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ABSTRACT 
The l - a l k y l - 2 - a c y 1 ,  1 -a lk -1  ' - e n y l - 2 - a c y l ,  a n d  I I 2 - d i a c y l - s n -  

g l y c e r o l  moiet ies  of c h o l i n e  a n d  e t h a n o l a m i n e  g l y c e r o p h o s p h c -  
l i - p i d s  were c o n v e r t e d  t o  t h e  d i n i t r o b e n z o y l  d e r i v a t i v e s .  T h e s e  
compounds were s e p a r a t e d  by  h i g h  p e r f o r m a n c e  l i q u i d  c h r c m a t o g -  
r d p h y  a n d  q u a n t i t a t e d  by t h e i r  a b s o r b a n c e  a t  235  nm. Peak areas 
were p r o p o r t i o n a l  t o  t h e  amount  i n j e c t e d .  S e p a r a t i o n s  were 
o p t i m a l  f o r  t h e  d e r i v a t i v e s  f r o m  5 t o  30 nrnol of the g l y c e r o p h o s -  
p h o l i p i d s .  The c o m p o s i t i o n s  of e t h a n o l a m i n e  g l y c e r o p h o s p h o -  
l i p i d s  from rat  b r a i n  a n d  of c h o l i . n e  a n d  e t h a n o l a m i . n e  g l y c e r o -  
p h o s p h o l i p i d s  from human p l a t e l e t s  a g r e e d  well w i t h  p r e v i c u s  
r e s u l t s  o b t a i n e d  w i t h  much l o n g e r  p r o c e d u r e s .  

2799 
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2800 FRANCESCANGELI ET AL. 

- INTRODUC'r I O N  

The e t h e r - l i n k e d  g l y c e r o p h o s p h o l i p i d s  with a l k y l  or 
a l k - 1 - e n y l  g r o u p s  i n s t e a d  of an a c y l  g r o u p  a t  t h e  sn-1 p o s i t i o n  

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

e i c o s a n o i d s  and p l a t e l e t  a c t i v a t i n g  factor ( 1 ,  2 ) .  S t u d i e s  of 

the i r  c o m p o s i t i o n  and metabol i sm r e q u i r e  methods f o r  t h e  

s e p a r a t i o n  of t h e  t h r e e  t y p e s  of i n t a c t  g l y c e r o p h o s p h o l i p i d s  or 
of t h e  d i r a d y l g l y c e r o l s  ( r a d y l  can be a c y l ,  a l k e n y l ,  o r  a l k y l )  

d e r i v e d  from them. Methods for  the s e p a r a t i o n  of t h e  i n t a c t  

g l y c e r o p h o s p h o l i p i d s  are n o t  a v a i l a b l e .  However, t h e  

d i r a d y l g l y c e r o l s  o b t a i n e d  by h y d r o l y s i s  w i t h  p h o s p h o l i p a s e  C can  

be d e r i v a t i z e d  a n d  t h e n  s e p a r a t e d  by h i g h  per formance  l i q u i d  

chromatography ( 3 ) .  From 1-50 umol of t h e  a c e t y l  d e r i v a t i v e s  

were s e p a r a t e d  i n t o  classes on  a s i l i c a  column a n d  e a c h  class 
was t h e n  used  for  t h e  I s o l a t i o n  of m o l e c u l a r  s p e c i e s .  Because 

t h e  a c e t y l  d e r i v a t ! v e s  were d e t e c t e d  by t h e  a b s o r p t i o n  of t h e  

d o u b l e  bonds a t  205 nm, o n l y  u n s a t u r a t e d  m o l e c u l a r  s p e c i e s  were 

detected e a s i l y  and  q u a n t i t a t i o n  was by g a s - l i q u i d  

chromatography of t h e  f a t t y  acid methyl  ester d e r i v a t i v e s .  

