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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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GEORGE ROUSER, GENE KRITCHEVSKY and CLAUDIO GALLI, Department of Biochemistry, 
City of Hope Medical Center, Duarte, California 

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 
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and /o r  chemical evidence exists to link the condition 
with lipid metabolism. Genetic analysis can indicate 
a single enzyme defect. 

The p r imary  defects of lipid metabolism can be 
on the biosynthetic or degradative enzyme pathways. 
A biosynthetic defect leads to a decreased amt of 
the lipid class or classes synthesized through the 
affected pathway,  and a degradative enzyme de- 
ficiency or lack leads to an increase ill amt of the 
lipid class or classes dependent upon the affected 
pathway. The major difficulty is, however, that  sec- 
ondary changes may be present and tend to obscure 
the pr imary  defect. The most pronounced defects 
are to be expected in the stillborn and in children. 
Enzyme deficiencies that  are less complete or involve 
less critical changes may be expected, however, in 
adults. 

We believe that  data should be presented along 
with suitable working hypotheses to stinmlate and 
guide research. Bold and imaginative hypotheses 
are permissible if they do not conflict with reliable 
data and can be checked, preferably in some rel- 
atively simple manner. In  this report  some of the 
observations on several heredi tary  metabolic diseases 
are brought together and an effort is made to derive 
working hypotheses with regard to specific enzyme 
defects and methods for checking the hypotheses. 

Assumptions and General Procedure 

I t  is necessary to make some assumptions with 
regard to biosynthetic and degradative enzyme path- 
ways for the sphingolipids since the data are in- 
adequate, par t icular ly  with regard to significant in 
vivo pathways in humans. 

Although turnover  studies demonstrate the exist- 
ence of various degradative enzymes, good in vitro 
demonstrations of these enzymatic activities have not 
been reported. I t  is therefore assumed that  active 
degradative enzymes exist, par t icular ly  in the de- 
veloping brain, for anfide, ester, and acetal bonds 
of the sphingolipids. The available data indicate 
that  cerebrosides are synthesized either through the 
ceramide or psychosine pathways and this is also 
assumed for sutfatide. I t  seems probable that  gang- 
liosides and sphingomyetin are synthesized via the 
ceramide pathway, although a pa thway involving 
t ransfer  of one or more polar groups prior  to forma- 
tion of the amide bond between sphingosine (or 
related base) and fa t ty  acid cannot be excluded. I t  
is assumed that  there is essentially no turnover  of 
myelin Iipids in adult  brain and that  lipids of the 
cells of adult  brain do turnover.  Discussions of 
sphingolipid metabolic pathways and chemical find- 
ings in t:he sphingolipidoses were reviewed recently 
(1). 

I t  must be assumed that  the enzymes of sphingo- 
lipid metabolism are relatively nonspecifie. The vari- 
ous phosphotipases are not specific for  one lipid 
class or for  fa t ty  acid eomposition. O'Brien and 
Rouser (2) demonstrated that  eeramide, eerebroside, 
sulfatide and sphingomyelin of beef brain have very 
similar f a t ty  acid compositions and this strongly 
indicates common precursors and relatively non- 
specific enzymes for sphingolipid biosynthesis and 
degradation. Additional evidence of the relatively 
nonspecifie nature  of sphingolipid metabolism enzymes 
in human brain from studies of pathological spec- 
imens is summarized below. Generally it is found 
that  changes in fa t ty  acid composition may be large 
in pathological states, but  the same large changes can 

be fonnd in more than one disease and in more than 
one lipid class. 

The simplest hypothesis, one involving the smallest 
number of assumptions, must be selected and only 
hypotheses that  can be checked in some relatively 
simple manner  are considered. 

Lipid Class Distributions in Sphingolil~idoses 

Niemann-Pick disease, Tay-Sachs disease, chronic 
Gaucher 's  disease, and metachromatic leucodystrophy 
are well-defined conditions that  have been widely 
studied from the genetic, clinical, pathological, and 
chemical standpoints and in each case have been 
linked by extensive data to abnormalities of lipid 
metabolism. The l i terature on these conditions has 
been reviewed recently in detail (1). The classical 
clinical features of each disease were present in the 
cases studied and pathological examinations con- 
firmed clinical observations in each case. These 
conditions present interesting variations. Niemann- 
Pick disease was first linked to sphingomyelin metab- 
olism by Ktenk (3) who also linked Tay-Sachs disease 
with ganglioside metabolism (4). Gaucher 's  disease 
(chronic form) has long been linked with cerebro- 
side metabolism (5) and metachromatic leucody- 
s trophy has recently been linked with cerebroside 
sulfate (sulfatide) metabolism (6). 

