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BraANTE (1949) showed that the alkali-stable phospholipid fraction determined
according to the method of ScaMIDT et al. (1946) contains not only sphingomyelin,
but also a non-choline containing lipid, which he named “‘cephalin B”. Dawson
(1954) confirmed this finding and observed that the quantitity of non-sphingo-
myelin phosphorous in the alkali-stable fraction is reduced when the tissue is
treated with 109/, trichloracetic acid (TCA) before the lipids are extracted. In this
regard ice-cold TCA appeared to be less effective than TCA at room temperature.
Both authors suggested calculating sphingomyelin from the quantity of alkali-
stable lipid choline instead of from the quantity of alkali-stable lipid phosphorus.
Using the periodide method for determination of choline, Enpaar and Smrts (1959)
followed this suggestion but, in order to obtain reproducible results, it was necessary
to dry tissue samples prior to lipid extraction.

This limits the range of application of this method; moreover, the determi-
nation of choline is less suited to routine use than determination of phosphorus.
For these reasons an attempt was made to ensure optimal elemination of non-
sphingomyelin phosphorus from the alkali-stable lipid fraction by using TCA-
treatment more intensive than that in ScHMIDT’s original procedure.

Methods

The total quantity of alkali-stable phospholipids was determined as previously described
(EDGAR 1956). In this procedure alkaline hydrolysis is followed by treatment with 5%/, TCA. at
room temperature for 2 hrs. In the modification now proposed, the effect of TCA was inten-
sified by increasing the concentration to 109/, by carrying out the procedure at 37°C and by
prolonging TCA treatment to 3 days. The temperature of 37°C was chosen because alkaline
hydrolysis is also carried out at this temperature ; consequently the procedure can be performed
in the same water bath. The quantity of choline-containing phospholipids was determined as
described by EpcaR and SMrTs (1959). In this method, choline is determined according to the
method of Smirs (1957), which is a combination of the method of AppLETON et al. (1953) and
that of KusaNer (1956).

Results and Discussion
The mean value for alkali- and TCA-stable phospholipids obtained by the modi-
fied method in 7 independent estimations, was significantly lower than the mean
value for the total quantity of alkali-stable phospholipids obtained in 12 estima-
tions on the same sample by the method previously described (p = > 0.01).
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The quantity of alkali-stable lipid phosphorus was not further reduced by
prolonging TCA treatment to 6 days.

The quantity of choline in the alkali-stable fraction remains unchanged during
TCA treatment during 6 days. It can be assumed, therefore, that choline containing
alkali-stable phospholipids (mainly sphingomyelin) are not hydrolysed by inten-
sified TCA. treatment as used in this investigation.

In order to investigate the degree of elimination of “non-sphingomyelin®
phosphorus, “sphingomyelin’’ values calculated from alkali-stable lipid choline,
were compared with those calculated from the quantity of alkali-stable lipid
phosphorus, which resists intensified TCA-treatment (further indicated as alkali-
and TCA-stable lipid phosphorus). Different types of tissue were used in this study.
The Table shows close agreement of “sphingomyelin” values obtained by applying

Table. Comparison of “sphingomyelin’ values calculated from alkeli- and TC A-stable phosphorus
(present method) and from alkali- and TCA-stable choline (Brante’s method) determined in the
same sample
All figures represent percentages of dry weight. Each figure represents the mean of 3 indepen-
dent determinations unless stated otherwise (see below)

Alkali- and TCA-stable P Alkali- and TCA-stable
(X 25) choline ( X 6.4)

Human brain. Normal
formalin-fixed
White matter, 5 month old child 2.9 2.8
White matter, 7 years old child 3.8 3.5
Total hemisphere, adult 2.3 2.4
unfized
Grey matter, 2 year old child 1.5 1.6
White matter, 2 year old child 2.6 2.9
Cerebellar white matter, adult 3.5 3.6
Total hemisphere, adult 2.5 2.8
Amaurotic idiocy
formalin-fixed
Grey maitter, case I 2.5 2.6
Grey matter, case I1 1.9 1.8
5 rabbits, 3—18 months old
Total hemisphere 1.7t 1.81

(1.5—1.8)2 (1.3—2.4)2

1 Mean value calculated from the mean of 3 determinations made in each of the 5 rabbits.
2 Range of the observations.

both methods of calculation to the same sample, regardless of whether it had been
taken from formaldehyde-preserved or from fresh tissue. In addition, freeze-dried
samples taken from a homogenized brain hemisphere, which had been fixed for
1 year in 10°/, formalin (without neutralization), showed ‘‘sphingomyelin’ values
similar to those obtained from the homogenized contra-lateral hemisphere, which
had not been preserved in a fixative (2.39/, of dry weight and 2.59/, of dry weight,
respectively). Unlike the periodide method for the determination of choline, the
procedure proposed in this paper does not require drying of tissue samples, since
identical “‘sphingomyelin’’ values were measured in freeze-dried and in wet samples
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from the homogenate of the fresh human hemisphere (2.5°/, of dry weight and
2.39/, of dry weight, respectively).

The date presented here justify substituting the quantity of alkali- and TCA-
stable lipid phosphorus for the quantity of alkali-stable lipid choline as a measure
of the “sphingomyelin” content of human and animal tissue. The effect of inten-
sified hydrolysis with TCA might be explained by assuming, with ScHMIDT et al.
(1959) and with DavexporT and Dawsox (1962), that the alkali-stable phospho-
lipid fraction comprises plasmalogens, which are not hydrolysed during the brief
treatment with 5°/, at room temperature used in ScHMIDT’s original procedure
(1946).