b n z o a t e  d e r i v a t i v e s  of d i r a d y l g l y c e r o l s  were used  for t h e  

s e p a r a t i o n  o f  m o l e c u l a r  s p e c i e s  by Blank e t  a l .  ( 4 ) .  These  

d e r i v a t i v e s ,  i n c l u d i n g  those of s a t u r a t e d  compounds, are  
q u a n t i t a t e d  by a b s o r b a n c e  a t  230 nm. D i n i t r o b e n z o a t e  

d e r i v a t i v e s  are g e n e r a l l y  more u s e f u l  t h a n  b e n z o a t e  d e r i v a t i v e s  

because t h e  b y p r o d u c t s  are easier t o  remove.  

was i n  p r o g r e s s ,  K i t 0  e t  a l .  ( 5 )  r e p o r t e d  t h e  p r e p a r a t i o n  and  
s e p a r a t i o n  of d i n i t r o b e n z o y l  d e r i v a t i v e s  of d i a c y l g l y c e r o l s .  

Whi le  t h i s  s t u d y  

MATERIALS AND METHODS ---.--- ---_- 
R a t f i s h  l i v e r  o i l  was o b t a i n e d  from Western  Chemical  

I n d u s t r i e s ,  Vancouver ,  Washington.  Soybean l e c t t h i n  was from 

Sigma, St .  Louis, MO. 3 , 5 - D i n i t r o b e n z o y l  c h l o r i d e  and  

d i m e t h y l a m i n o p y r i d i n e  were from F l u k a ,  Buchs, S w i t z e r l a n d ,  
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DIGLYCERIDES FROM GLYCEROPHOSPHOLIPIDS 2801 

p a n c r e a t i c  l i p a s e  was from N u t r i t i o n a l  B i o c h e m i c a l s ,  C l e v e l a n d ,  

O H ,  and p h o s p h o l i p a s e  C ,  B a c i l l u s  c e r e u s ,  was from B o e h r i n g e r ,  

Mannheim, F.R.G. O r g a n i c  s o l v e n t s  from Carlo Erba, Mi lan ,  I t a l y  

were d i s t i l l e d  w i t h  g lass  a p p a r a t u s .  Commercial grade p y r i d i n e  

was d r i e d  by d i s t i l l a t i o n  from KOH, r e f l u x e d  o v e r  

p - t o l u e n e s u l  f o n y l  c h l o r i d e  , t h e n  r e d i s t i l l e d  . 
Sample of d i r a d y l g l y c e r o l s  were t a k e n  t o  d r y n e s s  i n  

g l a s s - s t o p p e r e d  t u b e s ,  t h e n  d i s s o l v e d  i n  1 m l  of d r y  p y r i d i n e  

c o n t a i n i n g  8 vmol 4-d imethylaminopyr id ine  and 43 pmol 

d i n i  t r o b e n z o y l  c h l o r i d e .  The mixture was h e a t e d  under  n i t r o g e n  

a t  60°C f o r  2 h .  One d r o p  o f  water was t h e n  added ,  t h e  m i x t u r e  

was a g a i n  h e a t e d  f o r  5 min t h e n  t h e  s o l v e n t  was removed w i t h  a 
r o t a r y  vacuum e v a p o r a t o r .  The r e s i d u e  was d i s s o l v e d  i n  2 ml of 
chloroform which  was washed f i v e  times with 2 m l  of 0.1% NaHC03. 

After removal  of  t h e  s o l v e n t ,  t h e  r e s i d u e  was d i s s o l v e d  i n  a 

c o n v e n i e n t  volume of hexane  (HPLC grade).  T h i s  p r o c e d u r e  is 
similar t o  t h a t  of B a t l e y  e t  a l .  ( 6 )  for p - n i t r o b e n m a t e s  of 
d i a c y l g l y c e r o l s  . 

