
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

The Preparative HPLC Isolation and Identification of Phospholipids from
Soy Lecithin
W. Jeffrey Hursta; R. A. Martin Jr.a; Richard M. Sheeleyb

a Hershey Foods Corporation Analytical Research Corporation, Pennsylvania b Chemistry Department,
Dickinson College, Carlisle, Pennsylvania

To cite this Article Hurst, W. Jeffrey , Martin Jr., R. A. and Sheeley, Richard M.(1986) 'The Preparative HPLC Isolation and
Identification of Phospholipids from Soy Lecithin', Journal of Liquid Chromatography & Related Technologies, 9: 13,
2969 — 2976
To link to this Article: DOI: 10.1080/01483918608074163
URL: http://dx.doi.org/10.1080/01483918608074163

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918608074163
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 9(13), 2969-2976 (1986) 
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W. Jeffrey Hurst 1 ,  R. A. Martin, Jr. 1 ,  
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1Hershey Foods Corporation 

Analytical Research Corporation 
P. 0. Box 805 

Hershey, Pennsylvania 1 7033-0805 
2Dickinson College 

Chemistry Department 
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INTRODUCTION 

L e c i t h i n s  a r e  a c o n s t i t u e n t  o f  a l l  l i v i n g  membranes. Wh i le  l e c i t h i n s  a r e  

found i n  b o t h  p l a n t s  and animals, t h e  s p e c i f i c  f a t t y  a c i d  subun i t s  va ry  

c o n s i d e r a b l y  between p l a n t s  and animals .  

c h i e f l y  d e r i v e d  f rom soy b u t  o t h e r  vege tab le  phospho l i p ids  a r e  a l s o  used. 

World consumption o f  t hese  compounds was es t ima ted  @ o v e r  100,000 tons  i n  1981 

(1) w i t h  growth expected each year .  

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

The uses o f  t hese  l e c i t h i n  compounds i n  foods and nonfoods a r e  wide 

spread. L e c i t h i n  uses i n  foods i n c l u d e  f a t  d i s p e r s i o n ,  v i s c o s i t y  r e d u c t i o n ,  

and p roduc t  s t a b i l i z a t i o n  i n  foods as d i v e r s e  as margar ine,  choco la te  and 

bakery goods. 

and c h o l i n e  s u p p l i e r s .  

I n  d rug  manufactur ing,  t h e y  a r e  used as b i o l o g i c a l  e m u l s i f i e r s  

A t y p i c a l  compos i t i on  o f  soy l e c i t h i n s  f r e e  o f  a f a t  
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HURST, MARTIN, AND SHEELEY 2970 

c a r r i e r  i s  g i v e n  i n  Table I . ( 2 )  

s t r u c t u r e s .  

F i g u r e  1 g i ves  some examples o f  p h o s p h o l i p i d  

Var ious methods e x i s t  f o r  t h e  d e t e r m i n a t i o n  o f  phospho l i p ids  i n  food and 

nonfood ma t r i ces ,  w i t h  TLC and r e c e n t l y  HPLC seeing wide use. The 

phospho l i p ids  have l i t t l e  s p e c i f i c  u l t r a v i o l e t  (UV) absorbance, and a r e  

u s u a l l y  de tec ted  by r e f r a c t i v e  i ndex  o r  by m o n i t o r i n g  t h e  UV absorbance o f  t h e  

double bonds i n  t h e  i n d i v i d u a l  f a t t y  a c i d  m o i e t i e s . ( 3 )  L e c i t h i n  types a r e  

heterogeneous w i t h  f a t t y  a c i d  cornposi t ion v a r y i n g  depending on t h e  source; t h e  

a n a l y s t  t h e r e f o r e  must use a s i m i l a r l y  a p p r o p r i a t e  a n a l y t i c a l  s tandard  f rom 

t h e  species o f  i n t e r e s t .  

p h o s p h o l i p i d  a n a l y s i s  i n  which t h e  f a t t y  a c i d  compos i t i on  o f  t h e  sample 

d i f f e r s  m igh t  y i e l d  c o n f u s i n g  r e s u l t s .  

Us ing an i n a p p r o p r i a t e  s tandard f o r  HPLC 

Some pu re  s tandards a r e  a v a i l a b l e  commerc ia l ly .  and those  n o t  a v a i l a b l e  

have been r e p o r t e d  t o  be prepared b y  p r e p a r a t i v e  TLC using any number o f  

p o s s i b l e  s o l v e n t  systems.(4) A d d i t i o n a l l y ,  t h e  a n a l y s t  must be aware t h a t  

s tandards f rom commercial sources sometimes a r e  o f  v a r y i n g  q u a l i t y  and a r e  

l i a b l e  t o  o x i d a t i o n  when i m p r o p e r l y  s to red .  