These disorders present interesting variations in 
terms of the affected organs. Niemann-Pick disease 
affects brain and other organs, and metachromatic 
leueodystrophy affects brain with changes in other 
organs also apparent.  Tay-Saehs disease is localized 
to the brain. In classical chronic Gaucher 's  disease 
the brain is not involved but  neurological involve- 
ment in the acute form is encountered. 

The method of approach is clear. The lipid compo- 
sition of brain in each pathological state must  be 
compared with the composition of mature  normal 
brain and immature normal brain specimens at dif- 
ferent  ages to test the goodness-of-fit so to speak, ie., 
to determine what differences can be observed. This 
can be accomplished by two-dimensional thin-layer 
chromatography (TLC) and tile findings confirmed 
by the column-TLC approach to quanti tat ive analysis 
(7). 

The two-dimensional TLC comparison of the lipids 
of a mature brain and brain specimens from meta- 
chromatic leucodystrophy, Tay-Sachs disease, and 
Niemann-Pick disease (7) clearly show that  there 
are marked alterations in disease. Sulfatide is in- 
creased in metachromatic leueodystrophy, one type 
of ganglioside is increased in Tay-Sachs disease, and 
sphingomyelin is increased in Niemann-Pick disease. 
Other differences are also apparent  and the major 
conclusion from comparisons with adult  brain is that  
the specimens from the disease states differ in many 
ways from the normal mature  brain. 

Since the specimens from these disease states have 
an abnormal myelin content, they are clearly not 
like mature  brains and comparison with a normal 
but  immature brain from an infant  (before myelin- 
ation is complete) is suggested. Comparison of a 
brain specimen from a 5-month-old child with a 
mature normal adult  brain specimen shows that  the 
brain contains less eerebroside and sulfatide in par- 
t icular than does the mature  brain (7). This is 
expected since these are " m y e l i n "  lipids. 

Comparison of brain lipids of metachromatie leu- 
eodystrophy, Tay-Sachs, and Niemann-Pick diseases 
with those of the normal adult  and 5-month-old in- 
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rant  (7) shows tha t  the lipid class distr ibution of 
each pathological state is much more sinfilar to that  
of the normal  in fan t  than  normal  adul t  and tha t  
one sphingolipid is great ly  increased in each path-  
ological state. Many differences that  might  be at- 
t r ibuted to a pathological process when the sphingo- 
lipidoses are compared with mature  brain  are less 
impressive when comparison is made to immature  
brain. These are the findings expected for  diseases 
caused by a deficiency (or absence) of a degradat ive 
enzyme for  either the par t icular  lipid class that  ae- 
eunmlates or its immediate precursor.  The three 
diseases present  a uni form picture in a general way. 
I t  appears  tha t  bra in  development and the myelin- 
ation process in par t icu lar  have not proceeded in 
the normal  manner.  The data  are not compatible 
with biosynthetic defects as causes of the diseases 
since no specific decrease of one lipid class is ob- 
served for each disease. Definite conclusions on the 
nature  of the enzymatic defects in the sphingo- 
lipidoses can be drawn front the chemical data. 

Secondary Changes in the Sphingolil~idoses 

Two major  problems requir ing consideration are 
the means for  differentiation of p r i m a r y  f rom sec- 
ondary  changes, and the means for  a r r iv ing  at ex- 
planations for  the organ speeifieities in the diseases. 
Relatively reliable conclusions can be drawn from a 
comparison of the results of brain  and other organs 
f rom the different diseases with each other and with 
results f rom normal  organs. 

Some features of the lipid class distributions in 
the sphingolipidoses appear  to be secondary changes. 
A very low level of eerebroside characteristic of in- 
fan t  brain is seen in the three sphingolipidoses where 
the brain  is affected (but  not in classieaI, chronic 
Gaucher ' s  disease where the brain is not affected) 
(7). The un i formi ty  of this finding when the brain 
is affected indicates that  this decrease of eerebro- 
side does not represent  a p r i m a r y  defect of eerebro- 
side biosynthesis in any  of the diseases. In  keeping 
with this interpretat ion,  Jatzkewitz  (8) has reported 
nearly normal  cerebroside values for several eases 
of metaehromatie  leucodystrophy. 

