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Abstract 
The fa t ty  acid compositions of whole brain 

lecithin and sphingomyelin were determined. 
Bra in  specimens f rom normal  adults, a normal  
infant ,  and several disease states were examined. 
Normal  adult  bra in  lecithin has a very simple 
f a t t y  acid composition (palmitic, stearie, and 
oleie acids) and infan t  brain lecithin contains 
more palmitic acid and less oleic acid than  adult  
brain. The whole brain lecithin f a t ty  acid com- 
positions f rom inetachroinatic leucodystrophy, 
and Tay-Sachs and Niemann-Pick diseases are 
intermediate between that  of normal  infant  and 
normal  adult  brain and no characteristic features 
a t t r ibutable  to specific disease states were de- 
tected. The f a t ty  acids of whole brain  lecithin 
f rom senile cerebral cortical a t rophy  and Alz- 
heimer 's  disease were similar to normal  adult  
brain except that  a greater  var ie ty  of f a t ty  acids 
was seen in both pathological states. No charac- 
teristic features at t r ibutable  specifically to either 
pathological state were detected. The f a t ty  acid 
composition of normal  adult  brain sphingomyelin 
differs f rom that  of the normal  in fan t  in that  
longer chain fa t ty  acids arc more abundant  in 
adul t  brain. The f a t ty  acid compositions of whole 
brain sphingomyelins f rom Niemann-Pick disease 
and metachromatie  leueodystrophy differed f rom 
tha t  of normal  infant  and adult  bra in  in tha t  C24 
acids were not detected. No characteristic fea- 
tures at t r ibutable  to a specific disease were de- 
tected. F a t t y  acid compositions of whole brain 
sphingomyelins in senile cerebral cortical a t rophy  
and Alzheimer 's  disease were found to be very 
similar to those of the normal  adult. 

Introduction 

T ttE DETERMINATION of the fa t ty  acid composition 
of lipid classes in normal  and disease states de- 

fines the normal  condition and may  disclose abnor- 
malities in disease states. This repor t  presents the 
fa t ty  acid compositions of normal adul t  and infant  
brains and the findings in several pathological states. 
The l ipid class compositions of the same brain speci- 
mens are presented by Rouser et al. (1). 

Methods 
The brain  specimens were obtained and the lipids 

extracted as described by Rouser et al. (1,2). The 
fa t ty  acid compositions of lecithin and sphingomyelin 
were determined on samples separated by  thin-layer 
chromatography  (TLC)  by the method of Fe ldman  

• and Rouser (3). 
1Permanent  Address: Department of Ophthalmology, Baylor  Uni- 

versi ty  School of l~Iedicine, Houston, Texas. 

Results and Discussion 
The f a t t y  acid compositions of the eight brain 

lecithin samples studied are shown in Table I and the 
values for  the sphingomyelin f a t ty  acid compositions 
f rom the same brain samples are shown in Table II .  

Several impor tan t  observations are immediately ap- 
parent  f rom the lecithin values. F rom the values in 
columns 1 and 2 it is apparen t  that  the normal  adul t  
male and female brain are very similar and have a 
very simple f a t ty  acid composition. These findings are 
in agreement  with previous reports  (4,5) except that  
a somewhat simpler picture of f a t t y  acid composition 
was obtained in the present  studies. This may  be re- 
lated to the fact  that  previous investigators examined 
brain specimens f rom older persons. Comparison of 
columns 2 and 3 with column 5 shows tha t  while the 
immature  normal  brain of a 5-month-old infan t  has a 
relatively simple f a t ty  acid distribution similar to 
that  of the normal  adult  brain, in fan t  brain  lecithin 
contains more palmitic acid and less oleie acid. 

The values for pahnitic,  stearic, and oleic acids of 
the b ra in  lecithins f rom senile cerebral cortical a t rophy  
and Alzheimer 's  disease (columns 3 and 4) are very 
similar to those of the two normal  brains (columns 1 
and 2), but  a greater  var ie ty  of f a t ty  acids is evident 
in both pathological states. The presence of small amts 
of other f a t t y  acids appears  to be the only distinctive 
feature  of both abnormal  brain  samples. 

