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SUMMARY 

Micro-samples of mixtures of allcenyl acyl-, alkyl acyl- and diacyl choline 
phosphatides, after their conversion into three families of diglyceride acetates by 
subjecting them to phospholipase C action followed by acetylation, were analyzed 
by a two-dimensional reaction thin-layer chromatographic procedure which permitte’d 
a quantitative determination of the three analogs, their individual fatty acid com- 
,positions and fatty aldehyde composition of the alkenyl acyl analog. 

INTRODUCTION 

Because alkenyl acyl-1 an+ alkyl acyl phosphatides” accompany the diacyl phos- 
phatides” ubiquitously in nature; the problem of their separation from’one another 
has,‘plagued researchers 4. Even now, a’ juantittitive separationof these. analogs frqm 
one another in Native Forbz has not been described. However, their quantitative 
conversion to diglyceride .acetates by enzymatic cleavage with phospholipase C 
followed by ‘acetylation with ‘pyridine and.‘acetic anhydride” has ‘enabled us today at 
least to ,separate them Quantitatively, in a non-pdlar derivatized form froin on& 
another. Thus tlie lipophilic components of the individual phosphatide analogs, c& 
be characterized by ‘their suitable ‘derivatization followed by gas chromatograpl~ik 
analysis0. However, the present available methqds, require larger quantities of samples, 
look ‘time and more chemical ‘steps before the final characterization of the, ifidkidii’al 
phosphatide ,analogs is achieved. This paper describes : i two-dimensional react&i 
thin:layer chrbmatographic procedure by which a mkrosan~ple, of a ,mixture of three 
‘families of’ diglyceride acetates derived from ‘hlkenyl kcyl-,, alkyl ‘ac$l-; and, diacyl 
‘choline phosphatides has been analyked for, the contents of individual analogs,’ tl& 
fatty acid compositions of individual analogs, !and the fatty aldehyde compositioti 
of the alkency acyl analog. ., 

EXPERTM~NTAL 
‘. .’ 

The isolation of choline’ phosphatides 

‘., 

,. .,I, 

from beef lieart?, <preparation of Silica. 
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Gel G plates*, and the gas-liquid chromatographic analysis of fatty acid methyl 
esters and fatty aldehyde@ was carried out as described prcviously7-0.‘A z N-sodium 
methoxide reagent in absolute methanollo was prepared by dissolving 4.6 g of clean 
metallic sodium in rob ml of absolute’ methanol. All solvents used were of reagent 
grade quality. 

%ig. I, Thin-layer chromatography of diglyccride acetates derived from choline phosphatidc 
analogs of beef heart. Adsorbent: Silica Gel G, Activation : I h at I 10~. Solvent system : Slrelly 
F-diethyl ether (88: 12). Spray reagent: Aqueous sulfuric acid (30 %), plate charred at 160’ for 
IO min. Spots identification: (A) = Allcenyl acyl glyceryl acetate; (B) = allcyl acyl glyceryl 
acetate ; (U) = unknown compound; (C) = diacyl glyceryl acetate. 

The quantitative conversion of choline phosphati%s from beef heart to di- 
glyceride acetates (alkenyi acyl-, alkyl acyl- and diacyl glyceryl acetates) was carried 
out by enzymatic cleavage of ,the’ phosphatides with phospholipase C followed by 
acetylation with pyridine and acetic anhydrideG. 

‘The separation of alkenyl a,cyl- (A) and alkyl acyl glyceryl acetates (B) with,an 
unknown cornpound (U) as a group from the accompanying diacyl glyceryl acetates 
a(C) tias. achieved on layers of’Silica Gel G with’ Skelly I?-diethyl ether (88: 12) as the 
dev,eloping solvent (Fig. I). The same system was useful in separating alkyl acyl 
.gJyceryl acetate (B), diacyl gljxeryl acetates (C), 2-acyl, 3-acetyl glycerol (A’), free 
aldehyde (D), (the latter two products are formed during acid hydrolysis of alkenyl 
,acyl glyceryl acetate) ‘a$ an unknotin compound’ (U) from one another (Fig. 2). 

