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Abstract 
Desmosterol (24-dehydroeholesterol),  a normal  

consti tuent of developing brain, rap id ly  disap- 
pears dur ing the prenata l  and postnatal  develop- 
ment, according to the degree of maturat ion,  in all 
species considered (chicken, mouse, rat ,  guinea 
pig, man) .  

Dur ing  brain maturat ion,  desmosterol concen- 
t rat ions are sensitive to t reatments  with drugs 
in terfer ing with sterol synthesis (Tr iparanol )  or 
with nervous tissue differentiation ( thyroxine and 
propyl thiouraei l ) .  

Desmosterol has been also detected in some ex- 
per imental  and human  glial tumors,  and the con- 
centra, in the tumor  may  be specifically increased 
in the tumora l  tissue by the adminis t ra t ion of Tri- 
paranol.  

Introduction 

S EVERAL STEROLS OTHER than  cholesterol have been 
identified in brain  extracts, but  only in traces or 

in small amounts. The presence of dihydroeholesterol 
(1),  7-dehydroeholesterol (2,3), 24-hydroxyeholes- 
terol, 7fl-hydroxyeho]esterol (4) and lathosterol (5) 
has been shown, but  there has been no demonstrat ion 
that  these compounds are normal  constituents of the 
nervous system. 

More recent investigations have shown tha t  desmos- 
terol (24-dehydroeholestero]) is present  in consider- 
able amounts as a normal  consti tuent of nervous tissues 
of the chick embryo (6) newborn ra t  (7) and human 
foetus (8) al though absent f rom ra t  and human adult  
brain, and, at all ages, in all other tissues and body 
fluids investigated. The presence of desmosterol there- 
fore appears  to be very specific for developing nervous 
tissues (9). 

In  the present  report ,  the sterol composition of 
growing and adult  nervous tissues in different animal 
species was analyzed by gas chromatography:  Exper i -  
mental  and human brain  tumors were investigated for 
sterol content in view of the postulated similarities in 
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sterol biosynthesis between normal  developing brain 
and brain  tumors  (10,11). 

Gas Chromatographic Determination 
of Brain Sterols 

Sample Preparation 

Samples of normal  brain  of different animal  species 
and of experimental  and human brain tumors have 
been p repared  immediately af ter  animal sacrifice or 
surgical removah In  the case of human foetuses, 
frozen immediately af ter  death, the brain  samples 
were removed within 12 hrs. Bra in  and tumor  tissues 
were washed in saline and necrotic areas discarded. A 
pa r t  of each sample was histologically examined. 

Sterol ~.xtraction 

The nonsaponifiable fract ion was obtained by sapon- 
ification in 2 N K O H  in 95% ethanol for 1 hr  at 75C 
under  reflux, and extraction with light petroleum 
ether (30C-50C) af ter  addit ion of an equal volume 
of H20. The ether extract  was dryed over anhydrous 
sodium sulfate;  the solution filtered, solvent evapo- 
rated to dryness under  N2 and the residue dissolved 
in CS2 for  gas-liquid chromatographic  analysis of 
sterols. 

Gas Chromatographic Determinations 

A. C. E r b a  (Milan, I ta ly)  F rac tovap  Model C gas 
chromatograph,  equipped with a hydrogen flame ion- 
ization detection system was used. Columns of 2 mx 
4 mm spiral  glass tubes were packed according to 
Horning  et al. (11) with PhSi  191-43 (pheny]methyl-  
siloxane polymer  containing 40 mole % of phenyl  
substituent,  General Electric Co.) and NGS (neo- 
pentyl  glycol succinate, Appl ied Science Laboratories)  
as s ta t ionary  phases on Gas-Chrom P I00 140 mesh 
(Applied Science Laboratories)  as solid support .  

Nitrogen was used as carrier-gas with flow rates of 
about 40 ml /min .  A vaporizer  temp of 260C with 
column temps of 230C for  PhSi  and 225C for NGS 
were used. 

