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SUMMARY

A simple procedure for preparing a stable stock reagent and working reagents
for the detection and determination of phospholipids is proposed, and a simple, rapid
and accurate thin-layer chromatographic technique is suggested. The results obtained
for egg yolk phospholipids are presented as an example.

INTRODUCTION

The determination of phosphorus using phosphomolybdenum blue (PMB)
is widely used in chemistry and biochemistry, four papers in particular being most
frequently cited!~,

Many different methods are used for the determination of phosphorus in
lipids®*~15. Aminonaphtholsulphonic acid*5#, ascorbic acid*®7, hydrazine sulphate®,
amidol'®, iron(Il) sulphate'? and tin(Il) chloride'* are the most common reducing
agents used for PMB formation. Recently. new reductants have been suggested'*'s,
However, there is a very interesting group of reagents for phosphorus analysis that
have only limited application in phospholipid quantitation. These are reagents con-
taining mixtures of molybdenum(VI) and molybdenum(V) (Zinzadze', Hahn and
Luckhaus!” and Lucena-Conde and Prat'® reagents), and are well known to lipid
biochemists as phospholipid sprays!®—23, Hooghwinkel and Van Niekerk?* recom-
mended the Zinzadze reagent for the determination of phosphorus in lipids.

Previously, we used one of those reagents'® for phospholipid analysis?%.
Recently, we have thoroughly investigated the conditions for the formation of PMB
in order to find out if it was possible to simplify the procedure?®. Here we report a
procedure for preparing stock molybdate reagent together with a technique for

* Parts of this work were reported at the 12th World Congress of the International Socicty
for Fat Research, Milan, Scptember 1974, and at the 4th Soviet National Biochemical Congress,
Riga, October 1974,
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obtaining working reagents and sprays. The application of these reagents is illustrated
by the analysis of egg yolk phospholipids using standard and micro-thin-layer
chromatography (TLC).

MATERIALS AND METHODS

Sodium molybdate (Na,Mo0O,-2H,0), hydrazinium chloride and hydrochloric,
perchloric and sulphuric acids were of analytical-reagent grade and used without
additional purification. Egg yolk phospholipids were extracted by a minor modifi-
cation of the method of Folch et a/.?’. Phosphatidylcholine (PC) was isolated from
the extract by column chromatography on Silica gel. TLC and micro-TLC were
performed as described previously?®,

Preparation of stock reagents and investigation of their stability

A solution of hydrazinium chloride (60 mg) in 4 N hydrochloric acid (2.0 ml)
was added to a solution of sodium molybdate in 4 N hydrochloric acid (8.0 ml). The
mixture was heated in a boiling water-bath for 20 min. After cooling, calculated vol-
umes of acid and water were added to give a final volume of 15 ml. Working reagents

were prepared both from freshly prepared reagents and those stored for 6 months at
room temperature,

Investigation of working reagents

Aliquots of stock reagents were diluted with calculated amounts of acids and
water, and portions (4.7 ml) of the resulting solutions were added to pyrex test-
tubes containing 0.1 ml of dipotassium hydrogen orthophosphate solution (25 ug/mi
of phosphorus) and 72 9 perchloric acid (0.2 ml) or water (0.1 ml) and perchloric acid
(0.2 ml). The contents of the test-tube were thoroughly mixed with a vibrator mixer,
and the tubes were then heated in a boiling water-bath for 15 min and subsequently
cooled ; absorbances were measured at 815 nm on a Spekol spectrophotometer with
an EKA attachment. Three samples and three blanks were prepared in parallel from
the working reagents for each assay.

Investigation of spray reagents

Amounts of 1.0, 2.5 and 10.0 ug of PC were spotted on to thin-layer plates in
5-mm diameter areas. Aliquots of the stock stable reagent were diluted with calculated
volumes of sulphuric acid and water. The colouring rate, spot intensities, their stabili-
ties, background colour and alteration were fixed for the sprays obtained.

Recommended procedures

Stable stock reagent. Add a solution of hydrazinium chloride (400 mg) in 4 NV
hydrochloric acid (14 ml) to a solution of sodium molybdate (10 g) in 4 N hydro-
chloric acid (60 ml). Heat the mixture in a boiling water-bath for 20 min; after cool-
ing, add concentrated sulphuric acid (14 ml) with cooling and mix. Adjust the volume
to 100 ml with water. Keep the reagent in a dark bottle at room temperature.