., Two+limensional thin-layer chromatography was carried out as follows : A 
kicrosanipie (250-?ooo ,ug)’ of a mixture of diglyderide ,acetates derived from beef 
heart choline phosphatides was spotted as a chloroform-solution at A’, the lower left 
.ha’nd corner of a thm-layer plate (Fig. 3). The same amount was also spotted at the 
lotier right hand corner of the same thin:layer ‘plate. After removing the chloroform 
from these spots with a stream of dry nitrogen, the spots were exposed to fumes of con- 
centrated hydrochloric acid for 2.5 min*. The excess of hydrochloric acid, was removed 
from the plate by blowing with a stream of dry nitrogen and the plate ‘was then 
developed with Skelly I?-diethyl ether (88: 12) to a height of x4 cm. The plate was 
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the plate was scraped off with a razor blade, extracted with diethyl ethei,‘and analyzed 
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Fig. 2. Thin-layer chromatographic ‘separation. of diglyceride acetates derived from”’ beef:“heati’:, 
:holin& phqsphatides (left) and ‘their acid hydrolysis products (riglit) 1 Adsorb&f: Silica Gel . . C%. 

.Activation: I: li,at TIOO. Solvent systcni :’ Skelly F-,diethyl”etht+r (88’: 12): Spray ,reagent’: :Aqueo&,- 
,” ,sulfuric acid’ (50 O/&d): Plate cliarred at 160~ for ro.‘min. Spots identification’: ‘(D) A’ F,atty,, aldehjides;:: 

qJ, = Unktiown compound; (B) ‘= akyl acyl glytieryl cfcetate ; (C) 
;,‘:“+Acyl, d-acetyl glycerol. ..’ 

- diacyl glyceryl acizf?te,~~,(A? 7,. 
,. : . . 

: ,’ .“.., .,, :” L 
/,’ .:‘. .,’ .,. , ‘, ,‘.. ,‘. ‘,. 

., ,: ,’ ,, ‘., ,, . ...” ,.: 
: ‘. .’ ,’ ,’ ..,. ,: 

-‘i::,‘&:ds with :a: sblution ,of 2 .N :sodium methoxide in absolute methanol ,:which’, almost’:: 
., instantaneously interi%terified the ‘fatty,, acid esters of alkyl acyl: glyceryl i&k&&~ : 

,:.:,diacyl :glyceryl acetates’, and ‘z-acy!; .3-acetyl glycerol.’ The sirayed: si~$$ y,&,&ii&, 

. ..with.‘a~. stream of dry nitrogen ‘for .ro mm, after, ,which, approj$ate ~suantiti~s~.~bf,;~~:’ ,, 
mternal standard, (methyl, herieicosandate) ,_ere, spotted .at ‘lo,cations:. 1 &ki&&hi&~$~- 

: to~,alkyl;acyl glyceryl acetate, ‘diacil glyceryl acetate”tid.z&yl, 3-acyl glycer,oi:m$the,: 
‘.,.: left hand,:strip., As a reference, standard, .methyl,linole,ate ,was @otted at;!t’he’%$je&~ 

: lefthand .corner ‘ofthepiate (E). :The;‘plate was’tben Qii_ne,d. counterc~ock~se~ through:,. 
I,:: so0 .and.devel&ed wie! toluene. . : ,,,,’ :,,.;;: 1’ .: ;., i ,‘,,,. ~ :, :: 

; ,, .. ‘; ,’ ‘; ;‘:; ‘.‘:. : .:, ,‘,:, 
: ,,‘: y., ., .>.: ,y:, ‘,_ 

.., ,.‘./ .,.‘, : ,,I J&&h ,t& sdl&&, fro&$ h-&to .a height of rk ,ch, $e,,p&,& ,&& &&$e&~‘~‘&~&. 