Cholesterol and desmosterol are readily separated 
on both phases (11,12). Separat ion is obtained on 
PhSi  in about  20 rain, but  NGS requires a longer time. 
When the t r imethylsi lylether  derivatives of the sterols 
p repared  according to Luukkainen et al. (13), are 
used, the retention times of the sterols are consider- 
ably reduced on NGS, without modification of area 
ratio. 

F igure  1 i l lustrates the separation on NGS of sterols 
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FIO. 1. Gas ch roma tog raph ic  sepa ra t ion  of  cholesterol  and  

desmosterol  and  the i r  t r imethy]s i ly l  e thers  on neopenty lg lyeol  
sueeinate .  F i r s t  peak  is cholesterol  and  la te r  peak  is desmos-  
terol. U p p e r  t r ac ing  H -  the  f ree  s terols  lower t r ac ing  H :  the  
si lyl  der ivat ives .  
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FIO. 2. Gas ch roma tog raph ic  sepa ra t ion  of cholesterol  and  

desmosterol  on pheny lme thy l  s i loxane polymer .  F i r s t  peak  is 
cholesterol  and  la te r  peak  is  desmosterol .  Stero]s r u n  in  the 
f ree  fo rm.  
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obtained f rom the nonsaponifiable fract ion of growing 
ra t  (12-day-old) brain. In  the upper  ehromatogram 
the two sterols, cholesterol (early peak) and desmos- 
terol (late leak)are  in the free form. The t r imethyl-  
silylethers (TMSi) are shown in tlhe lower chroma- 
togram. F igure  2 shows that  free sterols are separated 
quickly on PhSi  and there is no advantage in running  
the TMSi derivatives on this phase. Fo r  this reason 
the P H S i  column was selected for  routine examination 
of free sterols in biological samples. 

I t  is to be emphasized that  a complete separation of 
two sterols is a necessary condition for quant i ta t ive 
evaluation of small percentages of one sterol (1-5%) 
in presence of a large excess of the other. In  our hands 
quant i ta t ive separat ion of desmosterol f rom choles- 
terol over a range of ratio ( f rom 4.3% to 90.1% for 
desmostero] and f rom 9.9% to 95.7% for cholesterol 
in a s tandard  mixture)  has been obtained as previ- 
ously shown (13). 

Identification of brain sterols was based on the re- 
tention time relative to cholestane on PhSi  and NGS, 
and by using s tandard  sterols (Table I ) .  

Brain Sterols at Different Ages in Different 
Animal Species 

The sterol composition of the brain  was examined 
in adul t  and growing animals of different species. 
Brains  were selected f rom chicken, mice, rats, and 
guinea pigs, as well as foetal and adul t  human brain 
tissues obtained dur ing  necroseopy or neurosurgical  
operations. Guinea pig was selected par t icu lar ly  be- 
cause it shows at  b i r th  a complete matura t ion  of the 
nervous system (15). Bra in  matura t ion  was evaluated 
according to the classification of MeIlwain (16). In  
the growing brains of the animal  species examined, 
desmosterol was the only sterol, other than  cholesterol, 
present  in detectable amts. F igures  3-7 i l lustrate the 
pa t t e rn  of desmosterol concn (expressed in percentage 
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~ .  3. Desmostero l  in g rowing  chicken brain .  

% D  

2 4 .  

2 0 .  
0 

"~ 1 6 .  

0 

a o  bags  

TO BIRTH 0 ~ 1 0  13 > 0 O/ ,Y~ 

FIG. 4. Desmostero l  in g rowing  mouse  brain .  

