NOTES 1I3

CHROM. 3472

Fractlonatmn of a natural mixture of alkenyl acyl and dlacyl ethanolamme |
phosphatndes by argentation adsorptlon thm-layer chromatography '

]:thanolamme phosphatldes were 1mp11cated in the 1ntr1n51cl-4, and extrms1c:5
prothrombm activation of blood coagulation processes and: their: act1v1ty mcreascd-
with increase in degree of unsaturation?.5. Although plasmalogens were . shown to be
ineffective by indirect means®:S, the evidence was not very convincing and, surprisingly
enough, the plateletst and bram tissues? which are the sources of ethanolamine phos-
phatides for intrinsicl—* and extrinsic8 prothrombm activation, respectively, contain
appreciable amounts of plasmalogens. This raises a question about whether the
plasmalogens or the less unsaturated ethanolamine phosphatides have an inhibitory
effect on the procoagulant activity of the highly unsaturated ethanola.mme phos-
phatldes The question can be answered only when one has available differenit molecular
species of alkenyl acyl and diacyl ethanolamine phosphat1des which vary in their degree
of unsaturation.

Although various molecular species of diacyl ethanolamme phosphat1des may
be obtained by synthetic means?, the available methods are tedious and time-consum-
ing, while methods available for the synthesis of ethanolamine plasmalogens are not
promising!®. An alternative is the argentation adsorption chromatographic technique
which has been used so successfully in the fractionation of choline phosphatides!-17,
Recent investigations!® have indicated that plasmalogens from beef heart choline
phosphatides may be concentrated by this technique and suggested the possibility
of isolating native plasmalogens without destroying the accompanying diacyl analogs,
in contrast to other methods!8—21,

The present communication describes the fractionation of a natural mixture of
alkenyl acyl and diacyl ethanolamine phosphatides by argentation adsorption chro-
matography and discusses the possible use of the fractionated molecular species in the
blood coagulation studies. '

Experimental

The preparation of phosphatides from beef heart, isolation of a mixture of
alkenyl acyl and diacyl ethanolamine phosphatides from the total beef heart phos-
phatides, the preparation of Silica Gel G plates (plain and impregnated with silver
nitrate), fractionation of the ethanolamine phosphatides on silver nitrate impregnated
Silica Gel G plates using chloroform-methanol-ammonia (70:30:4.5) as the developing
solvent, methanolysis of original and fractionated samples, and subsequent gas-liquid
chromatographic (GLC) analysis of the methyl esters and dimethyl acetals, were
carried out as described previously4. '

Results -
The argentation fractionation of a mixture of alkenyl acyl and diacyl ethanol-

amine phosphatides obtained from beef heart is shown in Fig. 1. T'ive main fractions
were clearly visible. However, fractions III and IV overlapped to a considerable extent

* This 111vest1gat10n was supported in pa.rt by PHS research grant numbers HE o2772 and
HE 08214 from the National Institutes of Health, Public Health Service.
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Txg 1. I‘ractlonatmn of a mixture of allkkenyl acyl and diacyl ethanolamine phosphaudes from
beef heart. Adsorbent: Silica Gel G impregnated with silver nitrate. Activation: 2 h at 100°
Solvent: chloroform-methanol—water (70:30:4.5). Spray reagent: 509 aqueous sulfuric a.cid
(plate charred for 1o min at 160°). 8 = Starting line; F = solvent front.

Fig, 2. Methanolysis products of original mixture of alkenyl acyl and diacyl’ethanolamine phos-
phatides, and different fractions. thereof obtained by argentation adsorption TLC of the original
mixture. T = Methanolysis products. of original mixture of alkenyl acyl and diacyl etha.nol-
amine phosphatides; I == methanolysis product of fraction I; II = methanolysis product of
fraction II; III, IV = methanolysis product of fractions III and IV; V = methanolysis product
of fraction V; ME = methyl esters; DMA = dimethyl acetals. ,

TABLE I

I‘ATTY ACID AND ALDEHYDD COMPOSITION OP BEEF HEART ALKENYL ACYL AND DIACYL ETHANOL-
AMINE PHOSPHATIDES AND THEIR MOLECULAR SPECIES OBTAINED BY ARGENTATION ADSORPTION

