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Summary. A micromethod for the investigation of the fatty acid composition of 
sphingomyelin is presented. In the cerebral white matter of 17 normal adult 
brains, analyzed for reference, the predominant fatty acids are C 18 : 0 and 
C 24: 1. Our results are in agreement with those of other authors. Short 
chained fatty acids are relatively increased in young children; this shift is 
typical of "immature" myelin. Similar changes are described here in old 
persons and cases of non-specific brain damage associated with demyelination 
(autolysis, chronic uremia, juvenile chorea). Sphingomyelin fatty acid com- 
position can be considered a sensitive measure of both disturbed myelination 
and demyelination. 

Key words: Cerebral white matter - Sphingomyelin - Fatty acid composition - 
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Zusammenfassung. Es wird eine Mikromethode zur Untersuchung der Fett- 
s~iurezusammensetzung von Sphingomyelin beschrieben. In der Marksub- 
stanz von 17 normalen erwachsenen Vergleichshirnen sind die wichtigsten 
Fetts~iuren C 18:0 und C 24: 1. Unsere Ergebnisse stimmen gut mit den 
Ergebnissen anderer Autoren iiberein. Bei Kindern findet sich eine relative 
Vermehrung kurzkettiger Fetts~iuren, diese Verschiebung ist typisch fiir ,,un- 
reifes" MyeJin. ,~hnliche Ver~inderungen werden hier auch bei Greisen und 
F/illen mit unspezifischem Hirnschaden (Autolyse), chronischer Ur~imie und 
juveniler Chorea Huntington (alle in Verbindung mit diffuser Entmarkung) 
beschrieben. Man kann davon ausgehen, dab die Fetts~iurezusammensetzung 
von Sphingomyelin einen empfindlichen MafSstab sowohl fiir eine gest6rte 
Myelinisierung wie auch fiir Demyelinisierung darstellt. 

Sphingomyelin, especially the fraction containing longer chained fatty acids, has 
been considered a typical myelin component [8] and numerous authors have 
associated alterations in the fatty acid composition of sphingomyelin with 
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d e m y e l i n a t i n g  d i seases  [6, 8 - - 1 0 ,  12, 14]. W e  h a v e  a d a p t e d  a s i m p l e  m i c r o -  

m e t h o d ,  o r i g i n a l l y  d e v e l o p e d  b y  us  fo r  t h e  a n a l y s i s  o f  c e r e b r o s i d e  a n d  s u l f a t i d e  

f a t t y  ac id  c o m p o s i t i o n  [3], t o  t he  d e t e r m i n a t i o n  o f  t h e  s p h i n g o m y e l i n  f a t t y  ac id  

c o m p o s i t i o n  f r o m  s m a l l  a m o u n t s  o f  h u m a n  c e r e b r a l  w h i t e  m a t t e r  in  n o r m a l  

i n d i v i d u a l s  a n d  p a t h o l o g i c a l  cases  w i t h  u n s p e c i f i c  b r a i n  d a m a g e ,  c h r o n i c  u r e m i a  

a n d  j u v e n i l e  c h o r e a .  

Material and Methods 

A block of material weighing approximately 1 g was excised from the right frontal white matter 
of 17 formalin fixed brains of patients of both sexes aged from 17 to 52 years who had died of a 
non-neurological condition. The brain tissue was examined histologically to ensure that there 
were no pathological changes. In a similar way material was obtained from the brains of 
children aged 1.2, 3.0, 3.0, 3.2, 4.4 years as well as 3 old persons aged 65, 79 and 85 years. In all 
cases there was no evidence of pathological changes in the brain. 

Pathological material was derived from four patients (aged 18, 27, 38 and 44 years) with 
marked autolytic change of the brain as a result of prolonged artificial respiration after brain 
trauma and diffuse brain swelling. Brain tissue was also obtained from a case of juvenile 
Huntington's  chorea (aged 21) in an advanced stage of mental and motor  deterioration and 
from a case of chronic uremia (aged 37) that  had died in uremic coma with generalized cerebral 
convulsions. All these brain samples showed diffuse reduction of myelin with the Heidenhain- 
Woelcke stain which was most marked in the case of juvenile chorea and in the case of chronic 
uremia. 