A Perkin-Elmer Model 3 B  HPLC sys tem equipped  w i t h  a Rheodyne 

7125 j n j e c t o r ,  50 ul, and a 4.5 x 250 mm S p h e r i s o r b  t y p e  S5W 

column w i t h  a 4.5 x 50 mm Viosil S i 6 0  g u a r d  column was used  f o r  

s e p a r a t i o n s .  Peaks  were detected a t  235 nm w i t h  a Perk in-Elmer  

LC85 v a r i a b l e  w a v e l e n g t h  detector  equipped  w i t h  A u t o c o n t r o l  and 
t h e  areas were i n t e g r a t e d  by a Perkin-Elmer Sigma 10 s y s t e m .  The 

f r a c t i o n  collector was a 2211 S u p e r r a k  (LKB).  Isocratic e l u t i o n  

was w i t h  c y c l o h e x a n e  and h e x a n e ,  3:l  v / v ,  c o n t a i n i n g  5% methyl  

t - b u t y l  e t h e r  and 0.1% 2-propanol  a t  a flow r a t e  of 1 ml lmin .  

The a l k y l a c y l g l y c e r o l  s t a n d a r d  was p r e p a r e d  from r a t f i s h  

l i v e r  o i l ,  a material p r e d o m i n a t e l y  composed of 
a l k y l d i a c y l g l y c e r o l s .  A m i x t u r e  of 0.6 m l  of the o i l ,  10.7 m l  1M 

T r i s - H C 1 ,  pH 8.0, 0.5 m l  45% C a C l , ,  0.2 ml 1 %  sodium 

d e o x y c h o l a t e ,  and 80 mg p a n c r e a t i c  l i p a s e  was st irred f o r  45 min 

a t  4OoC. After e x t r a c t i o n  and washing ,  the  a l k y l a c y l g l y c e r o l s  
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2802 FRANCESCANGELI ET AL. 

were p u r i f i e d  on a s i l i c ic  acid column e l u t e d  w i t h  a g r a d i e n t  of 

benzene  and c h l o r o f o r m .  

Ethanolamine  g l y c e r o p h o s p h o l i p i d s  were isolated from 10 a d u l t  
r a t  b r a i n s .  After e x t r a c t i o n ,  a p h o s p h o l i p i d  f r a c t i o n  was 

o b t a i n e d  from a s l l i c j c  a c i d  column. An a l u m j n a  column was t h e n  

used  t o  s e p a r a t e  t h e  e t h a n o l a m j n e  g l y c e r c p h o s p h o l i p i d s .  The 

c o m p o s i t i o n  of t h i s  f r a c t i o n  was d e t e r m j n e d  by t h e  

two-djmens iona l  TLC and h y d r o l y s i s  method of Hcrrocks and Sun 

( 7 ) .  The r e m a i n d e r  of t h i s  f r a c t i o n  was used  fo r  t h e  p r e p a r a t i o n  

of d i r a d y l g l y c e r o l s  a c c o r d i n g  t o  Blank e t  a l .  ( 8 ) .  A p o r t i o n  was 

d i s s o l v e d  i n  2 m l  af d i e t h y l  e t h e r  and  rnjxed w i t h  0.7 m l  o f  50 mM 

p h o s p h a t e  b u f f e r ,  pH 7.1. A f t e r  a d d i t i o n  of 2 mg p h o s p h o l i p a s e  

C, t h e  m i x t u r e  was s t i r red f o r  3 h .  The ether p h a s e  and  2 washes 

w i t h  d i e t h y l  e t h e r  were combined and  t a k e n  Lo d r y n e s s .  These 

d i  r a d y l g l y c e r o l s  were d e r i v a t i z e d  a s  d e s c r i b e d  above .  

Human p l a t e l e t s  were p r e p a r e d  by t h e  method of Mustard  e t  a l .  

C h o l i n e  and e t h a n o l a m i n e  g l y c e r o p h o s p h o l i p i d s  were o b t a i n e d  ( 9 ) .  

by HPLC of t h e  l i p i d  e x t r a c t  by t h e  method of Dugan et  a l .  ( l o ) ,  

t h e n  h y d r o l y z e d  w i t h  p h c s p h o l i p a s e  C and d e r i v a t i z e d  as described 

above .  

