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The Influence of Autoxidation on the Chemical 
Assay of Cholesterol I 

L. N. NORCIA, The Cardiovascular Section, Oklahoma Medical Research Foundation, 
and the Department of Biochemistry, University of Oklahoma School of Medicine, 
Oklahoma City, Oklahoma 

M 
ANY WORKERS specify specially purified choles- 

terol for  use as a s tandard  for  analyt ical  pro- 
cedures (1-6) .  This stems f rom the known 

instabil i ty of cholesterol under  some conditions of 
exposure to light and air  (1, 2, 7, 8a), the crystalli- 
zation of cholesterol as a hydra te  f rom some solvents 
(8b, 9), and the presence of steroid impuri t ies  in 
commercially available cholesterol (8e, 10-14).  Since 
most analyt ical  procedures for cholesterol employ the 
relatively nonspecific L iebermann-Burehard  reaction, 
it was desired to ascertain what influence such fac- 
tors as long storage, autoxidation, and steroid im- 
puri t ies  might  have on the suitabil i ty of a sample of 
cholesterol for  use as a s tandard  for  assay purposes. 

Recently Sper ry  and Brand  (15) reported losses 
of up to 25% of cholesterol when assaying " d r i e d "  
serum lipides which had been exposed to air. The 
losses were a t t r ibuted by these authors to. oxidative 
degradat ion al though the par t ia l  insolubility of the 
lipides also reported occurring under  those conditions 
may have been causative. I t  was one of the purposes 
of this s tudy  to autoxidize cholesterol direct ly by a 
proven procedure and then to. observe the effects on 
the chemical assay o.f cholesterol by s tandard  methods. 

Cholesterol autoxidation and factors governing it 
have been studied in detail  by BergstrSnl and Win- 
tersteiner (16-20).  Since the reaction mechanism pro- 
posed by these authors involving in te rmediary  forma- 
tion of a hydroperoxide group on a methylenic carbon 
atom a to. the double, bond is similar to. the mechanism 
proposed by  others (21) for autoxidation o.f methyl  
oleate, i t  was desired to test whether  or not linoleate 
would propagate  the autoxidation of cholesterol as 
has been noted (22) to be. the ease for oleate. This 
consequence would be of importauee  in assay work 
since cholesterol occurs in biological mater ia ls  accom- 
panied by pNyunsa tu ra t ed  f a t t y  acids, either as the 
ester or as companion mixed lipides. The suggestion 
of Fieser (13) that  an unsa tura ted  companion-sterol 
of cholesterol might  be autoxidized by action of lard 
peroxides on it  lends suppor t  to. this possibility. As 
a pa r t  o.f the s tudy  being reported here, the influence 
o.f linoleate on the. autoxidation of cholesterol in or- 
ganic solvent, in lipide films, and in the colloidal 
system described by  BergstrSm and Winters te iner  is 
being studied in this laboratory.  

Materials and Methods 

The  cho le s t e ro l  s am p l e s  used  are  d e s c r i b e d  in 
Table I. 

1 This  s t u d y  w a s  suppor ted  in p a r t  by r e s e a r c h  g r a n t s  f rom the 
Nat iona l  :Hear t  I n s t i t u t e  ( :H-2528)  and  the  O M a h o m a  Sta te  H e a r t  
Associa t ion.  

T A B L E  I 

Cholesterol Sam 

D e s i g n a t i o n  ...................... / C-1 
Merck,  Desc r ip t ion  ....................... / 
U . S . P P  

Mel t ing  point,  °C, ............. [ 1 4 5 . 5 - 1 4 6 . 5  
. . t Spec,fic r o t a tmn  t [ a ] D  [ - - 4 2 ° ' - - 4 1 "  

in chloroform I t ........... I 29, 30.5 
] C  in %-I 1.06, 1.04 

Ana lys i s - -CeTH,sO ........... [ 
Calculated : C 83.86, 

H 11.99 

)les a Used 

C-2 
E a s t m a n  K o d a k  
Co. Cat. No. 909 

1 4 4 . 5 - 1 4 6  

- -41  °, - -43  ° 
28, 27.5 

1.15, 1.01 

C-3 
Pu r i f i ed  
cholesterol e 

1 4 6 - 1 4 7  

- -38  °, - -39  ° 
31.5,  32.5 
1.10, 1.15 

C 84.01, H 11.93 
C 83.93, H 12.02 

aAll  me l t ing  po in t s  are  uncor rec ted .  Mic roana lyses  and  optical  rota-  
t ions  a re  by E. W. D. I I u f f m a n ,  D e nve r ,  Colo. 

" This  sample  had  been s tored  in an  a m b e r  bottle at room temper-  
a t u r e  in the  l abo ra to ry  for  more  t h a n  two years .  

