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DETERMINATION OF VITAMIN D 
I N  MULTIVITAMIN PREPARATIONS 

BY HPLC 

P.A. L o t f y ,  H.C. J o r d i  and J.V. Bruno 
Waters Assoc ia tes  Inc .  

Maple S t r e e t  
M i l f o r d ,  Massachusetts 01757 

ABSTRACT 

A s e l e c t i v e  e x t r a c t i o n  f o r  v i t a m i n  D was achieved f rom o i l s ,  
d r y  concent ra tes  and m u l t i v i t a m i n s  w i t h o u t  t h e  need f o r  s a p o n i f i -  
c a t i o n .  Th is  was accomplished by u t i l i z i n g  SEP-PAK c a r t r i d g e s  as 
an a l t e r n a t i v e  t o  t h e  pre-column c lean-up r e q u i r e d  i n  t h e  s tandard  
v i t a m i n  D assay. 
Radial  Compression Technology i n  p lace  o f  t h e  convent iona l  a n a l y t i -  
c a l  LC column. 

The f i n a l  LC a n a l y s i s  was s t reaml ined  by u s i n g  

INTRODUCTION 

Use o f  High Performance L i q u i d  Chromatography has been i n v e s t i -  

ga ted  as an approach t o  t h e  de te rm ina t ion  o f  v i t a m i n  D2 (D3) i n  va r -  

i o u s  f e e d s t u f f s  and v i t a m i n  p repara t i ons .  HPLC p rov ides  a g r e a t l y  

improved v i t a m i n  D assay by making i t  more r a p i d  and s p e c i f i c  than 

convent iona l  methods; however, n e a r l y  every  method r e l i e s  on a comp- 

l i c a t e d ,  t ime-consuming e x t r a c t i o n  and sample p r e p a r a t i o n  procedure 
p r i o r  t o  i n j e c t i o n  on to  t h e  HPLC column. 

I n  genera l ,  e x t r a c t i o n  o f  v i t a m i n  D o u t  o f  i t s  m a t r i x  has been 
a ma jo r  problem, as v i t a m i n  D i s  p resen t  i n  ve ry  smal l  amounts i n  

fo rmu la t i ons  c o n t a i n i n g  l a r g e  amounts o f  v i t a m i n  A and, a l so ,  sub- 
s t a n t i a l  amounts o f  o t h e r  f a t  s o l u b l e  v i t am ins .  

Any method f o r  v i t a m i n  D a n a l y s i s  r e q u i r e s  accu ra te  q u a n t i t a t i o n  

t h a t  i s  a p p l i c a b l e  t o  a l l  t ypes  o f  m u l t i v i t a m i n  p repara t i ons  i n c l u d -  

i n g  r e s i n s ,  o i l s ,  d r y  concent ra tes  and g e l a t i n  p r o t e c t e d  bead le ts .  
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15 6 LOTFY, J O R D I ,  AND BRUNO 

Recent a p p l i c a t i o n s  o f  HPLC t o  t h e  de te rm ina t ion  o f  v i t a m i n  D i n c l u d e  

a n a l y s i s  f rom g e l a t i n - p r o t e c t e d  bead le ts  (1). V i tamin  D has been 

separated f rom i t s  photochemical isomers (Z), f rom i n a c t i v e  forms 

o u t  o f  res ins ,  o i l s  and d r y  concent ra tes  by Hofsass e t  a l .  ( 3 ) ,  
Oscada e t  a l .  (4 ) ,  and deVr ies  e t  a l .  ( 5 ) .  

by HPLC (6,  7 ) .  
ana lyz ing  v i t am ins  A, D and E s imu l taneous ly  f rom m u l t i v i t a m i n  t a b l e t s  

(8, 9)  and from animal feeds (10). 