Finally it should be stated that the alkali- and TCA-stable phospholipid frac-
tion determined by the method proposed here, is not necessarily pure sphingo-
myelin. It may include, for instance, choline-containing plasmalogens such as
described by Gorrrrrep and Raprorr (1962), if these compounds were TCA-
resistant by nature or because of structural alterations induced by the hydrolysis
(DAvENPORT and Dawsoxn 1962). This contamination, however, will also be in-
cluded in the values for alkali-stable phospholipids calculated from the choline
content of the alkali-stable fraction.

There are other phospholipids, moreover, which can be assumed to be alkali-
and TCA-resistant because of their ether linkage. This type of compound was iso-
lated for the first time from the alkali-stable phospholipid fraction of egg yolk
(CarTER et al. 1958). Later it was found to occur in small quantities in erythrocytes
(HanaraxN and WarTs 1961) and in nerve tissue (SVENNERHOLM and THORIN 1960).

In normal tissue the quantity of choline-containing acetal phospholipids and
ether phospholipids is so small as to justify the assumption that the quantity of
alkali- and TCA-stable phospholipid is an approximate measurement of true
sphingomyelin. In pathological conditions, however, the presence of abnormal
quantities of ether phospholipids and/or plasmalogens should be excluded be-
fore alterations in the alkali- and TCA-resistant phospholipid fraction are attri-
buted to the sphingomyelin fraction. Therefore, we have put to the term “sphingo-
myelin” in quotation marks when it is used to designate the alkali- and TCA-stable
phospholipid fraction measured by the method proposed.

Summary

Almost all phospholipids are hydrolysed by treatment with N KOH at 37° for
16 hrs followed by 109/, trichloracetic acid at 37° over a 3-day-period. After this
treatment there remains only sphingomyelin and probably certain phospholipids
of a type which occurs only in exceptionally small quantities in the CNS. This
method is proposed for the estimation of the “sphingomyelin’ content. This term
is to be set between quotation marks to draw special attention to the small
quantity of phospholipids apart from sphingomyelin.

Résumé
Si un mélange de phospholipides est traité durant seize heures & 37° avec KOH
N et ensuite pendant trois jours & 37° avec 109/, d’acide trichloracetique, presque
tous les phospholipides seront hydrolysés. Ne résisteront & ce traitement que la
sphingomyéline et peut-étre quelques phospholipides qui ne sont présentes que
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dans des quantités minimes dans le systéme nerveux normal. Les auteurs propo-
sent ce procédure pour estimer le taux de «sphingomyéline».

Ce terme a été mis entre guillemets pour attirer 'attention sur la présence de
petites quantités de phospholipides autres que shpingomyéline.

Literature

AprrETON, H. D., N. DE LA DU BEST jr., B. B. LEVY, J. M. STEELE and B. B. BRODIE: A chemi-
cal method for the determination of free choline in plasma. J. biol. Chem. 205, 803—815
(1953).

BraNTE, G.: Studies on lipids in the nervous system. Acta physiol. scand. 18, 14-—189 (1949).

CarTER, H. E., D. B. SMITE and D. N. JoNES: A new ethanolamine-containing lipide from egg
yolk. J. biol. Chem. 282, 681 —694 (1958). '

Davenreort, J. B., and R. M. C. Dawson: The formation of cyclic acetals during the acid
hydrolysis of lysoplasmalogens. Biochem. J. 84, 490—496 (1962).

Dawsox, R. M. C.: A note on the estimation of sphingomyelin in nervous tissue. Biochem. J.
56, 621 —625 (1954).

Epear, G. W. F., and G. Smrrs: Alkali-stable phospholipids during the development of the
rabbit brain. J. Neurochem. 8, 316 —321 (1959).

GorrrrIED, E. L., and M. M. Rarrorr: The biochemistry of plasmalogens. I. Isolation and
characterization of phosphatidal choline, a pure native plasmalogen. J. biol. Chem. 287,
329—333 (1962).

Hawanax, D. J., and R. Warts: The isolation of an alpha-alkoxy-beta-acetyl-alpha-glycero-
phosphorylethanolamine from bovine erythrocytes. J. biol. Chem. 236, 59—60PC (1961).

KvuserNer, D. J.: A spectrophotometric microdetermination of choline. Biochim. biophys.
Acta (Amst.) 20, 554—555 (1956).

ScamipT, G., J. Bevorti, B. HERsaMAN and S. J. THANNHAUSER: A micromethod for the
quantitative partition of phospholipide mixtures into mono-amino-phosphatides and
sphingomyelin. J. biol. Chem. 166, 505—511 (1946).

— B. OrreEnsteN, W. A. Spexcer, K. R. Biigrz, J. Paras, D. Porrer, M. L. Levix and
S. J. Tax~vmavusER: The partition of tissue phospholipides by phosphorus analysis. Amer.
J. Dis. Child. 97, 697—708 (1959).

Swurrs, G.: Modification of the periodide method for the determination of choline. Biochim.
biophys. Acta (Amst.) 26, 424427 (1957).

SvexyerOLM, L., and H. THoORIN: Isolation of “kephalin B”’ from cerebral lipids. Biochim.
biophys. Acta (Amst.) 41, 371—372 (1960).

Dr. G. W. F. EpaaRr, Research Laboratory, Institute for Epilepsy Research
“Meer en Bosch’, Heemstede, The Netherlands.



