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-___ ABSTRACT 

The HPLC separa t i on  o f  phospho l i p id  m ix tu res  was i n v e s t i g a t e d  on s i l i c a ,  amino, 

and d i o l  columns, us ing  mob i le  phases c o n s i s t i n g  o f  a c e t o n i t r i l e .  methanol, and 

phosphor ic o r  t r i f l u o r o a c e t i c  ac ids  i n  v a r y i n g  p ropor t i ons .  

mechanism o f  these separa t ions  i s  g i ven  w i t h  regard  t o  t h e  i n d i v i d u a l  column types .  

An exp lana t ion  o f  t h e  

INTRODUCTION 

The p r e p a r a t i v e  HPLC i s o l a t i o n  o f  t h e  phosphat ides o f  i n o s i t o l ,  se r ine .  

ethanolamine. and c h o l i n e  (F igu re  l ) ,  (abb rev ia ted  h e r e i n  as P I ,  PS, PE,  and PC,  

r e s p e c t i v e l y ) ,  was r e c e n t l y  repo r ted  f rom soy l e c i t h i n  (1) us ing  a mob i l e  phase 

c o n s i s t i n g  o f  a c e t o n i t r i l e ,  methanol, and phosphor ic a c i d  on a s i l i c a  column. The 

low column l o a d i n g  l i m i t s  exper ienced i n  t h a t  work (10  t o  20 pe rcen t  o f  t h a t  
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Figure 1 

Structures o f  Phospholipid Species 

normally expected for H P L C )  suggested that the column's activity may possibly be 

due t o  a solvent-generated phosphate coating on the silica surface. 

In continuing our studies of the mechanism o f  the preparative system, w e  

investigated the analytical system originally used for this work in addition to two 

other column types, amino and diol, using variations o f  the same mobile phase and 

standards. These studies gave additional practical and mechanistic information. 

Subsequent substitution of trifluoroacetic acid for phosphoric acid in the 

respective mobile phases was carried out t o  test several hypotheses. 
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3175 HPLC PHOSPHOLIPID SEPARATION MECHANISMS 

E X P E R I M E N l  AL 

-____ Inst rumentat ion 

A l l  experimental work was done us ing a Model bOOOA Solvent De l i ve ry  System 

(Waters), a Model 7125 Loop I n j e c t i o n  Valve (Rheodyne), a Spectrophotometer Flow 

C e l l  (A l tex )  i n s t a l l e d  i n  an Model 100-40 U l t r a v i o l e t - V i s i b l e  Spectrophotometer 

(H i tach i )  @ 205 nm. a Model 3390A I n t e g r a t o r  (Hewlett-Packard), and an RCM 100 

Radial Compression Module (Waters). The columns used are described i n  l a b l e s  11 

and 111. 

The mobile phases used consis ted of  var ious combinations o f  HPLC grade 

a c e t o n i t r i l e  and methanol, and reagent grade phosphoric ac id  (85  percent) and 

t r i f l u o r o a c e t i c  ac id .  These combinations are described i n  Table 11. 

Standards 

A l l  standards were obtained from Sigma Chemical Company, and consisted o f  

-___ 

L-a-phosphat idyl inos i to l  (soybean), L-a-phosphatidylserine (bovine b ra in ) ,  

La-phosphatidylethanolamine (soybean), and L-a-phosphatidylchol ine (soybean). 

l h e  so lu t i ons  as received i n  methanol and/or chloroform were evaporated t o  dryness 

under an argon stream w i t h  very s l i g h t  warming t o  prevent water condensation, 

weighed by d i f f e rence ,  and made up t o  a concentrat ion o f  0.1 mg/ml i n  

ch loroform (F i she r ) .  

mix tures o r  s ing le  components. 

Spectrograde 

The so lu t i ons  were i n j e c t e d  and chromatographed as equivolume 

Samples 

C o n e r c i a l  soy l e c i t h i n  was obtained from Sta ley (Sta-Sol ) .  prepared and 

i n j e c t e d  s i m i l a r l y  t o  the  standards. A l l  phospholipid and l e c i t h i n  so lu t i ons  were 

s tored a t  4°C throughout the work. 

component o f  soy l e c i t h i n  i t  was inc luded w i t h  the  standards, s ince i t  7 s  a 

d i f f e r e n t  phosphol ip id  w i t h  a d i f f e r e n t  s t ruc tu re  and would prov ide usefu l  

i n fo rma t ion  on the mechanism. 

