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ABSTRACT. RP 73163 ((S)-2-[5-(3,5-dimethyl-1-pyrazolyl)pent-1-yl}-sulphinyl]-5,6-diphenylimidazole) has
been shown to be a potent and specific inhibitor of acyl-CoA:cholesterol acyltransferase (EC 2.3.1.26; ACAT)
in vitro using the tissues of experimental animals as sources of the enzyme. The concentrations of RP 73163
required to produce 50% inhibition of ACAT activity (ICs values) in microsomal preparations ranged from 86
nM for rat liver to 370 nM for rabbit intestine. In whole cell assays using human hepatic (HepG2), intestinal
(Caco2), and monocytic (THP-1) cell lines, RP 73163 inhibited ACAT activity with ICs, values of 266, 158,
and 314 nM, respectively. The addition of RP 73163 (0.03-1.0 pM) to the medium of cultured HepG2 cells
produced a concentration-dependent decrease in apolipoprotein B (apoB) secretion. The compound has high
systemic bioavailability. Using a bioassay, a concentration of active inhibitor equivalent to 29 uM of parent
compound was present in plasma 1 hr after oral administration of RP 73163 (50 mg + kg™?!). In rats that had been
fed a basal diet ad libitum or starved for 18 hr prior to blood sampling, the administration of RP 73163 (50
mg - kg™! b.i.d. for 7 days) reduced plasma triglyceride levels by 50% without affecting the concentration of
cholesterol. This hypotriglyceridaemic effect was associated with reductions in plasma very-low-density-
lipoprotein {(VLDL) and low-density-lipoprotein (LDL) levels. RP 73163 decreased the rate of VLDL secretion
by 24% in Triton WR-1339-treated rats that had been fasted overnight but did not affect the secretion rate in
animals fed ad libitum, indicating that ACAT was only important in regulating VLDL secretion under certain
nutritional conditions. RP 73163 reduced the accumulation of intraperitoneally administered [*H]leucine into
the plasma VLDL-apoB pool in both fed and fasted states. The results suggest that, in fed animals at least, an
increase in the clearance of VLDL from the bloodstream may contribute to the hypolipidaemic activity of the
compound. In rabbits with casein-induced endogenous hypercholesterolaemia, RP 73163 specifically reduced the
levels of cholesterol carried by LDL. In conclusion, the hypolipidaemic actions of RP 73163, a potent and
systemically bioavailable ACAT inhibitor, are consistent with a reduction in the secretion of apoB containing
lipoproteins by hepatic tissue and possibly with an increase in the clearance of these particles. BIOCHEM PHAR-
MACOL 52;8:1177-1186, 1996.
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Hypercholesterolaemia is a major risk factor for the devel-
opment of coronary heart disease [1]. Clinical studies have
demonstrated that cholesterol lowering therapy reduces the
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incidence of coronary events [2] in association with a re-
duction in the size of atherosclerotic lesions [3]. Two im-
portant determinants of the plasma cholesterol concentra-
tion are the efficiency of cholesterol absorption from the
intestine [4] and the rate of secretion of VLDL§ by the liver
[5]. In studies carried out in experimental animals [6, 7] and
in tissue culture using human cell lines [8, 9], both these
processes have been shown to be regulated by the activity of
ACAT, the enzyme responsible for the intracellular esteri-
fication of cholesterol [10]. Therefore, inhibitors of ACAT
are expected to lower plasma cholesterol levels. Numerous
studies have demonstrated a hypocholesterolaemic response
to the administration of ACAT inhibitors in animals fed
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cholesterol-supplemented diets [reviewed in refs. 11, 12].
Many of the inhibitors used in these studies show poor
systemic bioavailability, and inhibition of intestinal cho-
lesterol absorption has been demonstrated to be their pri-
mary mode of action. Furthermore, ACAT inhibitors have
been reported to be ineffective in reducing cholesterol ab-
sorption in animals fed diets that are not supplemented
with cholesterol, leading to the hypothesis that ACAT
only has a role in regulating cholesterol absorption during
administration of a high exogenous load of the sterol [13].
More recently, CI-976, a systemically bioavailable inhibitor
of ACAT, has been shown to reduce plasma lipid levels in
models of endogenous hyperlipidaemia in which animals
are fed diets that are cholesterol free but are supplemented
with casein or sucrose [14, 15]. The actions of CI-976 in
these models are thought to be the result of direct inhibi-
tion of hepatic ACAT.

