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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC 
METHODS FOR THE QUANTITATION OF 

VITAMIN A PALMITATE I N  LIQUID 
MULTIVITAMIN FORMULATIONS 

J. Van Antwerp and J. Lepore* 
Qual i ty  Control Department 

Hoffmann-La Roche Inc.  
Nutley, New Jersey  07110 

ABSTRACT 

Several  normal-phase high performance l i q u i d  chromato- 
graphic  methods f o r  t h e  q u a n t i t a t i o n  of Vitamin A pa lmi ta te  i n  
l i q u i d  multivitamin formulations using both radially-compressed 
and conventional s i l i c a  columns are descr ibed.  The methods are 
reproducible ,  r e q u i r e  minimal sample prepara t ion  and r e s o l v e  t h e  
predominant c i s - t rans  isomers of vitamin A (13-cis, a l l - t r a n s ,  
9-cis and 9,13-dicis) .  
and USP assay f o r  samples containing a small amount (6% o r  l e s s )  
of t h e  vitamin A a s  t h e  13-cis isomer. 

Good agreement is obtained between HPLC 

INTRODUCTION 

The cur ren t  compendia1 method (1) f o r  t h e  determinat ion of 

vitamin A e s t e r s  - a c e t a t e s ,  pa lmi ta tes  and propionates  - involves  

saponi f ica t ion ,  e x t r a c t i o n  and subsequent spectrophotometric 

q u a n t i t a t i o n  a s  t h e  alcohol ,  using t h e  Morton-Stubbs technique 

( 2 , 3 ) .  The method i s  t i m e  consuming, opera tor  dependent, does 
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572 VAN ANTWERP AND LEPORF, 

not  account f o r  t h e  d i f f e r e n c e  i n  e x t i n c t i o n  c o e f f i c i e n t s ,  nor 

f o r  t h e  d i f fe rence  i n  b i o l o g i c a l  a c t i v i t i e s  of t h e  predominant 

c i s - t rans  isomers of vitamin A (4-6). 

Recently s e v e r a l  high-performance l i q u i d  chromatographic 

methods f o r  t h e  determination of vitamin A, e i t h e r  s e p a r a t e l y  

(7-12) o r  simultaneously (13-18) wi th  vi tamins D and E, have 

been reported.  The simultaneous methods, although much f a s t e r  

than t h e  compendia1 techniques, s t i l l  do n o t  separa te  t h e  pre- 

dominant c i s - t rans  isomers of vitamin A, and therefore  may over- 

es t imate  t h e  a v a i l a b l e  potency. Most of t h e  s i n g l e  determination 

methods have achieved separa t ion  of t h e  predominant c i s - t rans  

isomers of vitamin A. However, these methods, l i k e  t h e  simul- 

taneous determination techniques,  a r e  concerned only wi th  

vitamin A ace ta te .  The two reported HPLC vitamin A pa lmi ta te  

methods (10,13) have not been appl ied  t o  l i q u i d  mult ivi tamin for- 

mulations,  and only one (13) is capable of resolving t h e  major 

isomers. 

This repor t  descr ibes  s e v e r a l  normal-phase HPLC methods s u i t -  

a b l e  f o r  t h e  q u a n t i t a t i o n  of vitamin A pa lmi ta te  i n  l i q u i d  multi-  

vitamin formulations.  

a r a t i o n ,  a r e  reproducible and can u t i l i z e  both conventional steel  

and radially-compressed s i l i c a  columns. Most importantly,  t h e  

methods resolve t h e  four  predominant s t e r i c a l l y  unhindered (19) 

isomers of vitamin A ( a l l - t r a n s ,  13-cis,  9-cis  and 9,13-dicis)  

and anhydro vitamin A. 