The s tudy  desc r ibed  i n  t h i s  paper o u t l i n e s  t h e  v a r i o u s  s teps taken  t o  

accompl ish t h e  success fu l  p r e p a r a t i v e  HPLC i s o l a t i o n  and i d e n t i f i c a t i o n  o f  

phospho l i p ids  f rom soy l e c i t h i n .  

EXPERIMENTAL 

I n s t r u m e n t a t i o n  

The p r e p a r a t i v e  HPLC system was a Waters Autoprep 500 equipped w i t h  

computer c o n t r o l  and s e l f  con ta ined  r e f r a c t i v e  i ndex  ( R I )  d e t e c t o r .  The 

a n a l y t i c a l  HPLC was comprised of a Model 510 Pump (Waters) ,  Model 7125 Loop 

I n j e c t i o n  Valve (Rheodyne). Model 480 V a r i a b l e  Wavelength D e t e c t o r  (Waters) 

@ 205 nm and a Houston Omniscribe Recorder (Houston Ins t rumen ts )  a t tached  t o  a 

Model E1A Data U n i t  (Shimadzu S c i e n t i f i c ) .  

The F o u r i e r  Transform I n f r a r e d  (FTIR) i ns t rumen t  was a Model 20SX 

( N i c o l e t )  equipped w i t h  a wa te r  coo led  g l o b a r  source and TGS d e t e c t o r .  
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Table I 

Typical Natural Lecithin Composition (2) 

Moiety x 
Phosphatidyl Choline 29.5 

Phosphatidyl Ethanolamine 29.5 

Phosphatidyl Inositol 31.6 

Miscellaneous Phosphatides 6.3 

CH,-0-R, 

I 
I 

R,-0-CH 

CH,-0-P-0 
I- 
0 

OH 

Phosphatidyl Inositol 

CH,-0-R, 

I 
i ;  + 

R , -0-CH 

CH,-0-P-0 -CH,-CH,-NH, 
1 -  
0 

Phosphatidyl Ethanolamine 

CH,-0-R, 

1 
l i  

R,-0-CH 

CH,-0-P-0 -H 
I _  
0 

Phosphatidic Acid 

CH,-0-R, 

I 
i i T  + 

R,-0-CH 

CH,-O-P-O -CH,-CW,-N (CH,) 
I -  
0 

Phosphatidyl Choline 

Figure I 

Phospholipid Structures 
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Table I1 

Sumnary o f  A n a l y t i c a l  and Prepara t ive  HPLC Columns 

A n a l v t i c a l  and Semipreparative Columns 

p P o r a s i l  10 urn (3.9 mn x 30 cm) 

Radial  Pak S i l i c a  10 wn ( 8  mn x 10 cm) 

Radial Pak Prep S i l i c a  55-105 pin ( 8  mn x 10 cm) 

PreDarative Column 

Prep Pak 500 Car t r idge (55-105 rm, 5.7 cm x 30 cm) 

The columns used i n  t h e  a n a l y t i c a l  and prepara t ive  HPLC a r e  described i n  

Table 11. 

The mobi le phases used i n  both a n a l y t i c a l  and prepara t ive  separat ion 

schemes were mixtures o f  CHaCN,  CHaOH and 85% Hap04 i n  var ious 

propor t ions .  

i n  e a r l i e r  s tud ies . (5 )  

The mobi le phase used i n  t h e  a n a l y t i c a l  HPLC was t h a t  repor ted  

The standards were obtained from Sigma Chemical Co. and Calbiochem; these 

consisted o f  phosphat idyl  cho l ine .  phosphat idyl  ethanolamine and phosphat idyl  

i n o s i t o l .  They were made t o  concentrat ions o f  10 pg/u1 i n  C H C l a  and 

s to red  @ 4OC. To ensure c o r r e c t  standard concentrat ions,  standards received 

i n  so lvent  should be d r i e d  and made t o  concent ra t ion  by weight r a t h e r  than 

assuming t h a t  t h e  concent ra t ion  given (10 pg/ul)  on t h e  manufacturer 's 

v i a l  i s  t o t a l l y  c o r r e c t .  Standard s o l u t i o n s  were f r e q u e n t l y  checked by 

a n a l y t i c a l  HPLC t o  mon i to r  f o r  spurious peaks i n d i c a t i v e  o f  o x i d a t i v e  

degradation. 