A series of 2-(alkylthio)-4,5-diphenyl-1-H-imidazoles
have been shown to be potent inhibitors of ACAT [16]. In
this paper, we describe some of the properties of RP 73163,
a systemically bioavailable member of this series [17], with
particular reference to studies carried out in animals fed
diets that contained low concentrations of cholesterol.

MATERIALS AND METHODS
Materials

RP 73163, CI-976, and CL 277,082 were synthesised by the
Discovery Chemistry Department, Dagenham Research
Centre (Rhone-Poulenc Rorer Ltd., U.K.). Radiochemicals
were purchased from Amersham International plc. (Little
Chalfont, U.K.). Cell lines for tissue culture were obtained
from ECACC (Porton Down, U.X.). All culture media
were obtained from Life Technologies (Paisley, U.K.). Af-
finity purified human apoB, polyclonal mouse anti-human
apoB, and anti-mouse [gG were purchased from Chemicon
International Inc. (Temecula, U.S.A.). “FAST” ELISA
plates and all tissue culture ware were obtained from Fal-
con, Becton Dickinson (Oxford, U.K.). Foetal bovine se-
rum was purchased from Globepharm (Esher, U.K.). Other
biochemicals and Tyloxapol were purchased from Sigma
Chemical Co. Ltd. (Poole, U.K.). Scintillation fluids were
obtained from Lumac (Groningen, Holland). Polygram Sil
G plates (Machery-Nagel) were obtained from Camlab
(Cambridge, U.K.). Sep-Pak cartridges were obtained from
Millipore Corporation (Milford, MA, U.S.A.).

Animals and Diets

Male Sprague-Dawley rats weighing approximately 150—
175 g were obtained from Charles River UK. Ltd. (Mar-
gate, U.K.). Male Golden Syrian hamsters weighing 90-110
g were obtained from Wrights of Essex (Chelmsford, U.K.).
Both rats and hamsters were fed a pelleted rodent diet
(ERD supplied by SDS, Witham, U.K.) or the same diet
supplemented with 0.5% cholesterol and 0.25% cholic
acid. According to the manufacturer, the concentration of
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cholesterol in the basal diet was 0.006%. Male New Zea-
land White rabbits (1.5-2.0 kg) were obtained from
Froxfield Rabbits Ltd. (Petersfield, U.K.). The rabbits were
fed either a standard rabbit diet that contained no choles-
terol (R14, SDS), the standard diet supplemented with
0.5% cholesterol, or a diet containing casein (Teklad,
Madison, W1, USA). The composition of the casein diet
was 40% casein, 15% sucrose, 13% corn starch, 14% coco-
nut oil, 1% corn oil, 11% cellulose, and 6% vitamins and
inorganic salts. Unless stated otherwise, RP 73163 was ad-
ministered to rats by gavage as a suspension in 1% sodium
carboxymethylcellulose and 0.2% Tween 80 (2 mL - kg™").
Rabbits received the compound by stomach tube as a sus-
pension in 0.5% tragacanth.

Microsomal ACAT Assays

Microsomes were prepared from tissues of animals that had
been fed cholesterol-supplemented diets to saturate the sub-
strate pool for ACAT. Rats and hamsters were fed the
appropriate cholesterol diet for 5 days. Rabbits were fed
cholesterol-supplemented diet for 7-8 weeks to increase
ACAT activity in arterial tissue. In addition, microsomes
were prepared from three human cell lines: HepG2 (liver),
Caco? (intestine), and THP-1 (monocyte/macrophage).
Prior to the preparation of microsomes, the cells were pre-
loaded with cholesterol as described previously [18].

ACAT activity was determined according to standard
methodology. Briefly, approximately 60 g microsomal pro-
tein was added to 0.1 M sodium phosphate buffer, pH 7.4,
containing fatty-acid-free bovine serum albumin and di-
thiothreitol to produce a volume of 170 pl. Compounds
were added in 1 pl of DMSO and preincubated for 5 min at
37°C. The reaction was started by the addition of 30 wl of
[1-"*CJoleoyl-CoA (0.15 w.Ci). Final concentrations in the
incubations were 90 uM oleoyl-CoA, 90 uM albumin, and
2 mM dithiothreitol. After 5 min, the reaction was stopped
by the addition of 4 mL of dichloromethane:methanol 2:1
containing 10 mg - L™! cholesterol oleate as carrier. Triti-
ated cholesterol oleate was added to determine recovery.
Lipids were extracted according to Folch et al. [19] and
separated by TLC on 0.25-mm silica gel plates using n-
heptane:diethyl ether:glacial acetic acid 90:10:1 as the sol-
vent system. The concentrations of protein in the micro-
somal preparations were determined by the method of
Lowry et al. [20]. ACAT activity was calculated as pmol
cholesterol oleate formed/mg microsomal protein/min.
Each inhibitor was evaluated at five concentrations in trip-
licate, and ICs, values were determined from computer-
derived sigmoidal log concentration-response curves.

