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Effect of Cholestyramine on Tissue Pools of Cholesterol
a Preliminary Report' (38546)

B. J. KUDCHODKAR, H. S. SODHI, L. HORLICK, AnD D. J. NAZIR
Department of Medicine, University of Saskatchewan, Saskatoon, Canada

An ideal hypocholesterolemic agent should
not only reduce plasma levels of cholesterol,
but should also help in the reduction of ab-
normal tissue cholesterol deposits, specifically
those in the arterial intima. Cholestyramine
is an excellent hypocholesterolemic agent,
deemed particularly useful for treatment of
familial hypercholesterolemia (Type II hy-
perlipoproteinemia). Preliminary evidence
obtained in our laboratories raises the possi-
bility that prolonged use of this drug alone
may, in some patients, be associated with in-
crement in the tissue cholesterol pools. The
hypocholesterolemic action of cholestyra-
mine may well be associated with a reduction
in the risk of coronary heart disease, despite
a general increment in the tissue cholesterol
pools. However, until such proof becomes
available, and the relationship between tissue
pools of cholesterol and atheromatous lesions
is clarified, its use should be monitored
closely. The hypocholesterolemic action of
cholestyramine may even be enhanced by
combining its usage with drugs such as clo-
fibrate, thereby overcoming, at the same time,
potentially undesirable effects on tissue cho-
lesterol pools.

Methods. Cholesterol turnover studies
were carried out in four ambulant adults with
Type II hyperlipoproteinemia (cholesterol
>250 mg/100 ml plasma). In three subjects
the studies were done twice, once during con-
trol and once after 8-10 mo treatment with
cholestyramine (12 g/day). In the fourth sub-
ject, the turnover studies were done three
times; first, control; second, after one year’s
treatment with clofibrate (2 g/day); and
third, after 8 mo treatment with clofibrate
and cholestyramine. All subjects ate their
usual diet for the studies and maintained
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their body weight, except the fourth who
gained 3 kg during clofibrate treatment but
maintained it thereafter.

Cholesterol-4-4C (58 mCi/mmole) and
cholesterol-1-2-*H (39 mCi/mmole) were ob-
tained from Amersham/Searle Corporation
and tested for radiopurity by thin-layer
chromatography (1). Their purity was better
than 97% and 95% respectively. Trace
amounts of labelled cholesterol dissolved in
1 ml of ethanol and dispersed in 150 ml of
physiological saline were given by slow intra-
venous infusion. Fasting venous blood sam-
ples were collected daily for the first 4 days
and weekly thereafter for 12 wk for deter-
mination of the specific activity of plasma
free cholesterol (2). Assuming a two-com-
partment model, a number of indices of
cholesterol metabolism were calculated from
the specific activity slopes by the method of
Goodman and Noble (3) and of Nestel et
al. (4). It was assumed that entry as well as
exit of cholesterol occurred only in Pool A
and none in Pool B (5).

Concentrations of plasma cholesterol (6)
and triglycerides (7) were stable during differ-
ent periods of the study. The plasma volume
was assumed to be 4.5 % of the body wt (8),
and the total cholesterol in plasma pool was
obtained by multiplying the concentration
with plasma volume.

Results. Effects of cholestyramine (4 g
ti.d.) on plasma lipids are shown in Table
I. There was a 15-31% (mean 25%) de-
crease in plasma cholesterol and a 15-29 %
(mean 22 %) increase in plasma triglycerides
on treatment with cholestyramine. The
changes were statistically significant at the
level of 5 %.

In contrast to the reduction in the amount
of cholesterol in plasma, there were marked
increases in the amounts of tissue cholesterol.
The mean increase in the tissue components
of Pool A was 120 %, and the mean increase
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in Pool B was 60%. Daily production rate
of endogenous cholesterol was increased in
all subjects, with a range of 70-147% and a
mean of 96%. This was associated with a
33 % increase in the excretion rate from Pool
A. The rate of transfer from Pool A to Pool
B was increased by 35 %, while the rate of
transfer from Pool B to Pool A was increased
by only 18 %.

In the only subject who was given clo-
fibrate in addition to cholestyramine, the
increment in the size of Pool B was not seen;
however, there was a modest increase in the
tissue component of Pool A. Clofibrate also
prevented the increase in the production
rate caused by cholestyramine (Table I).

