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Analys is  of Plasmalogens by I n  S i t u  Reac t ion  

on Thin Layer Chromatograms 

Joseph C. Touchstone,  Kimberly A. Snyder and S.S. Levin 

Department of O b s t e t r i c s  and Gynecology 

School of Medicine 

U n i v e r s i t y  of Pennsylvania  

P h i l a d e l p h i a ,  PA 19104 

INTRODUCTION 

An " i n  s i t u "  h y d r o l y s i s  method t h a t  a t t a c k s  only  t h e  e n o l  e t h e r  double  

Alkyl and u n s a t u r a t e d  phosphol ip ids  are  n o t  bond of plasmalogen i s  descr ibed .  

a f f e c t e d .  Treatment of t h e  plasmalogen on  t h i n  l a y e r s  of s i l i ca  g e l  w i t h  

s o l u t i o n s  of t r i c h l o r o a c e t i c  a c i d  i n  d i l u t e  h y d r o c h l o r i c  a c i d  r e s u l t  i n  more 

complete  h y d r o l y s i s  of t h e  v i n y l - e t h e r  l inkage .  A f t e r  development of t h e  

chromatogram d i f f e r e n t i a l  q u a n t i t a t i o n  u s i n g  copper  s u l f a t e  c h a r r i n g  ( 1 )  and 

d e n s i t o m e t r y  w i l l  g i v e  t h e  amount of v i n y l - e t h e r  l i p i d  p r e s e n t  i n  t h e  sample. 

The r e s u l t s  of t h e  method wi th  ethanolamine plasmalogen are  p r e s e n t e d .  

Plasmalogens a r e  t h e  alk-1-enyl  g l y c e r o - e t h e r  classes of phosphol ip ids .  

They a re  wide ly  d i s t r i b u t e d  i n  n a t u r e  i n  an imal  and  a n a e r o b i c  b a c t e r i a l  cel ls .  

Almost 20% of  t h e  phosphol ip ids  i n  t h e  c e n t r a l  nervous system of t h e  human 

a d u l t  a r e  plasmalogens. The myel in  s h e a t h  p h o s p h o l i p i d s  are 30% plasmalogen.  
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2726 TOUCHSTONE, SNYDER, AND LEVIN 

The plasmalogens a r e  in highes t  concentration in the  nervous t i s s u e  and in 

s t r i a t e d  muscle of t h e  hea r t  (32%). Adipose t i s s u e  contains a 1:4 r a t i o ,  

plasmalogen t o  phospholipid. 

and from spec ies  t o  species.  

23% in t he  r e t ina  of the  f rog  t o  75% of the,phospholipid i n  t he  s c i a t i c  nerve 

of t he  r a t .  

Methods f o r  t he  i d e n t i f i c a t i o n  and quan t i t a t ion  of t h e  vinyl-ether l inked 

l i p i d s  pa r t i cu la r ly  the  plasmalogens have been reported and widely used. 

These have been compiled by Kates (3) and reviewed by Horrocks and Sharma (4). 

These methods usually depend on the  s u s c e p t i b i l i t y  of the  enol e the r  bond t o  

e l ec t rophy l l i c  a t tack .  Treatment of alk-1-enyl-glycerolipids with fumes from 

hydrochlorice ac id  produced aldehydes (5).  Hack and Ferrans ( 6 )  hydrolyzed 

the  vinyl pa r t  of the  plasmalogens on t h in  l aye r  chromatograms with mercuric 

ch lor ide ,  followed by Schiff’s reagent t o  de t ec t  aldehydes formed. However, 

w e  have found tha t  t he  mercuric ch lor ide  method resu l ted  i n  reac t ion  with some 

unsaturated phospholipids t o  g ive  severa l  reac t ion  products. 

Dinitrophenylhydrazine was used t o  de r iva t i ze  the  aldehyde released by ac id  

hydrolysis.  

so lu t ion  ( 7 ) .  

plasmenyl-ethanolamlne (8) .  A conparision of t he  present method with some of 

the  conventional methods ind ica ted  t h a t  evaluation of t he  methodology of 

phospholipid determination is needed. The present method was developed I n  

order t o  avoid time consuming hydrolysis followed by gas  chromatography or 

other  ana ly t i ca l  procedures and enable quan t i t a t ion  by densitometry. 