Ana lys is  o f  v i t a m i n  D has been accomplished f rom l i v e s t o c k  feeds 

Var ious reve rse  phase systems have been r e p o r t e d  f o r  

Al though HPLC has been found t o  be t h e  most s p e c i f i c  method f o r  

de termin ing  b i o a c t i v e  isomers o n l y  ( 3 ) ,  n o t  a l l  systems d i s t i n g u i s h  
a c t i v e  f rom i n a c t i v e  isomers. 

p roduc ts  i n  many p repara t i ons  may r e s u l t  i n  h ighe r  than a c t u a l  v i t a m i n  

D potency i n  cases where t h e r e  i s  no d i s t i n c t i o n  made between them 

and a c t i v e  v i t a m i n  D. A comparison o f  t h e  A.O.A.C. chemical method 

and t h e  A.O.A.C. b i o l o g i c a l  method shows t h i s ,  indeed, t o  be t h e  

case ( 2 ) .  
A method has been developed which i n v o l v e s  d i s s o l u t i o n  o f  v i t a m i n  

D by homogenization and fo l l owed  by e x t r a c t i o n  f rom o t h e r  sample 

components by means o f  SEP-PAK c a r t r i d g e s .  A normal phase HPLC system 

i s  used i n  t h e  f i n a l  a n a l y s i s  as i n  t h e  work o f  deVr ies  e t  a l .  ( 5 )  
which separates pre-D and c i s -D  from a l l  i n a c t i v e  isomers.  Th is  

a l l ows  q u a n t i t a t i o n  based on t h e  sum o f  these two forms p r o v i d i n g  

t h e r e  a r e  no compounds i n  t h e  sample m a t r i x  w i th  s i m i l a r  e x t r a c t i o n  

and r e t e n t i o n  c h a r a c t e r i s t i c s .  

sometimes encountered when wavelength r a t i o i n g  of  t h e  280nm t o  254nm 
d e t e c t o r  response revea led  an i n c o r r e c t  r a t i o  i n  t h e  c i s -D  peak. 

Th is  i n t e r f e r e n c e  was removed by employing a d i f f e r e n t  s o l v e n t  and 
s imp le  e x t r a c t i o n  procedure t h a t  w i l l  be d iscussed below. 

The presence o f  i n te rmed ia te  i r r a d i a t i o n  

An i n t e r f e r e n c e ,  determined t o  be an i m p u r i t y  from v i t a m i n  A, was 

MATERIALS 

Reagents and So lvents  

(Waters Associates,  M i l f o r d ,  MA). 

LC grade n-hexane, t e t r a h y d r o f u r a n  and methanol were used 
Spectrograde e t h y l  ace ta te  and 
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VITAMIN D IN MULTIVITAMINS 157 

LC grade diemthyl sulfoxide were obtained from Burdick and Jackson, 
Muskegon, Michigan. Ethanol (85%), completely denatured, and normal 
amyl alcohol, AR, obtained from Mallinckrodt, St. Louis, Missouri. 

Crystal 1 ine butyl ated hydroxy toluene (BHT) , chol calci ferol and 
ergocalciferol were obtained from Sigma Chemical Company, St. Louis, 
Missouri. SEP-PAK C18 and SEP-PAK Silica cartridges (Waters A-sociates, 
Mi 1 ford, MA). 

an oil containing approximately 2mg each of vitamin D3 and tac;-ljsterol 
and 0.2mg each of pre-vitamin D3 and 5,6-trans vitamin D3 per gram o f  

oil. System suitability standard and ~4,6=cholestadienol were obtained 
from Philips-Duphar, Amsterdam, Holland. 

Preparation of Standard Solutions 

System suitability standard used to check column efficiency was 

a. Vitamin O3 Standard Solution - 50mg o f  cholcalciferol was 
dissolved in lOOml hexane and lOml of this solution was 
diluted to lOOml with hexane in volumetric flask. 

b. Internal Standard Solution - 15mg of ~4,6-cholestadienol 
was placed i n  20Oml volumetric flask and diluted to volume 
with hexane. 
1. Procedure A :  5Omg o f  ~4,6-cholestadienol was placed 

in a 50ml volumetric flask and diluted to volume with 
50:50 Methanol/THF. 

diluted to lOOml with hexane. 
2. Procedure 6 :  lOml of internal standard solution was 

Determination of D3 Response Factor 

Pipet 4.01111 of D3 standard solution and lOml of internal standard 
solution into a lOOml volumetric flask and dilute to volume with hex- 
ane. 
internal standard. Calculate vitamin D response factor by the 
equation: 

Inject 200ul and determine peak heights of the Vitamin Dg and 

3 

FD = (Pir x Wr x Vir) : (Pr x Wir x Vr) 

Pr - vitamin D3 peak height 
Wir = weight of internal standard in mg (15) 
Wr = weight of vitamin D3 in mg (50) 
Vir = final volume in ml of internal standard (2,000 ml) 
Vr = final volume in ml o f  vitamin D3 (25,000 ml) 

