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A new, simple method based on assay of cholesterol is pre- 
sented for  s tudy of the time course and extent of air oxidation 
of cholesterol. Using such a method, the air oxidation of 0.5- 
3.5% solutions of corn oil sterols and cholesterol in films of 
either corn oil or corn oil f a t ty  acids has been followed by the 
author  fo r  periods of up to 3 months  at  room temperature  and 
2 weeks at  60~ in the dark. Under  these conditions it was 
shown that  a) solid cholesterol is relatively stable to air oxi- 
dation;  b)  in lipid films cholesterol is readily subject  to oxida- 
tive at tack which appears  to be closely linked to the stabili ty 
of the lipid film itself to autoxidat ion;  e) more than 90% 
conversion of cholesterol to oxidation products  has been ob- 
served in such systems;  d) the principal  corn oil sterols are 
oxidized at  the same ra te  as cholesterol, and esterifieation of 
the corn oil sterols did not  affect the rate  at  which they were 
oxidized; and e) the rate  of concurrent oxidation of cholesterol 
in corn oil and corn oil f a t ty  acid films is independent of the 
concentrat ion of cholesterol at  low concentrations, 0.5-3.5c/(. 
The disappearance rate  is dependent on the stabili ty of the 
lipid film i tself  as shown by peroxide value. 

I 
N A PREVIOUS STUDY (1) it was shown tha t  aeration 

of cholesterol in an aqueous colloidal suspension 
stabilized with sodium stearate resulted in per- 

centage losses in assay of cholesterol by the Sperry-  
Webb (2) modification of the Schoenheimer-Sperry 
m e t h o d  (3),  which  were  a p p r o x i m a t e l y  equa l  in 
amount  to the percentage of conversion of cholesterol 
to diols (7-hydroxy-cholesterol epimers) and ketone 
(7-ketocholesterol). 7-Ketocholesterol is prccipitable 
with digitonin under  some conditions (4) but is in- 
active to the Liebermann-Burchard  reagent  (5). 7-Hy- 
droxyeholesterol, on the other hand, produces about 
three times as much color as cholesterol (6,7) under  
conditions similar to those of the Sper ry-Webb method 
but has been shown (7) not to be preeipitable with 
digitonin under  the conditions of precipi ta t ion used 
in the Sper ry-Webb method. The minor product  of 
air  oxidation of cholesterol, 3fl,5~,6fl-cholestanetriol, 
yields no color with the Liebermann-Burchard  re- 
agent  (8). All of these findings together suggest t ha t  
the  S p e r r y - W e b b  m e t h o d  f o r  a s s a y  of cho l e s t e ro l  
should be valuable as a new, simple tool to follow 
the t ime course and extent of air  oxidation of cho- 
lesterol, at  least under  conditions in which compounds 
with oxygen functions at carbons 5, 6, and 7 are the 
pr incipal  products. 

By  using the Sper ry-Webb assay procedure for 
cholesterol, the air oxidation of 0.5-3.5% solutions 
of corn oil sterols and cholesterol in films of either 
corn oil or corn oil f a t t y  acids has been followed by 
the author  for  periods of up to three nlonths at room 
tempera ture  and two weeks at 60~ in the dark. In 
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this repor t  it is again demonstrated that  solid cho- 
lesterol is relat ively stable to air oxidation but that,  
when dissolved in films of unsa tura ted  fa t ty  acids 
(obtained by saponification of corn oil, a process in- 
volving concomitant elimination of most of the anti- 
o x i d a n t s  p r e s e n t  in the i n t a c t  oil) ,  cho l e s t e ro l  is 
readily air-oxidized at room temperature .  While cho- 
lesterol in films of corn oil itself is not air-oxidized at 
room temperature ,  oxidation proceeds rap id ly  at 60~ 