THIN-LAYER CHROMATOGRAPHY

Carbon Percent of total fativ acids Percent of total fatty aldehydes
numbey
of fatty Oviginal Fractions Oviginal Fractions
chain phospha- phosphatide -
’ tide mixtuve T AT Irr 14 mixture I II 1Ir Vv
. ‘ " and and
v IV
I14:0 —_ - —_— —_ — 0.5 Tr. — —_— I.I
15:0 0.3 - Tr. Tr. — — Tr. Tr. —_— = —_—
16:0 1.9 16.0 1.4 0.8 . — 3544 37.8 33.2 459 3I.3
16:]13 0.5 Tr. Tr. —_— 3.6 2.9 2.8 2.8 1.8 3.2
17:Br : : '
1;:0 } —_ —_— — _ —_ 6.7 5.3 7.6 56 II.1
18:0 '~ 34.3 259 3.6 409 4.6 50.1 54.0 556 37.8 498
i8:x 4.8 15.6 1.5 — 4.2 4.4 —_ 0.8 8.9 3.5
18:2 16.3 42.5 86,6 Tr. Tr. '
18:3 - 0.6 —_ Tr. Tr. - Tr.:
20:3 3.7 —_ 6.9 6.5 Tr.
20:4 35.9 — —_— 51.8 78.4
20:5 S 1.7 — — — 9.2
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and therefore were collected as a single fraction. Two additional fractions, one just
-above fraction I, and another near the starting line, were. scarcely v151b1e and their
small quantities precluded further investigation.

The separation of fatty acid methyl esters (ME) and dlmethyl acetals (DMA)
obtained by methanolysis of the original mixture of alkenyl acyl and diacyl ethanol-
amine phosphatides and fractions thereof is shown in Fig. 2. Visual observation followed
by densitometry (based on the relative intensities of ME and DMA) indicated high
plasmalogen content in fractions IT and V.

The GLC analysis of ME and DMA obtained from the original ethanolamme
phosphatide mixture, and fractions thereof, is given in Table I.

Discussion

Although contaminations because of overlapping are not unusual in such
separations, Table I and Fig. 2 aid in the interpretation of this fractionation. It is
clear from Table I that fractions I and II both contain high amounts of linoleic acid
compared to other unsaturated constituents, but nevertheless may be separated. The
explanation for this apparent anomaly lies in the high plasmalogen content of fraction
IT which, due to its vinyl group, makes available one more double bond for silver ion-
complex formation22. This explanation finds further support in the analyses recorded
in Table II, which show appreciably higher amounts of linoleic acid in the alkenyl acyl

TABLE 11"

FATTY ACID DISTRIBUTION IN THE ORIGINAL MIXTURE OF ALKENYL ACYL AND DIACYL ETHANOL-
AMINE PHOSPHATIDES

Carbon Percent fatty Percent fatty
number actds of total acids of total
of fatty Sfatty chains in  fatty acids
actds alkenyl acyl in diacyl
ethanolantine ethanolamine

phosphatides phosphatides

C16:0 0.2 1.9
Ci8:0 0.7 49.1
Ci8:x 0.9 5.0
Ci8:z2 30.6 9.2
Cz20:3 2.1 —_—

Czo:4 15.5 .34.8

Aldehydes Rest (50%)

* The analysis reported in this table is on another sample of alkenyl acyl and diacyl
ethanolamine phosphatides isolated from another beef heart and analyzed by a two-dimensional
reaction thin-layer chromatography technique24.

ethanolamine phosphatides than in the diacyl ethanolamine phosphatides. Similar
explanations seem justified in explaining the separation of combined fractions III
and IV, and fraction V, both of which possess larger proportions of arachidonic acid.