Working reagent I. Add 1 N sulphuric acid (48 ml) to the stock reagent (4 ml)
and adjust the volume to 100 ml with water. The reagent is stable at room temper-
ature for at least 1 week.



A UNIVERSAL REAGENT FOR PHOSPHOLIPID ANALYSIS 131

Working reagent I1. Add 1 N sulphuric acid (26 ml) to the stock reagent
(5.5 ml) and adjust the volume to 100 ml with water. The reagent is stable at room
temperature for 1 week.

Spray reagents. A. Dilute a volume of stock reagent with three volumes of water.
B. Dilute one volume of stock reagent with seven volumes of 10 N sulphuric acid.

Determination of phospholipids in extracts and fractions. Evaporate an aliquot
of lipid solution in a Pyrex test-tube on a boiling water-bath or with a stream of ni-
trogen. Add to the residue 0.2 and 0.05 ml of 729, perchloric acid for the standard
and micro-procedures, respectively. Digest the samples by heating in an electrically
heated metal block at 180-200° for 20 min, allowing most of the tubes to project
outside the block so as to prevent evaporation of perchloric acid. After cooling, add
reagent I (4.8 ml) for the standard procedure, or reagent 11 (0.45 ml) for the micro-
procedure ; mix thoroughly with a vibrator mixer and heat in a boiling water-bath for
15 min. After cooling, measure the absorbance at 815-830 nm against a blank. When
the absorbance is too high, the samples and blanks can be diluted with 1 N sulphuric
acid 2-10 times.

Derermination of phospholipids by TLC. Detect the phospholipid spots after
development with concentrated sulphuric acid-methanol (1:9) and subsequent heat-
ing at 180° for 10 min, or with one of the phospholipid sprays. Scrape the silica gel
zone containing the phospholipids (using a spatula made from a razor blade) into a
Pyrex test-tube. Add 729 perchloric acid (0.2 ml) for all spots from standard TLC
and the largest spots from micro-TLC, or perchloric acid (0.05 ml) for the remaining
spots from micro-TLC. Take the blanks from plate areas without lipids. Perform the
digestion and subsequent operations as described above. After PMB formation,
sediment the silica gel by centrifugation for 10 min at ca. 2000 g and measure the
absorbance of the supernatant,

RESULTS

As shown in our previous work?, there is a definite region of molybdenum
[Mo(VI): Mo(V) = 3:2] and acid concentrations in the reaction mixture. High yields
of PMB are produced in that region, the formation of molybdenum blue being negli-
gible, i.e., the blank values do not exceed 0.040 (see Table I and Fig. 1). On the basis
of these data, it is possible to calculate the composition of a working reagent, which,
after addition to the sample digested with acid, gives a reaction mixture of optimal
composition for PMB formation. Such a reagent should be sufficiently stable during
storage. As can be seen from Fig. 1, the acid concentration in such a working reagent
must be within the,range 0.5-2.0 N. Reduced molybdate reagents are known'8 to be
very stable when their acid concentrations are not less than 8 N, Hence it is reasonable
to divide the procedure for obtaining the reagent into the following two stages: pre-
paration of stable stock reagent, and its dilution with acid to give a suitable working
reagent. As it is easy to decrease the molybdenum: acid concentration ratio in the
solution by diluting with acid, we selected for the stock reagent a concentration of
sodium molybdate equal to 100 mg/ml (about 40 mg/ml of molybdenum), and hy-
drochloric, perchloric and sulphuric acids were used as stabilizing reagents. The best
results were obtained with sulphuric acid; hydrochloric acid precipitates molybdate
when its concentration in the reagent reaches 5 N, and the presence of a high propor-
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TABLE I

INFLUENCE ON ABSORBANCES AND BLANK VALUES OF THE RELATIONSHIP BETWEEN MO-
LYBDENUM AND ACID CONCENTRATIONS IN FINAL REACTION MIXTURES

The numecrator gives the true absorbance > 10* and the denominator the blank absorbance x 10%;

; both arc
expressed as mecan valucs and standard dcvnatlons for six dctcrmmatlons
Mo (V)/(VI) Acid nor ma/uy of f nal .sallman
"’ ﬁ’,al e v R — 0o
solution 0 25 0. 5 O 75 I 0 l 5 2.0 2.5 3.0 3.5 4.0 4.5
(mg/ml)
8.0 Blue 4454:3 36343 29244 00
12743 6243 3341 0
2 - .
7.0 Blue 4562 450 _L4 440:{:3 230_1»;3 §£l_
2|7J:7 71-};0 70-b4 294-3 81