RESULTS -- 
The c o m p l e t e n e s s  of t h e  r e a c t i o n  was t e s t e d  w i t h  t h e  

d i a c y l g l y c e r o l s  from soybean l e c i t h i n .  

nmol t o  3.66 urnol, no u n d e r i v a t i z e d  d i a c y l g l y c e r o l s  were v i s i b l e  

difter TLC s e p a r a t i o n  on s i l i c a  g e l  w i t h  p e t r o l e u m  e t h e r ,  d i e t h y l  
e the r ,  and  ace t ic  a c i d ,  80:20:1 by v o l .  On HPLC,  the  area of t h e  

d l  n i  t r o b e n z ~ y l d i n c y l g l y c e r o l  peak a t  21 .O min was p r o p o r t i o n a l  t o  

t h e  amount of s t a r t i n g  d i a c y l g l c y e r o l s  f rom 3.6 t o  36 nmol w i t h  a 

c o r r e l a t i c n  c o e f f i c i e n t  of  0.993. The s t a n d a r d s  of d e r i v a t i z e d  

a l k y l a c y l g l y c e r o l s  and  a l k e n y l a c y l g l y c e r o l s  were e l u t e d  a t  9 .1  

and 10.0 min r e s p e c t i v e l y .  C h o l e s t e r o l  does n o t  i n t e r f e r e  

With q u a n t i t i e s  from 1.83 
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DIGLYCERIDES FROM GLYCEROPHOSPHOLIPIDS 2803 

b e c a u s e  its d e r i v a t i v e  e l u t e d  a t  4.2 min. The r e l a t i v e  r e t e n t i o n  

times of t h e  d e r i v a t i z e d  d i r a d y l g l y c e r o l s  v a r i e d  somewhat 

a c c o r d i n g  t o  t he i r  source ( T a b l e  1 ) .  

Two s e p a r a t e  e x p e r i m e n t s  were done w i t h  e t h a n o l a m i n e  

g l y c e r o p h o s p h o l i p i d s  from r a t  b r a i n .  The amounts used  were 0 .75 ,  

1.5, 3 .0 ,  9 .0 ,  and  12.0 nmol f o r  t h e  f i r s t  e x p e r i m e n t  and 0.8,  

1 .6 ,  3 .2 ,  4.8, 6 . 4 ,  8.0,  1 2 . 8 ,  and 16 .0  nmol f o r  t h e  s e c o n d .  

From 1 t o  4 HPLC s e p a r a t i o n s  were made o f  t h e  d i n i t r o b e n z o y l -  

d i r a d y l g l y c e r o l s  f rom e a c h  sample  ( F i g .  1 ) .  The c o r r e l a t i o n  

c o e f f i c i e n t s  f o r  peak areas  were 0.997 f o r  t h e  a l k e n y l a c y l -  

g l y c e r o l s ,  0.996 f o r  t h e  a l k y l a c y l g l y c e r o l s ,  and 0.998 for  t h e  

d i a c y l g l y c e r o l s .  The c o m p o s i t i o n  o b t a i n e d  by t h i s  method a g r e e d  

well w i t h  t h a t  o b t a i n e d  by TLC and phosphorus  a s s a y  and  

w i t h  l i t e r a t u r e  v a l u e s  ( T a b l e  2 ) .  The r e s u l t s  from one a s s a y  of 
t h e  c o m p o s i t i o n  of the c h o l i n e  and  e t h a n o l a m i n e  

g l y c e r o p h o s p h o l i p i d s  f rom human p l a t e l e t s  are also r e p o r t e d  i n  

T a b l e  2. 

