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JOURNALOF LIQUID CHROMATOGRAPHY, 10(7), 1291-1298 (1987) 

ISOLATION OF CHOLESTERYL PALMITATE 
FROM HUMAN TERM AMNIOTIC FLUID 

Juan G. Alvarez, Jack Ludmir, Bayard T. Storey, 
and Joseph C. Touchstone 

Departments of Obstetrics and Gynecology and Physiology 
University of Pennsylvania 

Philadelphia, Pennsylvania I9104 

ABSTRACT 

The c h a r a c t e r i z a t i o n  of c h o l e s t e r y l  p a l m i t a t e  from human term amniot ic  

f l u i d  us ing  t h i n  l a y e r  chromatographic  methods, n u c l e a r  magnetic resonance  and 

mass spec t romet ry  is d e s c r i b e d .  

INTRODUCTION 

Current  methods f o r  t h e  assessment  of f e t a l  lung m a t u r i t y  involve  t h e  

d e t e c t i o n  by t h i n  l a y e r  chromatography (TLC) of t h e  phosphorous moiety of  

phosphol ip ids  p r e s e n t  i n  amnio t ic  f l u i d  a f t e r  a c e t o n e  e x t r a c t i o n  (1-2) .  T h i s  

methodology exc ludes  from t h e  a n a l y s i s  o t h e r  l i p i d s  t h a t  l ack  phosphorous b u t  

t h a t  may o t h e r w i s e  be  somewhat r e l a t e d  t o  t h e  s y n t h e s i s  of t h e  f e t a l  lung 

s u r f a c t a n t .  Ongoing work i n  t h i s  l a b o r a t o r y  has  been focused on t h e  a n a l y s i s  

of l i p i d s  i n  amnio t ic  f l u i d  by TLC u s i n g  copper  s u l f a t e / c o p p e r  a c e t a t e  a s  t h e  

d e t e c t i o n  reagent  and dens i tomet ry  f o r  q u a n t i t a t i o n .  This  methodology a l l o w s  

p r e c i s e  d e t e c t i o n  of p o l a r  and non-polar l i p i d s  i n  t h e  nanogram range.  

N e g l i g i b l e  manipula t ion  of t h e  sample i s  r e q u i r e d  s i n c e  e x t r a c t i o n  i s  
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1292 ALVAREZ ET AL. 

performed d i r e c t l y  on s o l i d  phase w i t h  t h e  sample a p p l i e d  on t h e  TLC p l a t e  

(4). 

w a s  observed t h a t  t h e  non-polar l i p i d s  r e p r e s e n t e d  a s u b s t a n t i a l  f r a c t i o n  of 

t h e  t o t a l  l i p i d  c o n t e n t .  I n  t h i s  s tudy  ev idence  i s  p r e s e n t e d  f o r  t h e  

i d e n t i f i c a t i o n  of t h e  major component of  t h e  n e u t r a l  l i p i d  f r a c t i o n  from human 

term amniot ic  f l u i d  as c h o l e s t e r y l  p a l m i t a t e ,  

During our i n v e s t i g a t i o n  of t h e  l i p i d s  p r e s e n t  i n  term amniot ic  f l u i d  i t  

MATERIALS AND METHODS 

The s y n t h e t i c  s t a n d a r d s  1,2-dipalmitoyl-5n-glycerol-3-phosphocholine 

(DPPC), 1,2-dipalmitoyl-Sn-glycerol-3-phosphoethanolamine (DPPE) 

1,Z-dipa lmitoyl-Sn-g lycerol-3-phosphog l y c e r o l  (DPPG) , sphingomyel i n  (SP) , 

p h o s p h a t i d y l i n o s i t o l  (PI) and p h o s p h a t i d y l s e r i n e  (PS) were o b t a i n e d  from 

Avant i  Biochemicals  (Birmingham, Alabama). C h o l e s t e r o l ,  c h o l e s t e r y l  o l e a t e ,  

c h o l e s t e r y l  p a l m i t a t e ,  c h o l e s t e r y l  l i n o l e a t e ,  c h o l e s t e r y l  l i n o l e n a t e ,  

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

purchased from Sigma Chemical Co ( S t .  L o u i s ,  M i s s o u r i ) .  