These proportions vary wi th in  each t i s s u e  c l a s s  

Ethanolamine plasmalogen va r i e s  from a low of 

It is found in high concentrations in s e m i n a l  f l u i d  (2 ) .  

The hydrochloric ac id  and phenylhydrazine a r e  made up in a single 

Goldfine e t  a l . ,  have used 90% a c e t i c  ac id  t o  hydrolyze 

MATERIALS AND METHOD 

The phospholipids used in t h i s  study are syn the t i c  except t he  

plasmalogens which were obtained from na tura l  sources as indicated.  

Phosphatidyl choline, phosphatidyl ethanolamine and phosphatidyl s e r i n e  

plasmalogens were obtained from Avanti Biochemicals (Birmingham, AL) a s  were 
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ANALYSIS OF PLASMALOGENS 2727 

the  syn the t i c  materials.  

from Supelco 

mixture of plasmalogens from beef hea r t  was obtained from Dr. Howard Goldfine 

(University of Pennsylvania). Solutions were dissolved in chloroform or 

benzene a t  0.5 ug/ul concentration. 

A sample of ethanolamine plasmalogen was obtained 

(Bellefonte,  PA) through the  courtesy of Dr. Lloyd Whiting. A 

Whatman LK-5 (Cl i f ton ,  NJ) 20x20 cm s i l i c a  g e l  layers ,  25011 t h i ck  with a 

double th ick  preadsorbant a r ea  were used. 

lanes  with a Schoeffel scoring device,  then washed overnight by continuous 

development i n  a 1:l  CHC13: MEOH solution. The p l a t e s  were allowed t o  

completely dry and s tored  in a Camag Trockengestell u n t i l  used. Glass 

d i s t i l l e d  solvents were EM Sciences chromatographic grade. The mobile phase 

was chloroform:ethanol:triethylamine:water, (30:34:30:8). Tr ich loroace t ic  ac id  

(TCA), dinitrophenylhydrazine,  cupr ic  s u l f a t e ,  mercuric ch lor ide  and Schi f f ' s  

reagent were of reagent grade. The cupr ic  s u l f a t e  so lu t ion  was prepared as a 

10% (w/v) so lu t ion  i n  8% v/v phosphoric acid.  The TCA reagent was a so lu t ion  

of 2% TCA-8% HC1 (1 : l ) .  The TCA so lu t ion  must be made fresh.  

The p l a t e s  were scored i n t o  10 mm 

Samples (1-2 us)  were applied in dupl ica te  a s  a s t r eak  across  the  middle 

of t he  preadsorbent area.  

One l ane  of each pa i r  or p l a t e  was t r ea t ed  with 25 ul of the  TCA reagent over 

the  s t i l l  wet sample. This was allowed t o  react f o r  10 minutes a t  ambient 

temperature before drying with forced warm a i r  from a h a i r  dryer a t  low 

temperature se t t ing .  The chromatogram was then predeveloped twice t o  the  

preadsorbent/sorbent i n t e r f ace  with CHC13-MEOH. (1 : l ) .  This procedure 

ex t rac ted  the sample and deposited i t  a s  a narrow band a t  the  juncture.  

Following development, the  solvent was evaporated completely from the  p l a t e  

which was then developed i n  an  unlined chromatagraphy tank with t h e  mobile 

phase u n t i l  the  solvent f ron t  reached 2 cm from the  top of the  p la te .  

Al te rna te  lanes were used on each of two p la tes .  

The chromatogram was allowed t o  dry a t  ambient temperature, then placed 
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21 28 TOUCHSTONE, SNYDER, AND LEVIN 

on a warm surface t o  remove res idua l  solvent and f i n a l l y  dried i n  an  oven a t  

18OOC fo r  two minutes. When cool,  t he  chromatograms were sprayed u n t i l  

sa tura ted  with the  10% cupr ic  s u l f a t e  i n  8% phosphoric ac id  (w/v). The p l a t e  

was kept a t  ambient temperature f o r  5 minutes then placed i n  a 120°C oven f o r  

5 minutes t o  remove a major por t ion  of the  water. Charring was performed a t  

17OoC f o r  10 minutes i n  an  oven. 