Even though phosphatidylserine i s  no t  a major 

A l l  standards and samples were al lowed t o  e q u i l i b r a t e  t o  room temperature p r i o r  

t o  i n j e c t i o n .  

phcspholipids t o  o x i d a t i v e  degradation, and i t  was suggested t h a t  a valve f i t t i n g  

Continued opening and c los ing  o f  t he  conta iners subjects  the  
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l a b l e  I ’  

Composition o f  a Typica l  Natura l  L e c i t h i n  

- Phospholipid Class Percent 

Phosphatidylchol ine 

Phosphat i d y l  ethanol ami ne 

Phospha t idy l i nos i to l  

29.5  

2 9 . 5  

31 .6  

Miscellaneous phosphatides 6.3 

( Inc lud ing  Phosphatidylserine) 

be used on such conta iners ra the r  than a simple screw cap t o  prevent repeated 

oxygen renewal o f  the head space. 

-________ RESULTS AND DISCUSSIDN __ 

- Column behaviors 

As expected, t he  behaviors o f  the phospholiplds i n  the standard m ix tu re  var ied 

w i t h  the column type. 

gave the  same pa t te rns  as the standard mixture.  

Dupl icate runs using a commercially ava i l ab le  soy l e c i t h i n  

When 85 percent phosphoric ac id  was used as the a c i d i c  component o f  t he  mobile 

phase, t h e  phosphol t p i d s  (phosphatidyl i n o s i  to1 , phosphat i dy l se r ine ,  

phosphat idylethanolamine .  and phosphat idy lchol ine) ,  were e lu ted  from both s i l i c a  

columns (VPoras i l  and 

the  r a d i a l  compression ca r t r i dge )  i n  the same order: P I ,  PS, PE. and PC. The 

r e t e n t i o n  times were found t o  be dependent on both ac id  and methanol 

concentrat ions. However, on l y  i f  methanol was e l iminated from the mobile phase 

could P I  be detected us ing the r a d i a l  compression ca r t r i dge .  I t  i s  suspected t h a t  

PI i s  c a r r i e d  w i t h  t h e  f r o n t  a t  h igh  f l ow  ra tes  when methanol i s  present because o f  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



lA
8

It
 1

1 

% 

M
o

b
il

e
 P

ha
se

 C
om

p.
, 

% 
s
 

P
=P

ho
sp

ho
ric

 
A

ci
d

 
v
1
 

C
ol

um
n 

Ty
pe

 a
nd

 
TF

A 
= 

lr
if

lu
o

ro
a

c
e

ti
c

 a
c

id
 

F
lo

w
 R

at
e 

R
e

te
n

ti
o

n
 T

im
e 

in
 M

in
ut

es
 

.c
I 

0 
2 

4 
6 

8 
10

 
12

 
14

 
16

 
1

8
 

20
 

3
 

3.
9 

x 
30

0 
m

n 
J 

W
at

er
s,

 
S

il
ic

a
, 

R
a

d
ia

l 
99

.8
 

0 
0.

2 
P 

4.
0 

P
I 

PS
 

P€
 

PC
 

C
om

pr
es

si
on

 C
a

rt
ri

d
g

e
, 

1
0

 y
m

 

r
 

S
um

m
ar

y-
of

 E
xp

er
im

en
ta

l 
D

at
a 

0
 

LE
I g 

S
p

e
ci

fi
ca

ti
o

n
s 

CH
3C

n 
CH

sO
H 

A
ci

d
 

m
l/

m
in

ut
e 

M
o

n
it

o
re

d
 a

t 
20

5 
nm

 

u v1
 

W
at

er
s,

 
u

-P
o

ro
si

l,
 

10
 

97
.6

 
1.

3 
1.

1 
P 

2.
0 

P
I 

PS
 

PE
 

PC
 

m
 

7a
 

W
at

er
s,

 
S

il
ic

a
, 

R
a

d
ia

l 
98

.0
 

0 
2.

