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easily be identified at -10C.  18:4 on these columns 
falls before 20:1, 16:3~4 and 17:1 overlap and also 
16 : 20,4 and 17 : 0. 

Myristic acid, 14:0, although completely saturated, 
is still quite soluble at - 1 0 C  due to its short chain 
length, and conversely, 22:5 only shows slight en- 
r ichment in spite of five double bonds in the molecule. 
Isomers of 22:4  and 20:3 are usually present in 
marine oils in small amounts, but are not enriched 
by this method. The concentration of isomers of 
20:2, when present, decreases slightly. 

The method described has been used routinely in 
this laboratory for some time, although only methyl 
esters from marine lipids have been segregated. The 
method should, however, also be useful in the analy- 
sis of some animal and vegetable lipids with complex 
fa t ty  acid compositions. 
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Abstract 
The autoxidation of the eholesteryl moiety of 

cholesteryl ]inoleate stabilized in aqueous col- 
loidal suspension with sodium dodeeyl sulfate 
has been studied at 85C. The overall rate of 
this oxidation is more rapid than that  for  un- 
esterified cholesterol and oxidation also occurs 
to a greater  extent for  the linoleate ester. These 
results are in contrast to those for more saturated 
fa t ty  aeyl esters of cholesterol which show di- 
minished susceptibility to attack by oxygen in 
such a system. Autoxidation of cholesteryl lino- 
leate by an intramoleeular free-radical mecha- 
nism is considered. 

I NFORMATm~V CONCERX~NO the autoxidation of eho- 
lesteryl esters is relatively meager whereas studies 

of autoxidation of unesterified cholesterol have been 
reported somewhat extensively. Bergstrom and Win- 
tersteiner (1) reported that esterification of choles- 
terol by acetate, pahnitate, or oleate greatly dimin- 
ished the susceptibility of the cholesterol in aqueous 
colloidal suspension to attack by oxygen. Cook (2) 
compared the oxidation of eholesteryl acetate with 
unesterified cholesterol in xylene containing phthalo- 
eyanine. The l i terature of the autoxidation of cho- 
lesterol has been reviewed (3). 

Since cholesterol occurs in the animal body in both 
the unesterified and esterified forms it was felt  that  
the chemiea] reactivity of the esters, par t icular ly  those 
of the more unsaturated f a t ty  acids, of cholesterol in 
aqueous suspension should be elucidated further .  
Cholesteryl linoleate was chosen for  study. I t  was 
hypothesized that  the high susceptibility of the lino- 
]kate 9,12 diene system to autoxidative attack might 
render  the cholesteryl moiety of cholesteryl linoleate 

1 P r e s e n t e d  at the  AOCS Meeting in Houston, Texas, April, 1965. 
Work conducted during the  t e n u r e  of a Summer Research Student 

)~ellowship. 

ra ther  more susceptible to autoxidative attack than is 
the case for eholesteryl acetate, palmitate, and oleate 
(1). Experimental  s tudy revealed that  cholestery] 
linolcate in aqueous colloidal suspension has a mark- 
edly different susceptibility to autoxidative attack 
than the more saturated fa t ty  acyl esters. I t  is the 
purpose of this communication to repor t  this finding. 

Experimental 
The procedure of autoxidation was sinlilar to that  

of Bergstrom and Wintersteiner  (1). Modifications 
involved the amomlts of cholesterol [cholesterol or 
cholesteryl esters (99 % pure, Applied Science Labora- 
tories, Inc., State College, Pa.) were used in equi- 
molar amounts] and sodium dodecyl sulfate, pH  
was adjusted to 7.0 + 0.2 with M/15 phosphate buffer. 
Autoxidation was carried out at 85C. Aliquots of the 
reaetion mixture  were acidified, extraeted with diethyl 
ether, the ether extract  water-washed, the solvent 
evaporated, and the extract  analyzed for unoxidized 
cholesterol by the Sperry-Webb (4) procedure. Use 
of this analytical method for following the time course 
of autoxidation of cholesterol has been described (5). 
As a fu r the r  check of the analytical procedure we 
have tr ied the method on s tandard solutions of 7- 
ketocholesterol, 7-fl-hydroxycholesterol, and 3fi, 5a, 
6fl-cholestanetriol. The first two compounds behaved 

TABLE I 

The Autoxidation of Cholesterol and Its Esters by Aeration in Aqueous 
Colloidal Suspension, pI~ n e a r  neutra l i ty ,  85C, 5 hr. 