6.0 4264 4552 44042 39243 12041

' 367+£2 9041 5041 32:51  18+0
5.0 Blue 484 436:£5 4331 39444

10943 5943 4142 3641

4.0 4224:2 4454 45344 41040

) 2004 47+2 30-£1 300

784-2 2741 2741 1041

2.0 429:4-3 42943 45343 4504 23341

) 9844 9844 1420  13L1 740
1.0 43043 43053 45742 45742 33342 5342 540

) B5::3 8543 1642 16+£2 1341 4] 0
0.5 38442 43042 20045  38::2

1184  14%1 1041 71

tion of perchloric acid in the stock reagent decreases PMB formation. There were no
differences in the results and stabilities between stock reagents with acid concentrations
of 8, 10 and 12 N (see Table 11). We therefore chose as a stock reagent the reagent
containing 8 NV acid and 40 mg/ml of molybdenum, and termed it the universal stable
reagent, as it can be used for easily preparing any working reagent for phosphorus
analysis or phospholipid spray.

For the determination of phospholipids by micro-TLC, it is essential to take
0.05 m1 of concentrated perchloric acid for digestion, as this is the minimum amount
required in order to wet the entire silica gel sample scraped off. This amount of the
acid gives a normality of 1.2 in the final 0.5 ml of the reaction mixture. Inasmuch as
a reduced molybdate gives molybdenum blue in solutions with acidity less than 0.3
N¥3° we compared a series of working reagents with a molybdenum concentration
2.22 mg/ml (0.45 ml of such reagents gives a molybdenum concentration of 2.0
mg/ml in the final 0.5 ml) and acid normalities from 0.4 to 0.8. The results are given
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Fig. 1. Region of optimal conditions for PMB formation (maximum absorbances and minimal blank
values). D, = true density: D, == blank density.

TABLE 11

STABILITY OF CONCENTRATED REAGENTS WITH DIFFERENT ACID NORMALITIES
AT A CONCENTRATION OF MOLYBDENUM OF 40 mg/ml

Acid Acid Acid First day’" Sixth day™™"*
normality  normality normality of oo e e
of conc. aof diluted  final reaction Do Dy D* Dy Dy D
reagent reagent reagent”

8 0.6 1.74 470 31 439 + 2 471 31 440 - 2
10 0.6 1.74 471 31 440 + 3 470 29 441 + 3
12 0.6 1.74 472 32 440 + 3 471 30 441 + 3
8 0.7 1.83 468 29 439 -+ 3 469 29 440 : 2
10 0.7 1.83 466 27 439 - 3 468 28 440 4: 2
12 0.7 1.83 467 27 440 4 3 466 27 439 - 2

8 0.8 1.92 468 29 439 - 3 470 30 440 4- 3
10 0.8 1.92 465 27 438 4 4 469 30 439 4+ 3
12 0.8 1.92 467 28 439 - 3 3

468 29 439 -

* Mo concentration in final solution = 2 mg/ml.
** Dy == overall absorbance x 10%; D, == blank absorbance  10*; D, =: true absorbance x 10%,
*** After 6-months storage’ of concentrated reagent similar results were obtained.
¥ Standard deviation for six determinations.

TABLE 111

STABILITY OF WORKING REAGENT AT A MOLYBDENUM CONCENTRATION OF
2.22 mg/ml AND VARIABLE ACID NORMALITY

Abbreviations as in Tal;!e 1L

Acid Acid Fr.w daym ) :S;I;.\;f-/l cl.a,\f o
/mrmah‘ly uarma/iry e e o s et oo et e e e

of diluted  of final Do Dy D, Do D, D,
"ea&le"r ‘v‘,/l"io', e thr e mm m ae o A s s b e mmesaims = e e PEPPEP . [P -
0.4 1.56 568 138 430 4-4 - s10

0.5 1.65 470 38 432 2 210 -

0.6 1.74 461 26 435 23 465 28 437 1 |
0.7 1.83 462 25 437 41 462 25 437 41
0.8 1.92 464 27 437 k1

469 30 439 42
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TABLE 1V

STABILITY OF WORKING REAGENTS AT VARIABLE ACID NORMALITIES AND MO-
LYBDENUM CONCENTRATIONS

Abbreviations as in Tablc 1T,

Ma/yl)denmn Ac.i&' Acid - Iv;o“lyi).demu-:‘:- " I‘lrstday o MmS:xlIl clayv o
conen, in normality normality conen. in e R T e
reagent of diluted of final final solution Dy D, D, D" D" D,

