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The Anomaloius Solubility of Cholesterol in Oils.* (30753) 

LEMUEL D. WRIGHT 
Graduate School of Nutrition and Section of Biochemistry and Molecular Biology, 

Cornell University, Ithaca, N .  Y .  

Wright and Presberg recently showed( 1,2) 
that the solubility of cholesterol in a typical 
hypercholesterolemic oil (coconut oil) may be 
decreased by the presence of certain dicar- 
boxylic acids or by imidazole. Decreases in 
the solubility of cholesterol are accomplished 
by the formation of insoluble crystalline 
clathrates involving cholesterol and dicar- 
boxylic acid or imidazole in a 1: 1 molar ratio. 

Solubility studies have now been extended 
to include similar studies with a variety of 
natural and synthetic oils. These studies in- 
dicate that, irrespective of the type of oil or 
the clathrate-forming agent employed, insol- 
uble clathrates are formed only when the ini- 
tial concentration of cholesterol is greater 
than one-half of saturation. A tentative ex- 
planation for the phenomenon observed, to- 
gether with some implications with respect to 
cholesterol metabolism, especially with respect 
to possible mechanisms whereby cholesterol 
becomes deposited within the cardio-vascular 
system, such as occurs in atherosclerosis and 
related conditions, are presented here. 

Materials and methods. Solubility studies 
were carried out as previously described( 2 ) .  
With each oil studied 2 levels of cholesterol 
were used, amounts just sufficient to saturate 
the oil with cholesterol, previously deter- 
mined in a preliminary experiment, and 
amounts sufficient to one-half saturate the oil 
with cholesterol. The cholesterol-C’3 used had 
approximately 290 dpm/mg. I t  was demon- 
strated by the method of solubility that the 
cholesterol contained approximately 5% of a 
radioactive impurity. Separate studies where 
the cholesterol was determined by the Lieber- 
mann-Burchard reaction demonstrated that 
the radioactive method of determination gen- 
erally employed is a valid measure of choles- 
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terol concentration. The sample of MCT 
(medium chain triglycerides) was obtained 
from the Drew Chemical Corp., New York 
City. The other oils were readily available 
commercial products. 

Results and discussion. As indicated by the 
data of Fig. 1, the solubility of cholesterol in 
a variety of natural and synthetic oils is de- 
creased by the presence of pimelic acid, 
methyl malonic acid, or imidazole as exam- 
ples. Solubility of cholesterol in the oils stud- 
ied varied over a 100% range from about 
2.5% in tributyrin to about 5.0i.Y~ in MCT. 
In general, a t  cholesterol levels between one- 
half and full saturation, for every increment 
in compound tested a corresponding amount 
of cholesterol was precipitated. Deviations 
from a theoretical line sometimes occurred 
such as with pimelic acid and tributyrin. Such 
deviations probably indicate that the choles- 
terol clathrate is not completely insoluble in 
the particular oil. With both dicarboxylic 
acids and imidazole, precipitation of choles- 
terol occurred until the cholesterol level in 
solution became one-half of saturation. No 
further precipitation occurred in any case 
with large increases in the level of added 
clat h r a t e- for mi ng agent . 

As pointed out previously, the dicarboxylic 
acids and imidazole that are active in form- 
ing insoluble clathrates with cholesterol are 
relatively insoluble in oils. For example, the 
solubilities of pimelic acid, methyl malonic 
acid, and imidazole in coconut oil a t  37°C 
are approximately: 0.0094, 0.0146, and 0.075 
mole per liter, respectively, where the solu- 
bility of cholesterol is approximately 0.1 18 
mole per liter. Thcse data permit the calcu- 
lation of “solubility products’’ for the clath- 
rates involving the products of the concen- 
trations of cholesterol and clathrate-forming 
agents in saturated solutions of the clath- 
rates. The “solubility products” for the clath- 
rates of cholesterol and pimelic acid, methyl 
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F I G .  1. Effect of dicarboxylic acids or  imidn- 
zole on solubility of cholesterol in  various oils. 
4- 4-e iiit1ic:ites tha t  cliolcstcrol was original- 
ly  present iii these tulws :it a lcvc~l of saturat ion 
i n  the oil. -.-.-.- ilit1ic:ites t h a t  cholesterol 
was originally present in  thcse tubes :it :I level of 
one-half s;itur:ition in  the oil. 

0.0094 X 0.059 = 0.00055; 0.046 X 0.059 
= 0.0027; and 0.075 X 0.059 = 0.01044. 
Thus in the case of coconut oil alone these 
“solubility products’’ vary over an 8-fold 
range (0.0044/0.000S5 = 8)  and are exactly 
proportional to the solubility of the clathrate- 
forming agent. I t  seems a statistical improba- 
bility that with a number of clathrate-form- 
ing agents and with a number of natural and 
synthetic oils that the “solubility products” 
would be such that in every case cholesterol 
is precipitated only at  a concentration greater 
than exactly one-half of saturation. Further- 
more, at  nearly saturated solutions of choles- 
terol and low levels of clathrate-forming 
agents precipitation of clathrates occurs 
where the product of cholesterol concentra- 
tion and clathrate-forming agent is less than 
the “solubility product.” Clearly a simple 
“solubility product’’ relationship is not the 
explanation for the phenomenon observed. 