The microsomal assay was also used to determine the
systemic bioavailability of RP 73163 by measuring the
ACAT inhibitory activity of plasma prepared from the
blood of treated rats. Aliquots of plasma (5-20 uL) were
preincubated for 20 min with hepatic microsomes in 0.1 M
phosphate buffer, pH 7.4, containing bovine serum albumin
and dithiothreitol plus 1 ul DMSO. Radiolabelled oleoyl-
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CoA was added and ACAT activity determined as de-
scribed above. A standard concentration-response curve
was prepared by incubating microsomes with known con-
centrations of RP 73163 in 1 pl DMSQO in the presence of
appropriate volumes of plasma from untreated rats.

ACAT Assays in Human Cell Lines

ACAT activity in HepG2, Caco2, and THP-1 cell lines
was determined using methodology described previ-
ously [18].

Specificity of Inhibition
The ability of RP 73163 to inhibit PCEH and LCAT me-

diated cholesterol esterification was evaluated by previously
described methods [21, 22] using rat PCEH (extracted from
fresh tissue according to [21]), bovine PCEH (Sigma), and
rat plasma LCAT.

Hypolipidaemic Activity

The hypolipidaemic activity of RP 73163 was investigated
in normocholesterolaemic rats and in casein-fed rabbits. RP
73163 was administered by gavage to rats at a dose level of
50 mg - kg™! b.i.d. (09.00 and 17.00 hr) for 7 days. The
animals were allowed to eat a basal rodent diet ad libitum or
were fasted for 18 hr prior to blood sampling. Sixty minutes
after the final dose of compound, the rats were anaesthe-
tised, and blood was sampled from the abdominal aorta.
Plasma was separated by centrifugation at 1500g for 10 min.
When required, lipoprotein fractions were separated by se-
quential ultracentrifugation [23] using density cuts of d <
1.006, 1.006-1.063, and 1.063-1.21 for VLDL, LDL (+
IDL), and HDL, respectively.

Rabbits were rendered hypercholesterolaemic by feeding
a mixture of standard diet:40% casein diet 3:1 for 7 days
followed by the 40% casein diet for another 14 days. During
the induction period and for the remainder of the study, the
animals were bled from the central ear artery at weekly
intervals for plasma cholesterol analysis. After 3 weeks on
the casein diet, the plasma cholesterol levels were ranked,
and the ranking was used to allocate the rabbits to treat-
ment groups. The diet of one group was replaced by the
standard diet, and the other two groups continued to be
maintained on the 40% casein diet. RP 73163 was admin-
istered to one group of casein-fed rabbits at a dose level of
50 mg * kg™' b.i.d. for 4 weeks. At the end of the study,
plasma lipoprotein analyses were carried out using density
cuts of d < 1.020, 1.020-1.063, 1.063-1.21, and >1.21 for
VLDL (+IDL), LDL, HDL, and VHDL, respectively. After
rats were killed, aliquots of liver were removed and lipids
extracted according to the method of Folch et al. [19].
Following concentration of the extract, cholesterol and
cholesterol esters were separated on silica columns (Sep-
Pak cartridges) using sequential solvent elution [24]. All
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lipid and protein analyses were carried out by conventional
enzymatic assays.

ApoB Secretion by HepG2 Cells

HepG2 cells were cultured in DMEM supplemented with
10% fetal bovine serum in 96-well plates (2 x 10* cells, 200
L medium/well) for 3 days until approximately 75% con-
fluent. The medium was replaced with DMEM containing
1% bovine serum albumin (BSA) plus RP 73163 in DMSO
(or vehicle alone) to produce a final solvent concentration
of 0.15% v/v. At different time intervals over 18 hr, the
medium was removed and stored at 4°C until analysis.
FAST lids, precoated with polyclonal mouse anti-human
apoB and blocked with BSA, were shaken with the cell
supernatants or standard apoB 100 solutions in phosphate
buffered saline, pH 7.2, containing 3% BSA for 2 hr at 4°C.
Following three washes with 0.5% Tween 20 in phosphate
buffered saline, the lids were incubated with anti-mouse
I¢gG conjugated with alkaline phosphatase for 2 hr at 4°C
and again washed three times with buffer. The lids were
shaken with p-nitrophenyl phosphate (2 g - mL™ in 1 M
diethanolamine buffer, pH 9.8, containing 0.5 mmol *+ L™
MgCl,) for 30 min at room temperature. The reaction was
stopped by the addition of 100 pL of 0.3 M NaOH and
absorbance read at 405 nm. The cells in each well were
washed twice with 200 pL phosphate buffered saline and
dissolved in 100 L of 0.5% SDS. Total cell protein was
determined [20] and apoB accumulation in the medium was
measured as pg/mg total cell protein.

