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SUMMARY 

A gas chromatographic technique for the determination of the fatty acid pattern of the 
phosphatidykholine (PC) and phosphatidyl ethanolamine (PE) plasmalogen and non-pbsma- 
logen frsctions in human red cell membranes has been developed. The coefficient of varia- 
tion lies between 5 and 10%. The technique has been applied to blood samples of healthy 
Be&kn school children (8-10 years old). PE contains 47% pksmalogen and 53% non- 
plasmalogen form, vvhaeas PC occurs only in its non-plasmaIogen form_ 

The fatty acid pattern of the various fractions and subfractions has been determined. 

INTRODUfZTION 

Appropriate methods for the determination of the fatty acid (FA) pattern 
of the various phospholipid fractions, using thin-layer chromatography (TLC) 
and gas-liquid chromatography (GLC) have been developed during the last 
twenty years [X-3] and have been applied to human red blood cells [d] - 

Nelson [4] has reviewed reports concerning the %A pattern of the major 
erythrocyte phospholipids in healthy adults, but for children, only little and 
mainly incomplete data exist. There has also been little investigation on the oc- 
currence and FA patkern of the individual phospholipid subfractions. 

In human red cells, phosphatidyl ethanolamine (PE) and phosphatidyl- 
choline (PC) are possibly present in two subfractions, a plasmatogen and a 
non-plasmalogen form 143. A separation method for these two forms, using 
two-dimensional TLC, has been reported by Owens [5] _ A solution of 5 rnM 
KgCl, in water is sprayed on the TLC plate after devt$opment of the first 
dimension. This is not recommended for subsequent determination of the 
FA pattern of both subfkactions, as they are rich in polyunsaturated FA. 
IIn this study, an appropriake TLC+XE technique for the determination 

of the FA pattern of red cell membrane plasmalogens is reported. 
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organic solvents pro ana&sis grade were obtained from Merck (Darmstadt, 
G.F.R_). Sephadex G-25, coarse, was from Pharmacia (Uppsala, Sweden), TLC 
“Redi Coats”, Supelcosiz 42Arr (silica gel with 10% magnesium silicate), from _ 
Supeko (Be&for&e, Pa., U.S.A.), and TLC silica gel H from Merck. The phos- 
phohpid standards for TLC were from Sigma (St. Louis, MO., U.S.A.), the 
methyl esters of FA from Merck, Fluka (Buchs, Switzerland), Applied Science 
Labs. (State College, Pa., USA), Sigma and Supelco. Boron trifluoride- 
methanol (14% w/v), and the BHT antioxidant (2,6-d&fer&-butgl_4_methyl- 
phenol) were both from Merck. 

After the children had fasted overnight, lo-ml blood samples were taken and 
placed in ice-cooled heparinised tubes (100 LU./ml blood), then immediate- 
ly centrifuged for 30 min at 3060 g and 4”, thus separating the red cells. 

Prepanrtion of erytknxyte ‘&hosts” 
Thk was carried out according to the method of Hanahan and Ekhohn 161. 

An isotonic 7%~ buffer 310 imOsm (ideal milhosmolar) pH 7.6 and an hypo- 
tonic Tris buffer 20 imOsm pH 7.6 were used as washing and hemolysing 
mew respectively. 

Extractiim of the total lipids 
One volume of .tbe ghost suspension was extracted twice, using 5.5 vohnnes 

isopropanol (+ 100 mg/l BHT) and 3.5 vol. chloroform ]7] _ 

Pzkfikafion of the lipid extract 
The total lipid extract was purified essentially free of all non-lipid com- 

ponents by partition column chromatography using sephadex G-25, coarse [I] _ 
The lipids were eluted with a chlcroform-methanol(l9: 1) mixture, saturated 
with water, 

Separation of the phospholipids by TLC 
Twodimensional TLC on Supelcosil-42A was carried out to separate the 

phospholipids. For the first dimension a mixture of chloroform-methanol- 
ammonium hydroxide (65:25: 5, v/v) was used and for the second dimension 
chloroform-methanol--acetoneacetic acid-water (30 :40:10 :lO :5, v/v) [ 8] _ 
The phosphohpid spots were detected by spraying the plate with a non- 
destructive Rhodamine 6G solution (0.001% in water), and by inspection of 
the plate in day light. 