( my/ ml) I eagem mhm(m (mgimi)

l 04 0 54 I 0 1.0 460 20 440 -4 474 38 436 - 3
1.56 0.8 1.25 1.5 460 20 440 4- 3 463 23 440 - 3
2.08 1.06 1.5 2.0 465 28 437 4+ 2 468 29 439 4- 2
TABLE V

INFLUENCE OF Mo AND H* ION CONCENTRATIONS IN MOLYBDATE REAGENT
ON QUALITY OF DEVELOPMENT OF PHOSPHOLIPID SPOTS IN TLC

Pomr Mo A cm’ Tmle of Inrellslrv BacAgrouml Spar Retention
No, (mg/ml) normality development  of spot at moment stability time for light
of maximum  colouring® of develop- backgrownd
colouring ment of (min)
(min) maximum
colourmg
1 20 4 4-5 -+ White 2-3h 4-5
2 6 6-7 4 Bluish 2-3h 6-7
3 8 1-1.5 S R Greenish 2-3h 2-3
4 10 1-1.5 e - Green After 25 h 2-3
5 12 1-1.5 A e o Green no changes 2-3
6 15 4 3-4 A ofe White 2-3 h s
7 6 2 “f - -} White After 20— 5-6
8 8 2 e Greenish 25 h no 5-6
9 10 1 -+ o -} Greenish changes
10 12 2 - =} Green J Blues instantly
11 10 2 2 -t -4 - White 24 h 30
12 4 2 - A -+ White 24 h 30
13 6 2-2.5 4 - - White 4-5
14 8 3 e White After 24 h 4-5
15 10 4 b - -t Greenish J no changes 4-5
16 12 2 4 o Green Blues instantly
17 7.5 2 3 4 b - White 10 h 30
18 4 3 4 White 10h 35
19 6 4 o A White 1 After25h 35
20 8 4 A e - White fno changes 35
21 5 2 3 -} White 15 min 35
22 4 2 - - White 15 min 35
23 6 6 4 - White 15 min 35
24 8 34 A+ -4 White l After 20- 35
25 10 34 - -t White 25 h 60
26 12 3-4 -t -+ Greenish J no changes GO

l . Weak - -f-y, medium: - l- + strong colourmg
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TABLE VI

RESULTS OF PHOSPHOLIPID QUANTITATIONS IN EGG YOLK LIPIDS BY STANDARD
TLC (PLATE 13 < [3¢cm)

Abbreviations as in Table 11,

Phospholipid® D, D, D, Phosphorus  Phospholipid
content (ng) content (%)

Phosphatidylcholing***# 625 204 0.1 605 10.8 73.47 4: 0.15

632 612

622 602

631 611

628 608

632 612

627 G607

623 603
Phosphatidylethanolamine®*” 262 30 4 0.1 232 2.82 19.2 --0.12

272 242

269 239

277 247

262 232

272 242

277 247

267 237
Lysophosphatidylcholine ¢ 130 40402 90 0.35 2.38 I 0,06

140 100

145 105

133 93

140 100

155 115

135 95

140 100
Lysophosphatidylethanolamine®®* 146 40 4: 0.2 106 0.39 2.69 4: 0.05

156 116

146 106

156 116

159 119

149 109

149 109

159 119
Sphingomyelin®? 129 40 -1 0.2 89 0.33 2.26 - 005

134 94

129 89

134 94

141 101

131 91

131 91

- * Recovery of phospholipids: about 999,
** Mean values for 8 blanks o- standard deviations,
*** Determined using 0.4 ml of perchloric acid and 9.6 ml of working reagent.
8 Reaction mixtures were diluted with 1 N sulphuric acid to 15 m! before centrifugation,
84 Determined using 0.2 ml of perchloric acid and 2.8 ml of working reagent.
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in Table 111. It can be seen that the 0.4 and 0.5 N reagents are not stable and we there-
fore chose a working reagent with an acid normality of 0.7. In the final reaction mix-
ture, which also contains 0.05 ml of concentrated perchloric acid, the reagent gives
a molybdenum concentration of about 2 mg/ml and an acid normality of about 1.8.
Hence the reagent corresponds tothe optimal conditions of PMB formation (see Fig. 1).

In the most typical cases of the determination of phospholipids (in extracts,
in fractions after column chromatography and in spots after standard TLC), per-
chloric acid (0.2 ml)is used for the digestion of samples, and the reaction of PMB for-
mation is carried out in a final volume of mixture of 0.5 ml. The perchloric acid
makes a contribution to the normality of the final reaction mixture of about 0.5. As
is apparent from Fig. |, one can obtain many working reagents with different molyb-
denum and acid concentrations that give optimal conditions in the final reaction
mixture.