Where Pir = internal standard peak height 
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158 LOTFY, J O R D I ,  AND BRUNO 

Determinat ion o f  pre-D3 Response Factor  

P ipe t  5.Dml o f  D3 standard s o l u t i o n  i n t o  a 1001111 amber vo lumet r i c  

f l a s k ,  add 2Dmg BHT c r y s t a l s ,  rep lace  a i r  by n i t rogen ,  heat  3/4 hour i n  
subdued l i g h t  i n  a 90°C waterbath and cool .  Add l O m l  i n t e r n a l  standard 

s o l u t i o n  and d i l u t e  t o  volume w i t h  hexane. 
peak heights  o f  pre-D3, D and i n t e r n a l  standard.  

x Vr x Wir) j Pir x Vir x Wr) 
content  by 100 - q% = p%. 

Where 

I n j e c t  20Dul and measure 

3 
Ca lcua l te  D3 content  ( i n  % amount i n  unheated s o l n )  (FD x PD 

x 100 = 9%. Ca lcu la te  p re -v i t am in  D 
Ca lcu la te  pre-D response f a c t o r  as f o l l o w s :  

+ 100 x Ppre x Vpre x Wir) F = (P x (Pir x Vir x Wr) 

FD = Vi tamin D response f a c t o r  

P = peak he igh t  o f  v i t am in  D3 i n  heated s o l u t i o n  
Ppre = peak he igh t  o f  pre-v i tamin D i n  heated s o l u t i o n  

Pir = 
Wr = weight  D3 i n  mg (50)  
Wir = weight i n t e r n a l  standard i n  mg (15)  

Vr = f i n a l  volume i n  m l  v i t a m i n  D i n  heated s o l u t i o n  (20,000 m l )  
Vir = f i n a l  volume i n  m l  i n t e r n a l  standard i n  heated s o l u t i o n  

Pre 

D 

peak he igh t  o f  i n t e r n a l  standard i n  heated s o l u t i o n  

.. 
(2,000 m l )  

(20,000 m1) 
Vpre = f i n a l  volume i n  

Ca lcu la te  Conversion Factor  
F = F /FD 

This conversion f a c t o r  must 
and should be checked r o u t i n e l y .  

HPLC Chromatographic Procedure 
A l l  analyses were performed 

ALC/GPC 244 l i q u i d  chromatograph 

Pre 

pre-D i n  m l  preD i n  heated s o l u t i o n  

be determined f o r  each new column 

w i t h  a Waters Associates Model 

equipped w i t h  a Model 440 UV de tec to r  
mon i to r i ng  a t  254nm and 280nm simultaneously.  Waters' Model 730 

Data Module was used t o  i n t e g r a t e  a l l  peaks and c a l c u l a t e  r e s u l t s .  

Module (Waters Associates,  M i l f o r d ,  MA) equipped w i t h  a Radial-PAK B 
normal phase chromatographic c a r t r i d g e .  The c a r t r i d g e  was e q u i l i b r a t e d  
w i t h  n-hexane con ta in ing  0.35% n-amyl a l coho l  f o r  approximately 2 hours 

a t  a constant  f l o w  o f  5.0 ml/min before ana lys i s .  
The system s u i t a b i l i t y  standard was i n j e c t e d  t o  check column 

e f f i c i e n c y  be fo re  any analyses were run. 

A l l  separat ions were achieved us ing  a RCM-100 Radial  Compression 

Resolut ion o f  1. 0.8 of 
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VITAMIN D IN MULTIVITAMINS 159 

pre-vitamin 0 from t rans-v i tamin D and 1.0 o f  cis-D from tachystero l  
were requirements t o  assure accurate q u a n t i t a t i o n  o f  b ioac t i ve  isomers 

only. 
obtained w i t h  the Radial-PAK B ca r t r i dge  used. 
should be approximately 7 minutes and cis-D approximately 13 minutes. 
This t e s t  was repeated on a weekly basis and each t ime a new c a r t r i d g e  
was used. 

Sample Preparation 

i ng  50,000 I .U.  v i tamin D i s  accurate ly  weighed. 

ground. 