The fatty acid analyses were performed essentially as previously described [3]. The lipids 
were extracted with chloroform/methanol  2 : 1 and 5 mg of total lipid extract was subjected to 
column chromatography on Florisil. After elution of fraction I with chloroform/methanol  2 : 1, 
fraction II containing the phospholipids was eluted with 12 volumes of ch loroform/methanol /  
water /ammonia  63 : 40 : 7 : 1. 

For  thin layer chromatography 200 ~tl of a solution of fraction II dissolved 5 : 1 in chloro- 
form/methanol  2 :1  was applied to the plates covered with a 3001xm layer of Kieselgel G 
(Merck) with a Hamilton microlitre syringe; from each brain two adjacent tracks were used. The 
plates were developed in chloroform/methanol /water  73:28:4 .5  with chamber saturation. 
After drying, the plates were sprayed with 0.1% Rhodamin B (Merck) and viewed under 
ultraviolet light at 264 nm (Camag) as spraying with water did not show up the sphingomyelin 
spots. The sphingomyelins were identified by theirs RF values compared to the RF values of 
commercial brain sphingomyelin (Serva) run in parallel and outlined with a needle. With the 
thin layer system used here sphingomyelin separated into two spots of which the one with the 
higher RFvalue contained mainly longer chained fatty acids, whereas the one with the lower RF 
value contained shorter chained fatty acids [8]. 

The two sphingomyelin spots on each track were scraped off together and the sphingo- 
myelins from the two adjacent tracks (i.e. deriving from the same brain extract) were united. 
Transmethylation was carried out with 5% sulfuric acid in methanol (v/v) by heating in an oil 
bath for 12h at 75°C. The fatty acid methyl esters (FAME) were extracted into hexane and, 
after drying, taken up in 10ktl carbon disulfide for gas chromatography. 

Gas-liquid chromatography was performed with a Pye Unicam model 104 gas chromato- 
graph fitted with double FID. The silanized glass columns were 5 ft long, 2 mm internal 
diameter and filled with 3% OV 1 on 100/120 Gas Chrom Q (Serva). Carrier gas was purified 
nitrogen at a flow rate of 70 ml/min.  Temperature programming for the column oven was started 
at 195°C for 3 min, then raised 3°C/min to 255°C final temperature. Injection point increment 
was set at 3 and detector temperature was kept constant at 300 ° C. Peaks were recorded with a 
dual channel recorder ( W + W  1200) and identified by their retention times compared to 
standard samples of FAME (Serva). Peak area was measured by electronic integration (Autolab 
System I) and expressed as a relative percent of the total sum of peak areas. To further assist 
identification the samples were also run on 5 ft columns filled with 3% Silicone Apolar 5 CP 
(50% cyano, 50% phenyl, Applied Science Laboratories). 
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Table 1. Fatty acid composition ofsphingo- 
myelin from frontal lobe white matter of 17 
normal adult human brains, aged 
17--52 years. All values as relative percent, 
mean value + standard deviation. Fatty 
acid methyl esters (FAME) denoted by 
chain length and double bond 

FAME ~ + s Range 

14:0 0.6+0.2 0.1-- 0.9 
15:0 0.5+0.1 0.2-- 0.8 
16:1 0.3+0.2 0.0-- 0.8 
16:0 3.1+0.7 1.8-- 4.0 
17:1 0.8+0.5 6.3-- 1.6 
17:0 0.5+0.2 0.3-- 0.9 
18:1 5.0+1.1 2.9-- 7.3 
18 : 0 22.5 + 2.5 16.6--27.2 
19:1 0.3+0.3 0.0-- 1.4 
19:0 0.9+0.3 0.3-- 1.5 
20 : 1 1.2 + 0.3 0.5-- 1.9 
20:0 1.2+0.3 0.5-- 1.5 
21:1 0.6+0.5 0.0-- 1.3 
21:0 1.3+0.8 0.3-- 3.2 