The slight elevation of gangliosides in Niemann- 
Pick disease and metaehromatic  leueodystrophy is 
probably  a secondary change not only because it is 
seen in two different diseases, but  because the large 
elevation of ganglioside in Tay-Saehs disease is not 
accompanied by an elevation of sphingomyelin or 
sulfatide as would be expected if the slight elevation 
of ganglioside in Niemann-Piek disease and  recta- 
chromatic leueodystrophy were to be assigned the 
role of a p r i m a r y  defect leading to even larger  sec- 
ondary increases in the other lipid classes. 

There are several reasons why the increase of one 
type of ganglioside in Tay-Sachs disease must  be 
considered the p r i m a r y  defect and not secondary to 
a biosynthetic defect for another  type of ganglioside. 
First ,  it seems improbable that  a biosynthetic defect 
for all but  one type of ganglioside could exist since 
the ganglioside in Tay-Sachs disease appears  to be 
of a type present  in normal  brain  in small amt  (17). 
Second, we have observed an increase of ganglioside 
in erythroeytes  in Tay-Sachs disease (9) where there 
appears  to be only one type  of ganglioside, i.e., the 
Tay-Saehs disease type (10). While most of the 
ganglioside of the Tay-Saehs brain is one type, we 
have seen other types a f te r  cellulose eoiumn chro- 
matographic  recovery of total  gangliosides and TLC, 

and S vennerholm and Raal  (11) reported the pres- 
ence of other gangliosides. Finally,  a general bio- 
synthetic defect should be appa ren t  in other organs 
where gangliosides occur, bu t  this has not been re- 
ported. The only conclusion in keeping with all of 
the findings is that  the elevation of one ganglioside 
is related to the deficiency or absence of a degradative 
enzyme for  one type of ganglioside. 

There is no apparen t  a l ternat ive to the conclusion 
that  in chronic Gaucher ' s  disease a deficiency of a 
degradative enzyme for  glucocerebroside exists. 

I t  is not difficult to visualize how secondary changes 
can occur. The accumulat ion of one sphingolipid 
probably disrupts  normal  cellular s t ructures  with 
displacement of enzymes and substrates f rom their  
normal  relationships. Such displacement could lead 
to decreases in biosynthetic and degradative rates 
for  some lipid classes and can account for the rela- 
t ively small increases and decreases in some lipid 
classes. 

Specific Enzyme Defects in the Sphingolipidoses 
The specific nature  of the degradative enzyme de- 

fects in each of the sphingolipidoses can be judged 
with some certainty.  The deficiency appears  to be 
specific for  sulfat ide in metaehromatic  leucodystrophy 
since cerebroside is not increased. This suggests a 
defect, in the removal  of sulfate. Biosynthetic defects 
involving sphingosine, f a t ty  acids, or eeramide can- 
not account for  the observed changes in any  simple 
manner  since increased or decreased biosynthesis of 
any  of these substances should result  in large increases 
or deereases in more than one sphingolipid. The pos- 
sibility that  the basic defect is one of biosynthesis of 
cerebrosides result ing in an inerease in sulfatide as 
postulated by Svennerholm (12) is mflikely because, 
as pointed out above, low cerebroside is seen in several 
diseases assoeiated with the accumulation of different 
sphingolipids. Jatzkewitz (8) has reported higher 
eerebroside levels in several cases of metaehromatie 
leueodystrophy. 

The low content of longer chain fa t ty  acids in 
eerebrosides in metachromatie  leucodystrophy has 
been postulated to be the basic defect in this disease 
(13), but since decrease of longer chain f a t ty  acids 
is also found in sphingomyelin in metaehromatie 
leucodystrophy (12,19) and Niemann-Pick disease 
(19) the hypothesis seems unjustified. Be r ry  et al. 
(14) have found that  longer chain f a t ty  acids de- 
crease in eerebrosides and sphingomyelin of degenerat- 
ing nerve, and Jatzkewitz and Mehl (15) have shown 
a decrease of C24 acids in adul t  demyelinat ing disease. 
These findings indicate tha t  as long as sphingolipid 
is not a pa r t  of a stable myelin or other membrane 
s t ructure  and undergoes turnover  that  shorter chain 
f a t t y  acids will predominate.  This is an adequate 
explanation for the f a t ty  acid composition of eerebro- 
sides and sphingomyelins in metaehromatic  leueody- 
strophy, Niemann-Piek disease and Tay-Saehs disease. 