Materials and Methods 

Concurrsnt Oxidation at Room Temperature. Air  
oxidation of U.S.P. cholesterol in Mazola 4 brand  corn 
oil, and in f a t t y  acids derived therefrom, was fol- 
lowed for  three months at  21-25~ by measuring 
cholesterol losses with the Sper ry-Webb (2) modifi- 
cation of the Sehoenheimer-Sperry method (3). The 
corn oil f a t t y  acids were prepared  by saponifying 
corn oil in ethanol with K O H  by a quick saponifica- 
tion procedure (5 rain. of boiling). Af te r  cooling, the 
soaps were extracted with pet roleum ether to remove 
unsaponifiables and acidified with HC1; the free f a t ty  
acids were taken up in petroleum ether and washed 
with water  unti l  the washes were neut ra l  to Methyl 
Orange ; the solvent was finally removed under  reduced 
pressure. All of the above processes and operations 
were carried out under  a blanket of oxygen-free nitro- 
gen. The f a t ty  acids so obtained still contained some 
unsaponifiables, shown by  residual sterol assayed as 
cholesterol. Nonetheless the alkali t r ea tment  had ap- 
paren t ly  destroyed most of the ant ioxidants  since the 
f a t ty  acids were found to be much less stable to autoxi- 
dation than the paren t  oil. 

For  the oxidation studies, series of tr ipl icate 25-ml. 
volumetric flasks were used to which separate  aliquots 
of cholesterol and corn oil, or f a t t y  acids in organic 
solvent were added. The solvent was removed with a 
s t ream of oxygen-free nitrogen. The first flask of a 
t r ipl icate contained 2.5 mg. of solid cholesterol, the 
second 2.5 rag. of cholesterol in 100 mg. of corn oil or 
f a t t y  acids, and the third 100 rag. of corn oil or f a t ty  
acids. All flasks were careful ly  wrapped  in a luminum 
foil to exclude light, s toppered loosely with a plug of 
absorbent cotton, and stored in a dark  cabinet drawer  
at room temperature .  At  different t ime-intervals tr ip- 
licate groups were assayed for  cholesterol. Assay of 
sterol cMculated as cholesterol in the th i rd  flask was 
used to correct the cholesterol value of the second 
flask for  plant  sterols assayed as cholesterol. 

Peroxide accumulat ion was studied in separate 5-g. 
samples of corn oil or f a t t y  acids in 125-ml. Erlen- 
meyer  flasks stored under  the same conditions as the 
volumetric flasks. Peroxide value was determined by 
an iodometrie method (9).  

Co~current Oxddation at 60~ Studies similar to 
the room tempera tu re  experiments  were carried out 
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at elevated temperature,  using a forced draft oven 
thermostatical ly  controlled at 60~ 

Results  

Data from the room temperature experiments are 
presented in Table I. These data show that the the- 

T A B L E  I 

Concurrent Oxidation of Cholesterol Dissolved in 10O rag. of Corn Oil 
( C . O . )  a n d  1 0 0  mg. of Corn Oil Patty  Acids ((3.O.F.A.) at 

Room Temperature ( 2 1 - 2 5 ~  

Time of 
storage 

Zero . . . . . . . . . . . . . . . . . . . . .  
2 d a y s  . . . . . . . . . . . . . . . . . .  
1 w e e k  . . . . . . . . . . . . . . .  
2 w e e k s  . . . . . . . . . . . . . .  
1 month . . . . . . . . . . . . . . .  

2 m o n t h s  . . . . . . . . . . . . . .  
3 moni ;hs  . . . . . . . . . . . . . .  

ChoIesteroI 
alone 

reg .~ f la sk  
2 . 3 6  

2 . 5 3  

2 . 4 0  

(3holestero] 
in 

( 3 . 0 . F . A .  

rag./flask 
2 . 2 6  
2 . 2 7  
2 . 3 0  
2 . 1 4  
1 , 0 6  
0 . 5 2  
0 . 1 9  

p,wr 
of 

C . O . F . A .  