DISCUSSION 

A r e l a t i v e l y  r a p i d  and  q u a n t i t a t i v e  p r o c e d u r e  h a s  been 

d e s c r i b e d  for  t h e  a n a l y s i s  of t y p e s  of g l y c e r o p h o s p h o l i p i d  

classes.  The p r e v i o u s  method w i t h  HPLC s e p a r a t i o n  of a c e t y l a t e d  

d i r a d y l g l y c e r o l s  r e q u i r e s  q u a n t i t a t i o n  by a s s a y  of  a c y l  g r o u p s  by 

g a s - l i q u i d  Chromatography ( 3 ) .  Other  methods w i t h  d e r i v a t i v e s  of  

d i r a d y l g l y c e r o l s  u t i l i z e  s e p a r a t i o n  by t h i n - l a y e r  chromatography 

f o l l o w e d  by s c r a p i n g  o f  t h e  s p o t s ,  e l u t ! o n ,  and  measurement by 

s p e c t r o p h o t o m e t r y  (4 ,14 ,15 ) .  Previous a n a l y s e s  of g lycerophospho-  

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

of a l k e n y l  g r o u p s  by a c i d  and h y d r o l y s i s  of a c y l  g r o u p s  by a l k a l i  

(7,11,12).  If e i t h e r  h y d r o l y s i s  i s  i n c o m p l e t e ,  t h e  v a l u e s  for 

t h e  a l k y l a c y l  or a l k e n y l a c y l  t y p e s  may be h i g h .  M u e l l e r  e t  a l .  

( 1 3 )  t r e a t e d  t h e  g l y c e r o p h o s p h o l i p i d  w i t h  H C l  f o r  5 m i n  i n  o r d e r  
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2804 FRANCESCANGELI ET AL. 

TABLE 1 . 
Reten t ion  Times of D e r i v a t i z e d  D i r a d y l g l y c e r o l s  

R e l a t i v e  t o  Alkeny lacy lg lyce ro l s .  

Source  A 1  k y l a c y l  Diacyl 

S t anda rds  0.91 2.09 

P l a t e l e t  ChoCpl 0.95 2.28 

P l a t e l e t  EtnCpl 0.88 2.20  

Rat b r a i n  EtnCpl 0.90 2.07 

Abbrev ia t ions :  Cho, c h o l i n e ;  E tn ,  e thanolamine;  Gpl, 

g lyce rophospho l ip ids .  

TABLE 2 
Composition of C lyce rophospho l ip ids  
from Rat Brain and Human P l a t e l e t s .  

Source Alky lacy l  Alkenylacyl  Diacyl  

p e r c e n t  

Rat b r a i n  EtnCpl,  HPLC 4.5 46.6 48.9 

Rat brain EtnCpl,  TLC 8 .7  44.0 47.0 

Rat b r a i n  EtnGpl, ( 1  1 )  7.9 50.0 42.1 

Rat b r a i n  EtnGpl,  (12)  4.2 53.0 42.8 

P l a t e l e t  ChoCpl, HPLC 5.5 6.6 87.9 

P l a t e l e t  ChoCpl , ( 1  3 )  9.7 8.8 81 .8 
Platelet  ChoGpl , ( 1  4) 4.5 1.4 94.1 

P l a t e l e t  EtnCpl,  HPLC 0.1 43.5 56.4 

Platelet  EtnGpl , (1 3)  3.5 60.4 36.1 

P l a t e l e t  EtnCpl,  ( 1  4 )  1 .7  45.3 53 .0  

Abbrevia t ions  a s  i n  Table 1 .  
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FIGURE 1. S e p a r a t i o n  of d i n f  t r o b e n z o y l  d e r i v a t l v e s  of 

a l k y l a c y l g l y c e r e l s  ( A A G )  , a l k e n y l a c y l g l y c e r o l s  (PAG)  , a n d  

d i a c y l g l y c e r o l s  ( D A C )  p r e p a r e d  from EtnCpl  frorn ra t  b r a i n .  
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t o  c l e a v e  t he  a l k e n y l  g r o u p s  from the p l a s m a l o g e n s .  With t l m e s  

g r e a t e r  t h a n  1 min some h y d r o l y s i s  of a c y l  g r o u p s  is p o s s i b l e .  

