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SUMMARY 
. 

A two-dimensional reaction thin-layer chromatography procedure on micro- 
samples of mixtures of alkenyl acyl and diacyl phosphatides has been described by 
which it is possible to determine simultaneously their plasmalogen content, the fatty 
acid composition of individual analogs and the fatty aldchyde ,composition of the 
alkenyl acyl analog. 

INTRODUCTION i’, 

In nature the phosphatide plasmalogens are always accompanied by their diester 
analogsl. The separation of these analogs in native form from one another by either 
chemical means2 or chromatographic techniques1 reportedly has failed because of the 
slight structural difference between them. 

Although methods for obtaining pure phosphatide plasmalogens by either 
selective en,zymatic”,7 or chemical hydrolysisj~~ are available, the resulting compounds 
do not represent the native plasmalogens in composition, because some hydrolysis of 
the plasmalogens always occurs during these treatments. Hence methods to determine 
the plasmalogen content”+13 and the fatty acid and aldehyde (only in plasmalogens) 
composition 14 of these analogs in a mixture were sought. 

Recently1J6 we developed a preparative reaction thin-layer chromatographic 
.method for determining simultaneously the plasmalogen content and the fatty acid 
and aldehyde composition of mixtures of alkenyl acyl (plasmalogen) and diacyl 
ethanolamine phosphatides from hog tissues. The main reason for working on a prepa- 
rative scale was to devise a method to obtain enough material of methyl esters and- 
aldehydes for structural analysis. However, the methyl ester composition determined 
by this procedure represented the mixture of alkenyl acyl and diacyl ethanolamine 
phosphatides rather than the individual analogs. 

Tn the present communication we describe a two-dimensional reaction thin-layer 
chromatographic procedure by which, we determined not only the plasmalogen content 
of micro samples of a mixture of alkenyl acyl and diacyl ethanolamine phosphatides 
froin beef heart but als,o the fatty acid composition of the individual analogs and the 
fatty aldehyde composition of the alkenyl acyl analogs. 
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EXPERIMENTAL ., 

.’ 

Pre$aration‘of thirt-layer fiLates ” 

Glass plates (20 cm x 20 cm) were coated with a, well stirred aqueous suspension 
of Silica Gel G (30 Q in 60 in1 water) using a thin-layer applicator (&saga, Heidelberg). 
This produced a layer that was approximately 250 ,b in thickness. The plates;, after air- 
drying at room temperature for 15-30 min, were activated in an air-oven at IIOO 

for I h. . 

SoLvents 
All the solvents used were of reagent grade quality. Absolute methanol was used 

for preparing 12 Oj! methanolic potassium hydroxide solution. 

Pre$aration of sam$Ze 
A mixture of alkenyl acyl and diacyl ethanolamine phos&atides from beef heart 

lipids was obtained by preparative thin-layer chromatography (TLC)10 on Silica Gel G 
plates using chloroform-methanol-concentrated ammonia (70 :30 :s) as the developing 
solvent. The isolated sample was shown to be essentially devoid of contaminants by 
TLC using the above cited system; and its ‘infrared absorption spectrum, except for 
an additional absorption at 6.0 ,u, showed all of the absorptions typical of a sample of 
diacyl ethanolamine phosphatide17. 

Two-dimensional thin-layer chromatog&bhy 
A mixture of alkenyl acyl and diacyl ethanolamine phosphatides (250 to IOOO ,ug) 