< 1  

8 .5  
2 3 . 2  

3 8 2 . 0  
3 6 5 . 0  

Cholesterol P . V 2  
in C.O. of 

C.O. 

2 . 3 6  I < I  
2 . 2 5  .... 
2 . 2 7  
2 . 3 3  . i J 0  
2 . 3 1  2 . 0  
2 . 4 7  ~ 3 .3  
2 . 3 5  ~ 7 .2  

a Peroxide value in milli-equivalents of peroxide per 1 , 0 0 0  g.  of sample. 

/ . o .  

0.9- 

~OoS- 

i O, Y" 

0,6- 

~0.$" 

~0.4. 
~ 0.3. 

0.2. 
0o/ 

T I M E  IN DAYS 

F x ~ .  1 .  : F r a c t i o n  o f  c h o l e s t e r o l  a n d  p h y t o s t e r o l s  r e m a i n i n g  i n  

a u t o x i d i z i n g  c o r n  oi l  f a t t y  a c i d s  a t  r o o m  t e m p e r a t u r e :  0 ,  cho-  
l e s t e r o l  p l u s  p h y t o s t e r o l s ,  i n i t i a l  c o n c e n t r a t i o n  i n  f a t t y  a c i d s  
2 . 8 %  ( W / W ) ;  0 ,  p h y t o s t e r o l s ,  i n i t i a l  c o n c e n t r a t i o n  in  f a t t y  
a c i d s  0 . 5 %  ( W / W ) .  

lesterol present in corn oil was not oxidized insofar 
as shown by assay but that about 9 2 ~  of the cho- 
lesterol originally present in the corn oil fat ty  acids 
was converted to oxidation products. The peroxide 
values indicate the relatively greater instability of 
the fat ty  acids compared with the oil. The peroxide 
values shown in this table cannot be correlated di- 
rect ly to the assay losses of  cholesterol since the per- 
oxide values were determined on 5-g. samples of lipid. 
At 60~ peroxide accumulat ion was shown to be 
much more rapid for 100-rag. samples of lipid in 
25-m1. volumetric  flasks than for 5-g. samples of 
lipid in 125-ml. Er lenmeyer  flasks. A similar com- 
parison at room temperature was not made; thus. at 
any given time interval, the peroxide concentration 
for the sterol-assay flask was probably grealer or 
equal to that for the P.V. flask (5 g., 125 ml.) .  The 
data of the experiments show further that the oxida- 
tion of cholesterol in such mixtures is linked to the 
stability of  the companion lipid and that cholesterol 
itself stored alone under these conditions is rela- 
t ively stable. 

Data from the studies at 60~ are presented in 
Table II. The relative stabil ity of  solid cholesterol is 

T A B L E  II 

Concurrent Oxidation of Cholesterol Dissolved in 100 rag. of Corn Oil 
( ( 3 . 0 . )  a n d  1 0 0  mg. of Corn Oil FatW Acids (C.0 .F .A. )  at 6 0 ~  

Time of storage Cholesterol Ch~176 Cholesterol l 
alone (3.01~.A. in C.O.  

I m g . / f l  a~'k r eg .~ f la sk  ] r eg .~ f l a sk  I 
Zero . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 8 1  2 . 6 9  I 2 . 7 0  ] 

1 day .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 4 7  1 . 7 1  ' 2 , 3 9  
2 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 8  0 . 8 4  1 , 5 4  
3 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 7 1  0 . 7 9  1 . 1 6  
4 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 9  .. . . . .  0 , 6 4  
5 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6 5  
6 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 6  0 . 2 8  0 . 6 5  
8 d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 8 7  0 . i 0  0 . 2 7  

1 0  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 7 1  . . . . . .  0 . 1 7  
13  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 . 7 5  . . . . . . . . . . . .  

P ,V.  a 
of 

C.O.  