The brain  lecithin samples f rom Niemann-Pick and 
Tay-Saehs diseases and metachromatie  lcucodystrophy 
(eolmnns 6, 7 and 8) are intermediate  between the in- 
rant  (column 5) and normal  adult  (columns 1 and 2) 
with regard  to percentages of 16:0 and 18:1. The sam- 
ples f rom the three pathological states have a greater  
var iety of f a t t y  acids than  the normal  specimens in 
keeping with the findings in adul t  brains. 

Table I I  shows the brain  sphingomyelin samples 
f rom a normal  adul t  male and female to be very  
similar (columns 1 and 2). The findings are in agree- 
ment with the reports  of earlier investigators (4). 
The samples show the presence of longer chain (C22 
and C24) f a t ty  acids not present  in lecithin. The 
longer chain f a t ty  acids are decreased in infan t  brain  
(column 5). The occurrence of more longer chain 
f a t ty  acids appears  to be a reflection of increased 
myelination. Our findings with infan t  brain are in 
agreement  with those of Svennerholm (6) who re- 
ported the f a t t y  acid compositions of brains of fetuses 
and infants.  

The f a t t y  acid compositions of sphingomyelin f rom 
senile cerebral cortical a t rophy  and Alzheimer 's  dis- 
ease are very  similar to the two normal  adul t  samoles. 

The f a t t y  acids of sphingomyelins of Niemann-Pick 
disease, Tay-Sachs disease and metaehromatic  leueo- 
dys t rophy  (columns 6, 7 and 8) are intermediate  be- 
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T A B L E  I 
B r a i n  Lec i t h in  F a t t y  Acids  a 

F a t t y  1 2 3 4 5 6 7 8 
Acid  NA1V[ N A F  CAAF AlzAF N I  N P  TS  M L D  

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  0 .78  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14  :O . . . . . . . . . . . . . . . .  0 .80  0 .88  . . . . . . . .  0.82  1 .09  0 .91  
1 5 : 0  0 .21  0 .18  
1 6 : 0  4 7 . 5 8  4 4 . 3 8  4 1 . 5 9  4 3 . 8 9  60 .60  52 .85  5 1 . 5 7  52 .32  
16 : 1 . . . . . . . . . . . . . . . .  2 ,47  2 .45  . . . . . . . .  3.48  3 .59  1 .80 
1 7 : 0  ........ 0 ,51  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 0  12109 13 .88  11 .88  13 .00  11 ,27  8 ,65  7 . 1 6  12 .63  
1 8 : 1  4 0 . 3 3  4 1 . 7 4  3 5 . 8 8  3 7 . 1 7  2 3 , 2 7  2 9 . 4 7  3 1 . 9 4  2 7 . 2 9  
1 8 : 2  . . . . . . . . . . . . . . . .  1 .29 0 . 7 4  2 .23  ........ 1 .06  ........ 
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .57  . . . . . . . . . . . . . . . .  
2 0 : 1  . . . . . . . . . . . . . . . .  1 .06  ........ 2 .63 0 .98  0 .68  ........ 
2 1 : 0  . . . . . . . . . . . . . . . .  0 .86  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . .  0 , 4 6  1 .08 ........ 3 .18  1 .83  5 . 0 5  
22 : 1 . . . . . . . . . . . . . . . .  2 . 3 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( ~ )  . . . . . . . . . . . . . . . .  0 .32  . . . . . . . . . . . . . . . . . . . . . . .  0 .89  . . . . .  