We compared three such reagents, which gave in the reaction mixture molyb-
denum concentrations of about 1.0, 1.5 and 2.0 mg/ml, the acid normalities being 1.0,
1.25 and 1.5, respectively. The results are shown in Table 1V. All three reagents give
similar results, but the reagent of minimum acid concentration is less stable. Hence
we chose as a working reagent the one with a molybdenum concentration of 1.6
mg/ml and an acid normality of 0.8.

Previously?®22, we found that a good phospholipid spray could be obtained
with wide ranges of molybdenum and acid concentrations and degree of molybdenum
reduction. In order to choose an optimal procedure for preparing a phospholipid
spray from the stock reagent, we decided to check again the influences of different fac-
tors on the quality of such a spray reagent. We examined molybdenum concentra-
tions from 5-20 mg/ml of the spray and acid normalities from 2—-12. The time of spot
development, intensity of colour, background colour and alteration were compared.
The results in Table V show that the reagent detects phospholipids satisfactorily
over both of these ranges. However, maximum sensitivity with a relatively stable back-
ground colour can be attained at definite molybdenum and acid ratios in the reagent.
Hence, we suggest that two sprays should be prepared from the universal stock re-
agent, one containing 10 mg/ml of molybdenum and 2 N in acid, and the other with
5 mg/ml of molybdenum and about 10 ¥ in acid.

The practical application of the recommended reagents and procedures was
demonstrated by the phospholipid analysis of egg yolk. The results of a standard TLC
determination(plates 13 x 13 cm) areshownin Table VI, and those obtained by micro-
TLC are given in Table VII.

DISCUSSION

A wide variety of methods for the determination of phospholipids appears even
in the recent literature, giving an indication of their limitations. Most of the methods
have common disadvantages: the stability of reagents is low and, fairly often, they
have to be prepared from dry substances.

We focused our attention on pre-reduced molybdate reagents, which are very
stable and give reproducible results®!, As our data on the optimal conditions of PMB
formation indicate, it is possible to calculate the composition of a single working
reagent for addition to a reaction mixture after digestion,
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We first developed a procedure for preparing a stock molybdate reagent, We
obtained the best results with both readily soluble sodium molybdate and hydrazinium
chloride in hydrochloric acid?®, Such a reduced reagent is stabilized by adding con-
centrated sulphuric acid!®. We checked some batches of the starting material for the
reagent and obtained good results in all instances, The stock reagent is very stable,
being stored in our laboratories without deterioration for more than 6 months.

There are two principal steps in the usual procedure for the determination of
phospholipids, namely digestion and PMB formation. Different methods of digestion
have been used3?#:9:13:32-34: however, the most convenient method is digestion with
70-72 %, perchloric acid$-8:10.24.35-38 which is a more powerful oxidant than sulphuric
acid and gives a lower acidity in the reaction mixture after mineralization. Its sole dis-
advantage is an explosion hazard. However, when operating with lipid samples that
require only a few hundred microlitres of the acid, the hazard is small,

We have found that perchloric combustion is completed in most instances in
15-20 min, although Bottcher er al.?% reported that when the reaction mixture became
colourless within 12-18 min only 94-97 9 of the phosphorus in the sample could be
determined as orthophosphate, and that it was necessary to heat the mixture with
perchloric acid for 40 min for complete digestion. Combustion is accelerated by the
addition of a small amount of molybdate®”:3°4%, From the perchloric acid digest,
nitrogen can be determined in addition to phosphorus?,

In preliminary experiments?®, we established that perchloric acid had no in-
fluence on the results of phosphorus determinations over a wide range of concen-
trations, provided that the total acid concentration in the reaction mixtures was not
changed.

Previously, after lipid digestion, water, a molybdate solution and a reducing
reagent were generally added successively to the residue. In order to reduce the number
of reagents and operations, a pre-mixed solution of water plus molybdate® or molyb-
date plus reducing reagent were added®. The use of a single reagent for the deter-
mination of phosphorus has also been suggested* 4! 45, However, all of these reagents
proved to be unstable and had to be prepared each day or several times a day. In
this respect, our working reagents are superior to others in both stability and sim-
plicity of preparation.