The methods requi re  minimal sample prep- 

EXPERIMENTAL 

REAGENTS - Hexane and methyl t-butyl e ther  were obtained from 

Burdick and Jackson. 1,4-Dioxane was obtained from Fisher  

S c i e n t i f i c  and f luoranthene from Matheson, Coleman and B e l l .  A l l  

o ther  reagents  were a n a l y t i c a l  reagent grade. The s tandard i s  a 
vi tamin A palmitate  dispersed i n  o i l ,  t h e  potency of which is 
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QUANTITATION OF VITAMIN A PALMITATE 573 

about one mi l l ion  I n t e r n a t i o n a l  Units  ( I U )  per  gram. It was 

charac te r ized  by t h e  USP assay,  by t h e  d i r e c t  spectrophotometr ic  

B r i t i s h  Pharmacopeia (20) assay and by HPLC a g a i n s t  a six-times 

r e c r y s t a l l i z e d  vitamin A pa lmi ta te  reference s tandard.  

dard,  which has  an a l l - t r a n s  t o  13-cis r a t i o  of about 95 to  5, 
w a s  overlayed with ni t rogen and s tored  under r e f r i g e r a t i o n .  

INSTRUMENTATION - Two chromatographic systems were used through- 

out .  One system consis ted of a Perkin-Elmer Series 2J2 pump, a 

Rheodyne Model 7120-loop i n j e c t o r  and a Perkin-Elmer Model LC-75 

v a r i a b l e  wavelength d e t e c t o r  set  a t  325 nm. 

The s tan-  

The o ther  system consis ted of a Waters Associates  Model M45 

pump, a Model 710 automatic i n j e c t o r  and a Model 440 W d e t e c t o r  

set a t  313 nm. 

COLUMNS ANTI MOBILE PHASES - %stepl_I - s e v e r a l  columns were used. 

These were: a Waters Associates  pPoras i l  (30 cm x 3.9 mm), an 

E.  S. I n d u s t r i e s  Chromegasorb 100R,Si l ica ,  10 1.1 (30 cm x 4.6 mm) 

and an E. M. I n d u s t r i e s  Lichrosorb SI-60, 5 p (25 cm x 4.6 mu). 

The mobile phase was a 1% methyl t -butyl  e t h e r  s o l u t i o n  i n  hexane 

The flow r a t e  can b e  var ied  from 1 . 4  t o  2.0 mllmin. 

aztgm-I& - A Waters Associates  Radial  Compression Module, 

RCM-100, f i t t e d  with a Radial-Pak B s i l i c a  c a r t r i d g e ,  8 mm I D ,  

was a l s o  used. The mobile phase, pumped a t  1.4 ml/min, was a 

hexane: 1,4-dioxane: t r ie thylamine mixture (99 7 : 3 : 0.02) . 
PROCEDURE - Low a c t i n i c  glassware w a s  used throughout. Extrac- 

t i o n s  and d i l u t i o n s  were done with a 0.1% s o l u t i o n  of bu ty la ted  

hydroxytoluene (BHT) i n  hexane. 

------ Standard Prepara t ion  --- - Approximately 50 mg of accura te ly  

weighed vitamin A s tandard w a s  dissolved and d i l u t e d  t o  volume i n  

a 50-ml volumetric f l a s k  (Standard Solu t ion) .  

75.0 mg of f luoranthene were accura te ly  weighed, d i sso lved  and 

d i l u t e d  t o  volume i n  a 50-ml volumetric f l a s k  ( I n t e r n a l  Standard) .  

Approximately 
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574 VAN ANTWERP AND LEPORE 

A 2.0 ml a l i q u o t  of t h e  Standard Solut ion and 2.0 m l  of I n t e r n a l  

Standard were p i p e t t e d  i n t o  a 50-ml volumetric f l a s k  and d i l u t e d  

t o  volume (Working Standard).  