0 
P 

4.
0 

P
I 

PS
 

PE
 

PC
 

C
om

pr
es

si
on

 C
a

rt
ri

d
g

e
 

10
 u

rn 

C
om

pr
es

si
on

 C
a

rt
ri

d
g

e
 

10
 y

m
 

W
at

er
s,

 
S

il
ic

a
, 

R
a

d
ia

l 
39

.9
 

59
.5

 
0.

2 
?F

A 
4.

0 
P

I 
PS

 
P

€ 
PC

 

A
ll

te
ch

/A
p

p
li

e
d

 
S

ci
en

ce
 

78
.4

 
19

.6
 

2
.0

 
P 

1
.0

 
P

I 
E

co
n

o
si

l 
N

H
a,

 
1

0
 u

m
 

25
0 

nw
n 

x 
4.

6 
m

n 

A
ll

te
ch

/A
p

p
li

e
d

 
S

ci
en

ce
 

77
 .l

 
19

.4
 

2.
9 

P 
1

.0
 

P
I 

E
co

n
o

si
l 

NH
a.

 
1

0
 u

m
 

25
0 

mm
 x

 
4.

6 
mn

 

PS
 

PE
 

PC
 

A
ll

te
ch

/A
p

p
li

e
d

 
S

ci
en

ce
 

76
.9

 
19

.2
 

3.
9 

P 
1.

0 
P

I 
PS

 
PE

 
PC

 
E

co
n

o
si

l 
N

H
z,

 
10

 y
m

 
25

0 
m

n 
x 

4.
6 

mn
 

E 
M 

H
ib

a
r,

 
L

ic
h

ro
so

rb
 

91
 .8

 
8

.0
 

0.
2 

P 
2.

0 
PC

 
P

I 
PE

 
PS

 
O

io
l,

 
1

0
 y

m
 

25
0 

m
 x

 
4.

0 
m

 

E 
M 

H
ib

a
r,

 
L

ic
h

ro
so

rb
 

91
 .8

 
8.

0 
0.

2 
1F

A
 

2.
0 

PC
 

PS
 

P
I 

O
io

l,
 

1
0

 p
m 

25
0 

m
n 

x 
4.

0 
mn

 

PS
 

P€
 

PC
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3178 SHEELEY ET AL. 

1AELL I I I '  

Structures o f  Act ive S i tes  on Various Column Types 

Column TYDe 

S i l i c a  

Amlno 

D i o l  

Act ive S i t e  

S i -  OH 

S i  - C H z -  CHZ- CHZ - N H I  

S i  - ( C H z ) s  -0- CHI - CH - CHZ 
I t  

OH OH 

the i n o s i t o l  moiety. 

components. 

The absence o f  ac id  precluded any separation o f  phosphol ip id  

S u b s t i t u t i o n  o f  t r i f l u o r o a c e t i c  ac id  (1FA) increased the  re ten t i on  times t o  

imprac t i ca l  values on the p-Poros i1 column, and although w i t h  the r a d i a l  

compression c a r t r i d g e  e l u t i o n  occurred i n  the same order, t he  methanol content  o f  

t he  mobile phase had t o  be increased d r a s t i c a l l y  t o  a l l ow  e f f i c i e n t  separat ion and 

r e t e n t i o n  t imes. Again. PI appeared as a shoulder on t h e  ch loroform f r o n t ,  due t o  

the  l a rge  p ropor t i on  of methanol. 

These data suggest t h a t  the separation o f  phosphatides on s i l i c a  i s  no t  

dependent on the presence o f  phosphate i n  the mobile phase, and consequently i s  n o t  

necessar i ly  due t o  the  format ion of a solvent-generated phosphate l a y e r  on the  

s i l i c a  p a r t i c l e s  o f  t h e  s ta t i ona ry  phase as prev ious ly  suggested (1). Rather, i t  

appears t h a t  the mechanism i s  one o f  i n i t i a l  adsorpt ion o f  t he  phosphatides on the  

s i l i c a ,  w i t h  subsequent displacement by the  ac id  concomi tan t  t o  t h e i r  e l u t i o n  from 

the  column. 

i nd i ca ted  by the  lowered r e t e n t i o n  t imes w i t h  increased phosphoric ac id  

concentrat ion (Table 11). 