s t a n d a r d s  s o l u t i o n s  were prepared  a t  c o n c e n t r a t i o n s  between 0.5 and 2 mg/ml i n  

chloroform/methanol  ( 1  :1, v / v ) .  C h o l e s t e r o l ,  c h o l e s t e r o l  e s t e r s  and 

t r i g l y c e r i d e s  were prepared  a t  c o n c e n t r a t i o n s  between 0.1 and 0.5 mg/ml i n  

chloroform.  

mobile  phases .  S o l v e n t s  were EM Sc ience  Omnisolve. Precoa ted  s i l i c a  LK5 

p l a t e s  ( 2 5 0 p m  t h i c k )  w i t h  preadsorbent  zone of 500ym t h i c k n e s s  were o b t a i n e d  

from Whatman I n c .  ( C l i f t o n ,  New J e r s e y ) .  I n o r g a n i c  sa l t s  were from J .  T. 

Baker ( P h i l l i s b u r g ,  New J e r s e y )  and of t h e  h i g h e s t  p u r i t y  a v a i l a b l e .  

Phosphol ip id  

The p u r i t y  of t h e  s t a n d a r d s  was v e r i f i e d  by TLC w i t h  d i f f e r e n t  

Thin Layer Chromatography of Amniotic Fluid l ip ids  

Whatman LK5 s i l i c a  g e l  p l a t e s  (20 x 20 cm; 250 um t h i c k  w i t h  preadsorbent  

zone) were washed by cont inuous  development o v e r n i g h t  i n  chloroform-methanol 

( l : l ,  v / v ) .  

S c h o e f f e l  s c o r i n g  d e v i c e  t o  g i v e  1 cm l a n e s  p r i o r  t o  t h e  washing procedure .  

Development was c a r r i e d  out  i n  s tandard  s i z e  t a n k s .  

Those p l a t e s  used  f o r  scanning purposes  were scored  on a 
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CHOLESTERYL PALMITATE FROM HUMAN TERM AMNIOTIC FLUID 1293 

Samples of amnio t ic  f l u i d  20 and 4 0 ~ 1  a l i q u o t s  were a p p l i e d  d i r e c t l y  t o  

t h e  preadsorbent  zone of scored  p l a t e s .  S y n t h e t i c  o r  p u r i f i e d  l i p i d  s t a n d a r d s  

were a p p l i e d  i n  a d j a c e n t  l a n e s  f o r  l i p i d  l o c a l i z a t i o n .  I s o l a t i o n  of l i p i d s  

from t h e  TLC p l a t e  was c a r r i e d  out  by apply ing  125 pl  a l i q u o t s  of amnio t ic  

f l u i d  samples d i r e c t l y  on  t h e  preadsorbent  zone of unscored p l a t e s .  S y n t h e t i c  

o r  p u r i f i e d  s t a n d a r d s  were a p p l i e d  t o  t h e  two edges of t h e  p l a t e  f o r  l o c a t i o n  

of  t h e  unknown l i p i d s .  The p l a t e s  were d r i e d  under a s t ream of warm a i r  f o r  

10 min. A f t e r  dry ing  t h e  l a y e r s  were predeveloped t h r e e  times i n  

chloroform-methanol ( l : l , v / v )  t o  t h e  i n t e r f a c e  of t h e  preadsorbent  zone. 

Between each predevelopment. t h e  l a y e r s  were a i r  d r i e d  f o r  a t ime s u f f i c i e n t  

t o  a s s u r e  complete  evapora t ion  of t h e  s o l v e n t .  T h i s  procedure  e x t r a c t s  t h e  

phosphol ip id  from t h e  sample and d e p o s i t s  i t  a8  a line on t h e  s t a r t i n g  p o i n t  

of t h e  chromatogram. The mobile  phase  f o r  phosphol ip ids  was 

ch loroform/e thanol /  t r i e t h y l a m i n e / w a t e r  (30 :34:30 :8, v /v /v /v)  ( 6 ) .  For d e u t r a l  

l i p i d s  t h e  mobile  phase was hexanele ther  (96:2 ,v /v) .  Development proceeded 

u n t i l  t h e  mobile  phase reached 2 cm from t h e  top of t h e  p l a t e ;  t h i s  u s u a l l y  

r e q u i r e d  1.5 h r  f o r  t h e  former,  and 15 min. f o r  t h e  l a t te r .  A f t e r  development 