Sum 
14 : 0--21 : 0 38.7 + 3.6 32.5--44.0 

22 : 1 0.7 + 0.2 0.2-- 1.0 
22 : 0 2.0 + 0.5 1.2-- 2.8 
23:1 1.1+0.2 0.7-- 1.5 
23 : 0 2.8 + 0.4 2.2-- 3.4 
24:1 30.1 +2.3 25.6--34.7 
24 : 0 8.5 + 1.6 5.3--10.9 
25:1 6.2+1.1 4.7-- 8.4 
25:0 4.4+ 1.6 2.4-- 8.1 
26:1 4.7+0.7 3.6-- 6.5 
26 : 0 0.9 + 0.8 0.2-- 3.0 

Sum 
22:1--26:0 61.3+3.6 56.0--67.6 

Results and Discussion 

The fa t ty  acid  c o m p o s i t i o n  o f  sph ingomyel in  f rom adul t  n o r m a l  white ma t t e r  as 
de t e rmined  by  our  m e t h o d  is despic ted  in Table  1. Our  results show a m a r k e d  
p r e p o n d e r a n c e  o f  C 18 :0  and  C 24 :1  fa t ty  acids amoun t ing  to 22.5 and  30.1 
relat ive %, respectively.  This  p r e d o m i n a n c e  could  be expected f rom earl ier  thin 
layer  c h r o m a t o g r a p h i c  results  [8]. Long  cha ined  fa t ty  acids  (C 22 : 1 to C 26 : 0) as 
a g r o u p  a m o u n t  to 61.3 relat ive %. Essent ial ly  s imilar  results were found  by  o ther  
au thor s  for  h u m a n  adu l t  cerebra l  white ma t t e r  [1, 2, 5, 7, 9, 10, 12, 15] and  myel in  
[11] as l isted in Table  2, bu t  these values show quite cons iderab le  var ia t ion .  
C o m p a r i n g  our  results  to the results  o f  these au thors  we are in agreement  with 
O 'Br ien  [7] and  Woe lck  [ 15] for  C 18: 0 and  C 24:1 as well as for to ta l  long cha ined  
fa t ty  acids.  Some o f  the differences to the results o f  o the r  invest igators  can 
be expla ined  by  the fact tha t  these quan t i t a t ed  less fat ty  acids  so that  each 
represented  a h igher  p r o p o r t i o n  o f  the total .  

I t  had  been  es tab l i shed  p rev ious ly  tha t  the p r o p o r t i o n  of  C 18 and  C 24 
sph ingomyel in  changes  dur ing  b ra in  m a t u r a t i o n  [6 - -8 ,  10, 12, 13]. O u r  values for  
five n o r m a l  ch i ldren  aged 1.2 to  4.4 years  are given in Table  3. As  can be seen 
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Table 3. Fatty acid composition of sphingomyelin in white matter of children and old persons. 
Values in relative percent 

FAME Ageinyears 

1.2 3.0 3.0 3.2 4.4 65 79 85 

14:0 2.4 0.7 - -  1.4 0.8 1.0 0.9 2.0 
15:0 1.1 0.5 - -  1.5 0.8 0.9 0.6 1.9 
16:1 0.7 0.5 0.2 1.4 0.4 0.5 0.5 1.9 
16:0 5.9 4.6 5.6 5.6 3.7 4.1 4.5 7.0 
17:1 1.4 1.1 - -  1.8 1.0 1.4 1.1 2.9 
17:0 1.0 0.6 0.1 - -  0.6 0.7 0.7 - -  
18:1 5.8 5.0 5.7 3.9 6.2 7.1 7.2 7.3 
18:0 36.1 34.6 41.2 31.2 31.2 27.5 29.5 30.5 
19:1 . . . . .  1.1 0.9 - -  
19:0 - -  0.3 0.4 1.0 0.9 1.0 1.1 - -  
20:1 0.5 0.5 0.6 1.8 0.4 2.1 1.7 0.9 
20:0 1.4 0.9 1.2 1.8 0.8 1.5 1.4 1.0 
21:1 - -  - -  0.2 3.7 1.3 1.2 1.4 1.2 
21:0 0.3 0.7 1.4 5.8 2.3 3.6 1.3 3.7 

