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CHROM. 3519 

. 
Quantidative analysis of ra.t liver phospholipids by a two-step thin-layt?r 
chrbmatographic procedure* ., ; ; 

Chromatographic methods are essential in the isolation and quantitative 
determination of individual phospholipids in various tissues. A great deal of work has 
been done in liver tissue and a number of papers have been published presenting data 

1 on phospholipid distribution in rat liver - ‘. Values given in Table I were obtained 
after silicic acid paper1 and thin-layer chromatograph~~ 6*7. 

TABLE I 

COMPARISON OP PNOSPNOLIl’ID VALUES FOR RAT LIVER Ol3TAINED l3Y DIFPl3RENT METHODS OF SILICIC 

ACID PAPER AND THIN-LAYER CHROMATOGRAPHY 

P as percentage of total li$id P 

Ref. r Ref. 4 Ref. 5 Ref. 70 

Pl~osph~tidylcl~oline 
Pl~os,pl~stidyletl~anolami~~e 

Phosphatidylserine Phosphatidylinositol 
Sphinjiomyelin 
Lysophosphatidylcholine 
Cardiolipin 

58.1 5540 53.5 57*7 
20.4 25.3 24.0 24.7 

2.0 ;I; II.Ib 
Z 

::: 1:s 5.7’ 2.6 
3.4 - 1.0 
3.4 ,“:Tc - 4 .2 

8 Recalculated. 
b Phosphatidylserine ‘i_ phosphatidylinositol. 
c Including phosphatidic acid. 

With the exception of phosphatidylcholine and phosphatidylethanolamine, 
considerable variations are evident in the individual phospholipid values, given by 
different authors. Though the differences related to strain, sex, age and dietary 
factors may not be neglected, in our opinion a great part of these disagreements 
results from an incomplete separation. . 

The difficulties encountered in thin-layer chromatography (TLC) of acidic 
phospholipids, ti:g. -phosphatidylinositol, phosphatidylserine; cardiolipin ‘and others, 
could’be partially eliminated by adding ammonia to the solvent system+10JD. 

Better separation was also obtained by the use of a solvent system containing 
acetic’ acid and’on silica gel plates impregnated with Na,COs (ref. 4). 

Progreks in the thin-layer chroinatography of some acidic phospholipids 
(phosphatidic acid, cardiolipin and phospl~atidylglycerol) was reported in a recently 
published paper 11, describing the use of several neutral, basic arid, acidic solvents in 
one- and two;step development.procedures.’ 

., ,~ ,. 

” 
Were’we d es&be ‘a ‘two-step thin-layer chromatography ,of phosphohpids 

combining the possibilities of the basic and the acidic solvents, : .; 
; ‘, ‘, ,, ,. ., ‘.. ,, ,, 

.” .,. ‘, 
* A short report on’ this ‘investigation was p&.knted at’ the Yu’goslav So&&~ of Physiology 

meeting in Beograd, December, 2&h, 1967. 
,., / ,I. 
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Aef&rence com~ou9zds an.d lifiid extractio?z. Phosphatidylcholine, phosphatidyl- 
ethanolamine (purified by TLC), sphingomyelin, phosphatidylserine,, lysophos- 
phatidylcholine and cerebrosides (a mixture of ceramidemcmohexosides) were ,from 
Koch-Light Laboratories (Colnbrook, England) ; cardiolipin was obtained from Sumi- 
mot0 Chemical Co., Ltd. (Osaka, Japan) ; monophosphatidylinositol (from wheat 
sprouts) was the generous gift of Dr. M. FAURE, Institute Pasteur, Paris. 

Lipid extracts from livers of adult female albino rats were prepared according 
to the method of FOLCH et aZ.12 

Thirt-Layer chromatogra#zy. Standard plates (20 cm x 20 cm) could be used, 
but longer plates (20 cm x 25 cm) gave better separations. The plates were coated 
with a layer (0.5 mm on adjustable Desaga applicator) of adsorbent prepared according 
to the procedure of ROUSSER et aZ.13. 54 g of Silica Gel H (E. Merck) and 6 g of Florisil 
(purchased from Serlabo, Prance, finely powdered by grinding in a mortar for 15 min) 
were slurricd in 135 ml of water. The activation of the plates was accomplished just 
before use by heating at 110' for 30 min., ‘. 