t h e  p l a t e s  were d r i e d  and,  when l i p i d  e x t r a c t i o n  was i n d i c a t e d ,  1- inch s t r i p s  

from both  edges of t h e  p l a t e s ,  where sample and s t a n d a r d s  had been a p p l i e d ,  

were c u t  and d r i e d  i n  an oven a t  170°C f o r  two min. t o  remove r e s i d u a l  

s o l v e n t .  Then h a l f  of t h e  s t r i p s  were sprayed wi th  a 10% s o l u t i o n  of copper  

s u l f a t e  i n  8% H3P04; t h e  o t h e r  h a l f  were sprayed w i t h  a 5% s o l u t i o n  of  copper  

a c e t a t e  i n  8% H3PO4. 

u n s a t u r a t e d  m o i e t i e s  r e s p e c t i v e l y  ( 4 ) .  The p l a t e s  were then  d r i e d  f o r  5 min 

a t  room tempera ture ,  h e a t e d  i n  an oven a t  llO°C f o r  5 min and f i n a l l y  p laced  

i n  an oven a t  17OOC f o r  t h e  chromatograms sprayed w i t h  CuSO4 and a t  1 8 O O C  f o r  

t h e  copper acetate sprayed chromatograms. 

development f o r  d e t e c t i o n .  

T h i s  a l l o w s  t h e  d e t e c t i o n  of bo th  s a t u r a t e d  and 

These procedures  gave opt imal  

The chromatograms were scanned i n  a Kontes  F i b e r  O p t i c  Scanner (Model 

800) using a 440 nm f i l t e r .  A Hewlett-Packard 3390A i n t e g r a t o r  provided 
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1294 ALVAREZ ET AL. 

i n t e g r a t i o n  of t h e  absorbance bands. The scanning  was c a r r i e d  o u t  i n  t h e  

t r a n s m i s s i o n  mode u s i n g  double  beam o p e r a t i o n .  

chromatograms were t o  be  o b t a i n e d ,  samples were a p p l i e d  on a l t e r n a t e  l a n e s  of 

scored  p l a t e s .  

curves .  

S p e c t r o s c o p i c  Analysis of b i o t i c  Plaid Beutral Lipid(s1 .  

For  t h i s  reason ,  when 

Amounts of phosphol ip ids  between 0 .5-5pg gave l i n e a r  s t a n d a r d  

Those of n e u t r a l  l i p i d s  were between 0.1 and l p g .  

The major component of t h e  " n e u t r a l  l i p i d  f r a c t i o n "  of  term amniot ic  

f l u i d  was i s o l a t e d  d i r e c t l y  from t h e  p l a t e s  by s c r a p i n g  o f f  t h e  zone (see Fig  

1) l o c a t e d  by copper  s u l f a t e  and copper a c e t a t e  s t a i n i n g .  L i p i d  r e l e a s e  from 

t h e  s i l i c a  g e l  was f a c i l i t a t e d  by adding a few drops  of water, fol lowed by 

e x t r a c t i o n  w i t h  3 m l  of chloroform.  The suspens ion  was homogenized w i t h  a 

Vortex Mixer ,  t h e n  c e n t r i f u g e d  a t  600 xg f o r  5 min. t o  remove s i l i c a .  The 

l i q u i d  phase was s e p a r a t e d  and t h e  s i l i c a  resuspended i n  3 m l  of ch loroform 

and e x t r a c t i o n  r e p e a t e d .  The ch loroform e x t r a c t  t h e n  was f i l t e r e d  through a 

M i l l i p o r e  0.45pm membrane t o  remove r e s i d u a l  s i l i c a  and d r i e d  under n i t r o g e n  

u n t i l  t h e  s o l v e n t  was comple te ly  removed. Recovery was 9OZ. Samples were 

t h e n  s u b j e c t e d  t o  a n a l y s i s  by spec t romet ry .  

Nuclear  magnet ic  resonance  spec t romet ry  (lH-NMR) a n a l y s i s  was c a r r i e d  o u t  

i n  a Brucker  WH-300 spec t rometer .  

