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Influence of a Plant  Sterols Preparation o n  the Solubility of 
Cholesterol in Triglycerides.* (31510) 
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Previous studies from this laboratory have 
shown that the solubility of cholesterol in a 
number of natural and synthetic triglycerides 
is decreased by the presence of certain dicar- 
boxylic acids, imidazole, or a “,8-sitosterol” 
preparation( 1,2). The effect of a “P-sitos- 
terol” preparation on the solubility of cho- 
lesterol in triglycerides had been observed 
previously by Wilkens and DeWitt(3). In 
the case of the dicarboxylic acids and imidaz- 
ole, the decreases in solubility are accom- 
plished by the formation of insoluble crystal- 
line clathrates of cholesterol and dicarboxylic 
acid or imidazole involving a 1: 1 ratio be- 
tween cholesterol and clathrate-forming agent. 
Furthermore, these clathrates form only at  
cholesterol concentrations from one-half to 
full saturation(4). This observation led to 
the suggestion that cholesterol a t  saturation in 
triglycerides is present in two states of dis- 
persion, one form present from one-half to 
full saturation that yields insoluble clathrates 
with appropriate dicarboxylic acid or imid- 
azole and a second form present from zero to 
one-half saturation that does not yield 
clathrates. 

The present studies are concerned with a 
more detailed study of the influence of a plant 
sterols preparation on the solubility of cholles- 
terol in several triglycerides where the initial 
concentration of cholesterol was varied in in- 
crements up to full saturation, 

Materials and methods. The cholesterol 
solubility studies were carried out essentially 
as described previously in detail( 2 ) .  In brief, 
various amounts of cholesterol-4-C14 and the 
plant sterols preparation were weighed out 
into 1001 mm x 13 mm screw-capped pyrex 
test tubes. Two ml of tryglyceride were added 
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to each tube. The tubes were then stoppered 
tightly and placed in a specially constructed 
apparatus that rotated the tubes at  a rate of 
60 rotations per minute. Rotation with in- 
cubation at  37” was carried out for approxi- 
mately 18 hours. Following this incubation 
the tubes were centrifuged for 10 min in a 
clinical centrifuge maintained at 37°C. Ap- 
proximately 1 ml aliquots of the supernatant 
solution from each tube. were transferred by 
disposable pipettes to tared counting vials. 
After weighing, 10 ml of scintillation solution 
were added to each vial and the solutions 
counted in a liquid scintillation spectrometer. 
From the counts obtained and the weights of 
tr igl ycer ide solutions sampled, appropriate 
calculations of the solubility of the cholesterol 
in the various triglycerides were made. 

The solubility of the plant sterols prep- 
aration in the various triglycerides was deter- 
mined by essentially the same procedure used 
in the determination of cholesterol solu- 
bility except that following centrifugation of 
the tubes each tube was examined visually for 
the presence of undissolved material. Suffi- 
cient levels of the plant sterols preparation 
were studied so that the solubilities as deter- 
mined by visual inspection are accurate to 
within 10%. 

Cholesterol-4-C14 of relatively low radio- 
activity was prepared by evaporating to dry- 
ness on the steam bath a solution prepared 
from unlabelled cholesterol (Distillation Pro- 
ducts Industries, Rochester, N.Y.) and cho- 
lesterol-4-C14 (benzene solution, New Eng- 
land Nuclear Corp., Boston, Mass.) in chloro- 
form. The product was finely pulverized 
prior to use. The preparation of chdesterol- 
4-C14 used in these studies had approximately 
146 cpm/mg ( 2  92 dpm/mg) . 

The plant sterols preparation used was 
commercial material, labelled “P-sitosterol,” 
from Aldrich Chemical Co., Inc., Milwaukee, 
Wis. This material contained 61 % p-sitos- 
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COCONUT OIL MCT CORN OIL 

FIG. 1. Influence of a plant stercls preparation on solubility of cholesterol in coconut oil, MCT, 
and corn oil. Open diamond, intial cholesterol concentration, one-quarter seturated ; 0-0, initial 
cholesterol concentration, one-half saturated ; A-A, initial cholesterol concentration, three- 
quarters saturated ; 0-0, initial cholesterol concentration, fully saturated. 

terol (24~-ethylcholest-5-en-3~-ol), 32 % of 
the very closely related campesterol (24a- 
methylcholest-5-en-3p-o1), and 7 o/o of an  un- 
identified material as determined by gas- 
liquid chromatography. 

