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Effects of octimibate, an inhibitor of acyl coenzyme A: cholesterol acyltransferase,
on cholesterol metabolism in the hamster and rat

(Received 19 June 1989; accepted 22 December 1989)

Inhibition of esterification of cholesterol in cells has been
considered by many to be a desirable goal. In the intestine
this would lead to reduced absorption of cholesterol and in
arteries would result in reduced deposition of cholesterol
and hence a reduction of growing atherosclerotic plaques
[1.2]. A number of compounds have been reported that
inhibit the intracellular enzyme that catalyses choles-
terol esterification, acyl-CoA :cholesterol acyltransferase
(ACAT). but to date none has been successful in the clinic
[1-4]. Octimibate (Nattermann) is one of a number of
compounds of this type in development and it appears to
have a number of advantages over previous compounds
through its solubility and absorbability [5]. We have used
inhibitors of ACAT to characterize the role of hepatic pools
of cholesterol in primary cultures of rat hepatocytes and in
bovine adrenal cortical cells {6, 7]. Since little information
is available on octimibate we carried out a short study to
characterize its effects on cholesterol metabolism in the
bamster, an animal that offers a number of advantages in
studies of cholesterol metabolism over the rat. We com-
pared these results with parallel studies in the rat.

Materials and methods

Male Syrian hamsters were obtained from Shamrock
Farm or Belgrave Trading I.td and had a body weight of
104-136 g at the time of the experiments. Male Wistar
strain rats were obtained from Charles River and had a
body weight of 319-366 g at the time of the experiments.
A week prior to dosing, the animals were housed indi-
vidually in wire-bottomed cages. The rats were allowed to
feed on powdered PRD chow ad lib. {rom rat food hoppers

and hamsters were allowed to feed on powered PRD chow
ad lib. from pots clipped to the grid floor. During this
acclimatization period food consumption was measured.
The animals were weighed on alternate days and the
expected mean body weight of the animals at the time of
the experiment calculated.

The appropriate amount of octimibate, calculated from
the food consumption and expected body weight of the
animals, was dissolved in a large volume of 99% ethanol,
typically 1.2 L for a 4 kg batch of diet. This solution was
then thoroughly mixed into the powdered PRD chow to
give a homogeneous mixture. The wet diet was then trans-
ferred to a large photographic developing tray and placed
in a fume cupboard to dry. During the experiment the daily
dose of octimibate received by each animal was calculated
from its food consumption and body weight. After the
animals had been fed on the appropriate diet for 7 days,
they were anaesthetized with diethyl ether and a blood
sample (2-3 mL) was taken from the superior vena cava.
The liver was perfused with cold saline and then weighed.
A portion of liver (~ 1 g) was removed, weighed and homo-
genized in chloroform/methanol (2:1 v/v) with a Polytron
homogenizer. [“*C]Cholesterol was added as a recovery
marker to the resulting homogenate, which was then fil-
tered through Whatman number 1 filter paper and blown
down to dryness under nitrogen. The residue was taken up
in 1 mL of propan-2-ol and centrifuged at 2900 g for 10 min
in a microcentrifuge. The supernatant was assayed for free
and total cholesterol using the AMES enzymatic color-
imetric method. Octimibate was synthesized by the Depart-
ment of Medicinal Chemistry at Smith Kline and French
Laboratories in Welwyn.



1488

Short communications

Table 1. The effect in the hamster of octimibate on liver cholesterol

Octimibate Total Free

dose Liver weight cholesterol cholesterol % Free
(mg/kg/day) N (g) (mg/g) (mg/g) cholesterol
Control 12 4.54 = 0.46 2.44 £ 0.26 2.34 +0.27 95.9 6.3
213 6 5.11 £ 0.48 2.71 £0.25 2.29 +0.31 84.8 + 8.9*
70 + 25 6 4.63 = 0.44 3.21 £0.35 2.64 +0.39 82.4 = 11.3*
130 + 20 6 5.18 £ 0.45 4.06 +1.16 2.56 = 0.27 66.1 = 12.7*

Hamsters were dosed with octimibate in the diet for 7 days. All values expressed as mean *

SD.

