a l  sample  of D 2 / D 3  s t a n d a r d s .  They demon- 

s t r a t e  a n e a t  and much clearer base l i n e  as compared t o  
t h e  r e s u l t s  of  t h e  GPC c l e a n u p  s t a g e  i n  F i g .  3-A and 3-8 .  

They a l s o  s t r o n g l y  s u g g e s t  t h a t  t h e  p e r f o r m a n c e  of HPLC 

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

o b t a i n i n g  a b e t t e r  c h r o m a t o g r a p h i c  p r o f i l e  o f  D2 and  D3 

f rom a c o m p l i c a t e d  and v e r y  l o w - l e v e l  f e e d  sample .  The 

p e r c e n t  r e c o v e r y  f o r  t h i s  sample  i s  9 4 . 3 0 %  as  c a n  be 

s e e n  from T a b l e  1 Summary of t h e  E x p e r i m e n t a l  R e s u l t s .  

T a b l e  1 l i s t s  t h e  v i t a m i n s  D2 and D3 c o n t e n t s  of 

h i g h - l e v e l  p r e m i x  samples ( 1 - 5 ) ’  h i g h  l eve l s  (sample 6 -  

9 )  and low levels ( s a m p l e  10-13) of feed s a m p l e s .  

Columns 2 & 3 l i s t  t h e  D2 & D 3  c o n t e n t s  of  s p e c i f i c  samp- 
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A 

3 

I I I I 1 I I 1 
I 

0 10 20  30 0 10  20  30 ’ 
M I N .  

F I G U R E  3.  HPLC p r o f i l e s  fo r  a h igh  l e v e l  premix sample. 
( A ) .  The o r i g i n a l  sample wi thout  adding any s t a n -  
da rd  sample. ( B ) .  The o r i g i n a l  premix sample as i n  
( A )  sp iked  w i t h  1 2 5  micrograms of bo th  v i t amins  D2 
and D3 s t a n d a r d s .  
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A B 

1 0 10 20 3 1  b 10 20  30'  
I I I 1 I 

M I N .  

F I G U R E  4 .  HPLC p r o f i l e s  f o r  a v e r y  low- leve l  f eed  
sample. ( A ) .  The o r i g i n a l  sample wi thou t  add ing  
any s t a n d a r d  sample. ( B ) .  The o r i g i n a l  f e e d  
sample as i n  ( A )  s p i k e d  w i t h  a q u a n t i t y  of v i t a m i n s  
D2 and D3 s t a n d a r d s  e q u i v a l e n t  t o  33% of t h e  expec-  

t e d  l e v e l  of t h e  o r i g i n a l  f e e d  sample as i n  ( A ) .  
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TABLE 1 
EXPERIMENTAL RESULTS 

HUNG 

SAMPLE V I T A M I N  D2 V I T A M I N  D3 PERCENT RECOVERY 

(I.U./lb) ( I . U .  / l b )  ( % I  NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

2 , 2 9 2 , 9 4 8  

1 1 , 3 4 0  

2 0 , 4 1 2  

1 0 , 9 0 0  

1 0 , 9 0 0  

1 . 4 4 7  

0 

544  

4 9 9  

60  

5 4 4  

0 

18 

2 , 2 6 8 , 0 0 0  9 9 . 9 0  

5 7 1 , 5 3 6  

5 4 4 , 3 2 0  

1 6 7 , 0 0 0  

1 4 7 , 0 0 0  

5 , 9 8 8  9 9 . 7 9  

2 , 5 6 0  9 5 . 5 7  

2 , 4 9 5  

2 , 1 7 7  

2 , 0 3 0  94  - 3 0  

1 , 6 3 3  

1 , 2 6 0  9 0 . 0 0  

7 3  1 0 4 . 8  

les .  Column 4 l i s t s  t h e  p e r c e n t  r e c o v e r y  of t h o s e  t y p i -  

c a l l y  s e l e c t e d  s a m p l e s .  G e n e r a l l y  s p e a k i n g ,  t h e  p e r c e n t  

r e c o v e r y  d e c r e a s e s  w i t h  d e c r e a s i n g  amounts  of  D2 and D3 

i n  t h e  s a m p l e s  w i t h  t h e  e x c e p t i o n  of Sample 13. The 

p e r c e n t  r e c o v e r y  of Sample 1 3  i s  1 0 4 . 8 % ,  t h e  h i g h e s t  o n e  

i n  t h e  6 s a m p l e s  s t u d i e d .  S i n c e  t h e  amount of  D2 and D3 

found i n  Sample 1 3  is  below t h e  d e t e c t i o n  l i m i t s ,  t h e  

computed r e s u l t s  are l o w e r  t h a n  t h e  e x p e c t e d  v a l u e s  

and r e s u l t i n g  i n  a h i g h e r  v a l u e  of r e c o v e r y .  The aver- 

a g e  p e r c e n t  r e c o v e r y ,  which c o u l d  b e  used  as a r e p r e s e n -  

t a t i v e  of  t h e  a c c u r a c y  o f  t h e  c o n t r o l  s t u d y ,  i s  9 7 . 4 % .  

The r a n g e  i s  from 9 0 . 0 %  t o  1 0 4 . 8 8 .  On t h e  o t h e r  hand ,  
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t h e  a c c u r a c y  o f  i n d i v i d u a l  s a m p l e ,  which is  n o t  shown 

i n  T a b l e  1, r a n g e s  from 8 5 . 3 %  t o  1 0 8 . 9 % .  The mean v a l u e  

i s  9 7 . 8 % .  The s t a n d a r d  d e v i a t i o n  f o r  6 s a m p l e s  s t u d i e d  

i s  - t5.28. a n d ,  t h e  c o e f f i c i e n t  of v a r i a t i o n  i s  5 . 3 % .  

I n  summary, f rom t h e  s a t i s f a c t o r y  r e s u l t s  of 1 3  

s a m p l e s  examined ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  HPLC 

t e c h n i q u e s  c a n  b e  c o n s i d e r e d  as a v e r y  p r o m i s i n g  method 

f o r  s e p a r a t i o n ,  i d e n t i f i c a t i o n ,  and q u a n t  i t a t  i o n  of  

v i t a m i n s  D2 and D3 c o n t e n t s  i n  t h e  c o m p l i c a t e d  mat r ices  

of  b i o l o g i c a l  s a m p l e s  s u c h  as f e e d i n g s t u f f s  o r  s i m i l a r  

p r o d u c t s .  The u s e  of  c o r r e c t  sample  s i z e ,  t h e  comple- 

t i o n  of sample  c l e a n u p ,  and t h e  p e r f o r m a n c e  of  sa t i s -  

f a c t o r y  r e c o v e r y  s t u d y  p l a y  v e r y  i m p o r t a n t  r o l e s  i n  

a c h i e v i n g  t h e  b e s t  r e s u l t s  o f  a c c u r a c y  and p r e c i s i o n  o f  

a n a l y s i s .  
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