Separation of P&,,M and PC~M in pksmak7gen and non-plasmalogen form 
The scrapings of the PEba and PCba spots were extracted with chloro- 

form--methanol (2:l) i- 100 mg/l BHT and. hydrolysed with 90% acetic acid 
for 18 h at 37” under an atmosphere of nitrogen [9] _ After elimination of the 
excess acetic acid by evaporation (Rotavapor, B&hi) of the binary azeotrope 
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with carbon tetrachloride (30-35”, under vacuum), the hydrolysis products 
were separated by TLC on silica gel H with chloroform-methanol+water 
(‘70:30:4, v/v) [IO]. The phospholipid spots were detected with the Rhoda- 
mine 66 solution in day light. 

The PE, LPE (Iyso-PE), PC and LPC (lyso-PC) spots were scraped off, ex- 
tracted with chloroform-methanol (21, v/v) + 100 mg/L EDT, transmethyl- 
ated with boron kifluoride-znethanol and then extracted with per&me Ill] . 
The FA methyl esters were separated by GLC using a cohmm filled with 5% 
EGSS-X on Chromosorb W HP (100-200 mesh). Gas chromatographic con- 
ditions: the temperature was raised from 130” to 210” at 3O/min. Dual 
cdumns (2 m X l/8 in. I.D.) were used to compensate for eohrmn bleeding. 
The flow-rates were: nitrogen, 15 mI/min; hydrogen, 28 ml/min and air, 400 
ml/min. A Perkin-Elmer Flrl gas chromatograph with a dual flame ionization 
detection system was used. Peaks were identified by their relative retention 
times versus that of the internal standard (C,,) and quantitakd with a Hew- 
let&Packard Model 3380A digital integrator. 

Fig. 1. Two-dimensional TLC of red cell membrane phospbolipids. NL, neutral lipids; FFA, 
free fatty acids; U, unknown; P&t, phosphatidyl ethazolamine (total); PC&, phosphatidyl- 
choline (total); SPH, sphingomyek; LPC, lyso-PC; PI, phosphatidylinositol; PS, phos- 
phatidylseriie; PA_ phosphatidic acid; GL, globoside and 0, o&in. Conditions are as 
described in Methods. 
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sake reproducibility of the coznplete technique was imm&gaW. The co& 
Ecient of vaxiation of ezb FA lies between 5 and 10% (n = 6). -No oxidation 
of the polyunsaturated FA could be detected during the whole procedure. 

A hvodrnensiond thin-layer chromatogram of human red cell membrane 
pbospbolipids is shown in Fig. I.. A complete Separation of the warims phos- 
pholipid fractions was obtained. The P&w and PC&& spots contain plas- 

Fig. 2. Separation of P%M and P&m into plaszalogen and non-plasmskgea subfractions 
- by TLC on silica gel EL ALD, aldehydes; RHGG, Rbodamur e 6G and antioxidant EWE; 

_ PE, phasphatidyl ethano&xun e; LPE. Iyso-PE; PC, phasphatidykholiue; LPC, lysa-PC and 
0, origin. conditions are aa &scrikd ixlM&ods. 

T,9BLE I 

PLWEN AND NON-P -EN COXTENi OF TOTAL PE AND PC FPSIC- 
TZONS IN RED CELL MEMJ3RANJZS OF HEALTHY CHILDREN 

conditions are BS demxiied in Methods. Results are mean 2 BE). with IL = 6. 

Plasma&en (%) Non-p2asmalogen (%I 

kirls boys girls boys 

PJ%Oti 47.6 47.3 52.4 52.7 
(+1.4). (21.2) (21.3) (51.4) 



=a.logen and Eon-plasmaiogen forms. A further sepamtion, after acid hydrol- 
ysis* was obtained by ouexkwusio~ TLC as shown in Fig. 2. A spot equiv- 
alent to LPC (i.e. the plasmalogen form of PC) was never found. 

After TLC, phosphorus determination of the PE, LPE, PC and LPC spots 
was carried out, usiug the Bar&lee method [X23. To determine the WC spot, 
a known area of the TLC plate with a RF value corresponding to a reference 
LPC spot, was scraped off and its phosphorus content quanttita~. The results 
for healthy Belgiau Fhool children (8-10 years old) are showu in Table I. 
The FA patterus of the PEwa PE, WE, PC&a and PC spots were -each 
determined for the same healthy boys and girls. No sexdependent differences 
were detected. The GLC separation of the FA methyl esters of the PE plas- 
malogen and non+&smalogen forms are shown in Fig. 3a and b. The anti- 
oxidant BHT used in the exkaction has an identical retention- time 
to the palmitolzic acid methyl ester, hence the ‘M&r can not be 
quaukikated. The FA compotitio~~ of P&a PE&Q~ and subfractions in the 
red cell membraues of healthy girls are shown in Table II (n = 8). Identical 