The most obvious hypothesis to account for the ac- 
cumulation of sphingomyelin in Niemann-Pick disease 
is fai lure of degradat ion of sphingomyelin to eeramide 
or ceramide phosphate since it would seem that  
either eeramide or ceramide phosphate should ac- 
cumulate if  either were not degraded in a normal  
manner.  I t  is possible, however, that  the defect could 
be in degradat ion of eeramide and that  a rapid  
conversion of ceramide to sphingomyelin prevents  
accumulat ion of ceramide and results in the ac- 
cumulation of sphingomyelin.  The  elevation of gang- 
liosides in this disease could be explained by this 
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hypothesis, but  it  is difficult to see why cerebroside 
is not increased as well if  this hypothesis is correct. 
A decision between these two hypotheses should be 
possible by s tudy  of other cell types and organs. I t  
may  be that  the lower sphingomyelin content ob- 
served in erythroeytes  of Niemann-Piek disease (9) 
is best explained by fai lure to degrade ceramide 
ra ther  than sphingomyelin. 

The defect in chronic Gaucher ' s  disease is most 
probably  for an enzyme for the degradat ion of glu- 
eoeerebroside to ceramide or psychosine since one of 
these two lipids should accmnulate ra ther  than  glu- 
cocerebroside if the defect were for another  enzyme 
unless a rapid  synthesis to eerebroside occurs. The 
la t ter  seems unlikely since sphingolipids do not at-  
cumulate in the brain in chronic Gaucher ' s  disease 
and such an accumulat ion would be expected if  a 
fai lure to degrade ceramide (or psychosine) were 
the basic defect. 

The defect in Tay-Sachs disease appears  to be for  
the removal of carbohydrate  f rom a monosialogang- 
lioside. Other types of gangliosides can be degraded 
to the Tay-Sachs type with neuraminidase and it is 
clear that  a deficiency of a degradative enzyme in 
Tay-Sachs disease could lead to the accumulat ion of 
ganglioside produced by degradat ion of other gang- 
liosides as well as by  direct biosynthesis. The isola- 
t ion and characterization of a glycolipid (16,17) f rom 
TRy-Sachs brain  with the s t ructure  of Tay-Sachs 
ganglioside without neuraminic acid indicates that  
the defective enzyme is for cleavage of the galactose- 
galactosamine linkage. 

The organ specifieities of the sphingolipidoses pre- 
sent interesting problems, but  some ra ther  definite 
conclusions can be drawn f rom general comparisons 
of the features of brain and other organs. The at-  
cumulation of sphingomyelin in other organs as well 
as brain in Niemann-Pick disease and an accumulat ion 
of sutfatide in other organs in metachromatic  leuco- 
dys t rophy  has been reported. These findings are ex- 
pected since sphingomyelin is present  in all organs 
and sulfatide appears  to occur in small amts in 
other organs (18). The simplest assumption for  Tay-  
Sachs disease is tha t  the degradat ive enzyme deficiency 
is most apparen t  for  brain  either because more enzyme 
is present  in cells of other organs or because ganglio- 
sides, being' less abundant  in other tissues, do not 
accumulate to such an extent that  obvious changes 
are evident. The choice here can be made when 
more data on the ganglioside content of organs other 
than  brain are available. 