BRAIN S T E R O L  S T U D I E S  

T A B L E  I 

R e t e n t i o n  Times  Re l a t i ve  to Cholestane of B r a i n  Sterols  
on P h S i  and  NGS 
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P h S i  ~ 

Sterol  f ree  
sterols  

Cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - - 2 ~  
n e s m o s t e r o l  . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .46  

NGS u 

f ree  T M S i  
stero!s 

6 .22  2 .10  
7 .95  2 .65  

a F o r  o p e r a t i n g  condi t ions  see text .  Choles tane  t ime  6 .88  rain.  
b l~or operating" condi t ions  see text ,  Cholest~ne t ime  5 .44  ra in .  

of total  sterols) in the brain of the species considered. 
The brain matura t ion  period is divided into four  
stages and it is possible to observe that  desmosterol 
disappears  dur ing the th i rd  stage of matura t ion  af ter  
a strong decrease dur ing the last pa r t  of the second 
stage. This occurs in all the selected species and it is 
independent  of the day of birth, al though str ict ly cor- 
related with the degree of brain matura t ion  (as eval- 
uated according to morphoh)gical and t)ehavioural 
pa t te rns)  (16). 
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FIG. 5. Desmostero l  in g rowing  ra t  brain.  
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FIG. 6. Desm0stero1 in g rowing  gu inea  p ig  brain .  
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Fro-. 7. Desmostero l  in g rowing  h u m a n  brain .  
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T A B L E  I I  
B r a i n  Sterots  in  Chick E m b r y o s  

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  

T A B L E  I I I  
B r a i n  Sterols  i n  G r o w i n g  C 57 B 1 / 6  5I ice  

i n c u b a t i o n  To ta l  s terols  Desmosterol  ] )esmostero l  
days  m g / g  % to ta l  s terols  /~g'/~" b r a i n  

11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .49 10.2  356  
14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .93 10 .7  420  
17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .40  8,7 4 6 9  
20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .23 3.9 321  
23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 .99  1.4 139 

VOL. 42 

E a c h  f igure  r ep re sen t s  ~he a v e r a g e  of 6 de terminat ,  ions.  

The decrease of desmosterol was not a dilution due 
to an increase of newly formed cholesterol, but  a real 
disappearance as shown in Table I I  and I I I ,  where 
calculations of total  amts of desmosterol at different 
ages in chick embryos and mice are shown. 

These observations seem to indicate tha t  the pres- 
ence of large amts of demosterol in brain  may  p lay  a 
role dur ing tile deve]opnlent of the central  nervous 
system. 

Drugs Affecting Brain 8terols 
The possible role of desnlosterol and other sterols 

dur ing brain development prompted a test of the ef- 
fect of drugs acting on animal matura t ion  in order to 
see if they could change the brain sterol content. 

An accmnulation of desrnosterol in blood and pe- 
r ipheral  tissues has been observed a f te r  adminis t ra t ion 
of Tr iparanol  ( 1 - [ ( p - ( b e t a - d i e t h y l a m i n o e t h o x y )  
pheny]] 1- (p-to]yl) 2- (p-chlorophenyl)-ethanol) .  This 
well-known hypoeholesteremic agent  :has been shown 
by Steinberg and Avigan (17) to inhibit  the reduction 
of the double-bond in position 24 af ter  cyelization of 
the squalene chain, and to induce a marked accumula- 
tion of desmosterol in blood and per iphera l  tissues, in- 
eluding brain  (18). 

Recently, a considerable amt  of desmosterol was 
found by a gas-chromatographic method in the brains 
of mature  rats  t reated with Tr iparanol  (19). Even 
larger amts (8% of total sterols) were found af ter  a 
short period of t rea tment  with 20,24-diazeholestero] 
(SC 12-937). This suggests either that, some choles- 
terol biosynthesis may  still occur in mature  brain or 
that  the blood-brain barr ier  is still permeable to blood 
desmosterol in adul t  rats. 

I t  was therefore of interest to a t tempt  to modify  

D a y s  T o t a l  s terols  ] Desmostero l  Desmosterol  
m ~ / g  % to ta l  s terols  /xg/g b r a i n  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .80  23 .6  897  
3 .67  24 .2  888  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .39  24 .2  1 0 6 2  
4 .61  2 4 . 8  1.143 

11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .34  11 .1  704  
6 .07  12.0  728  

15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .68  4 .9  422  
8 .30  ! 4 .2  384  

the rate of disappearance of brain desmosterol by drug 
t rea tment  dur ing the brain  matura t ion  period. A 
suitable experimental  system for this purpose is the 
chick embryo. 