T h i s  c o u l d  e x p l a i n  t h e  h i g h e r  v a l u e s  t h e y  r e p o r t e d  f o r  t h e  

p l a s m a l o g e n s .  After p h o s p h o l i p a s e  C h y d r o l y s i s ,  t h e y  s e p a r a t e d  

t h e  d i a c y l g l y c e r o l s  from t h e  a l k y l a c y l g l y c e r o l s  by p r e p a r a t i v e  

t h i n - l a y e r  chromatography.  Nakagawa and Horrocks ( 3 )  found t h a t  

a similar p r e p a r a t i o n  of a l k y l a c y l g l y c e r o l s  c o n t a i n e d  some 
di  a c y l g l y c e r o l s  when a n a l y z e d  by TlPLC a l t h o u g h  t h e  s e p a r a t i o n  by 

t h i n - l a y e r  chromatography 2ppeared  comple te .  N a t a r a j a n  e t  a1 . 
( 1 4 )  r e d u c e d  t h e  g l y c e r o p h o s p h o l i p i d s  w i th  L i A l H ,  and a s s a y e d  t h e  

p r o d u c t s  by g a s - l i q u i d  chromatography of s u i t a b l e  d e r i v a t i  v e s  . 
They r e p o r t e d  1.8% of t h e  t o t a l  p h o s p h o l i p i d s  as l y s o c h o l i n e  

g l y c e r o p h o s p h o l i p i d s .  These  p r o b a b l y  arose from i n a d v e r t e n t  

h y d r o l y s i s  of c h o l i n e  p l a s m a l s g e n s .  I f  t h e y  are  i n c l u d e d  i n  t h e  

c h o l i n e  g l y c e r o p h o s p h o l i p i d  c o m p o s i t i o n ,  the  p e r c e n t a g e  of 

c h o l j n e  p l a s m a l o g e n s  Is 5.6, a v a l u e  i n  good agreement  w i t h  o u r  

v a l u e  of 6.6%. 

Known s t a n d a r d s  a re  n e c e s s a r y  f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  

p e a k s  f o r  d i r a d y l g l y c e r o l  d e r i v a t i v e s  from HPLC s e p a r a t i o n s .  

With t h e  acetates, t h e  order of e l u t i o n  was a l k e n y l a c y l g l y c e r o l s ,  

t h e n  a l k y l a c y l g l y c e r o l s .  T h i s  o r d e r  was r e v e r s e d  w i t h  t h e  

d r n l t r o b e n z o a t e s .  The p r e s e n c e  of a c y c l i c  h y d r o c a r b o n  i n  t h e  

e l u t i n g  s o l v e n t  is n e c e s s a r y  for r e s o l u t i o n  of t h e  d i r a d y l  

d e r i v a t i v e s .  Cyclohexane was used i n  t h i s  s t u d y  whereas  

c y c l o p e n t a n e  was used  wi th  t h e  acetates  ( 3 ) .  A d i f f e r e n t  b r a n d  

of s i l i ca  column was a l so  u s e d  i n  the p r e s e n t  s t u d y .  The l a t t e r  

is t h e  most l i k e l y  c a u s e  of t h e  r e v e r s a l  of e l u t i o n  order .  

'The p r e s e n t  p r o c e d u r e  for  t h e  q u a n t i t a t i v e  s e p a r a t i o n  o f  t h e  

d i r a d y l g l y c e r o l  d e r i v a t i v e s  s h o u l d  be u s e f u l  for  the  d e t e r m i n -  

a t i o n  of s p e c i f i c  r a d i o a c t i v i t i e s  for  metabolic s t u d i e s .  The 

separated d i r a d y l g L y c e r o l s  can  also be used  f o r  t h e  s e p a r a t i o n  of 

m o l e c u l a r  species by r e v e r s e - p h a s e  HPLC. 
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