A n a l v t i c a l  Chrornatoqraphy 

The a n a l y t i c a l  chromatography system used t o  mon i to r  t h e  prepara t ive  HPLC 

f r a c t i o n  was p r e v i o u s l y  repor ted  (5 )  and used as o u t l i n e d  there in .  

PreDarative Chromatography DeVelODment 

Once a n a l y t i c a l  chromatography cond i t ions  have been es tab l i shed,  several 

steps are  necessary i n  t h e  prepara t ive  separat ion development. Since t h e  
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a n a l y t i c a l  separat ion was i n i t i a l l y  developed on an i r r e g u l a r  p a r t i c l e  s i l i c a ,  

t h e  separa t ion  was then developed us ing  a spher ica l  s i l i c a .  The n e x t  step was 

t o  t r a n s f e r  t h e  separat ion from t h e  smal l  p a r t i c l e  ( 5  pm) spher ica l  s i l i c a  

t o  p repara t ive  spher ica l  ( 5 5  - 105 wn) s i l i c a  packed i n  a r a d i a l  compression 

module (RCM) c a r t r i d g e .  This t r a n s f e r  step allowed the  use o f  s i m i l a r  column 

chemis t r ies  w i t h  t h e  a b i l i t y  t o  conserve so lvent  and t o  evaluate column 

load ing  on a smal le r  scale.  The f i n a l  step i n  t h e  prepara t ive  separat ion 

development was a f u l l  p repara t ive  HPLC t r i a l  t o  r e f i n e  t h e  separat ion 

parameters es tab l i shed i n  t h e  p r e l i m i n a r y  s tud ies .  

Preparat ive ChromatoQraphy 

A f t e r  t h e  development o f  t h e  a n a l y t i c a l  and prepara t ive  chromatography, 

a l i q u o t s  o f  commercial soy l e c i t h i n  d isso lved i n  CHCls  were i n j e c t e d  onto 

t h e  prepara t ive  HPLC w i t h  mobi le phase f l o w i n g  a t  50 ml/min. 

used consisted o f  var ious percentages o f  CHaOH i n  CHsCN mod i f ied  w i t h  

small amounts o f  concentrated HaP04. The mobi le phases used are  l i s t e d  i n  

Table 111. 

Mobi le phases 

The th ree  phosphol ip id f r a c t i o n s  were c o l l e c t e d  based on t h e i r  

c h a r a c t e r i s t i c  r e t e n t i o n  times using t h e  programed func t ions  o f  t h e  Auto Prep 

500. 

Table 111 

Mobi le Phases f o r  Prepara t ive  Chromatography 

F r a c t i o n  

Phosphatidyl I n o s i t o l  

Phosphatidyl Ethanolamine 

Phosphatidyl Choline 

Mobi le Phase 

95/5/1.2 ( V / V / V )  CHaCN/CHsOH 

Hap04 

85/15/1.2 ( V / V / V )  CHsCN/CHaOH 

H3PO4 

70/30/1.2 ( V / V / V )  CH3CN/CHsOH 

HsPO4 
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2974 HURST, MARTIN, AND SHEELEY 

I s o l a t i o n  o f  Preparat ive f r a c t i o n s  

A f t e r  t h e  i n d i v i d u a l  phosphol ip id f r a c t i o n s  were co l lec ted ,  t h e  solvents 

were removed under vacuum a t  30°C. 

ex t rac ted  w i t h  CHCls .  d r i e d  over NazSO., f i l t e r e d  and t r a n s f e r r e d  t o  a 

100 m l  round bottom f l a s k .  The C H C l a  was removed under vacuum a t  3OoC and 

t h e  r e s u l t i n g  phosphol ip id f r a c t i o n  was then evaluated f o r  p u r i t y .  

Eva lua t ion  o f  P u r i t y  

Water was added t o  t h e  r e s u l t i n g  residue, 

Each i n d i v i d u a l  phosphol ip id was checked f o r  p u r i t y  using HPLC and F T I R .  

Each f r a c t i o n  was d isso lved i n  C H C l a  and i n j e c t e d  onto t h e  a n a l y t i c a l  HPLC. 