A second possibility that might explain the 

present results is that clathrate formation oc- 
curs only between dissolved cholesterol and 
undissolved clathrate-forming agent. I n  such 
a case the formation of clathrates would be a 
function of the cholesterol concentration 
alone. It is conceivable that this critical con- 
centration could vary directly with the solu- 
bility of cholesterol in an oil and actually be 
one-half of the solubility of cholesterol in the 
particular oil. An objection to this explana- 
tion is that with several clathrate-forming 
agents, for example imidazole (Fig. 1, B) ,  
clathrate formation occurs a t  concentrations 
of clathrate-forming agent below the level of 
saturation of the clathrate-forming agent in 
the oil. 

A third possible explanation for the pres- 
ent results is that the clathrates form at all 
levels of cholesterol concentration, are insol- 
uble at  cholesterol concentrations greater 
than one-half of saturation, and are soluble 
a t  cholesterol concentrations that are one- 
half of saturation or less. This possibility was 
explored by carrying out the followidg se- 
quence of experiments. 

The clathrate of cholesterol and pimelic 
acid was first prepared. The clathrate, to- 
gether with the excess pimelic acid was then 
centrifuged out. Sufficient additional choles- 
terol was then added to the supernatant solu- 
tion to bring the “total” cholesterol concen- 
tration to saturation. No further clathrate 
formation occurred indicating that the cho- 
lesterol remaining in solution after the pre- 
cipitation of clathrate is not present as “sol- 
uble clathrate.” The actual counts were as 
follows: supernatant solution following the 
equilibration of coconut oil with cholesterol- 
C14 just sufficient to saturate the oil, 6340 
cpm/g ; supernatant solution following the 
equilibration of coconut oil with cholesterol- 
P4 just sufficient to saturate the oil together 
with a large excess of pimelic acid, 3480 
cpm/g ; supernatant solution following the 
equilibration of the previous supernatant so- 
lution after addition of sufficient cholesterol- 
C1* to raise the “total” cholesterol to full 
saturation, 6890 cpm/g. 

A fourth possible explanation for the pres- 
ent results is that cholesterol is present in 
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oils at saturation in two states of dispersion, 
a less stable form that yields insoluble clath- 
rates with appropriate dicarboxylic acid or 
imidazole and a more stable form that does 
not yield clathrates. The results would sug- 
gest that at  saturation the two forms are 
present in equal amounts. Obviously some 
physico-chemical determination must be em- 
ployed to substantiate or refute this explana- 
tion with certainty. 

I t  would appear from the specificity studies 
that have been carried out(l,2) that the 
clathrate-forming agent must be of such a 
molecular size that the susceptible cholesterol 
molecules are held at a favorable spacing for 
crystallization, presumably involving hydro- 
gen bonding, to occur. This concept is shown 
diagrammatically as follows : 

Although it is unlikely in vivo that tissue 
concentrations of free dicarbosylic acids or 
imidazole would ever exist that would be in- 
volved in clathrate formation, it is conceiv- 
able that hydrogen bond formation between 
cholestero1 and tissue components containing 
regularly spaced atoms capable of sharing the 
hydroxyl hydrogens of Cholesterol could oc- 
cur. If such a phenomenon is the explanation 
for the precipitation of cholesterol under cer- 
tain pathological conditions, it would appear 
that insoluble clathrate formation would be 
restricted to free cholesterol occurring in tis- 
sue lipids over and above one-half of satura- 
tion. Practical methods for the prevention of 
undesirable choIestero1 deposits might be di- 
rected to means of keeping the cholesterol 
concentration of body fats below the level of 
one-half of saturation. 

Summary. Insoluble-clathrate formation oc- 
curs between cholesterol and certain dicar- 
boxylic acids or imidazole in a number of 
natural or synthetic triglycerides only when 
the initial concentration of cholesterol is in 
excess of one-half of saturation. The possibil- 
ity that cholesterol is present in oils in two 
separate states of dispersion is discussed. 
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(Introduced by Sidney S. Chernick) 

I t  has been demonstrated that the induc- 
tion of scurvy in guinea pigs is associated 
with hyperresponsiveness to the pressor and 
cardiac inotropic effects of injected catechola- 
mines( 1). 

consequence of a t  least 3 different mecha- ington, D.C. 

nisms: 1 )  A larger fraction of the circulating 
exogenous catecholamine could be delivered 
to the cardiovascular receptors(2), due to the 
vascular changes produced in scurvy. 2) The 
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