In  chick embryos myelinat ion starts  in the cerebel- 
lum at  the ] l t h  and in cerebral hemispheres at  the 
14th day  of incubation and is ahnost completed at  
hatching (21st day  of incubation) (20). Desmosterol 
is constantly present  in the nervous tissue during the 
developing period, but  it is found only in traces on 
the 21st day, and disappears shortly af terwards  (21). 
Af te r  t rea tment  with an inhibitor of thyroid  function, 
propyl- thiouraci l  ( P T U ) ,  which induces a marked 
delay in hatching (22), a correlation was found be- 
tween the prolonged incubation time, the amt  of total  
brain sterols, and the percentage of brain desmosterol. 
Table I V  shows that  when chicken embryos were 
treated with 1 mg PTU, hatching time occurred two 
days later  and the total sterol amt  in the brain was 
lower and the desmosterol conch higher in the t reated 
than in control newly hatched chickens. The mech- 
anism of action of propyl-thiouraei]  in modifying 
brain sterol levels and composition is apparen t ly  
through a thyroid blockade because at  the dose used, 
PTU induces an evident increase of thyroid weight 
and an alteration of its morphology (22). In  addition 
PTU act ivi ty in the embryonic brain  becomes evident 
only af ter  the 14th day of incubation, as soon as thy- 
roid function starts  in chick embryos (23). Table V 
shows that ,  at  the 14th and 17th day  of incubation, 
thyroxine t rea tment  has an opposite effect. These re- 
sults seem to indicate tha t  brain matura t ion  of chick 
embryos is under  thyroid control. 

T A B L E  I V  

Effect  of P r o p y l t h i o u r a c i l  or~ Chick E m b r y o  Deve lopmen t  

No. of T r e a t m e n t  Age  B r a i n  To ta l  s terols  ] )esmostero l  
% of an imMs (days )  Body we igh t  ( f r e sh  we igh t )  ; 'ng/g  b r a i n  to ta l  s terols  

6 - -  11 2 .7794_0 .389  0 .1559--+0.0184 3 .494_0.55 10.24_1.10 
6 P T U  11 2 .8234_0 .178  n.s. 0 . 1 6 0 3 4 _ 0 . 0 1 0 0  n.s.  3 .764_0.30 n.s,  9 .14_0.64 
6 - -  14 7 . 8 5 1 4 - 0 . 6 8 5  0 .31654_0 .0252  3 .934_0.24 10.74_0.59 
6 P T U  14 7 .6264_0 .616  n.s.  0 . 3266w-0 .0195  n.s.  3 .914_0.17  n.s. 9 .94_0.59 
6 - -  17 16 .0644_1 ,80  0 , 5 3 2 1 4 _ 0 . 0 3 7 4  5 .404_0.35 8.7_4-0,78 
6 1)TU 17 12 .1304_1 .99  < 0 . 0 1  0 . 4 8 4 5 4 _ 0 . 0 6 1 6  n.s.  5 .474_0.38 n,s. 9 . 9 ~ 1 . 0 2  
6 - -  20  24 .5194_2 .52  0.6424---+0,0692 8 .234_0.67  3.94_0.51 
6 I ) T U  20 1 5 . 0 6 2 ~  1 .04  < 0 . 0 0 1  0 . 6 5 4 9 - + 0 . 0 5 2 9  n,s.  7 .184_0.22 < 0 . 0 5  6 .14 -0 .56  
6 - -  23 a 32.916~= 1,80 0 .6864--+0.0002 9 . 9 9 4 - 0 . 5 0  1 .4-+0 .38  
6 P T U  23 ~ 2 8 . 0 0 0  )=:4,25 < 0 , 0 5  0 . 7 7 8 6 4 - 0 . 0 3 7 4  n.s .  8.8~ 4 -0 .45  < L ' O . O 0 1  3 .24_0.36  

~l.S 

n.s. 

n.s, 

< 0 . 0 0 I  

< 0 , 0 0 1  

T h e  t r e a t e d  eggs were  in jec ted  in the yolk sac with I rag" o ropy t t hyou rae i l  and  the cen t ro l s  rece ived the same volume of w a t e r  a t  the  
t ien  day.  