RoUSER AND ScHLOREDT? and NEMERSON® in their studies of blood coagulation
used ethanolamine phosphatides from different sources in order to vary unsaturation
and plasmalogen content. The technique described herein employs ethanolamine
phosphatides from the same source but fractionated to give varied unsaturation and
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plasmalogen content. One may easily obtain plasmalogen-free ethanolamine phos-
phatides from any of the fractions referred to earlier by simple acid hydrolysis, followed
by thin-layer separation (reactmn thin-layer chromatography)23%24, Studies involving
the role of molecular species of diacyl and alkenyl acyl ethanolamine phospha’udes
in blood coagulation will be reported elsewhere.

'A combination of the above fractionation technique with reversed phase chro-
matography (as suggested by ArRviDsON?%) may further aid in subfractionation.

C. V. VISWANATHAN
S. P. HoevET
W. O. LUNDBERG

University of Minnesoia,
The Hormel Institute,
Austin, Minn. 55912 (U.S.A4.)

G. Rdvsnn, S. G. WHITE AND D. ScHLOREDT, Biockim. Biophys. Acta, 28 (1958) 71.

I

2 G. ROUSER AND D. ScHLOREDT, Biockim. Biophys. Acta, 28 (1958) 81.

3 A. J. Marcus, H. L. ULLMAN AND M. WoLFMAN, J. Lipid Res., 1 (1960) 179.

4 A, J. Marcus, H, L. UrLmAN, L. B. SAFIER AND H. S. BALLARD, [J. Clin. Invest., 41 (1962)
2198. .

5 Y. NEMERSON, J. Clin. Invest., 47 (1968) 72.

6 R. D. ZiLveErsMiIT, A, J. MarRcus aND H. L. ULLmaN, [J. Biol. Chem., 236 (1961) 47.

7 .J. S. OBriEN, D. L. FILLERUP AND J. F. MEAD, J. Lipid Res., 5 (1964) 329.

8 A. J. Marcus, in R. PAOLETTI AND D. KrircHEvsKY (Editors), Advances tn Lipid Research,
Vol. 4, 1966, p. 19.

9 E. BAER, in R, T, HoLmMaN, W, O. LUNDBERG AND T. MALKIN, Progress in the Chemistry of
Fats and other Lipids, Vol. 6, 1963, p. 31.

10 E. N. Zvonkova, I. K. SARYCHEVA AND N. A, PREOBRAZHENSKII, Dokl. Akad. Nauk SSSR,
159 (1964) 1317.

11 H. P. KaurmannN, H, WesseLs AND C. BANDOPADHYAYA, Fette, Seifen, Awnstrvichmiltel, G5
(1963) 543.

12 G, A, E. ARvIDsSON, J. Lipid Res., 6 (1965) 574.

13 G. A. E. ArRVIDsSON, J. Lipid Res., 8 (1967) 155. :

14 S. P. HoevET, C. V. VISWANATHAN AND W, O, LUNDBERG, J. Chromatog., 34 (1968) 1935.
15 F. Naxavama anND S. KawamUuRa, Clin, Chim, Acdta, 17 (1967) 53.

16 E. C. K¥RIAKIDES AND J. A, BanLiNTt, J. Lipid Res., 9 (1968) 142.
17 J. Tinoco, S. M. Horxins, D. J. McINTOsH, G. SHEEHAN AND R. L. LYyMAN, Lipids, 2 (1967)

479-
18 E. L. GorrrrIED AND M. M. Rarror?T, J. Biol. Chem., 237 (1962) 329.
19 O. RENKONEN, Adcta Chem. Scand., 17 (1963) 534.
20 G. B. ANSELL AND S. SPANNER, J. Neuvochem., 10 (1963) 941.
21 W. E. M. LANDs aND P, HART, Biochim. Biophys. Acta, 98 (1965) 532.
2 C. V. ViswaNaTHAN, F, PHILLIPS AND V. MAHADEVAN, J. Chromatog., 30 (1967) 237.
C. V. ViswaNaTHAN, M. Basivcio, S. P. HoeEvET aAND W. O. LUNDBERG, J. Chromalog., 34

(1968) 241.
C. V. ViswaNAaTHAN, F. Prirrirs aAND W, O, LUNDBERG, J. Chromatog., 35 (1968) 66.

22
”
2

3

n

4

Received February 1gth, 1968

J. Chrvomatog., 35 (1968) 113—-116