The chromatograms were scanned on a Kontes Model 800 densitometer i n  a 

The densitometer was interphased double beam mode using the  440 nm f i l t e r .  

with a Hewlett Packard 3385A i n t eg ra to r  recorder. 

by in te rpola t ion  on c a l i b r a t i o n  curves prepared from standards of each 

compound. By d i f f e r e n t i a t i o n  between the  t rea ted  and untreated lanes the  

plasmalogen can be quant i ta ted  s ince  the  a rea  of the  plasmalogen zones 

decreased i n  the case of the t rea ted  lane. 

Quant i ta t ion  was performed 

Mercuric ch lor ide  so lu t ion  0.05 M (50 u l )  was applied t o  the  sample i n  

the pre-adsorbent region of the  p l a t e  by a method modified from Hack and 

Ferrans (6) followed by chromatographic development. 

The method using simultaneous cleavage with ac id  and hydrazone formation 

was tha t  of Shipski and Barclay (7 ) .  A so lu t ion  of 0.4% dinitrophenylhydrazine 

i n  2 N HC1 was sprayed on the  developed chromatogram. 

oven a t  110 O f o r  a few minutes. Yellow zones denoted the formation of the  

hydrazone of the released aldehyde. The method f o r  hydrolysis of plasmalogens 

using fumes from concentrated hydrocloric ac id  was t h a t  of Horrocks (8). 

This was heated i n  an  

RESULTS AND DISCUSSION 

The t r i ch lo roace t i c  ac id  -hydrochloric reagent appears t o  reac t  

spec i f i ca l ly  with the  v inyl  e the r  l inkage s ince  sa tura ted  and unsaturated 
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ANALYSIS OF PLASMALOGENS 

TABLE 1 

Hydrolysis of Phospholipids 

2729 

Phospholipid TCA/HC~ 

Dileoyl PC NR 

Dilinolenyl PC NR 

Dipalmitoyl PC NR 

Dimyristyl PC NR 

Dipalmitoyl PEA NR 

1-palmitoyl-2-oleoyl PS NR 

PC (brain) several 
products 

PEA (heart) several 
products 

3 products 

Destroyed 

NR 

NR 

NR 

NR 

several 
products 

several 
products 

HC1 
Fumes - 

Destroyed 

Destroyed 

NR 

NR 

NR 

Reaction 

several 
products 

several 
products 

PEA = Phosphatidyl ethanolamine 

PC - Phosphatidylcholine 
PS - Phosphatidyl serine 
NR - No Reaction 

analogues were not affected. 

phospholipids obtained from the various sources. The plasmalogens that are 

available comerically are natural rather than synthesized preparations and 

therefore are a mixture of plasmalogen and a related phospholipid, e.g. 

phosphatidyl choline is 30% plasmalogen, 70% phosphatidyl choline. The 

results for the beef heart extract, which has a mixture of phosphatidyl 

choline plasmalogen and phosphatidyl ethanolamine plasmalogen are shown in 

Figure 1. 

Table 1 shows the effect of hydrolyzing 

The decrease in the area of peaks and the appearance of peaks at a 
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Legend Figure 1 

Result of Treatment of Beef Heart "Plasmalogens" with the 
Trichloroacetic-Hydrochloric acid Reagent 

SF. 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

solvent front 

Phosphatidylglycerol area 

Phosphatidylethanolamine 

lysophosphatldylethanolamine 

phosphatidylcholine 

sphingomyelin 

lysophosphatidylcholine 
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ANALYSIS OF PLASMALOGENS 2731 

new pos i t i on  ind ica t e s  the  presence of plasmalogens i n  t h i s  sample s ince  the  

peaks i n  the  untreated chromatogram a r e  not present i n  the  chromatogram 

obtained a f t e r  TCA/HCl treatment. 

reference lysophospholipid. 

the presence of plasmalogen readi ly  indicated.  Further evidence of the  

s p e c i f i c i t y  of the TCA/HCl method i s  seen when i t  was compared with the  HgC12 

method of Owens (6) on synthe t ic  phospholipid standards.  