Discussion. The use of hypocholesterol-
emic agents is contingent on the hope that
the reduction in plasma levels would also
reduce tissue deposits of cholesterol, espe-
cially in atheromatous lesions. Studies done
in our laboratories showed that hypocholes-
terolemic action of clofibrate, nicotinic acid,
and plant sterols was generally associated
with prompt mobilization of tissue choles-
terol (9), (10) and this was not obvious in the
case of cholestyramine (11). It was also
shown by us (10) and by others (12) that
prolonged administration of clofibrate causes
a substantial decrease in the size of Pool B.
Administration of cholestyramine was asso-
ciated with significant increase in tissue cho-
lesterol pools in each of the three patients
examined. These preliminary observations
are also supported by our analyses of the
data previously published by Goodman and
Noble (3). Three out of five subjects given
cholestyramine showed significant increases
in the size of Pool B. Although there may be
some reservations in accepting the absolute
values of pool sizes obtained by this method,
the direction and the degree of change from
control values are in all likelihood valid re-
flections of tissue cholesterol pools. The drug
had been given for 8-9 mo before the second
set of determinations were made so that the
patients could be considered in reasonable
steady state conditions. Moreover, we ob-
served the opposite changes after clofibrate
treatment, using the same methods.

The following observations add further
support to these observations. Grundy et al.,
found increases in the size of tuberous and
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tendon xanthomata in some subjects re-
ceiving cholestyramine for hypercholesterol-
emia (13). Similarly, Moutafis et al., failed
to observe any changes in the skin lesions in
two hyperlipemic subjects given cholestyra-
mine, despite increased fecal steroid excre-
tions (14).

The cause of this increase in tissue cho-
lesterol pools is not known. Cholestyramine
has been known to cause a marked increase
in the hepatic (3), (11), (13) as well as extra-
hepatic synthesis of cholesterol (15), and it
is conceivable that the extrahepatic synthesis
may be, at least in part, responsible for in-
crease in tissue cholesterol pools.

Although the sites for catabolism for
plasma lipoproteins are not known, it is
plausible that at least a small fraction is
catabolised in tissues included in Pool B.
Since cholestyramine causes an increase in
the turnover rate of plasma lipoproteins
(16), an increase even in this small fraction
will result in an increase in tissue deposits of
cholesterol, if its transport out of tissues re-
mains constant. In our studies, the increase
in rate of transfer from Pool A to Pool B was
almost double the increase in the rate of
transfer from Pool B to Pool A. Subject 3,
who showed the greatest increase in choles-
terol, also had the smallest increase in the
rate of transfer from Pool B to Pool A.

Data in these studies are insufficient to
provide unequivocal information. This re-
port is merely intended to raise a possible
issue of concern. Undoubtedly, much more
information is needed to clarify the relation-
ships between plasma cholesterol, cholesterol
in tissue pools, and cholesterol in athero-
matous lesions.

The combined treatment of clofibrate
with cholestyramine in the only patient ex-
amined by us appeared to prevent increments
in tissue cholesterol pools, seen with the
cholestyramine treatment alone. The skin
lesions, which did not decrease on choles-
tyramine alone, disappeared quite readily
when nicotinic acid was added to the treat-
ment (14). We have previously shown that
cholesterol mobilized from tissues is excreted
mostly as neutral steroids (10). Treatment
with cholestyramine does not significantly
change the fecal excretion of neutral steroids
(11), (13), but increases only the fecal excre-
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tion of bile acids (11), (13). Addition of
clofibrate to cholestyramine treatment in-
creases neutral steroid excretion without
decreasing bile acid excretion (13).

Increase in plasma triglyceride levels ob-
served by us is in accord with previous ob-
servations (13), (17) and perhaps is a mani-
festation of increase in the turnover of plasma
lipoproteins.

Summary. Four Type 11 Hyperlipopro-
teinemic subjects were investigated before
and after treatment with cholestyramine.
Plasma cholesterol was significantly reduced
(365 == 23 vs 273 + 34 mg/100 ml) and tri-
glycerides significantly increased (149 £ 55
vs 181 &+ 59 mg/100 ml) on cholestyramine
treatment. The daily turnover of cholesterol,
as determined by the method of Goodman
and Noble, was nearly doubled by the treat-
ment (0.813 + 0.11 vs 1.595 + 0.176 g).
Although previous workers have already
suggested that cholestyramine does not de-
crease tissue cholesterol pools, we observed a
significant increase in tissue pools in each of
the three subjects given cholestyramine alone
(10.1 & 1.4 vs 16.2 + 6.9 g) for Pool A—
excluding plasma; and 27.2 4 4.6 vs 43.7 &
6.4 g for Pool B). Treatment for the fourth
subject consisted of a combination of choles-
tyramine and clofibrate. This combination
appeared to prevent increases in the size of
Pool B and in the size and production rate of
Pool A. These preliminary observations sug-
gest that the hypocholesterolemic effect of
cholestyramine may be enhanced and its
effects on tissue cholesterol prevented by
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giving it in combination with other agents
such as clofibrate.
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