- Samp~ePrepara t ion-Waterd ispersedm~l t i~ i tamin  LoKm&&- 

- tiQnB - A 2.0 m l  sample a l i q u o t  was t r a n s f e r r e d  i n t o  a 50-ml cen- 

t r i f u g e  tube. The p i p e t  or  volumetric f l a s k  was r i n s e d  twice 

with 2 m l  por t ions  of dimethylsulfoxide (DMSO). The combined 

sample-DMSO mixture w a s  ex t rac ted  with 3 x 25 ml p o r t i o n s  of 0.1% 

BHT i n  hexane w i t h  t h e  a i d  of a mechanical shaker (approximately 

5 minutes shaking time) and centr i fuged.  The c l e a r  supernatants  

were combined and d i l u t e d  t o  100 m l  i n  a volumetric f l a s k  

(Method I). Ten m l  of t h i s  s o l u t i o n  and 2.0 m l  of t h e  I n t e r n a l  

Standard were p i p e t t e d  i n t o  a 50-ml volumetric f l a s k  and d i l u t e d  

to  volume (Sample Solut ion)  . 
An a l t e r n a t e  prepara t ion  (Method 11) was a l s o  used. To the  

DMSO-sample mixture 25.0 m l  of t h e  BHT/hexane s o l u t i o n  was 

p ipe t ted .  

shaker and centr i fuged.  l b o  ml of t h e  supernatant  and 2 . 0  ml 

of the  I n t e r n a l  Standard were p i p e t t e d  i n t o  a 50-ml volumetric 

f l a s k  and d i l u t e d  t o  volume (Sample Solu t ion) .  

The mixture w a s  shaken f o r  5 minutes on a mechanical 

- S a ~ ~ e - P r e ~ a ~ a t i o n - - - O ~ l - d ~ s ~ e ~ s ~ d - m ~ l ~ i ~ i ~ a ~ i ~  goxmilgt&ogs 

- Oil-dispersed formulations were t r e a t e d  i n  t h e  same manner as 

the  vitamin A s tandard.  

ever,  were prepared t o  contain about 35 IU/ml of vitamin A pal- 

mitate .  

The sample s o l u t i o n s  t o  be i n j e c t e d ,  how- 

@zt2m-St-dLabiLig - A s o l u t i o n  w a s  prepared containing about 

40 I U / d  of isomerized vitamin A palmitate  (about 30% of t h e  

vitamin A e x i s t s  a s  t h e  13-cis isomer) and 20 111 were i n j e c t e d .  

The system was considered s u i t a b l e  if b a s e l i n e  separa t ion  was ob- 

ta ined between t h e  13-cis and 9-cis  vi tamin A peaks. 

the  r e s o l u t i o n  f a c t o r  between t h e  a l l - t r a n s  and 13-cis peaks 
Al te rna te ly ,  
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QUANTITATION OF VITAMIN A PALMITATE 575 

should b e  g r e a t e r  than 3 . 2  i f  system s u i t a b i l i t y  requirements a r e  

t o  b e  s a t i s f i e d .  

QusnLiLaLiEn - The vitamin A palmi ta te  content  w a s  ca lcu la ted  

using i n t e r n a l  standard peak-area techniques and expressed i n  terms 

of IU per  volume o r  weight. 

expressed a s  t h e  sum of t h e  a r e a s  of t h e  13-cis and a l l - t r a n s  

peaks. 

isomers were assumed t o  be equal.  

t i o n  w i l l  be discussed i n  a la ter  sec t ion .  

i n j e c t i o n  volumes were made throughout, 

The t o t a l  a r e a  of t h e  vitamin A w a s  

The e x t i n c t i o n  c o e f f i c i e n t s  and biopotencies  of both 

The v a l i d i t y  of  t h i s  assump- 

Twenty m i c r o l i t e r  

RESULTS 

An accura te  a n a l y s i s  of vitamin A is  a f a i r l y  d i f f i c u l t  

t ask .  The i n s t a b i l i t y  of t h e  molecule ( 5 ,  8, 9, 21, 22) ,  t h e  pos- 

s ible  presence of several isomers and t h e  lower r e l a t i v e  biolog- 

i c a l  a c t i v i t y  ( 4 - 6 )  of these  isomers a l l  c o n t r i b u t e  t o  t h e  d i f -  

f i c u l  ty  . 
The present  methods minimize t h e  above problems. The ad- 

d i t i o n  of BHT t o  t h e  e x t r a c t i n g  so lvent  prevents  bo th  a i r  

ox ida t ion  (21) and poss ib le  column degradation/isomerization (8) 

of vitamin A palmitate .  I n  a d d i t i o n  by separa t ing  t h e  most prob- 

a b l e  c i s - t rans  isomers and u t i l i z i n g  t h e  published e x t i n c t i o n  co- 

e f f i c i e n t s  (6,  7),  t h e  c a l c u l a t i o n  of sample potencies  w i t h  in-  

creased accuracy w i l l  be  p o s s i b l e  once re ference  s tandard m a t e r i a l s  

and r e l i a b l e  potencies  become a v a i l a b l e .  