¢ Cholesterol  (C-2)  w a s  b r omina t ed  by  the  W i n d a u s  (23)  p rocedure  
as  nlodified by  S c h w e n k  a n d  W e r t h e s s e n  ( 2 4 ) .  The  d ib romide  w a s  re- 
crystal l ized twice,  m.p.  115°C.,  f r o m  ethylene dichlor ide and  then  de- 
b r o m i n a t e d  by  the  method  of F iese r  as  descr ibed  by S e h w e n k  and  
W e r t h e s s e n  ( 2 4 ) .  The  recovered  cholesterol was  recrys ta l l i zed  th ree  
t imes  f r o m  absolute  me thano l  w i thou t  change  in m.p.,  1 4 6 - 1 4 7 ° C .  

Recovery of Cholesterol Following Refluxing with 
Organic Solvent in the Presence of a Readily Autoxi- 
dizable Lipide Substrate. Two s tandard  solutions in 
ethanol-ether (3:1 v / v )  were prepared,  one of corn 
oil (Mazola) and the other of cholesterol (C-1). Suit- 
able aliquots o~ the solutions were placed in separate  
flasks so as to permit  re fluxing o~ the cholesterol solu- 
tion, cholesterol solution plus corn oil solution, and 
corn oil solution. Following a reflux period of 4 hrs. 
under  Allihn condensers open to the atmosphere,  the 
flask contents  were analyzed in duplicate for total  
cholesterol by the Spe r ry  and Webb (1) modification 
of the Schoenheimer and Spe r ry  (3) method and 
compared with a similar  analysis of an unrefluxed 
control of the s tandard  cholesterol solution. 

Autoxidation af Cholesterol in Aqueous Colloidal 
Suspension. Cholesterol (C-1) in aqueous colloidal 
suspensiou stabilized with sodium stearate was autoxi- 
dized for  3]/.o-4 hrs. by aerat io~ according to the 
" s t a n d a r d  condi t ions"  described by  BergstrSm and 
Winters te iner  (19) at  p H  8.2. Two 25-ml. aliquots 
of mother  l iquor were removed at zero t ime and again, 
following the 31fi2- to 4-hr. aerat ion period. These ali- 
quots were acidified and analyzed for total  lipide, 
diols, 2 and ketone by methods described by Berg- 
strSm and Winters te iner  (19). The lipide extracts  
of the aliquots were analyzed for  cholesterol (both 
free and total) according to the  Sper ry  and Webb 
modification (1) of the Schoenheimer-Sperry (3) 
method, also by s imply apply ing  the Liebermann-  
Burchard  colo,r reaction with the rea ge~lt and con- 
ditions of Spe r ry  and Webb (1) and a l ternat ively  of 
Abell e ta l .  (5) for  color development. I n f r a r e d  

2 The  color p roduced  by  the  ch romogen ic  diols, u s i n g  the  Li fschi i tz  
reac t ion ,  w a s  m e a s u r e d  at  620 m~. The  S-62 filter u sed  by B e r g s t r 6 m  
a n d  W i n t o r s t e i n e r  in the  Zeiss  s tep-photometer  had  a m a x i m a l  t r ans -  
miss ion  at  619 m/~ ( 2 5 ) .  
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spectra  of the recovered lipides were obtained by 
using the potassium bromide disk technique (0.1% 
in KBr ,  2-15 ~). 

Results 

The purified cholesterol (C-3) was compared with 
the two commercial p repara t ions  by inf ra red  s tudy 
(2 ~-  15 ~) in carbon disulfide and by the potassium 
bromide disk technique. The spectra  of the three 
pTeparations showed no differences. The purified cho- 
lesterol had a higher melt ing point and lower specific 
rotat ion than  the other samples. The three cholesterol 
samples were then compared as s tandards  for  the 
Sehoenheimer-Sperry procedure  for assay of choles- 
terol. Absorbancy indices 3 for  all three samples were 
identical and yielded the specific extinction-coefti- 
cient 4,5 (625 m~) k of 4.35, which is identieal to that  
calculated f rom the data  of Schoenheimer and Sper ry  
(3). The absorbancies shown by the eholesterol stand- 
ard tubes, of 25 randomly selected consecutive routine 
analyt ical  runs  in this labora tory  were used to calcu- 
late k. The mean value for  k and the s tandard  error 
of the mean was 4.344 _+ 0.022. 

The values obtained f rom the experiment  in which 
a solution containing cholesterol and corn oil was 
refluxed are given in Table I I .  

T A B L E  II 

Recovery of Cholesterol Fo l lowing  l~efluxing" wi th  E thano l -E ther  
in  the Presence of Corn Oil. 

Sample Descr ip t ion  
No. 