was spotted as a chloroform solution at A, the lower left hand corner of a thin-layer 
plate. The same amount was also spotted at B, the lower right hand corner.of the same 
thin-layer plate (Fig. ~)..After removing the chloroform from these spots with a stream 
of ,dry nitrogen, the phosphatide spots were exposed to fumes of concentrated hydro- 
chloric acid for 2.5 min (Fig. 2). The’ excess hydrochloric acid was removed with a 
stream of dry nitrogen and the spots were exposed to ammonia fumes for 2 min. The 
excess ammonia from the spots was removed with a stream of dry nitrogen and then 
the plate was developed to a height of 14 cm in a TLC chamber containing chloroform- 
methanolkconcentrated ammonia (70 :30:5) as the developing solvent. The ‘plate was 
removed from the TLC chamber and dried with a streani of dry nitrogen.. A ,strip, 
4 cm wide at the right side of the plate (Fig. x), was sprayed with a 5% solution. of 
iodine in chloroform which exhibited the positions of the,liberated aldehyde (c)! (spot 
almost at the solvent front) and the lyso-(2-acyl) (a) and diacyl ethanolamine phos- 
phatides (b), with approximate RF values 0.20 and 0.45, respectively. The position 
corresponding to the aldehydes (c), li.berated by the ethanolamine phosphatides at ,A 
was scraped off with a razor blade,and after extracting with diethyl ether,,the aldehydes 
were analyzed’by GLC lo. A strip 4 cm wide at the left side of the plate was then-sprayed 
with a, solution’ of 12 o/o potassium hydroxide in absolute ,methanol for methanolysis 
of. the phosphatidela and then dried with a stream of dry nitrogen- in a TLC chamber 
containing calcium. chloride for ‘IO min. ,A solution of an internal ‘standard-methyl 
heneicosanoatelwas spotted at: the spots’ corresponding ‘to. lyso. and diacyl ethanol- 
amine phosphatides on the left hand strip. The’amount of internal,standard’ used -for 
the lyso derivative was always half of that used for the diacyl analog for two reasons: 
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(I) the alkenJ-1 analog and the c&c>-J Lvere present in approximate equal amounts and 

(2) tile former should al\vays give I ml of fatt>* acid per mole of the analog while the 

latter should give 2 moles of fatt>- acids per mole of the analog. *4s reference standard, 

mrth~-J linoleate \vas spotted at tJ>e uJ)per left J-rand corner of tile plate (C) and after 

turning the plate througll qo~ kva5 de~~eloped (in tile 5;econd dimension) with toluene 

;IS tile sol\-ent. II‘hen tl~e solvent rc;ric to a lleiglkt of 14 cm, the plate was removed, dried 
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a -~ z-acyl cthanolaminc phosphatide (Iyso compound); b I= tiiacyl ethanolamine phosphatide; 
c -: aldctlyttc lit,cratcd from alkcnyl acyl cthanolamine phosphatitlc; cl -= methyl esters, reference. 
anri those from z-acyl and cliacyl cthanolarninc pho:+phaticte.i containing internal standards. 

m.:[ Area sprayed with a _j o/, ioclinc st,Iutitrn in chloroform. ml , Area sprsyccl with a rz*& 

potassium hydroxide solution in atw,lutc methanol. -1 , Zone of Silica Gel G scraped off for 

rccovcring thr: tit)eratctl al~tchy<Ics from alkcnyl acpl cthanol‘aminc phosphaticlck. 

with a stream of dry nitrogen and then a strip 4 ~111 Lvicle cm tile left side of the plate 

(in tJle second dimension) was spra?red with 5’!;, icptline solution in chloroform. Thus, 

having lot-atcct the J~msition of the reference metJl\*l ester (d) and t!?e reference Jyso- 

(z-aq7J) (a) and diac>Tl etllanolamine phospllatirles (b), tile metllyl esters (containing 

internal standards) JiberatecJ bv t11e J~~~;c~-(z-ac*vl) antf tliac*\rJ etllanolamine phosplia- 

tides could be located, scraped c&f and-extracted for GLC analysis’“. 

Phosphorus estimations were carried out as described by RHEE ASLI DuGAT;~~ 

using perchloric acid for ttle digestion. 
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Fig. ,z. ,+-:up. f~r-.~\Yb::‘cii_iisionai ~thi’n~l’~$e~ @!rbmktography of;, sllccnyl akyl and,di&l, ethanol- 
amine phosphatides: I?+ I ‘Shoks the’ set-up before bid ‘treatment ‘of the ‘ethanolamine phps- 
plktide, part ‘1I”the set-up wheii thd acid ‘treatment %as actually’ in’j$ogress. G. Glass plates 
tised for supporting another glass plate (T) coate’d’with a lnyer,of Silica’Gel G; F = alukinum 
frame; Tg ,- glass tube ,slippecl over an aluminum rod in the frame F, to prevent, aluminum 
reacting witli acid fumes; 13 
hot plate '(on) ; T = 

7 beakers containing boiling concentrated hydrochloric acid’; I3 = 
a glass plate coated with a thin layer (250 ,u) of Silica Gel G. The thin-layer 

plate ‘T’ containing the spotted ethanolamine phosphatides was laid on the two glass plates G iri 
such a manner that the spots of ethanolamine phosphatides were directly exposed to the fumes 
of hydrochloric acid while the rest of the plate was prevented from coming into contact with the 
acid fumes. 