Sum 
14 : 0--21 : 0 56.7 50.0 56.6 60.9 50.2 53.7 52.8 60.3 

22:1 1.1 0.8 0.9 1.2 0.3 0.8 1.0 - -  
22:0 2.6 1.9 2.2 3.3 1.7 2.1 2.1 1.0 
23:1 0.7 0.9 0.8 1.1 0.6 0.7 0.9 0.5 
23:0 2.2 2.0 2.1 2.7 2.2 1.9 2.0 1.3 
24:1 21.2 26.7 23.0 17.8 22.9 22.9 25.1 23.8 
24:0 6.8 7.9 7.5 6.1 9.3 6.8 5.5 4.7 
25:1 2.2 3.1 2.2 2.5 3.2 4.0 5.0 4.5 
25:0 3.5 2.5 2.1 2.0 2.8 2.4 2.4 1.4 
26:1 2.8 4.3 2.6 2.3 4.4 3.3 2.3 1.8 
26:0 - -  0.2 - -  0.2 2.3 1.4 0.8 0.9 

Sum 
22 : 1--26 : 0 43.1 50.3 43.4 39.2 49.7 46.3 47. I 39.9 

there is a considerable  in ter individual  var ia t ion  and, a l though the group as a 

whole  contains  less C 24 sphingomyel in  than adults,  there is no definite 

re la t ionship between the increase o f  long chained fatty acids and age. Similar ly 

the already known findings [4, 6, 7, 10, 12, 14] listed in Table  4 shown even less 

agreement  than  the results for  adults. We assume that  the stages o f  sphingomyel in  

deve lopment  are fairly var iable  in younger  children. This factor  makes  the results 

ob ta ined  by compar i son  o f  a pa thologica l  brain with a normal  cont ro l  o f  the 
same age for  al tered sphingomyel in  fatty acid compos i t ion  doubtful  over  a wide 

range. 

Table  3 also shows the fatty acid compos i t ion  o f  sphingomyel in  obta ined  

f rom three o l d p e r s o n s .  In these cases it must  be noted  that  there was no histo- 

logical  evidence o f  demyel ina t ion  and the fat ty acid compos i t ion  o f  cerebrosides 

and sulfatides was within the normal  range. There  is a not iceable  d iminut ion  o f  

long chained fat ty acids (especially C 24 : 1) and a concomi tan t  increase o f  short  
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Table 5. All values in relative percent of total fatty acids. Fatty acid methyl esters 
(FAME) denoted by chain length and double bond 

63 

Sphingomyelin. Frontal lobe white matter 

FAME Chronic Autolysis Juv.chorea 
uremia 21 y 
37y 18y 38y 44y 27y 

14:0 1.0 0.8 0.8 0.7 0.7 0.8 
15 : 0 1.0 0.9 0.7 0.4 0.6 0.8 
16:1 0.6 0.7 - -  0.4 0.4 0.7 
16:0 4.7 4.7 4.2 3.3 3.7 4.2 
17 : 1 1.4 1.6 1.2 0.9 0.9 0.9 
17:0 0.6 - -  0.8 0.5 0.6 0.7 
18 : 1 5.7 3.6 9.4 8.9 7.9 5.5 
18 : 0 28.2 31.4 31.0 29.6 25.0 34.6 
19:1 - -  0.8 - -  - -  2.3 0.8 
19 : 0 1.1 0.8 1.1 2.8 1.0 1.0 
20:1 2.1 - -  1.3 1.1 1.1 1.2 
20 : 0 2.3 1.1 0.6 0.7 1.9 1.4 
21 : 1 2.2 0.2 0.7 - -  0.5 1.I 
21 : 0 4.8 2.4 0.2 1.4 1.4 2.3 