.:I $vith”a stre’amof ‘dry~:uiti-ogen, and t,hen a $tri$,q. cm wide;,on,~l~i::lefS~side~bf:t~~~:p~~te’-. 
:,.(second~d”‘~“’ ” ) ~~SIOIJ ,,,was sprayed,‘,wit,h 1’5. o~iod~ne”.solutio~ in ch~~rofori;l;.T!IUs’.~~~~~~:;, 
i;l located : t,$& p&t& of : t&e r-f&&&i&&hyl, e&i _:( &,i) ,,j:ihd :‘,&f&&i& ;d&j;i.;, &yl’: 
_.~,~_915tceryi:.~~~t;;~~’ (Ff,. $i<$i,l$ceel a&t&~< ‘( Cj _&id .‘2_acyli”_adet~~:~e;l~c~~;ol.:~~~!~~~~hi, j 

,;‘;-~~t_~yl:,estdrs”,, (together:, wit11 their”+-qterria.X standards) Jibe&at&-by .:.the :&tter,;~co&‘,~, :, ..” ; ,,: ‘, :’ : “‘.,‘., ,:, ,’ ,.;, ::’ .,. ‘i,‘, ,, /, _. ,,_ .,‘, ~ ,:“:(,: ):’ ,, ‘, ,.;_,, :.:. ,! . .,’ , ., : ,, :-. :. ‘- ,’ : ,,,,_ _,: ,::.,: .y.*,.- ,. 
I 1:. : ; _, : ; . . . . ;, ,,, ,. _: :.,,:; ;, v:.; ‘.,;: .:, “,.: *‘~::;” T,,‘, : ., ,‘.‘,, :;.. .;,, ‘C’. . ,. /‘.’ : ., ,., ‘,,; ,,, >” ., ..I ‘.,. ,. : : :‘y’ ,;;:.. .:‘;F”:.;‘. ‘:;, ., .“;‘.,; 

‘, “. ;:,. _. _:, : ,,:, _ ,, ,,; ; , ‘, .:. ‘y ,;.:, ; ; ..,, ‘, -, ,;. 
:’ ; ( : ;,:j: :, (‘.,‘, “.. ‘. : .;., ., , ,/. ., (, ‘. :’ ’ ),’ _.: 

,.,,‘. :,)’ ‘, 
~‘y:.,l,,.y’.,,, ; ;: ,, .: I : ,.‘..,” ., ,_ .’ ~. ,;‘:; :;,;T.; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

!,,. I’.. .I ,‘, .;_ ,, i : .; : ;:, ‘, ;._ ,.,. .,, .,; ;;‘, ;, :.... . . : ., ,, ; ,‘.l’ ;, I :. ,, .I _,, ‘, ,. ,. .(. ,;., .,, I.,’ l;,; . . . ‘,: :,: ,:;, .,._’ ,’ :.: ,,,. :.,;:: , .,,.I ,,,, :‘;‘,!I,.!. ../, i’b “:;:.” :; 
_1: ., :, :’ ,., :;-\ ,.“,-.~..,“.. ..,,: j,,, ‘.:(:.:; ‘7 <; ,;,i,.:T:, ,+‘(;,,‘., ., ,..,. ;...‘.? :!‘\,, :,“l >, 



270 C. V. VISWANATHAN, F. PHILLIPS, W. 0. LUNDBERG 

pounds from the left band strip (first dimension) were located, scraped off, extracted 
with diethyl ether and analyzed by gas chromatography. 

. . 
* ..* 

RESULTS AND DISCUSSION *’ 

The gas chromatographic analysis of methyl esters obtained from alkenyl acyl-, 
alkyl acyl- and diacyl pbosphatides and the aldehydes obtained from alkenyl acyl 
phosphatides by the previous methods and the present method are given in Table I. 
The previous method did not separate the alkyl acyl- and diacyl phosphatides from 

Fig. 3. Two-dimensional thin-layer chromatographic analysis of mixtures of allrenyl acyl-, allcyl 
acyl- and diacyl glyceryl acetates. Adsorbent : Silica Gel G. Activation : I h at 1: 10~. Solvent system : 
1st dimension, Slrelly I?-diethyl ether (88 : 12) ; 211cl dimension, toluene. Spray reagent: Aqueous 
sulfuric acid (~oO/~), plate charred at 160~ for IO min. Spots identification: (A’) = The location 
of original samples where the a-acyl, 3-acetyl glycerol remains held after acid treatment of the 
diglyceride acetates followed by development with Skelly I?-diethyl ether (88 : 12) ; (C) = diacyl 
glyceryl acetate ; (B) = allcyl acyl glyccryl acetate; (U) unknown compound; (D) = aldehydc; 
(E) = location for spotting reference methyl linole+c. Abbreviations: Mb, n/rc and Ma, fatty acid 
methyl esters derived from allcyl kyl-, diacyl- and z-acyl glyceryl acetate, rkspectively; MLn = 
reference methyl linoleate; I?, = first solvent front; F, 