8 6  
1 , 5 3 3  
1 , 4 5 7  
1 , 0 8 8  

3 8 6  
2 9 2  
3 3 8  

a Peroxide value in milli-equivalents of peroxide per 1 , 0 0 0  g. of sample. 

again shown by lack of assay losses for the ]3-day 
interval. In corn oil about 94% conversion of cho- 
lesterol to oxidation products had occurred in 10 days, 
and in corn oil fa t ty  acids about 96% conversion in 
eight days. 

The peroxide values shown for corn oil in this 
table were obtained from 100-rag. samples of  corn oil 
in 25-nil. volumetric flasks stored under the experi- 
mental  conditions and hence can be directly corre- 
lated with the assay losses for the corn oil series. 
These data show that oxidation of cholesterol begins 
before the P.V. reaches 100 and continues well be- 
yond the point of secondary decomposition of perox- 
ides. This is evidence that cholesterol in such a system 
is oxidized by propagative reactions. Peroxide values 
on separate 5-g. samples of corn oil and fatty  acids 
showed the fat ty  acids to be much less stable than 
the oil under these conditions. This is refleeted in 
the greater rate of oxidation of cholesterol in the 
corn oil fat ty  acid system and is further evidence of 
the propagative nature of the reactions oxidizing 
cholesterol in such a system. 

The d i s a p p e a r a n c e  of s t ero l s  f r o m  the  s y s t e m s  
studied is shown graphieally as a funct ion of time 
in Figures  i and 2. The total sterol, cholesterol plus 
phytosterol  values, are plotted instead of cholesterol 
values since this minimizes errors of  chemical an- 
alysis. Total sterols 5 were determined by assay of 
Flask 2 of a triplicate, phytosterols by assay of Flask 
3, and cholesterol values were obtained by difference. 
This method of treating the data is further justified 
by the fact that, in the study being reported, it wa~ 
shown that the rates of disappearance of cholesterol 
and corn oil phytosterols were the same and were not 
affected by esterification of the sterols. 

In these figures the time course of disappearance 
for the corn oil sterols (Flask 3), present in a 4-5 
fold lesser concentration than the total sterol~ (Flask 
2), is shown to be the same as tha t  for the total 
sterols, indieating an apparent independence of the 
reaction on concentration of sterol for this range of 
concentration and under these conditions. The dif- 

5 T o  the author's knowledge no studies have been made and reported 
where the Sperry-Webb method for cholesterol has been applied to the 
assay of sterols in corn oil. Vsina this method, the author ha~ been 
able to show a content of 0.80-0.92c7~ sterols calculated as cholesterol 
in refined corn oil. This may be compared with a content of 0 . 9 2 -  
1 . 0 6 %  s i t o s t e r o l s  i n  refined corn oil reported by  Rafhmann ( 1 0 ) ,  I t  is 
known (11)  that oxidation of the (3-17 side chains of cholesterol 
stigmasterol, and the sitosterols to the 17-keto derivative yields dehydro- 
epiandrosterone in each case except the a-sitosterols, which appear to 
have a second double bond in the tetracvclic nucleus. Recently how- 
ever Avigan et al.  ( 1 2 )  have reported~somewhat  different spectral 
absorption of 635 and 4 2 0  met for cholesterol and desmosterol ( 2 4 - d e h y -  
d r o c h o l e s t e r o l )  after color development ~fith the Liebermann-Burchard 
reagent, indicating that C-17 side chain unsaturation may affect chro- 
mogenicity. 
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0 .7  I 0.6 �9 
~ o.5 