Chromatograms of t h e  working s tandard,  and some sample so lu-  

t i o n s ,  obtained w i t h  system I, are shown i n  Figures  1-3. A chrom- 

atogram of a system s u i t a b i l i t y  so lu t ion ,  obtained wi th  system I, 
i s  s i m i l a r  t o  t h e  one shown i n  Figure 3 .  A chromatogram of t h i s  

same so lu t ion ,  obtained wi th  system 11, i s  shown i n  Figure 4 .  I n  

a l l  cases  t h e  13-cis and a l l - t r a n s  vitamin A peaks a r e  separa ted .  
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580 VAN ANTWERP AND LEPORE 

Two o t h e r  peaks corresponding t o  t h e  9-cis and 9,13-dicis  isomers,  

are a l s o  sepa ra t ed  from t h e  main peaks. 

of r e so lv ing  t h e  13-cis  and a l l - t r a n s  isomers from t h e  low-potency 

9-cis and 9,13-dicis  isomers. System I,  however, g ives  b e t t e r  

s e p a r a t i o n  between t h e  9-cis and 9,13-dicis isomers. The b e s t  

s e p a r a t i o n  between t h e  isomers was obtained on t h e  Lichrosorb 5 1.1 

column. 

Both systems are capable  

Quan t i t a t ion  of vi tamin A i n  t h e  v a r i o u s  samples w a s  ac- 

complished by adding t h e  areas of t h e  13-cis and a l l - t r a n s  peaks. 

This method assumes equal  e x t i n c t i o n  c o e f f i c i e n t s  and b iopo tenc ie s  

f o r  t h e s e  two isomers. A c a l c u l a t i o n  based on publ ished ext inc-  

t i o n  c o e f f i c i e n t s  ( 6 ,  7 )  and some a v a i l a b l e  b iopo tenc ie s  ( 4 - 6 )  

shows t h a t  t h i s  method of q u a n t i t a t i o n  may ove res t ima te  by 4% t h e  

t r u e  potency of a sample containing 30% of t h e  vi tamin A as t h e  

13-cis isomer (Figure 3 ) .  However, t h e r e  i s  no ove res t ima t ion  

i n  samples con ta in ing  4-6% of t h e  vi tamin as t h e  13-cis  isomer 

(Figure 2) s i n c e  these  samples are similar t o  t h e  s t anda rd .  

areas of t h e  low-potency 9-cis  and 9,13-dicis  isomers were no t  

considered,  even though they could amount t o  as much as 15% of 

t h e  t o t a l  vi tamin A area i n  some ve ry  o l d  samples (Figure 3 ) .  

It should b e  noted t h a t  t h e  USP method does no t  c o r r e c t  (6 ,  12) 

f o r  t h e  low b i o l o g i c a l  a c t i v i t y  of t h e s e  isomers even though 

they do c o n t r i b u t e  t o  t h e  measured absorbance. 

The 

Resu l t s  of vi tamin A p a l m i t a t e  HPLC a s s a y s  i n  o i l  and water- 

d i spe r sed  mult ivi tamin formulat ions are shown i n  Tables I and 11. 

Table I a l s o  shows t h e  agreement between USP and HPLC assay 

r e s u l t s .  Table I1 shows the  HPLC assay r e s u l t s  obtained under 

d i f f e r e n t  experimental  cond i t ions :  325 m v e r s u s  313 nm, s i n g l e  

e x t r a c t i o n  versus  t r i p l e  e x t r a c t i o n  and system I ver sus  system 11. 