I ’ 1 

0 10 20 min 30 

Fig. 3. Gas chrcmato~ of (a) the PE pissadogen and (b) non-plasmalogen form of red 
cell mernbties of healthy children. The column packing used was 5% EGSS-X and COE- 
ditiom are as described in Methods. Peaks: A, El%’ derivative; I, C16:O; 2, C17:o; 3, C18:o; 
4, %8:1&i 5, 618:2w6~6rca:s:~w,+ %OrO; 7, ~2o:loS: 8. -2~6; 9, cZSz3w6; 10, c2&&_,~6; 
11, fhti3; 12, c22t4w6; 13, c22:&&; 14, c22:503; 15, %26”3- 



32 

FAT&T AClD COMPOS?&ON-OF T6TAL PC, PE L?~JD SUEF&?sACkONS IN-& C&L 
MEMER-6FHEALTHyGIRLs 

cOnditi&s axe as describl in Methods. Results are mean f SD. with n = 8. 

kyacid P% : PI&vgm PGatal 

%S:O 16.8 f 1.0 21.7 f 1.4 7.7 * 2.1 34.9 f 2.5 
cl&o 8.9 f 1.2 10.3 i 04 -2-o c I_1 12.1 f 0.7 
%m_& 19.1c 0.6 24.4 L 1.1 9.2 f 1.0 19.4 f 0.5 
c183w6 7.02 1.0 9.5 2 1.1 3.8% 0.7 22.0 = 1.5 

zzz A! 0.4+ 0.6 2 0.1 OS O-7 0.5.2 + 0.1 01 0.42 0.3 5 0.1 01 0.42 0.3 * 0.1 0.1 

%0:2wS 
w6 0.4 + -0.1 0.5 * 0.2 0.3 * 0.2 0.4 f 0.1 

c2a3es l-4 e 0.2 1.6 r 0.3 l-4 c 0.3 1.9 + 0.4 
Qo:4& 24-O* 0.5 17.7 r 0.6 36.3* 1.5 4.9 + 0.9 

12e 0.3 0.7 f 0.1 2.0 f LO O-4 k 0.1 
7.7 2 0.7 4.5 i 0.4 14.6 -c 1.4 0.5 It 0.2 
1.25 o-2 LO+ 0.2 1.7 f 0.3 0.5 i 0.3 
4.3 + 0.4 2.6 5 0.3 9-45 0.7 0.6 + 0.3 
6.6 * 1.0 4-6 f 0.8 11.0 f 1.8 lb c 0.8 

results we= found for healthy boys of the Same age group (n = 6). Since the 
FA pattern of the PC&a is not significantly different from that of the 
PCnon*~~. and a spot for PGhwm was never detected, we conclude 
that there is no pJ.asmalogen subfraction in the red cell membranes of 8-10 
year old healthy children. 

DISCUSSION 

After determhation of the phosphorus content of the various PL fractions 
in red cell membranes, it appears that for healthy children the PE~M spot 
contains 47% pkmalogen and 53% non-plasmalogen form. PC occurs only 
in its dincyl form_ For healthy adults, Farquhar 1131 found 67% pksmalogen 
form in PE and 10% in PC, Williams et al. 1141 reported 52% and 4%, Cohen 
and Derksen [lo] 46% and 390, and Hill et al_ 1151 36% and 496, respectively_ 
These variations are probably due to the different analytical methods used 
and to difficulties in achieving a clean separation of the PL components pre- 
sent, especially those techniques using column chromatography instead of 
TLC. The FA pattern of the total PC and PE fractions of eryt&ocyte mem- 
branes in healthy adults has been described in detail [lo, 13, 14, 16-M], 
whereas the FA composition of their subfractions has only been analysed 
by a few investigators [lo, 141. 

As far as we know, no data are available for the FA pattern of the cry- 
khrocyte PL subfractions of children. Kobayashi et al. [IS] have dekrnxined 
the FA composition of the major red celI PL fractions in healthy children of 
10 years old, but no further.separation into the subfractions has been carried 
out_ Our results showing the FA pattern of the total PE and PC &a&ions are 
in good agreement with theirs. The FA compositions of the.PE subfkactions 
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of healthy children are comparable tit% those de&bed for healthy adults 
[IO, 141 I 
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