Figure 1 shows a chromatogram o f  the system s u i t a b i l i t y  standard 
Retention o f  pre-D 

Dry concentrates, res ins  and o i l s  - an amount o f  sample contain- 

Mu l t i v i t am ins  from 5-10 tab le ts ,  accurate ly  weighed, are coarsely 

Procedure A: 

w i t h  the a i d  o f  2Oml ethanol, homogenized 5-10 minutes ( t ime 

depends on type o f  sample ma t r i x ) ,  cent r i fuged and a 2ml a l i q u o t  
was t rans fe r red  i n t o  a v i a l  and 75ul o f  i n t e r n a l  standard s o l u t i o n  

#I was added fol lowed by l m l  water. 

Sample was t ransferred t o  a homogenization f lask 

This mix ture was pumped 

Figure 1. HPLC o f  system s u i t a b i l i t y  standard on the Radial-PAK B 
ca r t r i dge  used. 
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160 LOTFY, J O R D I ,  AND BRUNO 

th rough a prepared C18 SEP-PAK, which was then f l u s h e d  w i t h  lOml 
o f  a 25/25/50 Methanol/THF/H20 s o l u t i o n .  
i n t e r n a l  s tandard  were then e l u t e d  w i t h  l O m l  methanol (100%) and 

t h e  r e s u l t a n t  e l u a t e  evaporated t o  dryness over  sodium s u l f a t e .  

The res idue  was red i sso l ved  in 5ml hexane and 20Oul were i n j e c t e d .  

F igure  2 shows an o i l  analyzed i n  t h i s  manner. 

Procedure B:  
w i t h  t h e  a i d  o f  20ml DMSO, homogenized 5-10 minutes,  c e n t r i f u g e d  

.and 2ml were then t r a n s f e r r e d  t o  a v i a l ,  5ml o f  i n t e r n a l  standard 
s o l u t i o n  #2 was added and shaken v i g o r o u s l y  f o r  30 seconds. The 

v i a l  was p laced i n  i ce-coo led  water  and l m l  o f  i ce -coo led  water  

was added t o  t h e  v i a l .  A f t e r  1 minute  t h e  v i a l  was shaken v i g -  

o rous l y  f o r  another  30 seconds, 2ml o f  t h e  hexane l a y e r  was separ-  

a ted  and pumped across a s i l i c a  SEP-PAK and t h e  SEP-PAK was f l ushed  

w i t h  3ml o f  85/15 hexane/ethyl  ace ta te .  V i tamin  D, p re -0  and 
i n t e r n a l  s tandard  were e l u t e d  w i t h  5ml o f  80/20 hexane/ethyl  

ace ta te  and evaporated t o  dryness. 

i n  2ml hexane and 2OOul was i n j e c t e d .  F igu re  3 shows an o i l  

analyzed as descr ibed. 

V i tamin  D, pre-D and 

Sample was t r a n s f e r r e d  t o  a homogenizat ion f l a s k  

The res idue  was r e d i s s o l v e d  

F igu re  2. HPLC o f  an o i l  c o n t a i n i n g  40,000 I.U./gram V i tam in  D 

prepared by Procedure A. 
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VITAMIN D IN MULTIVITAMINS 161 

I 
Figure 3. HPLC o f  an o i l  con ta in ing  40,000 I.U./gram Vitamin D 

prepared by Procedure B. 

C a l c u l a t i o n  
D potency i n  I.U./gram i n  sample i s  c a l c u l a t e d  us ing t h e  f o l l o w i n g  

PD + (Ppre x F) x FD x W 

equat ion:  

Where 

x V s  x 40,000 + (Pir x W, X Vir) i r  
Pir = peak he igh t  o f  i n t e r n a l  standard i n  sample 

PD = peak he igh t  o f  pre-v i tamin 0 i n  sample 
P = peak h e i g h t  o f  p re -v i t am in  i n  sample 

F - conversion f a c t o r  
F 

Wir = weight i n t e r n a l  standard i n  mg (15) 
W s  = weight o f  sample i n  grams 
V s  = f i n a l  volume i n  m l  o f  sample s o l u t i o n  (501111) 
Vir = f i n a l  volume i n  m l  o f  i n t e r n a l  standard (20,000ml) 
40,000 - number o f  I . U .  v i t a m i n  D per  mg i n  USP re fe rence  s td .  