Total lipids (50-100 ,ccl of concentrated solutions containing approx. 60 lug of phos- 
phorus) were applied as a strip (15 mm long) 2 cm from the bottom edge of the plate. 

The chromatograms ‘were first developed in chloroform-methanol-30 y0 aq. 
ammonia-water (r40 :50: 7 : 3, by vol). The solvent was allowed to run to about 3 cm 
from the top of the plate. After drying in a stream of air for 30 min, the chromato- 
grams were developed in the mixture of chloroform-methanol-acetic acid-water 
(160:20:4: 1.5, by vol.) so that the solvent front was allowed to run to the top of the 
plates. 

The spots were detected by iodine vapour, 40 y0 sulfuric acid spray or am- 
monium molybdate-perchloric acid spray la. Phospholipid fractions were identified 
by comparison with reference compounds and by ninhydrin reagent for free amino 
groups% 

‘, Phosphorus determinations in fractions revealed with iodine was carried out by 
the. methods of $XACHEBOFUF AND DELSAL~~ and MARINETTI et aZ.l0 without the 
previous elution of lipids from adsorbent. 

Six distinct phospholipid spots, were visible on the chromatograms after the 
two-step development (Fig. I),. A clear separation ,of all common phospholipids was 
obtained and, .“tailing’,’ was ‘not observed. Two fractions corresponding to sphingo- 
myelin could be found on some chromatograms, as described previously in techniques 
involving the use of the ammonia-containing solvent 17. Lysolecithin and lysophospa- 
tidylethanolan~ine~wl~ich seem to be the minor fractions of liver phospholipids’ could 
not be,resolved ,by the method described above. 

The phospholipid composition of rat liver, obtained by phosphorus determina- 
tion in fractions isolated after TLC, is given. in Table II. 

Although a number of one-dimensional,TLC systems, some of which are valu- 
able in the quantitative .analysis of phpspholipids,, (see refs. 4, 5,. 7, 4, IO, 14 and 13), 
have been described to date, as far as we are aware, the complete separation of’all of 
the, most common phospholipids in. mamnalian tissues has not been obtained on a 
single chromatogram. 
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Fig. I. Cl&m&o&% ‘&lf ‘t&ai lipid ‘&tracts from rat liver (A-F). ‘Amounts applied (apprbx.) : 
Go pg I?. Two-step d~~~lop&nt :‘. I, chloroform-methanol-3o ok ammonia-water (I 40 : 50 : 7 : 3, 
by vol.) ; II, chloroform-methanol-acetic acid-water (160 : 20 : 4 : 1,5, by vol.). Detection with 
iodine. Identification of compotierits : I, neutral lipids ; 2, cardiolipin ; 3, phospl!atidylethanol- 
amine; 4, phosphatidylcholine; 5, sphingomyelin; 6, phosphatidylinositol; 7, phosphatidyl- 
serine; 0, origin. SF I = first solverit front; SF II = second solvent front. 

. ‘. 

TABLB II 

PWOSPNOLIPIDS IN RAT LIVER: RESULTS Oir QUANTITATIVE ANALYSIS AFTER THE TWO-STEP THIN- 
LAYER CHROMATOGRAPHY 

Pilos~hozipid , Mean valztea 

Total 39.4 f 2.8 ,umoles 
P/g wet wt. 

P as percentage of 
total P ap$Zied 

Cardiolipin 
Phosphntidylethanolamine 
Phosphatidylcholine 
Sphingomyelin 
Phosphatidylinositol 
Phosphaticlylscrine 
Total recovery 

5.2 =t 0.7 
27.1 f 2.5 
52-9 f 3-7 

4.1 -+ 0.7 
G.5 f 0.6 
4*3 zt o-5 

100.1 f 7.X 

,a Mean values & S.D. of six independent analyses. 

The use of the two-dimensional tecl~niques1~J0~20 makes possible the isolation 
of more phospholipid fraction, but often at the expense of clear ‘separation, since 
diffuse spots are likely to appear and,overlapping is present in many chromatograms. 
Anotjler serious limitation of these methods is that they are not adequate for densito- 
metric analysis. 
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The two-step development procedure described in this paper has the advantage 
of giving spots without streaking, which are uniform in’ shape, and width; this is of 
considerable importance when direct thin-layer chromatographic-densitometric 
techniques21s22 are used. 
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