V a l u e s  expressed  as r e l a t i ve  pe rcen t .  B l a n k  spaces  i n d i c a t e  the  f a i l u r e  to de tec t  a f a t ty  acid  or detect ion of a t r a c e  a m t  only. 
NAIvI, no rma l  a d u l t  m a l e ;  NAF,  no rma l  a d u l t  f ema le ;  CAAF,  seni le  c e r e b r a l  a t rophy ,  adu l t  f ema le ;  AlzAF,  Alzhe imer ' s  d isease ,  adu l t  f ema le ;  N I ,  

n o r m a l  i n f a n t  (5  mon ths  of a g e ) ;  N P ,  N i e m a n n - P i c k  d i sease ;  TS ,  T a y - S a c h s  d i sease ;  M L D ,  m e t a c h r o m a t i c  leucodys t rophy.  

T A B L E  I I  
B r a i n  Sph ingomyeI in  )~atty Acids  a 

F a t t y  1 2 3 4 5 6 7 8 
ac id  NAI~I N A F  CAAF AlzAF N I  N P  T S  i ~ L D  

1 2 : 0  . . . . . . . . . . . . . . . .  2 , 7 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4 : 0  . . . . . . . . . . . . . . . .  0 . a 4  0 ,67  0 .75  ........ 0 . 7 9  . . . . . . . .  

1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  0 ,62  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 :O 6 ,42  6 .79  7 .62 6 ,82  7 .30  5 .89  1 1 . 9 3  1 5 . 8 0  
1 6 : 1  1 .35 0 .45  0 .61  0 ,37  0 . 5 7  
18:0 47.04 45.80 4~:78 42.40 75:~ 85.83 6~:8~ 79.58 
18 : 1 3 .23  ........ 3 .81 2 . 2 6  1 .97 ........ 3 .21  2 .32  
1.8:2 . . . . . . . . . . . . . . .  0.59  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  1 .04  1 .48 1,91 1,83 2 .62  3 .70  3 . 4 7  1 .71 
2 2 : 0  3 .63  2 .35  2 .11 2 ,58  3 .65  4 ,24  3 , 8 8  . . . . . . . .  

2 2 : 1  1 .89 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
23  :O . . . . . .  3 .10  '1 :89  4 . a7  2 ,67  . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  4 .52  6 ,69  7 .63 9 .89 4 ,46  ........ 4 .12  ........ 
2 4 : 1  3 0 . 8 6  3 1 . 7 1  2 8 . 5 5  2 7 . 1 4  8 .39  ........ 7 .78  ........ 

( ? ) . . . . . .  1 .62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Va lues  expressed  as r e l a t ive  percen ts .  Abbrev i a t i ons  as for  Tab le  I .  

tween those of normal  in fan t  and normal  adul t  brain 
in some respects. The C24 f a t t y  acids characteristic 
of the normal  brain are present  only in the sample 
f rom Tay-Saehs disease. This large change in C24 
acids is not a specific feature of one disease. Svenner- 
holm (6) has reported a decrease in longer chain f a t t y  
acids of sphingomyelin in metachromatic  leucodys- 
t rophy.  
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Abstract 
I t  is concluded tha t  the defect in Tay-Sachs 

disease is for  an enzyme degrading a monosialo- 
ganglioside, in Niemann-Pick disease for  an en- 
zyme degrading sphingomyelin or possibly ceram- 
ide, in chronic Gaucher ' s  disease for an enzyme 
degrading a glucocerebroside, and in metachro- 
marie leucodystrophy for  an enzyme for  degrada-  
tion of sulfatide. Alzheimer 's  disease does not 
appea r  to involve any  specific changes in l ipid 
composition. An hypothesis to explain the find- 
ings in Alzheimer 's  disease is presented. 

Introduction 
p ATItOLOGICAL PROCESSES affecting Iipids can be 

classified as p r i m a r y  or secondary events. Sec- 
ondary  changes in lipids b rought  about by  some 
other p r i m a r y  event such as an infectious disease, 
a disturbance in carbohydrate  or amino acid me- 
tabolism, or a s t ructura l  defect of the vascular  
system are impor tant ,  but  the p r i m a r y  changes in- 
volving lipids direct ly are par t icu lar ly  interesting. 
We have sough t  to avoid the inadver tent  s tudy  of 
lipid changes secondary to other processes by study- 
ing heredi tary  metabolic diesases where histological 