Figure 2 shows t h e  r e s u l t i n g  chromatogram obtained from t h e  p u r i f i e d  

phosphat idyl  i n o s i t o l  f r a c t i o n .  A d d i t i o n a l l y ,  each f r a c t i o n  was d isso lved i n  

C H C l s ,  mixed w i t h  spectrograde K B r  and placed i n  a con ica l  3 m l  m i n i - v i a l  t o  

g i v e  an approximate concent ra t ion  o f  2 - 5% o f  t h e  phosphol ip id i n  t h e  K8r. 

The so lvent  was removed by p lac ing  t h i s  mix tu re  i n  a vacuum oven a t  60DC f o r  1 

hour. 

These spectra were compared w i t h  spectra obtained from pure phosphol ip id 

standards. 

Resul ts and Discussion 

These samples were pressed i n t o  13 mn K B r  d iscs  f o r  i n f r a r e d  ana lys is .  

When compared t o  au thent ic  standards t h e  I R  spectra and HPLC analyses of 

t h e  phosphol ip ids c o l l e c t e d  from t h e  prepara t ive  LC i n d i c a t e d  t h a t  t h e  

f r a c t i o n s  were b a s i c a l l y  pure phosphol ip id conta in ing  very small amounts of 

i m p u r i t i e s .  

The load ing  s tud ies  c a r r i e d  o u t  on t h e  Radial Pak Prep S i l i c a  i n d i c a t e d  a 

c a l c u l a t e d  column load o f  180 mg was appropr ia te  for t h e  prepara t ive  column. 

The prepara t ive  da ta  supported these c a l c u l a t i o n s ;  when a column load of over  

200 mg was used, t h e  r e s o l u t i o n  (Rs) g r e a t l y  de ter io ra ted .  This experimental 

data was cont ra ry  t o  t h e  popular premise f o r  p repara t ive  chromatography where 

column loads o f  several  grams are  presumed t o  be possible.  

Studies of t h e  poss ib le  separat ion mechanism o f  t h e  phosphol ip ids 

i n d i c a t e d  t h a t  when t h e  appropr ia te  mobi le phase was used bu t  contained no 
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Column: 5 urn Rad ia l  Pak 

D e t e c t i o n :  205 nm 

Flow Rate: 1.0 ml/min 

Sampl e: Phospha t i  d y l  
i n o s i t o l  f r a c t i o n  
f rom Prep LC 

0 5 10 
Time 

( m i  nu t e s )  

F i g u r e  2. Chromatogram o f  Phospha t idy l  I n o s i t o l  f rom 
P r e p a r a t i v e  LC. 

H 3 P 0 4 ,  no p h o s p h o l i p i d  s e p a r a t i o n  was observed. A d d i t i o n a l l y ,  when o t h e r  

a c i d s  such as H A 0 4  were s u b s t i t u t e d  f o r  H 3 P 0 4  no s e p a r a t i o n  o f  t h e  

phospho l i p ids  was observed. Th is  would seem t o  i n d i c a t e  t h a t  t h e  p o s s i b l e  

mechanism o f  s e p a r a t i o n  m igh t  be a s o l v e n t  generated phosphate column r a t h e r  

than  a s tandard  s i l i c a  separa t i on .  T h i s  s o l v e n t  generated phosphate column 

would t h e r e f o r e  be i n d i c a t i v e  o f  t h e  l i m i t e d  l o a d i n g  observed on t h e  s i l i c a  

column. Other  researchers  ( b . 7 )  have used h y d r o x y l a p a t i t e  
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[ C ~ I O / ( O H ) ~ ( P ~ ~ ) S ] .  a phosphate column, f o r  t h e  separat ion o f  p o l a r  

l i p i d s .  They repor ted  t h a t  chromatography on s i l i c a  g e l  o r  DEAE-cellulose 

gave inadequate separat ion o f  these l i p i d s .  

The r e s u l t s  i n d i c a t e  t h a t  the  column and mobi le phase u t i l i z e d  i n  t h i s  

p r e p a r a t i v e  separa t ion  scheme s u c c e s s f u l l y  al lowed t h e  f r a c t i o n a t i o n  and 

i s o l a t i o n  o f  pure phosphat idyl  i n o s i t o l ,  phosphat idyl  c h o l i n e  and phosphat idyl  

ethanolamine; however t h e  l i m i t e d  load ing  a v a i l a b l e  on t h i s  column l i m i t s  i t s  

o v e r a l l  use f o r  p r e p a r a t i v e  purposes. 
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