Ra Cholesterol 
Rs Cholesterol plus  

corn oil 
R3 Corn oil 
t¢4 Cholesterol control 

(not  refluxed ) 

Mater ia ls  al iquoted into flask . . . . . .  Cholesterol 
Solvent  Corn oil Cholesterol [ recovered 

I 
m l .  rag.  rag.  rag.  
20 None 1.047 1.046 

20 11.6 1.047 1.112 ~ 
20 11.6 None 0.0691 

/ - -  I None I 1.047 I 1.060 

1 Digi tonin-precipi table ,  L iebermann-Burchard-pos i t ive  mater ia l  calcu- 
lated as cholesterol. 

The data  of Table I I  show that  there is no loss of 
cholesterol as assayed by the Sehoenheimer-Sperry 
procedure,  but they do not preclude the possibility 
that  autoxidation of cholesterol may  have occurred 
under  these conditions. 

The results obtained f rom the experiment  on the 
autoxidation of cholesterol in aqueous colloidal sus- 
pension are given in Table H I .  

T A B L E  I I I  

Analys is  of Mother L iquor  Before and After  Aera t ion  

Aliquots  taken fol- 
Measured  va lue  Al iquots  t aken  at lowing 3 1~_4 hrs. 

zero t inle aera t ion  

Total  Iipide (rag.) .............................. 
Total sterol a (mg.)  ............................ 
Diol  (mg.)  ......................................... 
Ketone (mg.)  ..................................... 
Cholesterol (rag.) Schoenheimer- 

Sper ry  procedure  ............................ 
"Cholesterol"  (rag.) Liebermann-  

B u r c h a r d  react ion e ........................ 
"Cholesterol"  (rag.) Liebermann-  

B u r c h a r d  reac t ion  d ........................ 

a k b 

27.3 I 27.1 
22.3 I 22.1 
None I None 

o.17b I 0.14 I 

22.6 I 24.1 

23.2 23.5 

23.6 23.6 

17.2 
14.0 

2.85 
6.13 

4.6 

13.7 

g 

17.3 
14.1 

2.85 
5.60 

5.1 

14.2 

14.4 

a Sterol  calculated as cholesterol f rom the known  propor t ions  of cho- 
lesterol and sodium stearate  added to the  react ion flasi~ and  from the 
weight  of to ta l  l ip ide  obtained gravimet r ioa l ly .  

b This  is probably  not  ketone and  very  likely represents  nonspecifie 
background  absorp t ion  (see text ) .  

Sperry  and  "Webb (1) condit ions.  
a Abell et  al ,  (5)  conditions.  

s Absorbaney and  ext inct ion coefficient as used in this  paper  wil l  refer  
to cholesterol, fo l lowing color development  according to the condi t ions  of 
Sper ry  and Webb (1) .  

Specific extinction-coefficient k = (- logic T so ln . /T  so lv . ) /bc ,  b in cen- 
t imeters,  and c in  grams cholesterol per  liter. 

W a v e l e n g t h  ca l ibra t ion  and photometr ic  scale of the speetrophotome- 
ter  used were checked by s t anda rd  procedures.  
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0 . 1 %  l i p i d e  i n  K B r .  

The values given in Table I I I  show less lipide to, be 
present  fit the aliquots taken following aerat ion than 
in those taken at Zero, time. This is caused by  the 
deposition of cholesterol and stea,rate on the walls 
of the reaction flask and on the s t i rr ing rod. The 
amounts  of stearie acid in the several aliquots were 
not determined, hence these da ta  do. not indieate 
whether  the relative proport ions of stearaZe and 
sterol in the mother  liquor are changed following 
aeration. Assuming no change in the proport ion of 
sterol to s tearate  in the. mother  liquor [cf. Berg- 
strgm and Winters te iner  (19) ] following' aeration, 
the data  show an :average of 20.4% conversion to diol 
and 41.8% conversion to ketone following aeration. 
This is in agreement  with average values of 20 and 
40%, respectively, reported by BergstrSm and Win- 
tersteiner (19). The small amount  of ketone tabu- 
lated for zero t ime indicates a small amount  of ab- 
sorption at 240 m~ shown by t h e  material  obtained 
f rom the aliquots taken at zero time. This is probably 
nonspecifie background absorpt ion because of stearic 
acid and cholesterol since absorption measurements  
were made against  an alcohol blank. No absorption 
measurements  were made at wavelengths above and 
below 240 nlt~ to check for nonspeeific absorption. 

The results shove a loss of cholesterol assayed by 
the Schoenheimer-Sperry procedure (values for  free 
cholesterol and total cholesterol were the same),  which 
is roughly equal  to the amount  of cholesterol con- 
verted to ketone and diol. There is no apparen t  loss 
of cholesterol assayed by the Liebermann-Burehard  
reaction. This observation is explainable by the pro.- 
portions of diol and ketone present  and by the 
findings of Baumann  and associates (26, 27) that  
7-ketoeholesterol is. inactive so fa r  as the Liebermann- 
Burehard  reagent  is. concerned while 7-hydroxycho- 
lesterol gives three, times as much color as cholesterol 
under  conditions similar to those used in the work 
repor ted here. 