Chemical s h i f t s  a r e  quoted i n  ppm downfield from t h e  i n t e r n a l  

t e t r a m e t h y l s i l a n e  ('INS) s t a n d a r d  and a r e  a c c u r a t e  t o  w i t h i n  

0.005 ppm. 

spec t romet ry  was performed w i t h  a H e v l e t t  Packard 5890 gas  chromatograph 

i n t e r f a c e d  w i t h  a H e w l e t t  Packard 5970 mass spec t rometer .  

A l l  samples were d i s s o l v e d  i n  CDC13. 

The spec t rometer  was o p e r a t e d  a t  360 MHz. Gas chromatography-mass 

RESULTS AND DISCUSSION: 

T o t a l  l i p i d  and n e u t r a l  l i p i d  p r o f i l e s  of human term amniot ic  f l u i d ,  a s  

determined by TLC w i t h  CuSO4 s t a i n i n g ,  a r e  shown i n  F ig .  1 .  and 2 

r e s p e c t i v e l y .  

amnio t ic  f l u i d ,  comigrated w i t h  c h o l e s t e r y l  p a l m i t a t e ,  u s i n g  hexane-ether  

(96:Z) as t h e  mobile  phase.  

The predominant component of  t h e  n e u t r a l  l i p i d  f r a c t i o n  of  term 

I s o l a t i o n  of t h i s  component by e x t r a c t i o n  from 
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NL 

1295 

Fig 1. 

after copper sulfate reaction. 

Chromatographic profile of total lipids in human term amniotic fluid 

NL - neutral lipids 
FA - fatty acids 
PG - phosphatidyl glycerol 
PE - phosphatidyl ethanolamine 

PS - phosphatidyl serine 

PC - phosphatidyl choline 
SB - sphingomyelin 

CP 

1 

Fig 2. Chromatography of NL isolated from the chromatogram of Fig. 1 

CP - cholesteryl palmitate 
CO - cholesteryl oleate 
CA - cholesteryl arachidonate 

UL - unknown 
TG - triglycerides 
CH - cholesterol 

Arrows indicate the position to which the reference substance migrated 

in the same system. 
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100 = 

70 

3 

60 - 
50 - 
40 - 
30 - 

100 200 300 

9 

--- 
400 500 

Fig  4. Mass Spectrum of  t h e  c h o l e s t e r y l  p a l m i t a t e  i s o l a t e d  from human term 

amniot ic  f l u i d .  

t h e  s i l i c a  g e l  and subsequent  i n  s i t u  t r e a t m e n t  on  a t h i n  l a y e r  p l a t e  w i t h  2N 

NaOH r e s u l t e d  i n  two d i s t i n c t  bands a f t e r  chromatography i n  ch loroform-e ther  

(9O:lO) t h a t  co inc ided  w i t h  c h o l e s t e r o l  aL . t i c  a c i d  r e s p e c t i v e l y ,  as 

determined by TLC w i t h  CuSO4 s t a i n i n g .  

ev idence  f o r  a c h o l e s t e r o l  e s t e r  ( F i g .  3 ) .  F u r t h e r  a n a l y s i s  by GC-MS 

i n d i c a t e d  t h e  presence  of a major  peak ( d a t a  n o t  shown) which y i e l d e d  t h e  mass 

spectrum shown i n  F ig .  4. The ion  a t  m/z 369 corresponded t o  c h o l e s t e r o l  and 

t h e  i o n  a t  m/z 257 t o  p a l m i t i c  a c i d .  

f o r  t h e  i d e n t i f i c a t i o n  of c h o l e s t e r y l  p a l m i t a t e  as a major component of t h e  

n e u t r a l  l i p i d  f r a c t i o n  of te rm amniot ic  f l u i d .  To our  knowledge t h i s  i s  t h e  

f i r s t  r e p o r t  of t h e  i d e n t i f i c a t i o n  of c h o l e s t e r y l  p a l m i t a t e  i n  human amniot ic  

f l u i d .  

lH-NMR a n a l y s i s  provided a d d i t i o n a l  

These r e s u l t s  provided p o s i t i v e  ev idence  

I n v e s t i g a t i o n  underway i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  of c h o l e s t e r y l  

p a l m i t a t e  i n  amnio t ic  f l u i d  i n c r e a s e s  w i t h  g e s t a t i o n a l  age  and may provide  

q u a n t i t a t i v e  means f o r  t h e  assessment  of f e t a l  lung m a t u r i t y .  
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