The coconut oil used was N.F. IX grade 
obtained from Magnus, Mabee and Reynard, 
Inc., New York. The corn oil was a com- 
mercial preparation of ‘Mazola’ from Best 
Foods, New York. The medium chain tri- 
glycerides (henceforth referred to as MCT) 
were a gift from Drew Chemical Corp., New 
York. 

Results and discussion. The results ob- 
tained in several experiments involving the 
effect of the plant sterols preparation on the 
solubility of cholesterol in coconut oil, MCT, 
and corn oil where the initial concentration of 
cholesterol was in the order of one-quarter, 
one-half, three-quarters or full saturation are 
summarized in Fig. 1. The curves are com- 
plex but appear to be susceptible to interpre- 
tation. 

With all the triglycerides studied, a t  cho- 
lesterol concentrations of full saturation the 

presence of increasing increments of the 
plant sterols preparation reduced the amount 
of cholesterol in solution. At very low levels 
of the plant sterols for every molecule of the 
plant sterols going into solution one molecule 
of cholesterol comes out of solution. Theo- 
retical lines illustrating this effect are in- 
dicated in the graph by the lines A-B. As the 
level of added plant sterols preparation is in- 
creased so that both cholesterol and the plant 
sterols are present in excess of saturation, 
cholesterol and the plant sterols, if they com- 
pete for the same solubility sites, should be 
present in amounts proportional to their re- 
spective solubilities. Using the determined 
solubilities of cholesterol and the plant sterols, 
the level of cholesterol in solution when the 
levels of cholesterol and the plant sterols are 
in excess of saturation are shown by the lines 
E-F in the graph. I t  is apparent that choles- 
terol is more soluble than would be predicted 
on the basis of calculations involving the 
solcbilities of cholesterol and the plant sterols 
if the assumption is made that the two com- 
pounds compete for the same solubility sites. 
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Accordingly, calculations have been made 
of the amount of cholesterol in solution if 
plant sterols compete with only one-half of the 
cholesterol present at  saturation. This level 
of cholesterol in solution for each of the tri- 
glycerides studied is given by the lines C-D 
in the graph. I t  is apparent that, within ex- 
perimental error, as the level of plant sterols 
is increased to the point where both choles- 
terol and plant sterols are present in amounts 
in excess of saturation, the level of cholesterol 
in solution is that expected if plant sterols 
compete with one-half of the cholesterol that 
is present in a fully-saturated solution. 

It was next of interest to determine more 
definitively, in additional studies, the lower 
limit of cholesterol concentration where com- 
petition between cholesterol and plant sterols 
for solubility sites exists. Accordingly, with 
RICT as an example, since MCT is a synthetic 
preparation and free from the complication of 
endogenous sterols, a condition that does not 
exist with either coconut oil or corn oil, the 
effect of a small amount of plant sterols (12.5 
mg/ml of triglyceride) on the solubility of a 
wide range of cholesterol concentrations up to 
full saturation was studied. Using the data 
obtained, the difference between the choles- 
terol concentration in the absence and in the 
presence of the plant sterols has been plotted 
in Fig. 2 as a function of initial cholesterol 
concentration in the absence of the plant 
sterols. These data when plotted on log-log 
paper yield a straight line of the type log y = 
mlog x + log c. By calculating the slope of 
this line to give m and substituting values of 
x and y for a point on the straight line to 
yield c, a curve fitting closely the experimental 
points of Fig. 2 is given by y = 0.0000000315 
x 6.4. On differentiating this equation to 
yield the slope at  any value of x, one obtains 
dyJdx = O.OOOOOO200 x 5.4. To find the 
value of x (concentration of cholesterol in 
mg/ml of triglyceride) a t  which the effect 
of the plant sterols becomes appreciable, the 
value of x where the curve turns upward at  an 
arbitrary inclination of 10.' (slope = 3.4) has 
been calculated. This value turns out to be 
approximately 2 2  mg/ml, a value very close 
to a concentration equal to one-half the 
solubility of cholesterol in the triglyceride. 

I I 
I 
I 
I I 

MGSIML OF CHOLESTEROL 
IN MCT 

FIG. 2.  Reductions in solubility of cholesterol in 
MCT accomplished by the presence of a relatively 
small amount of the plant sterols preparation. -, 
experimentally determined values ; - - - - - - -, curve 
for the equation y = 0.0000000315 x 6.4; - - - - , 
curve for the equation y = 1.88(~--22)~.  