=. 
= second solvent front. B = Zone of 

Silica Gel G scraped off for recovering the liberated aldehydes from allrenyl acyl gl-yl acetate; 
. . . . 
. . . . = area sprayed with 5 o/o iodine solution in chloroform ; 
of sodium methoxide in absolute methanol. 

i j/ i j i j i - area sprayed with a 2 N solution 

one another because of their stability toward fumes of ‘concentrated hydrochloric acid 
under .thee, experimental conditions. In the present method, the diglyceride acetates 
derived from diacyl phosphatides are separated as a class ,frorn the diglyceride 
acetates derived from alkenyl acyl-‘and’alkyl acyl phos@hatides which move together 
in the investigated system. But because of the susceptibility: of alkenyl acyl glyceryl 
acetate alone to:’ fuines of concentrated hydrochloric acid, these’ two could be’ separ- 
ated :from one another and also from diglyceride acetates, ‘derived from diacyl,‘phos- 
phatides; Thus .the ‘present method gives an ‘added advantage over the previous 
method*. In this ,method also’ a ‘prior’ isolation of individual phosphatide ,analogs as 
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diglyceride acetates is avoided, thus improving a method devised in another labor- 
atoryO. 

The results in Table I demonstrate a good agreement in the fatty acid com- 
position of the alkenyl acyl phosphatides by the previous methods as well as by the 
present method. The same is true in the case of diacyl phosphatides because only 

TABLE I 

COMPOSITION OP LIPOPHILIC COMPONENTS OF ALKBNYL ACYL-, ALKYL ACYL- AND DIACYL CHOLINE 

PHOSPHATIDI3S FROM UEEP HEART 

Fatty acid composition of 
alkcnyl acyl choline 
pltosplratides (% of total 
falty acids) 

Previous Present 
method0 metJkrod 

Fatty acid composition Fatty acid compositio*t of 
of alkyl acyl ciboline 
pbltospltatidcs (% of total 

diacyE choline pJbos- 
piratides (% of total 

fatty acids) fatty acids) 

Previous Present 
metlroda wzetltod 

Previous 
metihode 
(includes tJJe 
vu&es of alkyd 
acyl analogs) 

Present 
metlzod 

Fatty aZdeJ&de com- 
position of alkenyl 
acyl cho2b2e pT;os- 
piratides (% of total 
fatty aldehydes) 

Previous Present 
metlrod” metihod 

c14:o - - la - - - 2.1 2.1 

u5:o 
Cr5: 7 
C16:o 
C16: I 

C17: ? 
C17:o 
C1S:o 

C18: I 

C18:2. 

C18:3 
C20: 3 
c20: 4 
c20:5 

c22:5 

c22: ? 

- 
- 

1.6 
tr. 

- 
I.2 

12.7 
58.5 

iZ 
16.2 

- 
I.8 

0.3 
- 

0.9 
II.8 

59.3 

ii:;, 

15.9 

2.1 

4.7 
0.5 

- 

I.7 
3.7 

13.7 
50.0 
,a.6 (1S:3 ?) 
4.8 

. 
z.; 

- 
tr. 

- 
- 

“3 - 
- 
10.8 

18.5 
30.2 
- 

2.S 

3.5 

- 
- 

33.3 
2.1 

- 

0.7 
12.2 

18.3 
27.1 

0.8 
2.0 
3.5 

- 

2.1 

6;:; 
2.7 

:*; _. 
13.5 

4.5 

3.5 
2.0 

65.0 

;:z 
3.1 

12.2 
3.8 

a These cannot be determined separately. The values included with cliacyl analogs. 