* Different from control P < 0.05 (Student’s r-test).

Table 2. The effect in the rat of octimibate on liver cholesterol

Octimibate Total Free

dose Liver weight cholesterol cholesterol % Free
(mg/kg/day) N (8) (mg/g) (mg/g) cholesterol
Control 12 13.89 + 2.11 2.46 = 0.30 2.30 £0.35 93.3x47
18x1 6 13.30 + 1.31 234 +0.15 2.11+£0.12 90.6 = 1.5
63+ 4 6 13.08 = 1.26 2.38 = 0.06 2.17 £ 0.05 90.0 = 1.8
130 = 14 6 14.17 = 0.86 2.45x0.11 243 +(0.14 99.1 1.3

Rats were dosed with octimibate in the diet for 7 days. All values expressed as mean + SD.

Results and discussion

Table 1 shows the results obtained after 1 week of dosing
with octimibate at several doses in the hamster. There was
a small but significant reduction in the level of plasma
cholesterol (control 126.2 = 14.7 mg/dL, N =5, 100 mg/
kg octimibate for 1 week, 118.0 = 6.6 mg/dL, N = 6).
Analysis of the lipoprotein fractions showed small
reductions in all the fractions, with perhaps a larger effect
in the high density fraction (data not shown). The con-
centration of cholesterol and cholesteryl ester found in the
liver after dosing was paradoxical. The octimibate-treated
animals showed a small increase in free cholesterol (32%
at 90 mg/kg/day) but a substantial increase in cholesteryl
ester was observed (260-fold). The accumulation of chole-
steryl ester in the liver was dose-dependent (Table 1).
The cholestery! ester was identified by HPLC as mainly
cholesteryl oleate.

In contrast, in the rat over a similar dose range, no effect
of octimibate was observed on the concentration of hepatic
cholesteryl ester (Table 2). Another ACAT inhibitor, CL
277, 082 (2,4, American Cyanamid) was found to reduce
the cholesteryl ester content of normochloesterolaemic
hamster liver in experiments identical to those described
for octimibate (113 mg/kg/day CL 277, 082 for 1 week had
97% free cholesterol in the total hepatic cholesterol: control
animals contained 87% free cholesterol). It is known from
the literature [5] and we have confirmed that octimibate is
an effective inhibitor of ACAT, both in subcellular frac-
tions and in cultured cells. If octimibate is acting system-
ically, as is thought to be the case, the accumulation of
cholesteryl ester in the hamster liver is not consistent with
this mechanism of action. It is possible that octimibate
inhibits the hydrolysis of cholesteryl ester in the liver, an
effect that may be expressed at the lysosomal or cytoplasmic
cholesteryl ester hydrolase. Alternatively, it may prevent
the secretion of cholesteryl ester in lipoproteins. Such an
effect, if present in the intestine and liver, would help to
account for the small hypocholesterolaemia observed with
the drug in these experiments. These effects must be specific

to the hamster. There are several significant differences in
hepatic cholesterol metabolism between the rat and the
hamster. In general, enzyme activities (e.g. ACAT, HMG-
CoA reductase) in the hamster are lower than in the rat
[8]. The hamster, unlike the rat, regulates its LDL-receptor
activity to control the hepatic flux of cholesterol. The rat
achieves this primarily through regulation of cholesterol
synthesis [9]. The present experiments show that these two
laboratory animals respond differently to a drug that is
known to affect a specific enzyme of hepatic cholesterol
metabolism.