The glueoeercbroside of chronic Gaueher ' s  disease 
could be formed by direct biosynthesis or by  in- 
complete degradat ion of gangliosides or related glyco- 
lipids. The un i form findings of increased cerebroside 
in spleen in the acute ( infanti le)  and chronic forms 
of Gaucher ' s  disease and a decrease of cerebroside 
in brain in the chronic form demonstrates a marked 
difference in brain  and spleen metabolism. A reason- 
able in terpre ta t ion of the findings is tha t  a fai lure 
to degrade glucocerebroside results in depression of 
galactoeerebroside biosynthesis in brain and tha t  glu- 
cocerebroside is converted in pa r t  to other lipids, 
p resumably  to gangliosides in brain. The spleen nor- 
really contains only a minute trace of cerebroside 
and a low level of ganglioside. The major  difference 
in spleen and bra in  may  then be tha t  brain converts 
glueoterebroside to some other glyeolipid (probably 
ganglioside) and spleen does not (or that  the con- 
version is less extensive).  Quanti tat ive differences 
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in the decrease of degradat ive enzyme are indicated 
by the findings in the acute and chronic forms of 
Gaueher ' s  disease. The chronic form does not show 
brain involvement, but  the acute form does. A slight 
reduction in cerebroside is noted in the chronic form. 
These findings can be explained if it is assumed 
that  the same enzyme is involved but  to a different 
extent. Thus, if  there is a greater  reduction of the 
enzyme degrading glueoeerebroside in the acute form 
it would be expected tha t  conversion to ganglioside 
would not be as extensive and inhibition of galacto- 
cerebroside biosynthesis would be more extensive. The 
presence of some glueocerebroside in brain  in the 
acute form of Gaueher ' s  disease may  be expected. 
The ganglioside levels in the various forms of Gauch- 
er ' s  disease in spleen and brain must  also be deter- 
mined carefully. 

F a t t y  A c i d  C o m p o s i t i o n  o f  L i p i d s  in the  S p h i n g o l i p i d o s e s  

Several impor tan t  conclusions can be drawn from 
the analysis of the f a t t y  acid composition of the lipids 
in the sphingolipidoses. Sphingomyelin in Niemann- 
Pick disease lacks C24 fa t ty  acids, but  this is also seen 
in metachromatie  leucodystrophy and hence the change 
cannot be assigned a specific role in either disease 
(19). Fai lure  to degrade sphingomyelin cannot thus 
be a t t r ibuted  to an al tered f a t t y  acid composition. 
Similarly,  Table I sho~s that  the f a t t y  acid compo- 
sition of gangliosides of normal  in fan t  brain  and 
Tay-Sachs brain are similar and thus fai lure to de- 
grade ganglioside cannot be a t t r ibuted to an abnormal  
f a t t y  acid composition. Data  reported for sulfat ide 
in metachromatie  leucodystrophy (13) also demon- 
state tha t  fai lure to degrade sulfatide in this disease 
cannot be a t t r ibuted to abnormal  f a t t y  acid compo- 
sition. 

B r a i n  L i p i d  Class  D i s t r i b u t i o n s  in  
Se n i l e  Cerebral  Cort ica l  A t r o p h y  
and  A l z h e i m e r ' s  D i s e a s e  

The s tudy of senile cerebral cortical a t rophy  and 
the type of presenile a t rophy  known as Alzheimer 's  
disease is of par t icu lar  interest  since the role of 
lipids in these conditions has not been investigated. 
Comparison with normal  adul t  bra in  and the sphin- 
golipidoses is instructive. 

The data obtained f rom the brains of two cases of 
Alzheimer 's  disease, normal  adult  brains, and a brain 
showing senile cerebral cortical a t rophy  demonstrate  
tha t  both fresh weight and total  l ipid are grea t ly  
reduced in Alzheimer 's  disease (7). This is not 
characteristic of cerebral a t rophy  per  se since these 
changes are not seen in senile cerebral cortical atrophy.  

Although the amts  of grey and white mat te r  of 
the bra in  in Alzheimer 's  disease are reduced, as is 
total lipid, the l ipid class distributions of whole 
brain and grey and  white mat te r  are very  similar 
to normal  brain (7). The brain  specimen showing 
senile cerebral a t rophy  differed f rom the normal  
specimens in several respects, but  the reduction in 
sulfat ide was most striking. No characterist ic l ipid 

T A B L E  I 

Fatty Acid Composition of Normal Infant 
and TRy-Sachs B r a i n  Gangl ios ides  

F a t t y  acid 

1 6 : 0  1 8 : 0  1 8 : 1  18 :2  2 0 : 0  2 1 : 1  2 2 : 0  2 4 : 0  2 4 : 1  
% % % % % % % % % 

Normal  
infant .... 5,70 74.18 9.27 0.93 2.37 1.09 4.17 2.28 .... 