4.25 yO of alkyl acyl choline phosphatide occur in the original sample. 
The figures in Table II show good agreement in the plasmalogen content of’ the 

original ,sample as determined ,by the previous method as well as by t,he. present 
method. The slightly higher value obtained for the content of diacyl phosphatide by 
the previous method is, explained by the inability of that method. to. distinguish 
between the diacyl- and alkyl acyl phosphatides. The content ,of the alkyl, acyl phos- 
phatide as determined by the fatty acid int,ernal standard method (4.25) in the present 
studies is higher than that obtained by subtracting the diacyl values obtained by the 
two methods (0.5(47.3 + 46.9) -44.0 = 3.1). This difference is understandable 
because of the low content of alkyl acyl phosphatides as well as the approximations 
used in these calculations. 

The present, technique of separating the diglyceride acetates derived, from 
alkenyl acyl phosphatides from the diglyceride acetates derived from alkyl aeyl 
phosphatides .has aclvantages over the double development techni&e described by 
RENICON~N’. The present method requires only one development, for, separating,these 
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analogs from one another and also liberates the aldehyde from the alkenyl acyl analog 
which also is separated from the rest of the compounds in the mixture. This separation 
aids easy characterization of the homologs and vinylogs of aldehydes. 

In the previous methods from this laboratory the phosphatides were interester- 
ified with the methanolic KOH reagent of KAUFMANN et ni.ll. This reagent could not 

TABLE II 

ALICENYL ACYL-, ALICYL ACYL- AND DIACYL CHOLINE PHOSPHATIDE CONTENTS OFBEBF HEART 

CHOLINE PHOSPHATIDE 

A Zkenyl a;yZ choline PJiosphatide 
content of beef heart choline pkos- 
phatide (%) 

AIkyl acyl choZi$ze plbos- 
pJbaCide cowtent of beef heart 
choline phosfihatide ( %) 

Diacyl clrotine phosphatide content of 
beef Jleart cltoline $Jtosphatide (%) 

Previous metirode Present 
metitod 

-- 
Fatty Phospirorozu Fatty acid 
acid determina- internal 
internal tion method standard 
standard metltod 
metirod 

Ptwious 
metJrod8 

Present 
method 

Fatty acid 
internal 
standard 
metirod 

P$*evious metltod” Present 
method 

Fatty acid 
i*zteuzat 
standard 
wethod 

PJ~os~ho~ous Fatty acid 
determzina- internat 
lion nletJiod stalzdavd 

metltod 

52.7 53.1 51.7 IL 4.25 47.3” 46.9” 44.0 
-.- 

a This cannot be determined by this method. It is included in the value of diacyl analog, 
b Includes the value of allcyl acyl analogs. 

be used in the present method because of its inability to interesterify the triglyceride 
fatty acids. The recently reported method of OETTE AND Doss10 in which a 2 N solu- 
tion of sodium methoxide in absolute methanol was found to interestcrify directly 
the fatty acids of triglycerides on thin-layer plates was successfully used as described 
for interesterifying the fatty acids of alkenyl acyl-, alkyl acyl- and diacyl glyceryl , 

acetates. The present method reported here fails only to convert microquantities of 
residual glyceryl ethers on the plate to suitable derivatives for gas chromatographic 
analysis of their molecular species, and as only about 20 yg of,residual glyceryl ethers 
can be derived from IOOO ,ug of diglyceride acetates from the plate, their conversion to 
suitable derivatives by techniques other than reaction chromatography may very 
likely introduce too many uncertain factors to make the method dependable. 

The availability of the unknown compound (U) in very small amounts precluded 
its further, investigation. 

Altliough the new method has been used in analyzing mixtures of analogs of 
choline phosphatides, its application to other phosphatides (ethanolamine-, serine- 
and inositol phosphatides) is possible, since they all can be converted to diglyceride 
acetates. .’ 
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NOTE ADDED IN PROOF 

The unknown compound (U) 1 was been tentatively identified as dialkyl glyceryl 
acetate on the basis of its chromatographic characteristics and non-liberation of 
long-chain fatty acid methyl esters or aldehydes on the TLC plate: This indicates 
indirectly the presence of diallcyl choline phosphatides in the original choline phos- 
phatides of beef-heart. 
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