All the f igures  4_ S.D.  
H a t c h e d  at  the 21s t  day, k i l led  2 days  af te r .  

bHatching '  s t a r t s  a t  the 2"lrd day. 

T A B L E  V 

Effect  of T h y r o x i n e  on Chick  E m b r y o  Deve lopmen t  

8th incuba-  

B r a i n  n e s m o s t e r o l  Tota l  s terols  
NO.casesOf T r e a t m e n t  ( daysAge ) Body  w e i g h t  ( f r e sh  weight)g m g / g  b r a i n  total%sterols°f 

6 - - - -  11 3 , 2 1 6 ± 0 . 3 3 8  0 . 2 0 0 7 4 - 0 . 4 3 5  3 . 2 4 ± 0 . 4 7  9.7-4-1.06 
5 T h y r o x i n e  11 3 ,7354_0 .225  z 0 . 0 2  0 . 1 8 6 8 4 _ 6 . 0 1 5 8  n,s. 3 .494_0.16  n,s.  9 .54_0.81 n.s.  
6 - - - -  14 9 ,4054_0 .893  0 .35344_0 .0173  4 .224_0 .15  10.64_0.23 
6 Thyrox ine  14 7 ,9004_1 .166  < 0 . 0 5  0 . 3 1 8 6 4 _ 0 . 0 3 4 5  ~ 0 . 0 5  4 .524_0.12  < 0 . 0 1  9 .54_0.64 < 0 . 0 1  
5 - - - -  17 19 ,2544_1 .24  0 .58984_0 .016  5 .514_0.33 8.94_0.75 
6 T h y r o x i n e  17 17 ,4084_3 .52  n.s. 0 . 51054_0 .083  < 0 . 0 5  6 .244_0.42 < 0 . 0 1  6.84_1.10 < 0 . 0 1  

All f igures  -4- S .D,  
T h y r o x i n e  w a s  in jec ted  in the  yolk sac (~g  of L thy rox ine  in  p h o s p h a t e  buffer  at, the  8 th  incuba t ion  d a y ) ,  
The  cont ro ls  r ece ived  the same volume of b~tffer. 
To ta l  s terols  were  de t e rmined  acco rd ing  to Z l a t k i s  et  al. ( 2 5 )  
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T A B L E  V I  
SteroI Composi t ion of T r a n s p l a n t a b l e  Mouse B r a i n  T u m o r s  

N. Type  of t u m o r  Or ig in  Stero] composi t ion 

1 E p e n d y m o m a  (1 )  Cholesterol  only 
2 E p e n d y m o m a  n. 15 (2 )  Cholesterol  only 
3 E p e n d y m o m a  n.  48  (2 )  Cholesterol  only 
4 E p e n d y m o m a  ZE (2 )  Cholesterol  only 
5 E p e n d y m o m a  Z 131  (3 )  Desmostero l  2 .5  % 
6 As t rocy toma  G 2 6 A  (2 )  Cholesterol  only 
7 Po lymorph ic  

g l ioblas toma G 2 6 B  ( 2 )  Cholesterol  only 
8 Spongioblas t ie  

gl iobastoma G 26 C (2) Desmosterol  2.3 % 
9 Neurob las toma  C 1 3 0 0  (4 )  Cholesterol  only 

(1 )  R.  A. S te in .  
(2 )  Massachuse t t s  Gene ra l  :Hospital .  
(3 )  Alber t  E i n s t e i n  College of Medic ine .  
(4 )  l~oscoe J a c k s o n  Memor i a l  Labo ra to r i e s .  