Sum 
14 : 0--21 : 0 55.7 49.0 52.0 50.7 48.0 56.0 

22 : 1 1.0 0.2 0.3 0.2 0.8 1.1 
22:0 2.1 1.4 1.0 1.2 2.1 3.1 
23 • 1 1.1 0.6 0.7 0.7 1.0 0.8 
23 : 0 2.1 2.2 1.5 2.2 2.5 2.3 
24 : 1 21.3 23.7 29.2 27.4 24.3 20.2 
24 : 0 5.2 8.8 5.8 6.3 6.6 7.0 
25 : 1 3.9 4.1 4.2 4.8 4.9 3.7 
25 : 0 2.2 4.4 1.9 2.6 4.3 2.6 
26:1 3.1 3.6 3.5 3.5 3.8 2.8 
26 : 0 2.3 1.7 - -  0.3 1.8 0.9 

Sum 
22 : 1--26 : 0 44.3 50.7 48.0 49.2 52.1 44.5 

c h a i n e d  f a t ty  ac ids  (especia l ly  C 18 : 0). W e  in t e rp re t  these  f indings  as i n d i c a t i o n  

o f  d e m y e l i n a t i o n  on  the  b i o c h e m i c a l  level  n o t  yet  a s soc i a t ed  wi th  s t ruc tu ra l  

a l t e r a t i ons .  

In  T a b l e  5 we  see va lues  f r o m  y o u n g  adu l t s  w i th  non-spec i f i c  b r a i n  d a m a g e  

( fou r  cases  o f  au to lys is ) ,  c h r o n i c  u r e m i a  a n d  j u v e n i l e  H u n t i n g t o n ' s  cho rea .  Al l  

these  b r a i n s  s h o w  di f fuse  d e m y e l i n a t i o n  o f  v a r y i n g  degree  o n  h i s to log ica l  

e x a m i n a t i o n  a n d  in al l  cases  the  f a t ty  ac id  c o m p o s i t i o n  o f  ce r eb ros ides  a n d  

su l fa t ides  is w i t h i n  the  n o r m a l  range .  T h e r e  is a gene ra l  decrease  o f  l o n g  c h a i n e d  

f a t ty  ac ids  a c c o m p a n i e d  by  a re la t ive  increase  o f  shor t  c h a i n e d  fa t ty  ac ids  wh ich  

is m o s t  m a r k e d  in the  cases  o f  c h r o n i c  u r e m i a  a n d  j u v e n i l e  cho rea ,  b o t h  wi th  

l o n g l a s t i n g  ce r eb ra l  i n v o l v e m e n t .  T h e  ex ten t  o f  h i s to log ica l  d e m y e l i n a t i o n  d id  

n o t  s h o w  a n y  c o r r e l a t i o n  to  the  a m o u n t  o f  a l t e r a t i o n  in s p h i n g o m y e l i n  fa t ty  ac id  

c o m p o s i t i o n .  
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We conclude that  during chi ldhood myelin matura t ion  manifests itself by an 
increase in long chained fatty acids (particularly C 24: 1) in the sphingomyelin 
fraction [8, 10, 12, 13]. Dur ing  old age there appears to be a reversal with a 
relative increase o f  short  chained fatty acids, the sphingomyelin fatty acid pattern 
seeming more  " immature" ,  Possibly this change arises without  histological 
myelin loss. Our  results demonst ra te  that  alterations o f  sphingomyelin fatty acid 
pat tern with a shift to more  short  chained fatty acids can be seen in non-specific 
brain damage with histological demyelinat ion such as autolysis as well as in cases 
o f  juvenile chorea and chronic uremia. Svennerholm et al. [13] maintain that  an 
altered sphingomyelin fatty acid pat tern is a sensitive measure o f  disturbed 
myelination. In  contrast  to  the fatty acid composi t ion of  cerebrosides and 
sulfatides which was normal  in all these cases, alterations in sphingomyelin fatty 
acid composi t ion  can be considered a sensitive biochemical measure o f  de- 
myelination [8]. In  this respect it is of  interest to note that various authors  have 
reported that  there is no  such shift in the fatty acid pattern o f  sphingomyelin f rom 
apparent ly  normal  white matter  of  multiple sclerosis [10, 11, 15]; only Ailing et al. 
[1] have described a moderate  diminut ion o f  the sum of  long chained fatty acids. 
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