0..~- 
~ 0 , 2 "  0 �9 �9 

I 2 3 4 5 6 F 8 9 1~9 
TIME IN DAYS 

FzG. 2. F r a c t i o n  of  c h o l e s t e r o l  a n d  p h y t o s t e r o l s  r e m a i n i n g  in  
a u t o x i d i z i n g  c o r n  o i l  a n d  c o r n  oi l  f a t t y  a c i d s  a t  60~ Corn oil 
study, A ,  c h o l e s t e r o l  p l u s  p h y t o s t e r o l s ,  i n i t i a l  c o n c e n t r a t i o n  in  
c o r n  o i l  3 . 5 %  ( W / W ) ;  A ,  p h y t o s t e r o l s ,  i n i t i a l  c o n c e n t r a t i o n  
i n  co rn  o i l  0 . 8 %  ( W / W ) .  Corn oil f a t t y  acids study, 0 ,  choles-  
t e r o l  p l u s  p h y t o s t e r o l s ,  i n i t i a l  c o n c e n t r a t i o n  i n  f a t t y  a c i d s  3.3c/~ 
( W / W )  ; O ,  p h y t o s t e r o ] s ,  i n i t i a l  c o n c e n t r a t i o n  i n  f a t t y  a c i d s  
0 . 6 %  ( W / W ) .  

ference in rate of disappearance of sterols from corn 
oil and corn oil f a t t y  acids shown in Figure  2 indi- 
cates the dependence of the rate on the stability of 
the lipid film itself. The same rate of disappearance 
of cholesterol and phytosterols is also shown indi- 
rectly in these curves. 

I t  may be observed in Figure  2 that  the phy- 
tosterols disappear at the same rate as total sterols 
(mostly free cholesterol) f rom both the corn oil and 
corn oil f a t t y  acid systems. In  the fa t ty  acids the 
phytosterols were present as free sterols while in the 
corn oil the ratio of ester phytosterol to free phytos- 
terol was found to be 2.1 by the Sperry-Webb (2) 
method. These data indicate tha t  the rate of oxida- 
tion of these sterols in such systems is not affected 
by esterification. This is quite different from oxi- 
dation of such sterols in aqueous colloidal suspen- 
sions since esterification has been found (13) ~,reatly 
to diminish susceptibility to attack by oxygen in such 
a system. 

Discussion 
During assay of cholesterol by difference in the 

autoxidized mixtures by the Sperry-Webb method 
separate aliquots of the solutions of the lipids were 
also analyzed for cholesterol by difference, using the 
Liebermann-Burchard reaction alone (Sperry-Webb 
conditions) without going through the di~itonide. 
Analysis of the mixtures by difference, using the 
Liebermann-Burchard reaction alone, would correct 
the values obtained for color produced by the fa t ty  
acid moieties and would yield some clue as to the 
chromogenicity of the steroid air-oxidation products 

obtained under  these conditions. Higher  rallies for 
" c h o l e s t e r o l "  for  the nmnber  two flasks were invari- 
ably obtained in this way (suggesting the presence 
of 7-hydroxycholesterol),  but in no case did the value 
for any of the autoxidized mixtures exceed that for  
the unoxidized zero-time sample. Also fast-reacting 
characteristics to the Liebermann-Burchard reagent 
[ef. Baumann et al. (5,6)] were observed with the 
autoxidized mixtures, suggesting the presence of 7- 
hydroxycholesterol as an oxidation product. 

The findings reported here that solid cholesterol 
appears to be relatively stable to air oxidation are in 
agreement with the findings of Dauben and Payot  
(14) for crystalline cholesterol that  is not radio- 
actively labelled. Susceptibility of cholesterol to oxi- 
dative attack during concurrent  oxidations suggests 
that  care must be exercised in defining the suscepti- 
bility of pure cholesterol to air oxidation as compared 
with that of a sample of cholesterol contaminated 
with unsaturated lipid. 

Studies of the air oxidation of cholesterol and its 
esters in a var ie ty  of physical systems and chemical 
environments are being continued by the author. 
5Iore knowledge of the reactivity of cholesterol to 
oxygen and free-radical attack iu systems simulating 
in par t  the physical and chemical state of cholesterol 
and its esters in tissues may contribute information 
basic to the metabolism of cholesterol in both normal 
and disease conditions. 
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