Phosphoric ac id  appears t o  be the more e f f i c i e n t  d i sp lac ing  acid, as 

The amine column acted s i m i l a r l y  upon the PL mix ture.  The e l u t i o n  sequence was 

the  same, except f o r  t he  i n v a r i a b l e  p e r s i s t e n t  e a r l y  e l u t i o n  o f  P I  w i t h  the 

ch loroform f r o n t ,  probably due t o  the necessar i ly  h igh  concentrat ion of  methanol 
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needed i n  the  mobile phase t o  move t h e  o the r  components s i g n i f i c a n t l y .  

s i l i c a  columns, increased phosphoric ac id  concentrat ion i n  the mobile phase 

decreases the r e t e n t i o n  t imes. 

e l u t i o n ,  bu t  w i t h  no e f f e c t i v e  separation of  t he  i n j e c t e d  mixture.  

i s  s t i l l  under i nves t i ga t i on .  

As i n  t h e  

Replacement o f  t he  phosphoric ac id  w i t h  TFA al lowed 

This phenomenon 

Wi th the d i o l  column an i n t e r e s t i n g  v a r i a t i o n  i n  t h e  e l u t i o n  sequence was 

observed (Table 11). 

e l u t i o n  sequence became PC, P I .  PE. PS as opposed t o  the  P I ,  PS, PE. PC sequence 

seen w i t h  the s i l i c a  column. 

s t i l l  another e l u t i o n  sequence, wherein the  P I .  which usua l l y  has a very low 

r e t e n t i o n  t ime, t r a i l e d  a l l  the o the r  components. 

a f f i n i t y  o f  the hydroxy-r ich i n o s i t o l  moiety (F igure 1) o f  t he  P I  f o r  the d i o l  

system o f  t he  column (Table 111). 

When phosphoric ac id  was used i n  the  mobile phase, t he  

S u b s t i t u t i o n  o f  TFA f o r  the phosphoric a c i d  e f fec ted  

This  may be explained by t h e  

Proposed mechanism o f  separat ion 

The mechanism under ly ing the behavior of t he  phosphol ip ids on the  s i l i c a  

columns can be postu la ted as fo l lows:  

standard phospholipids l i e  i n  the  head groups (F igure 1) .  one would expect them t o  

be a t t r a c t e d  t o  the  a c t i v e  s i t e s  o f  t he  columns i n  d i r e c t  r e l a t i o n  t o  the  charge 

i n t e n s i t y  o f  those groups. 

o f  PC would be expected t o  r e t a i n  i t s  i n t e n s i t y  i n  the  a c i d i c  environment o f  t h e  

mobi le  phases, and consequently be a t t r a c t e d  t o  the  s i l i c a  s i t e s  ra the r  s t rong ly .  

Considering the f a c t  t h a t  it does n o t  depend on the mobile phase ac id  t o  generate 

t h i s  p o s i t i v e  s i t e ,  i t  would n o t  be as subject  t o  the ac id  concentrat ion,  as would 

the  o the r  th ree  components, and hence would tend t o  have r e t e n t i o n  t imes o f  h igh  

values, i n  t h i s  case the  h ighest  o f  t h e  f o u r  phospholipids used. 

Since the important d i f f e rences  among the  

The p o s i t i v e  charge on the  quaternary cho l i ne  n i t rogen  

The behavior o f  t he  phospholipids on the amine column can be explained i n  a 

s i m i l a r  manner. 

nonprotonated amino groups on the column, which would leave a reasonable percentage 

o f  them i n  the f r e e  amino form a t  any t ime, the  p o s i t i v e l y  charged phosphl ip ids 

would be re ta ined  by t h e  e lec t ron - r i ch  amino groups t o  a degree r e l a t i v e  t o  t h e i r  

charge i n t e n s i t i e s .  

same order  as w i t h  the  s i l i c a  column, which i s  exac t l y  what occurs. 

Assuming t h a t  there i s  an e q u i l i b r i u m  between protonated and 

The phosphl ip ids would then be expected t o  be e lu ted  i n  the  

Increased 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SHEELEY ET AL. 3180 

phosphoric a c i d  o r  methanol concentrat ion produced the same r e s u l t s  as were noted 

w i t h  the s i l i c a  columns (Table 111) .  

s ince i t  would be expected t o  have even less i n t e r e s t  i n  the  amino groups than i n  

the s i l i c a  surface. 