RESULTS ” 

The analysis of the methyl esters obtained from alkenjrl acyi and diacyl ethanol- 
amine, phosphatides and the analysis of fatty’ aldehydes obtained frdm alkenyl, acyl 
ethanolamine phosphatides for two different sample sizes are given in Table I. The 
samples show good agreement in their compobition. 

TABiX I 
’ 

PATTY ACID AND FATTY ALDEHYDE COMPOSITION OF.ALICENYL ACYL AND DIACYL ETHANOLAMINE 
PHOSPHATIDES FROM BEEF HEART 

Carbon, A lhenyl ac.yl ethanolamine phosphatides 
number 

Diacyl ethanolamine 
phosp?ratides . 

Percent of total Percent of total Percetit of total 
fatty aldehydes fatty acids fatty acids 

. 
Sample Sample Sample’ Sample Sample 
size 

Sample 
size size size size size 

500 M zoo0 pg SO0 #ug zoo0 pg. 500 ,ug rooopg 

Cx6:o 2j.8 29.2 0.4 0.3 I.7 2.0 
CI7:Br 3.3 

;:; - 

.” - - 
C17:o 3.3 - 
C18 :o 42.6 43.3 I.2 I.5 49.9 
C18:1 

48.3 
IO.9 11.7 

6::: 
2.3 5.0 

C18:2 6.6 6.6 60.4. 2:; 

Unidentified 
9.7 

3.6 2.4 : - .’ - - 

C20:3 
C20;4 T 1 

3.7 .4.6 z’_.:. - ‘. : 
31.2 30.8 34.7 35.0 

:,. 
__.._ 
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PLAiiii-LOGEN CONTENT OF ETHANOLAMINE PHOSPHATIDES FROM BEEF HEART 
.,) 

Fatty a&i2 i&wzaZ Phos$horzrs Weighing 
slaiidard methqd deiermination method 

‘, method \ 

Lpgl.g 
(Average of t& 

.50.8; ,I’ ,,..* 
.,:’ (Average 6f f&r 

48.6 

determinatiork ,Y cletcrminitions) 
(Average of three 

determinations) 

‘. 

each, on’two ‘, ,,, ” ‘, ., ., 
sample .&es) 

,. .’ 
,’ 

The plasmalogen’content of the’sample is given in Table II and has been ‘calcu- 
lated by three different, methods: (I) from the amount of internal fatty acid methyl 
ester standard present in the fatty acid methyl esters obtained from alkenyl acyl and 
diacyl ethanolamine pllosphatides20, (2) from the phosphorus content of z-acyl and 
diacyl ethanolamine phosphatidesls, and (3) from the amounts of dimethyl acetals 
and fatty acid methyl esters obtained by cold methanolysis of IOO mg sample as 
reported earlier 10. All the three methods show good agreement. 

DISCUSSION 

The acid hydrolysis of allcenyl acyl ethanolamine phosphatide and the alkaline 
methanolysis of z-acyl and diacyl ethanolamine phosphatide on TLC plates was shown 
to be ,quantitative ls. A modification of that techniquelG, as described in, this com- 
munication, not only made it possible to determine separately the fatty acid compo- 
sition of alkenyl acyl and diacyl ethanolamine phosphatides, but also the plasmalogen 
content of the sample either by phosphorus determination of the glyceryl phosphoryl 
ethanolamine residues released by the alkenyl acyl and diacyl analogs or by use of a 
methyl ester internal standard. This method could also be used successfully on the 
mixtures of choline phosphatide analogs. 

The technique described by OWIZN+ in which aqueous mercuric chloride solution 
was used to split the vinyl ether linkage of the plasmalogens instead of hydrochloric 
acid fumes as described here, could also be used to achieve the same end. However, the 
use of aqz~eous spray reagent ‘for ,hydrolysis purposes necessitated longer reactivation 
time for the plates and more rigorous conditions. 

In our earlier workIS we used methanolic hydrochloric acid reagent to hydrolyze 
the vinyl ether bond but in the present study fumes from concentrated hydrochloric 
acid were found to be equally effective. 

This technique thus provides a simple method for characterization of the alkenyl 
acyl phosphatides and their accompanying diacyl analogs which is as effective as the 
specific iodination reaction techniquezi. ‘_ 
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