I d e n t i c a l  r e s u l t s  were obtained using t h e  Lichrosorb and Chromega- 

sorb columns. 
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Table I. 

Comparison of HPLC and USP Vitamin A Assays 
of Various Formulations 

Sample Descr ipt ion 

Vitamin A and 
8-Carotene 
i n  O i l  

Vitamin A, D2 and 
@-Carotene 
i n  O i l  

Water-dispersed 
vitamin A 

Water-dispersed 
vi tamins A, D2 and E 

Water-dispersed 
vi tamin A and D 2  

Lot No. 

1 
2 
3 
1 
2 
3 
1 

1 

1 

% Label C l a i m  

USP HPLC 

11 0 106 
10 6 10 7 
110 10 7 
110 10 7 
10 7 109 
10 3 10 4 

- 

110 f 0 l a  

100 l O l a  

110 108a 

a Single  ex t rac t ion ,  313 nm 

Table 11. 

HPLC Resul ts  of Vitamin A Assays on Water-dispersed 
Pharmaceutical Dosage Forms 

Months Potency, % Claim 

Product Lot Shelf-Life & System I System I1 

10 qb A 1 36 78 107' 
A 2 60 120 
A 3 40 123 
A 4 27 121 

B 1 24 37 84 
B 2 11 108 

C 1 24 36 99 
C 2 16 129 

D 1 36 43 127 
D 2 27 126 

T r i p l e  e x t r a c t i o n  technique, 325 nm a 

bSingle e x t r a c t i o n  technique, 325 nm 
' T r i p l e  e x t r a c t i o n  technique, 313 nm 

105a 
116 
121 
119 
86 

114 

96 
124 
129 
121 

116 

120 

114 

123 
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58 2 VAN ANTWERE' AND LEPORE 

Recovery s t u d i e s  were conducted by adding a s o l u t i o n  of t h e  

s t anda rd  vi tamin A t o  p rev ious ly  assayed water-dispersed formula- 

t i o n s  and assaying as p rev ious ly  descr ibed.  Recovery rates were 

w e l l  w i t h i n  t h e  range of 100 t 4 % .  Sample matrix i n t e r f e r e n c e s  

were found t o  b e  non-existent by stopped-flow s p e c t r a l  comparison 

and absorbance r a t i o  ing techniques,  

Tne l i n e a r i t y  of t h e  chromatographic methods w a s  determined 

between 15% and 230% of t h e  working range by i n j e c t i n g  vi tamin A 

pa lmi t a t e  s o l u t i o n s  containing a cons t an t  amount of i n t e r n a l  s tan-  

dard.  The r e l a t i v e  s t anda rd  d e v i a t i o n  of t h e  peak-area response 

r a t i o  w a s  less than 1.8% over the e n t i r e  range. 

The r e p r o d u c i b i l i t y  of t h e  chromatographic systems was de te r -  

mined by making s i x  i n j e c t i o n s  of t h e  working s t anda rd  and 

computing t h e  peak-area response r a t i o .  The r e l a t i v e  s t anda rd  

dev ia t ion  of t h e  response r a t i o  ranged from 0.3 t o  1 .6%.  

Average 

Standard 
Deviat ion 

Table 111. 

Resu l t s  of R e p l i c a t e  Assays from Two l o t s  of 
Water-dispersed Mult ivi tamin Dosage Form 

% of C l a i m  

System System I1 b 

LO6 1 2 1  
10 7 126 
10 6 1 2 2  
106 1 2 2  
108 1 2 8  
1 0 8  1 2 4  

10 7 1 2 4  

0.98 2.7 

R e l .  S td .  
Deviat ion 

Sample A,  l o t  1 a 

bSample C, l o t  2 

0.92% 2.2% 
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The r e p r o d u c i b i l i t y  of t h e  methods w a s  determined by con- 

duc t ing  s i x  r e p l i c a t e  a s says  of a water-dispersed mul t iv i t amin  

sample. 

shown i n  Table  111. 

The r e s u l t s  and t h e  r e l a t i v e  s t anda rd  d e v i a t i o n s  are 
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