Again, P I  ran e s s e n t i a l l y  w i t h  the f r o n t ,  

The d i o l  column d i d  no t  present a p i c t u r e  as obvious as t h a t  o f  t he  s i l i c a  and 

With phosphoric ac id  i n  the  mobile phase, t he  order  o f  e l u t i o n  was amino columns. 

PC. P I ,  PE, and PS. very d i f f e r e n t  from the  o the r  columns. The most f e a s i b l e  

explanat ion of t h i s  behavior i s  t h a t  one would expect molecules such as P I  and PS,  

t h a t  possess a hydroxy group, t o  be h i g h l y  a t t r a c t e d  t o  the  1.2-d io l  system o f  such 

a column. 

t h e  e l u t i o n  order  i s  PC, PS. and P I .  I n  t h i s  work PC has no t  been able t o  be 

located w i t h  t h i s  d i o l  system, bu t  from the e l u t i o n  pa t te rns  o f  the mobile phase i n  

which phosphoric ac id  was used, i t  i s  suspected t h a t  i n  t h i s  case PC i s  moving w i t h  

the f r o n t .  The unusual e l u t i o n  pat terns w i t h  the d i o l  column have prompted f u r t h e r  

work o f  a nature no t  as p e r t i n e n t  t o  t h i s  research, which w i l l  be inc luded i n  a 

l a t e r  paper. 

This i s  more f u l l y  ev ident  w i t h  the TFA a c i d i f i e d  mobile phase, where 

On the o the r  hand, P I ,  having no basic n i t rogen  t o  be protonated by the  a c i d i c  

mobile phase, has on ly  the weakly protonated i n o s i t o l  moiety t o  a t t r a c t  i t  t o  the  

s i l i c a ,  hence i t  becomes more c l o s e l y  associated w i t h  the  methanol o f  the mobile 

phase and i s  e lu ted  e a r l y  - so q u i c k l y  i n  f a c t  t h a t  i t  o f t e n  appears as a shoulder 

on the ch loroform f r o n t .  

This leaves PE and PS. which are moderately a t t r a c t e d  t o  the column due t o  

t h e i r  protonated amino groups. 

9.50 vs. 9.21, respec t i ve l y  ( 5 ) ,  one would expect the PE t o  be more s t r o n g l y  

protonated, hence more p o s i t i v e l y  charged. than PS i n  t he  a c i d i c  mobile phase, and 

consequently he ld  more t i g h t l y  t o  t h e  column. PE then would be expected t o  have a 

h ighe r  r e t e n t i o n  t ime than PS on a s i l i c a  column, which indeed i t  does. 

Since ethanolamine has a h igher  pKa than se r ine  

Apparently. as the  mobile phase moves past  the phospholipids on the  column, an 

e q u i l i b r i u m  i s  se t  up between the  phosphoric ac id  and each PL, w i t h  the phosphoric 

being p r e f e r e n t i a l l y  adsorbed. 

i n  d i r e c t  r e l a t i o n  t o  the  d i f f e rences  i n  t h e i r  a f f i n i t i e s  f o r  the column, w i t h  the  

consequential order  o f  e l u t i o n ,  P I .  PS. PE, and PC, determined by the  i n t e n s i t y  o f  

t he  p o s i t i v e  charge on the  molecule. Methanol appears t o  a c t  as a simple solvent, 

Thus, each PL i s  g radua l l y  moved along the  column 
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decreasing r e t e n t i o n  t ime by increas ing the  p o l a r i t y  o f  t he  mobile phase, bu t  no t  

a l t e r i n g  the  order  o f  e l u t i o n  (Table 11). 

lhese s tud ies,  i n  a d d i t i o n  t o  o f f e r i n g  an explanat ion o f  the mechanism o f  t he  

separat ion o f  phospholipids by the  admi t ted l y  unorthodox system p rev ious l y  

reported, have o f fe red  two systems t h a t  may be usefu l  f o r  s e l e c t i v e  determinat ion 

o f  s p e c i f i c  phospholipids. 
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