P r e  

3 = response f a c t o r  of v i t a m i n  D D 

RESULTS AND DISCUSSION 
The HPLC cond i t i ons  used pe rm i t  t h e  r e s o l u t i o n  o f  v i t a m i n  D 

3 
(D2)  f rom a l l  i n a c t i v e  isomers which may be present ,  such as i r r a d -  
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162 LOTFY, JORDI,  AND BRUNO 

i a t i o n  by-products o r  breakdown products formed as a r e s u l t  o f  acce l -  
e ra ted  storage c o n d i t i o n s  (i .e. e leva ted  temperature o r  d i r e c t  l i g h t ) .  

( d r y  concentrate, o i l ,  g e l a t i n  encapsulated m u l t i v i t a m i n )  by Procedure 
A compated very w e l l  w i t h  those obta ined by t h e  proposed A.O.A.C. 
method (F ig.  4) .  A problem was encountered, however, i n  t h e  ana lys i s  
o f  c e r t a i n  types o f  d r y  m u l t i v i t a m i n  formulat ions,  which gave un- 

u s u a l l y  h igh  v i t am in  D potency. Employing wavelength r a t i o i n g  o f  t h e  

280nm - 254nm de tec to r  response, an i n c o r r e c t  r a t i o  revealed an i n t e r -  
ference i n  t h e  c is-D peak. 
D standard should be determined f o r  each s e t  o f  f i l t e r s  and be l e s s  

than t h a t  a t  254nm r e s u l t i n g  i n  a r a t i o  < 1.0.) This  i n te r fe rence ,  
which appears t o  be an i m p u r i t y  i n  the  v i t a m i n  A ,  has a l a r g e r  absorb- 
ance a t  280nm g i v i n g  a r a t i o  > 1.0. 

ment o f  Procedure B us ing DMSO as t h e  d i s s o l u t i o n  so l ven t  which does 
no t  e x t r a c t  t he  i n t e r f e r i n g  substance and r e s u l t s  i n  t h e  c o r r e c t  
wavelength r a t i o  i n  the  f i n a l  ana lys i s .  

Because no s a p o n i f i c a t i o n  s tep i s  necessary, t he  ac tua l  r a t i o  
o f  pre-v i tamin D t o  v i t am in  D i s  preserved. 
app l i cab le  t o  o i l s ,  d r y  concentrates,  g e l a t i n  encapsulated o r  d r y  
mu l t i v i t am ins .  

Resul ts o f  analyses performed on t h r e e  d i f f e r e n t  v i t a m i n  types 

(The proper wavelength r a t i o  f o r  t h e  v i t a m i n  

This  d i f f i c u l t y  w i t h  m u l t i v i t a m i n  a n a l y s i s  r e s u l t e d  i n  t h e  develop- 

This  method i s  a l s o  

Results of AOAC Method 
and Radlal Compmsslon Technlques 

Type of Sample Concentration Range AoAc Method Technique 

Radial 
Compression 

Concentrated 011 40,000 I.U./grn (* 30%) 31,666 
35,310 

41,042 
42,319 

Dry Powder 100,OOO i.U./grn (30%) ~3,833 90,824 
80,504 94,331 

48,642 48,238 
Multi-Vitamin 400 i.u./cap. (* 500/0) 752 578 

877 848 

Dry Powder 50,000 i.U./grn (2 30%) 49,829 4Q,= 

Figure 4. Resul ts  of AOAC method and Radial  Compression Techniques 
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VITAMIN D IN MULTIVITAMINS 163 

Time r e q u i r e d  f o r  smaple p repara t i on  has been reduced from 2-3 
hours t o  15 minutes, enabl ing 20-30 samples t o  be run  per  day by 
e i t h e r  procedure. A problem remains, however, i n  t h e  q u a n t i t a t i o n  
o f  p re -v i t am in  D i n  some types o f  m u l t i v i t a m i n s .  F igu re  5 show 
a t y p i c a l  m u l t i v i t a m i n  analyzed by Procedure B. The v i t a m i n  D i s  
w e l l  separated and may be accu ra te l y  q u a n t i t a t e d  i n  a l l  cases; how- 
ever,  t h e  p re -v i t am in  D reg ion  o f  t h e  chromatogram i s  crowded w i t h  

compounds which obscure t h e  pre-D peak. Work i s  c u r r e n t l y  i n  progress 

on a method t o  separate pre-D f rom these in te r fe rences .  

F igure 5. HPLC o f  a t y p i c a l  m u l t i v i t a m i n  analyzed by Procedure B. 
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