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BRA~TE (1949) showed that  the alkali-stable phospholipid fraction determined 
according to the method of SCHMIDT et al. (1946) contains not only sphingomyelin, 
but also a non-choline containing lipid, which he named "eephalin B". DAwso~ 
(1954) confirmed this finding and observed that  the quantiti ty of non-sphingo- 
myelin phosphorous in the alkali-stable fraction is reduced when the tissue is 
treated with 10~ trichloracetie 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 quanti ty of alkali- 
stable lipid choline instead of from the quanti ty of alkali-stable lipid phosphorus. 
Using the periodide method for determination of choline, EnGA~ and SMITS (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 at tempt 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 

(EDG~ 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- 
sifted by increasing the concentration to 10~ by carrying out the procedure at 37~ and by 
prolonging TCA treatment to 3 days. The temperature of 37~ 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 EDGAa and SMITS (1959). In this method, choline is determined according to the 
method of SMITS (1957), which is a combination of the method of APpL~TO~ et al. (1953) and 
that of K ~ S H ~  (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 quanti ty of alkali-stable phospholipids obtained in 12 estima- 
tions on the same sample by the method previously described (p ~ > 0.01). 

* This investigation was supported by grants from ~he Dutch Health Research Council, 
T.N.O., and from the American National Multiple Sclerosis Society. 
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The quanti ty of alkali-stable lipid phosphorus was not further reduced by 
prolonging TCA treatment to 6 days. 

The quanti ty of choline in the alkali-stable fraction remains unchanged during 
TCA treatment during 6 days. I t  can be assumed, therefore, that  choline containing 
alkali-stable phospholipids (mainly sphingomyelin) are not hydrolysed by inten- 
sifted 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 quanti ty 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 o] "sphingomyelin" values calculated/tom alkali- and TCA.stable phosphorus 
(present method) and ]rom 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 TOA-stable P Alkali- and TOA-stable 
( • 25) choline ( • 6.4) 

Human brain. Normal 
]ormalin-/ixed 
White matter, 5 month old child 
White matter, 7 years old child 
Total hemisphere, adult 

unfixed 
Grey matter, 2 year old child 
White matter, 2 year old child 
Cerebellar white matter, adult 
Total hemisphere, adult 

Amaurotic idiocy 
/ormalin-]ixed 
Grey matter, case I 
Grey matter, case II  

5 rabbits, 3--18 months old 

2.9 
3.8 
2.3 

1.5 
2.6 
3.5 
2.5 

2.5 
1.9 

2.8 
3.5 
2.4 

1.6 
2.9 
3.6 
2.8 

2.6 
1.8 

Total hemisphere 1.71 1.81 
(1.5--1.Sp (1.3--2.4) 5 

1 1V~ean value calculated from the mean of 3 determinations made in each of the 5 rabbits. 
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 
I 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 ftxative (2.30/0 of dry weight and 2.50/0 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 
2.3 ~ of dry weight, respectively). 

The date presented here justify substituting the quanti ty of alkali- and TCA- 
stable lipid phosphorus for the quanti ty of alkali-stable lipid choline as a measure 
of the "sphingomyelln" content of human and animal tissue. The effect of inten- 
sified hydrolysis with TCA might be explained by  assuming, with SCmaZDT et al. 
(1959) and with DAVeNPOrT and DAWSON (1962), tha t  the alkali-stable phospho- 
lipid fracgon comprises plasmalogens, which are not hydrolysed during the brief 
t reatment  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. I t  may  include, for instance, choline-containing plasmalogens such as 
described by  GorTr~I~D and RArro i~  (1962), ff these compounds were TCA- 
resistant by  nature or because of structural alterations induced by the hydrolysis 
(DAvv, NPO~T and DAwsoN 1962). This contamination, however, ~11 also be in- 
eluded 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 t ime from the alkali-stable phospholipid fraction of egg yolk 
(C~TE~ et al. 1958). Later  it  was found to occur in small quantities in erythrocytes 
(]tAN~_n~ and WATTS 1961) and in nerve tissue ( S v ~ v , ~ o T , M  and THo~m 1960). 

In  normal tissue the quanti ty of choline-containing acetal phospholipids and 
ether phospholipids is so small as to justify the assumption that  the quanti ty 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 arc hydrolysed by  t reatment  with N K O H  at 37 ~ for 

16 Jars followed by  10~ trichloraeetic acid at  37 ~ over a 3-day-period. After this 
t reatment  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 
quanti ty of phospholipids apart  from sphingomyelin. 

R6sumfi 
Si un mdlange de phospholipides est traitd durant seize heures s 37 ~ avec K O H  

57 et ensuite pendant trois jours s 37 ~ avec 1O~ d'acide trichloraeetique, presque 
tous les  phospholipides seront hydrolysds. Ne rdsisteront ~ ce trai tement que la 
sphingomydline et peut-~tre quelques phospholipides qni ne sont prdsentes que 
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dans des quant i tds  mirdmes dans le syst~me nerveux  normal.  Les auteurs  propo- 
sent  ce proe6dure pour  est imer le t a u x  de ~sphingomydhne ~>. 

Ce terme a dtd mis entre  guillemets pour  a t t i rer  l ' a t t en t i on  sur la prdsenee de 
petites quant i tds  de phospholipides autres que shpingomydline.  
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