Thus, from this experiment, the plant sterols 
compete with cholesterol only when the con- 
centration of cholesterol is greater than one- 
half of saturation. If i t  be accepted that the 
plant sterols begin to compete with choles- 
terol for solubility in MCT when the initial 
concentration of cholesterol is one-half of 
saturation or approximately 2 2  mg/ml, a less 
unwieldly equation can be calculated for the 
data of Fig. 2 involving one-half of a parabola 
whose origin is displaced from 0 to 22  on the 
x-axis. This curve is given by y = 1.88 (x - 
2 2 ) 2  and is illustrated by the dashed line in 
Fig. 2. Thus, either curve y = 0.00001000315 

6.4 or y = 1.88 (x - 2 2 ) 2 ,  shows that 
significant competition between the plant 
sterols and cholesterol for solubility sites 
begins a t  a level of cholesterol concentration 
of approximately one-half of saturation. 

With respect to the effect of the plant sterols 
on the solubility of cholesterol a t  initial con- 
centrations of cholesterol of one-half or less 
of saturation, there is no effect of the added 
plant sterols until solid plant sterols are 
present. In the presence of increasing amounts 
of solid plant sterols, cholesterol comes out of 
solution. I t  should be pointed out, however, 
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that the amount of cholesterol coming out 
of solution with a given level of the plant 
sterols is a direct function of the level of cho- 
lesterol present. This is exactly opposite to 
what would be expected if cholesterol and the 
plant sterols were in competition for solubility 
sites. The data obtained are those expected 
if dissolved cholesterol were adsorbed on the 
solid plant sterols or if cholesterol and the 
plant sterols formed mixed crystals. I t  is not 
possible with the present data to decide 
between these two, or possibly other, alter- 
natives. Mixed crystals of cholesterol and p- 
sitosterol have been observed by Davis when 
a mixture consisting of equimolar amounts of 
cholesterol and a p-sitosterol preparation is 
crystallized from methanol ( 5 ) .  

The effect of a plant sterols 
preparation on the solubility of cholesterol in 
vzrious triglycerides a t  sever21 levels of cho- 
lesterol concentration was studied. At cho- 
lesterol levels between one-half and full 
saturation cholesterol and the plant sterols 
preparation compete for solubility sites in the 
triglycerides. At cholesterol levels below one- 
half of saturation the dissolved plant sterols 
are without effect on the solubility of choles- 
terol but in the presence of excess, undissolved 

Summary. 

IN THE RAT 

plant sterols preparation the concentration of 
cholesterol in solution is reduced, perhaps by 
adsorption on the undissolved plant sterols 
or by the formation of mixed crystals of cho- 
lesterol and the plant sterols. These studies 
furnish further evidence for the suggestion, 
previously made, that cholesterol a t  satura- 
tion in triglycerides is present in two states of 
dispersion; one form from one-half to full 
saturation that yields insoluble clathrates with 
appropriate dicarboxylic acid or imidazole 
and now appears to compete with the plant 
sterols preparation for solubility sites, and a 
second form from zero to one-half saturation 
that does not yield clathrates and does not ap- 
pear to compete with the plant sterols. 
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Urolithiasis in the Rat. V. I n  vivo Dissolution of Calculi." (31511) 

ROBERT VAN REEN (Introduced by E. Weiss) 
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Calculi formation in the urinary tract of a 
number of (experimental (animals can be induced 
by dietary means such as deficiencies of vit. 
A or B,;, magnesium or phosphate, excessive 
vit. D, or an imbalance between protein and 
mineral intakes( 1). Over 50% of weanling 
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rats fed diets with an imbalance of protein 
and mineral form uroliths within 2 or 3 weeks 
( 2 ) ,  but higher dietary protein levels protect 
against urolithiasis. The calculi-inducing 
properties of the imbalanced diet are thought 
to be related to its low content of precursors of 
acidic ions, particularly sulfate, and its high 
carbonate content. The present study was 
designed to ascertain whether rats with calculi 
formed in this manner could be freed of them 
by altering the dietary regimen. 

Materials and methods. Male, weanling rats 
of the NMRI-D strain were used in all ex- 
periments. The basal calculogenic diet 
(15P4) had the following percentage com- 