We have not considered in detail the development of lipids in TLC, but it
should be noted that at present two-dimensional TLC®7+15:44-47 g increasingly re-
placing the one-dimensional procedure**-*5, although some recent papers have sug-
gested the use of the latter®57, Most of the natural complex lipid mixtures can be
separated by the solvent systems recommended by Rouser®®,

In quantitative TLC, phospholipids are mainly detected with iodine va-
pour!$:44-16.53.57.89.60 and with sulphuricacid plus heating?®7-5!.52:56_ Other reagents have
also been used?’#7-%0.¢1_]n our opinion, iodine vapour, the most widely used reagent,
is not satisfactory. It is toxic, detection is not sensitive and the procedure is time con-
suming. In order to detect phospholipids, we applied our phospholipid spray or sul-
phuric acid in methanol with subsequent heating. The molybdate spray locates
‘phospholipid spots at room temperature in a few minutes; it not only doesn’t inter-
fere in further analyses, but also promotes phospholipid digestion. Molybdate sprays
were also recommended for use in phospholipid determinations by other workers37:¢!,
Sulphuric acid excels the molybdate spray in sensitivity. [t is convenient to heat a



A UNIVERSAL REAGENT FOR PHOSPHOLIPID ANALYSIS 139

plate after spraying with phospholipid reagent, using sulphuric acid as a char agent,
in order to detect minor components of lipid mixtures and check the resolution of
phospholipids from other lipids.

Silica gel is scraped from the plates and transferred with a spatula into test-
tubes for digestion, a razor blade being most commonly used!$:43:45.50-53.57.59 5p g
collected with a special device under vacuum?-¢46, We prefer the first procedure, especi-
ally in micro-TLC, because it is simpler and decreases the possibility of losing rnicro-
particles of silica gel.

For the digestion of phospholipids in a mixture with silica gel, the same meth-
ods are applied as used for phospholipid digestion without silica gel: with sulphuric
acid*3.50:83.60 with mixtures of sulphuric and perchloric acids* 457 or with perchloric
acid®.7-15.37.46.49.51.52,54.57.80 . Kahovcovad and Odavié™ suggested combining the proce-
dures of detection and digestion and to accomplish the run on a thin-layer plate
heated at 180° for 60 min after spraying with 509 sulphuric acid. They considered
this method to give useful savings in time, yet this appears to be erroneous. Fung
and Kalant®, who used this procedure, increased the time of phospholipid digestion
on plates to 10 h.

For PMB formation after phospholipid digestion with silica gel, the Bartlett
method? or that of Rouser and co-workers®” is generally used. Other procedures have
also been employed!'s43%, Kahovcoved and Odavi¢®® used the Hahn and Luckhaus
reagent!’, which is most closely related to our stock reagent both in its preparation
and in composition, but they added water and the concentrated reagent to the re-
action mixture separately.

We checked the recommended reagents and procedures for egg yolk phospho-

TABLE VIII

EGG YOLK PHOSPHOLIPID COMPOSITIONS
Phospholipid® content (%, Methods used References
PC PE Sph LP Other
phospholipids
73.0 150 2.5 5.8 Column chromatography 63
69.1 239 1.0 DPG, 3.24 One-dimensional TLC: G4
phosphorus determi-
nations in spot cluates
68,6 189 91 34 One-dimensional TLC 65
and densitometry
69.0 240 3.0 3.0 One-dimensional TLC: 66

phosphorus determi-
nation without clution

76.3 174 2.3 2.2 Pl, PA, PG, or One-dimensional TLC 67""

777 15.7 24 2.6 DPG traces

73.5 192 23 24 LPE, 2.7 Standard TLC Present work

734 194 23 2.2 LPE, 2.5; P1, Micro-TLC Present work
0.3

* PC = phosphatidylcholine; PE = phosphatidylethanolamine: Sph == sphingomyelin; LPC ==
lysophosphatidylcholine; DPG = diphosphatidylglycerol; Pl = phosphotidylinositol; PA = phos-
phatidic acid; PG = phosphatidylglycerol; LPE = lysophosphatidylethanolamine.

** Eggs from different hen strains were studied.
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lipid analyses. Previously, the composition of these lipids was investigated by dif-
ferent methods®-¢’, Our results (see Tables VI-VIII) proved to be in good agreement
with the latest data of Christie and Moore®”. However, the use of two-dimensional

TLC allowed us to measure lysophosphatidylethanolamine, which has been deter-
mined by other workers together with PC,

The proposed reagents and procedures, especially those based on micro-TL.C?,

are very simple, rapid and cheap and give reproducible results, and they should there-
fore be useful in phospholipid analyses.
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