HgC12 was applied d i r e c t l y  t o  the  samples. 

t he  samples exposed t o  the TCA/HCl.  

th ree  new products could be seen on the  chromatogram of d io leoyl  phosphatidyl 

chol ine  and there  was complete des t ruc t ion  of the  d i l ino lenyl  phosphatidyl 

choline.  

mixture of these the  HgC12 would not be usefu l  s ince  i t  appeared t o  a t tacH any 

unsaturated linkage. 

The new peaks had Rf corresponding t o  the  

The method has been appl ied  t o  seminal f l u i d  and 

The TCA/HCl or t he  

There was no reac t ion  f o r  any of 

However when the  HgC12 method w a s  used, 

Since f a t t y  ac id  s ide  chains of phospholipids could be any one or a 

The ac id  cleavage with hydrazone formation method of Skipski et  a1.(7) 

could not be evaluated by densitometry s ince  the  r e su l t i ng  background was too  

g rea t  and non-uniform. 

ac ids  was not reproducible and low y ie lds  were obtained. 

The method u t i l i z i n g  fumes from hydrocholoric ( 5 )  

The presence of plasmalogens and unsaturated phospholipids i n  seminal 

f l u i d  is generally known (9, 10, 11). The methods used f o r  t h e i r  assay  a r e  

tedious and include two dimensional chromatography a s  well  a s  hydro lys is  and 

gas chromatography. Plasmalogen was readi ly  shown by the  present method. 

Results of a comparison of methods a r e  l i s t e d  i n  Table 2. These methods 

were appl ied  t o  ethanolamine plasmalogen furnished by Dr.  Lloyd Whiting. 

i s  a r e l a t i v e l y  pure preparation. The present method resu l ted  i n  a 90.3% 

hydrolysis of the  sample. TCA a lone  gave only 68% and the  5 %  HC1 a lone  w a s  

only 72% ef fec t ive .  

This 

When the  chromatogram was placed above fuming HC1 f o r  5 
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2132 TOUCHSTONE, SNYDER, AND LEVIN 

Method 

TABLE 2 
_c_ 

Table I1 Hydrolysis of Ethanolamine Plasmalogen* 

Present Method 

2% TCA 

5% H C 1  

H C 1  fumes 

Number of Experiments 
** 

% Hydrolyzed 

go*** 

68 

12 

20 

* Supplied by Dr. Lloyd Whiting, Supelco Inc. 

** Represented a s  percentage of t o t a l  sample hydrolyzed, t he  

t rue  amount of plasmalogen present no t  being known. 

l i t e r a t u r e  gives a value of 85% f o r  t h i s  preparation. 

The 

*** Standard e r r o r  of t he  mean 4.89 

minutes, there  was 20% hydrolysis or complete des t ruc t ion  of t h e  sample and 

the  r e s u l t s  were not reproducible. 

The hydrolysis of the  v inyl  e the r  t o  an  aldehyde was ve r i f i ed  with Schiff 

reagent using a modification of t he  procedure described by Hack and Ferrans 

(6 ) .  Following development and drying, the  chromatogram was sprayed l i g h t l y  

with Schi f f ' s  reagent. After the  co lor  development the  p l a t e  was sprayed with 

d i l u t e  sodium b i sue f i t e  solution. The adehyde reac t ing  zone r a i n e d  

unchanged while the o ther  zones and background were bleached. 

The method described provides reproducible r e s u l t s  with a minimum amount 

of manipulation f o r  t he  i n  s i t u  reac t ion ,  followed by separa t ion  and d i r e c t  

densitometric quant i ta t ion  of plasmalogens. 
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ANALYSIS OF PLASMALOGENS 2733 

The a d d i t i o n  of t h i s  method t o  t h e  p r e v i o u s l y  r e p o r t e d  methods (1) f o r  

t h e  d i f f e r e n t i a t i o n  of t h e  s a t u r a t e d  and u n s a t u r a t e d  f a t t y  a c i d  s i d e  c h a i n s  

p e r m i t s  Cn s i t u  a n a l y s i s  of phosphol ip ids .  In t h i s  way, a d i r e c t  

d e n s i t o m e t r i c  method is provided f o r  s a t u r a t e d ,  u n s a t u r a t e d  and t h e  v i n y l  

e t h e r  ana logues  of t h e  v a r i o u s  classes of phosphol ip ids .  
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