Octimibate (Natterman) has been described as an inhibi-
tor of acyl-CoA :cholesterol acyltransferase (ACAT) and
is in development as an anti-atherosclerotic and hypo-
lipidaemic drug. We have studied its effect on the con-
centration of free and esterified cholesterol in the liver of
the rat and hamster. In the rat octimibate caused no effect
on the hepatic cholesterol concentration at doses up to
130 mg/kg for 7 days. In contrast a dose-dependent increase
in cholesteryl ester concentration was found in the hamster
livers. This paradoxical result is not consistent with the
mode of action of octimibate being inhibition of cholesterol
esterification.
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Inhibition of tyrosine-3-monooxygenase by benserazide

(Received 12 July 1988; accepted 16 November 1989)

One procedure frequently used to estimate catecholamine
synthesis in vivo is to measure the accumulation of 3,4-
dihydroxyphenylalanine (DOPA) after inhibition of L-aro-
matic amino acid decarboxylase (3,4-dihydroxy-L-phenyl-
alanine carboxy-lyase; EC 4.1.1.26; AAAD) [1]. In this
procedure, the linear accumulation of DOPA in tissues,
following a single, large dose of an inhibitor of AAAD, is
considered to be a measure of the rate of tyrosine hydroxy-
lation. The method makes at least three major assumptions:
(1) AAAD is completely and immediately inhibited; (2)
the DOPA formed is not metabolized further and does not
diffuse out of the tissue; and (3) the inhibitor of AAAD
does not change, directly or indirectly, the hydroxylation
of tyrosine. The two most commonly used inhibitors of
AAAD, for the in vivo estimation of catecholamine syn-
thesis, are 3-hydroxybenzyl hydrazine (NSD-1015) and
benserazide (Ro4-4602; DL-serine, 2-[(2,3,4-trihydroxy-
phenyl)methyllhydrazide). The structures of these com-
pounds are presented in Fig. 1. Examination of the
structure of benserazide reveals a catechol (trihydroxy-
phenyl) structure. Since catechols have been known to
inhibit tyrosine-3-monooxygenase (L-tryosine, tetrahyd-
ropteridine: oxygen oxidoreductase [3-hydroxylating]; EC
1.14.16.2; TH) [2], we examined NSD-1015 and benser-
azide as inhibitors of TH. We now report that benserazide,
but not NSD-1015, is an inhibitor of TH, complicating its
use for determining tyrosine hydroxylation in vivo.

Materials and methods

Benserazide was furnished by Hoffmann-LaRoche (Nut-
ley, NI), while 3-hydroxybenzyl hydrazine was purchased
from the Aldrich Chemical Co. (Milwaukee, WI). The
6(R)-L-erythro-5,6,7, 8-tetrahydrobiopterin  (BH,) was
obtained from Dr B. Schircks (Jona, Switzerland). All
other chemicals were obtained from the Sigma Chemical
Co. (S8t Louis, MO).

The TH, used in these studies, was purified in its native
form from bovine adrenal medulla by modifications to the
method of Togari et al. [3]. The modifications were: (1)

addition of 10 ug/mL of leupeptin and pepstatin-A to all
of the buffers, except the homogenization buffer which
additionally contained 0.1 mg/mL of aprotinin, soybean
trypsin inhibitor and 1 mM diisopropylfluorophosphate; (2)
replacement of the ion exchange column step with a 30-
40% ammonium sulfate fractionation; (3) replacing the
Biogel A-1.5M column with a Sephacryl S-400 column
(Pharmacia, Piscataway NJ); and (4) washing the heparin
agarose affinity column at a flow rate of 3 mL/min. The
enzyme, using BH, as cofactor, had a pterin K,, of
112 = 11 uM, a tyrosine K, 0f 6.4 *+ 2.2 uM, a pH optimum
of 6.55, and a specific activity of 37.45 units/mg protein.
One unit is presently defined as the amount of enzyme
which forms 1 nmol of product in 1 min.

The TH assay was performed using a recent modification
of the HOH release assay, where the unreacted isotopic
substrate is adsorbed and precipitated with charcoal [4].
Each assay tube contained, in a final volume of 0.1 mL:
NaPO,, pH 6.55, 10 umol; catalase, 30 ug; superoxide dis-

BENSERAZIDE (Ro4-4602)

O NH,
HO CHy— NH—NH— C— CH—CH,OH

HO OH

3-HYDROXYBENZYL HYDRAZINE (NSD-1015)
CHy—NH—NH,

HO B0 -2 L

Fig. 1. Structures of benserazide and 3-hydroxybenzyl
hydrazine.