VLDL Secretion In Vivo

The effect of RP 73163 on the rate of VLDL secretion was
determined by measuring the accumulation of triglyceride
in the plasma lipoprotein fraction (d < 1.006) following
intravenous administration of Triton WR-1339 (Tyloxa-
pol) to rats [25]. RP 73163 (50 mg * kg™' b.i.d.) was ad-
ministered by gavage for 7 days. Thirty minutes after the
final dose, 400 mg * kg™! Triton WR-1339, as a 10% solu-
tion in 0.9% NaCl, was administered by tail-vein injection
under light ether anaesthesia. After another 90 min, the
rats were anaesthetised with sodium pentobarbitone, and
blood was sampled from the abdominal aorta. VLDL was
separated and analysed as described above.

Incorporation of [°’H]leucine Into VLDL ApoB

RP 73163 was administered to rats at a dose level of 50 mg
- kg™ b.i.d. for 7 days. Thirty minutes after the final dose of
compound, 2 mL - kg™! of an aqueous solution of [*H]leu-
cine (50 pCi, 0.75 pmol * kg™') was administered by the
intraperitoneal route. One hour later, the animals were an-
aesthetised with isoflurane, and blood samples collected
from the abdominal aorta. After separation of VLDL as
described above, apoB was selectively precipitated {26] by
mixing equal volumes of VLDL sample and isopropanol.
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The samples were incubated overnight at 4°C and centri-
fuged at 2000g for 15 min. The supernatant was discarded
carefully and the pellet washed with ether:ethanol 2:1 v/v
to remove lipid. The pellet was dissolved in 500 pL of
Lumasolve, and the radioactivity present determined by
liquid scintillation counting.

Statistical Analysis

Statistical analyses were performed using one-way analysis
of variance followed by Student’s t-test to determine degree
of significance.

RESULTS
In Vitro Potency and Selectivity

In hepatic microsomes prepared from cholesterol-fed
rats, ACAT activity was of the order of 1 nmol + mg pro-
tein”! + min”! and was not increased appreciably by the
addition of exogenous cholesterol to the incubation, sug-
gesting that the membranes were saturated with choles-
terol. In this assay system, RP 73163 had an IC;, value of
86 nM (Table 1). For comparison, the ICs, values of the
standard ACAT inhibitors CI-976 and CL 277,082 were
430 nM and 710 nM, respectively, which are in reasonable
agreement with the original published values of 180 nM
and 740 nM for these two inhibitors [14, 27]. RP 73163 had
similar inhibitory potency against ACAT preparations ob-
tained from tissues of cholesterol-fed hamsters and rabbits
(Table 1).

To determine the potency of RP 73163 against human
ACAT, HepG2, Cacol, and THP-1 cell lines were used as
sources of the enzyme. These cells were loaded with cho-
lesterol to maximise enzyme activity. RP 73163 displayed
similar potency in inhibiting ACAT activity in these three
cell lines and in microsomes prepared from them with 1Cs,
values in the range of 108-314 nM (Table 1).

RP 73163 was examined for its ability to inhibit two
other enzymes that esterify cholesterol. At 100 uM (>1000-

TABLE 1. Inhibitory potency of RP 73163 against ACAT
activity in microsomal and whole cell preparations

IC5 (nM)
Tissue Microsome Whole cell
Rat liver 86 —
Hamster liver 88 —
Rabbit liver 122 —
Rabbit intestine 370 —
Rabbit artery 245 —
HepG2 108 266
Caco2 170 158
THP-1 164 314
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fold the ICs, concentration required to inhibit hepatic
ACAT), RP 73163 had no effect on either PCEH or LCAT
activity using rat pancreas and rat plasma as enzyme
sources, respectively. Using bovine PCEH, cholesterol es-
terification was not reduced by RP 73163 at a concentra-
tion of 200 uM.