TRy-Sachs 
disease .... 2.10 78.31 6,26 0.79 6.91 .... 1.83 .... 3.80 
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class distribution changes are apparen t  for  the two 
eases of Alzheimer 's  disease. 

The reduction of sulfatide in the two atrophic 
brains f rom females (one senile cortical a t rophy  and 
one ease of Alzheimer 's  disease) meets the criteria 
for  a biosynthetic defect. Perhaps  these lower sul- 
fat ide levels reflect a predisposition to cerebral cor- 
tical a trophy.  Addit ional  data  f rom other specimens 
are required, however, to determine if this is the 
case. 

F a t t y  A c i d s  of  L e c i t h i n  a n d  S p h i n g o m y e l i n  i n  Sen i l e  
Cerebral  Cort ical  A t r o p h y  and A l z h e i m e r ' s  D i s e a s e  

The fa t ty  acid compositions of whole brain lecithin 
and sphingomyelin in cerebral cortical a t rophy and 
Alzheimer 's  disease (19) are essentially normal ex- 
cept that  a greater  var ie ty  of f a t ty  acids is evident 
for lecithins in both pathological states. 

I n t e r p r e t a t i o n  of  t h e  F i n d i n g s  i n  A l z h e i m e r ' s  D i s e a s e  

The large loss of brain weight and total lipid 
must  be explained. I t  is clear tha t  with such large 
weight reduction, a large loss of water  must  have 
taken place. Whether  or not water  loss is accom- 
panied by loss of other components including salts, 
proteins, lipids, etc. is not known. A general loss 
of water  and other cellular components would be 
essentially a generalized autolysis. This is difficult 
to imagine f rom the lipid class distribution data  
tha t  is very similar to the findings in the normal  
brain. I t  is difficult to visualize an autolytic process 
affeeting all lipids classes to almost exactly the same 
extent in both grey and white matter ,  par t icular ly  
when the amt  of grey mat ter  is great ly  reduced. I t  
is also difficult to unders tand  why intermediate de- 
gradat ion products  such as lysophosphatides are not 
present  if  autolysis is the main feature. Chromato- 
graphic  techniques demonstrate  the presence of many  
minor components, appa ren t ly  intermediates of bio- 
synthesis and degradat ion of major  lipid classes, in the 
brain in the sphingolipidoses and the absence of these 
substances in Alzheimer 's  disease is thus par t icular ly  
significant. Since the lipid class composition can be 
essentially normal  in both grey and white mat te r  in 
Alzheimer 's  disease and the ratio of lipid to brain 
weight is normal,  it may  very well be that  generalized 
lipid degradat ion did not take place. I f  this is the 
case, it is evident tha t  the brain in Alzheimer 's  
disease pr ior  to onset of symptoms and degradation 
must  have had an abnormal ly  high water  content and 
an abnormal ly  low total  lipid content. This is the 
state characteristic of the brain in early life. 

The f a t ty  acid composition data of brain lipids in 
Alzheimer 's  disease does not disclose any abnormali ty.  

Degradat ion of myelin lipids does not appear  to have 
taken place because the decrease of long' chain f a t ty  
acids of demyelinat ing diseases (15) is not seen in 
Alzheimer 's  disease. 

The defect in Alzheimer 's  disease, al though present 
at birth,  clearly does not prevent  format ion of myelin 
and development of normal  brain function. I f  the 
brain fails to develop normally,  total  solids including 
lipids might  remain abnormal ly  low and water  con- 
tent  remain abnormal ly  high in brain before onset 
of the symptoms of the disease. Some t r igger  meeh- 
anisln, e.g'., change in hormonal  balance, could initiate 
a process leading to water  loss with weight reduction. 
This concept could explain the f r e q u e n t l y  used 
te rm " s h r u n k e n "  in descriptions of the brain and 
its cellular elements in this disease. A reduction in 
whole brain  water  content f rom 85% to the measured 
value of 76% without loss of solids accounts for the 
weight loss observed in the two cases studied assum- 
ing an adul t  brain weight of about 1200 g. 

A clear distinction between the general autolytic 
and water  loss hypotheses can be drawn when speci- 
mens of brain early in the course of Alzheimer 's  
disease are obtained. Determinat ion of water  and 
lipid in such specimens can be decisive. 
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