Desmosterol in Experimental Tumors of 
Nervous Tissue 

The relations observed between sterol metabolism 
in normal growing nervous tissues and brain tumors 
(10,11) prompted an investigation of sterol composi- 
tion in experimental brain tumors. Nine different 
murine transplantable brain tumors were obtained 
from the sources noted in Table VI. 

Among the nine different types of tumors studied, 
five were ependymomas, two glioblastomas, one astro- 
cytoma, and one neuroblastoma. Table VI  shows the 
presence of amts of a sterol other than cholesterol for 
only two of these tumors. In both cases this sterol was 
desmosterol, which represents 2.3% of the total stero] 
in a spongioblastic glioblastoma and 2.5% in the 
ependymona Z 131. 

Two of these tumors were selected for transplanta- 
tion; one of them (glioblastoma G 26C) contained 
desmosterol. The histological constancy of these 
tumors was regularly checked. Table V I I  shows the 
desmosterol content in G 26C tumors at different 
growth stages after transplantation. 

Desmosterol, was found at all stages of growth in 
the spongioblastie glioblastoma. On the 10th day after 
transplantation, desmosterol represents 3% of the total 
sterols, and more or less the same percentage is pres- 
ent in the following days. The degree of development 
of the tumor does not seem to influence the percentage 
of desmosterol. 

Samples of normal brain, plasma and liver have also 
been examined for sterol composition and no trace of 
desmosterol or other sterols different from cholesterol 
was detected in the normal tissues. 

Desmosterol in Human Brain Tumors 
Table V I I I  shows the analyses of 40 human brain 

tumors which were examined for sterol composition. 
Fifteen were nonglial tumors and 25 were gliomas of 
various stages of immaturity.  Among the nonglial 
tmnors only a cholesteatoma contained an unidentified 
sterol different from cholesterol (4%).  Sterol compo- 
sition in gliomas differed in that most of these tumors 
contained desmosterol and another sterol (probably 
zymosterol). The presence of these precursors of cho- 

TABLE VII 

I ) e s m o s t e r o l  Content i n  M n r i n e  T r a n s p l a n t a b l e  Spongioblas t ie  
Gl ioblas toma (G 26C)  

Days  a f t e r  T u m o r  
t r a n s p l an ta t ion  W. we igh t  Desmosterol  a Notes 

Ing" 

10 .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  129  3.0 ............ 
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250  3.0 ............ 
14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190  2.6 
18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  832 2.4 l a r g e  necro t i c  areas  
24 .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  392  2.2 l a r g e  necro t i c  areas  
30 .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 3.3 b at roI)hie  t umor s  w i t h  

i n t e r n a l  b leedings  

a Desmos te ro l  va lues  a re  expressed  as % of to ta l  s terols  in  tumors .  
E a c h  va lue  is the mean  of two de t e rmina t ions .  

b P l u s  1 . 5 %  of un iden t i f i ed  sterol .  
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T A B L E  ~ / I I I  
S te ro l  Composi t ion of I-Imnan B r a i n  T u m o r s  

No. of cases Type  of t umor s  Sterols  p r e s e n t  

5 . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . .  

5 ......................... 
1 . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . .  
2 .. . . . . . . . . . . . . . . . . . . . . . .  

14 . . . . . . . . . . . . . . . . . . . . . . . .  

Non-glial tumors : 
Meningeomas 
Neurinon*as  
Metas t a t i c  c a r c i n o m a s  
Angeoma  
Choles teatoma 
Gl iomas : 
As t rocy tomas  
E p e n d y m o m a  
Ol igodendrog l ioma  
G a n g l i o n e u r o m a  
:Niedulloblast oma 
As t rocy t ic  g l iomas  
Gl ioblas tomas 

Cholesterol  only 
Cholesterol  only 
Cholesterol  only 
Cholesterol  only 
4 % of un iden t i f i ed  sterol  

Cholesterol  only 
Cholesterol  only 
D 2 % ; t r aces  of 2 other  s terols  
D 1 %  
D t r ace s  
Z l %  
of wh ich  

7 c o n t a i n i n g  D ( 1 - 4 % )  
4Z1% 
3 cholesterol only 

I) : desmosterol  
Z : zymosterol  ( ? )  

lesterol was part icularly high in the most inlmature 
tumors. 