Compound 

Percent  of Cholesterol Autoxidized 

Bergstrom- Norcia- 
~¢Hntersteiner (1,6) Janusz 

Cholesterol 60 60 
Cholesteryl  acetate  16 a .... 
Cholesteryl palmitate 10 
Cholesteryl  oleate  ~ 5  "'0 
Cholesteryl  l inoleate  . 78 

a Autoxidation for 4 hr. 
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according to predict ion (5). The triol available to us 
did produce some yellow color with the Liebermann-  
Burehard  reagent  having about one-third the absorb- 
ance at 625 mt~ of s imilarly t reated cholesterol. How- 
ever, the triol did not precipi tate  with digitonin under  
the assay conditions. 

Results 
Data  f rom autoxidation experiments  on cholesterol, 

cholesteryl oleate, and eholesteryl linoleate are pre- 
sented in Figure  1. The time course and extent of 
autoxidation of cholesterol and cholesteryl oleate are 
shown to be very  closely similar to the results re- 
ported by Bergst rom and Winters te iner  for these 
compounds (1,6). No rate inhibition is shown for 
the linoleate ester, it being autoxidized at a faster  
overall rate and to a greater  extent than uuesterified 
cholesterol. Da t a  f rom experiments  on ehoIestero] 
and its esters that  have been studied under  these 
conditions are presented in the summary  table. 

Discussion 
The results obtained with eholestery] lino]eate sug- 

gest the possibility of oxidative at tack of the eholes- 
teryl  moiety by an intramolecular  free-radical  mecha- 
nism. Such a sehenle may  take the form shown in 
Fig. 2. The reaction scheme is not intended to exclude 
par t ic ipat ion by  the resonance hybrids of linoleate 
free-radicals or the several positional isomers of lino- 
leate hydroperoxide.  Such an intramolecular  free 
radical  mechanism might  be expected to show some 
stereospeeifieity with respect  to products  formed. 
We have not studied the products  of the autoxidation 
of cholesteryl ]inoleate. 
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:FIG. 2. R e a c t i o n  schema.  

The possibility of intermo]eeular  propagat ive  reac- 
tions appears  less likely considering the organization 
and orientation of molecules in a colloidal system. 
The ratio of cholesterol or cholesteryl ester molecules 
to dodecyl sulfate ions in the reaction systems studied 
was 1/7 to 1/9. 

An al ternative possibility is tha t  cholesterol lino- 
leate autoxidation is faci l i tated by a surface phenom- 
enon. In t roduct ion of oxygen functions by autoxida- 
tion on the linoleate 9, 12 diene system would alter 
the polar i ty  of the ester molecule. This altered 
polar i ty  might  cause a reorientat ion of the molecule 
on the surface of the micelle thus render ing the eho- 
lesteryl moiety susceptible to oxidative attack. Au- 
toxidation studies of eholesteryl esters with oxygen 
functions introduced into the f a t ty  aeyl chain might  
yield information relative to this point. 

Dinlinished susceptibili ty to autoxidative at tack 
by the esters more sa turated than  the linoleate ester 
might  be due to sterie hindrance. In  the colloidal 
system the f a t ty  aeyl moiety may fold back over the 
cholesteryl moiety, and hinder  the sensitive a-meth- 
ylenic group at position 7 of the cholesteryl moiety. 

The s tudy repor ted here suggests a generalization 
for  autoxidation of cholesteryl esters in aqueous col- 
loidal suspension. Satura ted  and monoethenoic f a t t y  
aeyl esters of cholesterol have diminished susceptibil- 
i ty to autoxidat ion of the cholesteryl moiety com- 
pared  with unesterified cholesterol, while diethenoic 
and other polyunsatura ted  f a t ty  acyl esters of choles- 
terol in all probabi l i ty  do not have this diminished 
susceptibility. 
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