The in f ra red  spectra of the purified cholesterd 
(C-3) and of the cholesterol plus stearie acid obtained 
before and a f t e r  aeration are given in F igure  1. The 
following in terpre ta t ion  of the in f ra red  bands is 
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based in pa r t  on the l i terature  references cited. 
Autoxidat ion resulted in diminution of absorption at 
11.9 and 12.6 ~ (28) because of the cholesterol double 
bond. Changes are also. shown in the bands at 9.5- 
10.5 ~ in the " f inger -pr in t  r eg ion"  characterist ic of 
hydroxysteroids (28). Increased absorption at 6.1 t~ 
is shown, following aeration. This likely results f rom 
earbonyl absorpt ion of 7-ketoeholesterol (29). The 
character  of the bands a t  3.0 and 3.5 ~ resemble 
those shown for  4-hydroxycholesterol (29) more than 
those for  cholesterol. 

Bands peculiar  to stearic acid are shown at 5.9 
[carboxyl (30, 31) ], 6.4-6.8 t~ [stretching vibrat ions 
of CH2 deformat ions  (30, 31)] ,  and 13.9 ~ [methylene 
wagging (30, 32)] .  The reason for the band at 4.3 t~ 
shown for cholesterol plus stearic acid before and 
af ter  aerat ion has been found to, be caused by the 
adjus tment  of the inf rared  spectrophotometer.  

Discussion 
The agreement  in the specific extinction coefficients 

of purified cholesterol and of two. commercial ly avail- 
able cholesterol prepara t ions  and the ident i ty  of the 
coefficient obtained with tha t  eMeulated f rom the 
data  of Schoenheimer and Sper ry  (3) suggest that  
the specific extinction-coefficient thus obtained is an 
adequate cri terion for  determining the suitabil i ty 
of a sample of cholesterol for  use as. a s tandard  
for analytical  procedures. I f  a sample of cholesterol 
is found to yield a specific extinction-coefficient agree- 
ing within 1 or 2% of k = 4.35, it should be adequate 
for use as a s tandard  for assay of cholesterol in bio- 
logical materials.  There are several advantages  in 
using the specific extinction-coefficient in lieu of a 
mgorous purification to. insure the adequacy of a 
sample of cholesterol as a s tandard.  I t  may  be used 
as a s tandard  without pr ior  purification as long as it 
continues to. yield the same absor'bancy value. Sper ry  
and Webb (1) recommend the purification of the 
cholesterol sample pr ior  to prepara t ion  of the s£ock 
s tandard solution. This is o.ften too. cumbersome for 
most work;  and, in addition, pu t t ing  a compound 
through a purification procedure  does not necessarily 
guarantee purification. Purif ication should be fol- 
lowed by the determinat ion of physical and chemical 
constants on the: product.  Assmning that  a highly 
purified eholesZerol sample is available, the specific 
extinction-coefficient must  then be relied upon to 
test the adequacy of the reagents  (a critical con- 
sideration) for p roper  color development. In  these 
times when go.od ins t rumenta t ion  is commonplace in 
most laboratories it appears  that  determinat ion of 
the specific extinction-co.efficient is the, most simple 
and direct approach to. determining the adequacy of 
a cholesterol sample for  use as a s tandard  for' assay 
of cholesterol in biological materials.  

There were  no losses of cholesterol assayed by the 
Schoenheimer-Sperry method when refluxed in eth- 
anol-ether with corn oil. The. finding tha t  autoxida- 
tion o.f cholesterol in aqueous colloidal suspension does 
result  in losses o.f cholesterol when measured in this 
manner  suppor ts  the contention tha t  cholesterol was 
not autoxidized by refluxing in the presence of corn 
oil. 

Summary 
Cholesterol purified via the dibromide has been 

compared with two commercial prepara t ions  for use 
as s tandard  materials  for assay of cholesterol in bio- 
logical materials.  I t  is. concluded that  determinat ion 
o.f the specific extinction coefficient, following appli-  
cation of the Liebemnann-Burehard  reaction under  
specified conditions, is sufficient to ascertain adequacy 
of a sample of cholesterol for  use as a s tandard.  

Autoxidat ion of cholesterol by  aeration in colloidal 
aqueous suspension resulted in losses of assay of cho- 
lesterol by  the Sehoenheimer-Sperry  procedure  which 
were roughly equal in amount  to the percentage of 
conversion of cholesterol to. diols and ketone. Assay 
of the. same mater ia l  by the L iebermann-Burehard  
reaction alone resulted in no apparen t  losses through 
autexidation. Cholesterol was not autoxidized by re- 
fluxing in ethanol-ether in the presence of corn oil. 
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