In  a number of patients, with suspected intracranial  
tumors, t r iparanol  was administered orally at a daily 
dose of 500 mg, for different periods of time. 

The purpose of this treatment was to determine 
whether the aecunmlation of desmostero] would be 
specific for brain tumors. This would be expected be- 
cause brain tumors actively synthesize cholesterol 
from simple precursors, in contrast to adult normal 
brain (10). Af ter  a t reatment ranging from 7 to 44 
days, operations were performed on the patients. Im- 
mediately before the operation, samples of blood were 
withdrawn, and during the operation samples of the 
tumors and of normal surrounding brain tissues were 
removed and histologically identified. Quantitative 
gas chromatographic examination for sterol composi- 
tion was carried out in plasma, brain and tumor sam- 
ples, as described before. The results are shown in 
Table IX. The amt of desmosterol in plasma was 
significant after a short (7-day) treatment (7.4-12.6% 
of total sterols) and increased regularly when treat- 
ment was prolonged, and a plateau of 15%-20% of 
total sterols was reached after 2 weeks. Normal brain 
and normal cerebellum did not show even a trace of 
desmosterol after 44 days of tr iparanol treatment. In  
contrast to this, brain tumors (from the same pa- 
tients) in all cases contained considerable amts of 
desmosterol. In  one case plasma desmosterol repre- 
sented 18.7% of the total sterols and no trace of 
desmosterol was detectable in brain. In  one of the 
patients with a meningeoma a sample of the normal 
dura was obtained. The percentage of desmosterol in 
this non-nervous tissue was fairly high in contrast 
with the total absence of this sterol in normal brain. 

TABLE IX 

T r i p a r a n o l  T r e a t m e n t  and  Stm'ol Composi t ion of :Hun*an B r a i n  T u m o r s  

Case 
No. ~ x  

1 

2 

3 

4 F 

5 F 

6 F 

A~e 

65 

47 

22 

38 

25 

I )ays  of 
t r ea t -  
men t  a 

18 

12 

44 

Type  of 
tumor 

Meninx'coma 

Men ingeoma  

Acoust ic  
n e u r i n o m a  

Angiob las t i c  
g l ioma 

F i b r i l l a r  
as t rocy toma 

Gl ioblas toma 

Desmostero l  
in  t i ssues  

( % of to ta l  
s terols)  

23 .2  p l a sma  
13 .7  n o r m a l  d u r a  

7.6 t m n o r  

13.7  p l a sma  
0 n o r m a l  b r a i n  
4 .3  t u m o r  

19.2  p l a sma  
0 no rma l  

cerebel lum 
13.3 t u m o r  

7.4 p l a sma  
tun l0 r  
t r aces  

11.2  p l a sma  
2.7 t u m o r  

12 .6  p l a sma  
4.2 t m n o r  

a E a c h  p a t i e n t  r ece ived  dai ly  500  mg of t r i p a r a n o l  by oral  route .  
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This finding underlines the difference between the 
various tissues, as fa r  as sterol synthesis or uptake  of 
plasma circulat ing sterols is concerned. 

Fu r the r  s tudy is required to determine whether  the 
relevant  levels of desmosterol found in human  brain  
tumors af ter  t r iparanol  t rea tment  arise by local syn- 
thesis or deposition of desmosterol from. the blood. I t  
is known that  human  brain tumors  actively synthesize 
cholesterol f rom labeled precursors (10) in contrast  
to normal  adul t  brain, but  it is also known tha t  the 
blood-brain bar r ie r  is less efficient at  the level of the 
tumors (24). However,  direct evidence is still lacking 
as to whether blood sterols can be taken up and  ac- 
cumulated in human  normal  and tumor  nervous tissue. 

The present  investigations on brain sterols suggest 
tha t  the desmosterol levels are correlated with the de- 
gree of matura t ion  of the brain. Desmosterol is pres- 
ent in brain dur ing matura t ion  in different animal 
species, and f rom the data obtained with P T U  and 
thyroxine, the desmosterol eonen seems related with 
the degree of development. On the other hand, the 
appearance of desmosterol in pathological specimens 
such as experimental  and human brain tumors  con- 
firms the significance of this sterol in immature  nerv- 
ous tissue. 
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Lipid Class Composition of Normal Human Brain and 
Variations in Metachromatic Leucodystrophy, Tay-Sachs, 
Niemann-Pick, Chronic Gauchcr's and Alzhcimcr's Diseases 
GEORGE ROUSER, CLAUDIO GALLI and GENE KR'ITCHEVSKY, Department of Biochemistry, 
City of Hope Medical Center, Duarte, California 

Abstract 
Procedures suitable for obtaining representa-  

tive samples of whole brain and of total  grey 
and white mat te r  of brain  are presented and 
discussed. A procedure is described for the quan- 
t i tative determination of lipid class distr ibution 
of human brain  specimens utilizing in sequence: 
a cellulose column to separate  gangliosides and 
nonlipid mater ial  f rom the remaining lipids, di- 
ethylanfinoethyl ( D E A E )  cellulose eolmnn chro- 
ma tography  to separate  the lipid classes into 
nianageable groups, and finally quant i ta t ion of 
the lipid classes by  thin-layer chromatography  
(TLC) .  TLC is made quant i ta t ive  by correlating" 
the amt  of charr ing of spots on chromatograms 
with the anlt of lipid present  by means of t rans-  
mission densitometry. The use of two-dimensional 
TLC for  the analysis of brain lipids and its ap- 
plication to the s tudy of pathological brain speci- 
mens is also described. 

The applicat ion of these procedures to the s tudy 
of metaehromatie  leueodystrophy, Tay-Saehs, Sic- 
mann-Pick,  and Alzheimer 's  diseases and senile 
cerebral cortical a t rophy  is described and data 
are presented. In  two eases of Alzheimer 's  disease, 
a large reduction in fresh weight and total  l ipid 
of brain  were found;  the lipid class distr ibution 
of whole brain in one ease and of total grey and 
total white mat te r  in another  were essentially 
normal. The lipid class distributions of  the brain 
in nietaehromatie leueodystrophy, Tay-Sachs dis- 
ease, and Niemann-Pick disease were shown to be 

similar to that  of normal  infant  brain except that  
one sphingolipid was great ly increased in each dis- 
ease (sulfatide in metachromatic  leucodystrophy, 
one ganglioside in Tay-Saehs disease, and sphin- 
gomyelin in Nientann-Piek disease). 

Introduction 
L IPIDS ARE OF SPECIAL importance to brain. About  

50% of the d ry  weight of brain is lipid. A 
pa r t  of this lipid is derived f rom brain cell mem- 
branes, membranes of subeellular particles and other 
s tructures but  by  fa r  the largest  pa r t  is derived 
fronl the myelin sheath, a special s t ructure  about the 
axons of the neurons. Fo r  the past  several years  
we have investigated the relationships between lipid 
composition of the human brain and developmental 
stages, the aging process, and specific pathological 
processes. 

This repor t  presents procedures for  the s tudy of 
brain  lipid class distr ibution for accurate determina- 
tion of the composition of whole brain and total  
grey and total white matter.  Results and interpre-  
tations for several heredi tary  metabolic diseases are 
also presented. 

Mater ia ls  and  Methods 
Brain Specimens 

Fresh (unfixed) specimens obtained as soon as 
possible were frozen in liquid nitrogen or over d ry  
ice, t ranspor ted  over d ry  ice, and kept  in the frozen 
state ( - 2 0 C )  unti l  extracted. Each brain was cut 
longitudinally into equal halves. 0no-half  was used 