Systemic Bioavailability

Systemic bioavailability of RP 73163 was determined by
using a bioassay that provided rapidly information on the
level of ACAT inhibitory activity present in the plasma
following acute oral administration of the compound. Fresh
plasma samples from treated rats were incubated with he-
patic microsomes and the degree of ACAT inhibition mea-
sured. Using a standard curve prepared by adding known
amounts of RP 73163 and plasma from untreated animals to
enzyme assays, an estimate of systemic bioavailability was
obtained that was expressed as equivalent concentration of
RP 73163. Maximal ACAT inhibitory activity was present
in plasma approximately 1 hr after acute oral administra-
tion of RP 73163. Increasing the dose level of RP 73163
from 3 to 100 mg - kg™' resulted in a dose-related increase
in ACAT inhibitory activity present in the plasma (Ta-
ble 2).

Hypolipidaemic Response in Rats

In rats fed a basal diet ad libitum, the administration of RP
73163 (50 mg - kg™! b.i.d. for 7 days) did not affect plasma
levels of free or esterified cholesterol but it reduced signifi-
cantly the mean triglyceride concentration from 1.03 to
0.53 mmol + L™! (Fig. 1). This study also contained groups
of rats that had been fasted for 18 hr prior to blood sam-
pling. Fasting per se lowered significantly the plasma con-
centrations of free and esterified cholesterol and triglycer-
ide. As in fed animals, RP 73163 lowered triglyceride but
not cholesterol levels.

Lipoprotein analysis of the plasma samples showed that
overnight fasting reduced significantly the total mass of
lipoprotein in the d < 1.006 fraction by 44% from 122 to 82
mg * dL™! (Table 3). Because the concentration of chylo-

TABLE 2. Effect of dose on systemic bioavailability
of RP 73163

RP 73163 ACAT inhibitory activity in plasma
(mg - kg™") equivalent to RP 73163 (uM)
3 n.d.
10 4.0+0.8
30 21.7+24
50 29.1+19
100 820+ 1.8

ACAT activity was determined by measuring the incorporation of [**Cloleoyl-CoA
into cholesterol esters. In microsomal preparations, 1Cs, values were determined by
using five concentrations of RP 73163 in triplicate. In whole cell assays, four con-
centrations of drug in quadruplicate were used.

Blood samples were obtained 60 min after the acute oral administration of RP 73163.
Plasma was assayed for ACAT inhibitory activity, which is expressed as the concen-
tration of RP 73163 required to produce the same degree of inhibition. Results are
mean + SEM (n = 4/group). n.d. = not detected.
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FIG. 1. The effects of RP 73163 (50 mg - kg ! b.i.d. for 7
days, shaded bars) or vehicle (open bars) on the concentra-
tions of plasma lipids in rats fed a basal diet. Bars represent
mean + SEM (n = 10/group). Using one-way analysis of
variance *P < 0.05 and **P < 0.01 for control fasted animals
were compared with control fed animals and ***P < 0.001
for RP 73163-treated animals were compared with corre-
sponding fed or fasted controls.

microns and their remnants in the plasma of basal fed rats
have been reported to be quantitatively unimportant [28],
we have referred to this lipoprotein fraction as VLDL in
both fed and fasted animals. The concentrations of all com-
ponents of the VLDL fraction, with the exception of that of
cholesterol ester, were reduced by fasting. Irrespective of
the nutritional state of the rats at the time of blood sam-
pling, RP 73163 treatment reduced the concentrations of
all components of VLDL, with the greatest effect (in terms
of percentage reduction) being on cholesterol ester.
Fasting reduced the concentration of plasma LDL from
56.8 to 35.9 mg - dL™! without affecting the concentration
of HDL (Table 3). RP 73163 treatment reduced the mass of
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LDL in fed and fasted rats by 34% and 29%, respectively,
but the inhibitor had no significant effect on the mass or
composition of HDL.

Using these treatment conditions, RP 73163 lowered sig-
nificantly ACAT activity by 55% and 43% in hepatic mi-
crosomes prepared from fed and fasted animals, respectively
(Fig. 2). Fasting per se increased hepatic ACAT activity by
83%.

Effect on ApoB Secretion in Vitro

The effects of RP 73163 on the secretion of apoB by HepG2
cells were examined over an 18-hr time period. The inhibi-
tor, in the concentration range of 0.03 to 1.00 wM, pro-
duced a concentration-related decrease in the accumula-
tion of apoB in the medium (Fig. 3). At higher concentra-
tions of the drug, a significant reduction in apoB output was
detected initially between 4 and 6 hr, and this decreased
rate of accumulation continued for the remainder of the
study.

Effect of VLDL Secretion In Vivo

As a measure of VLDL secretion in vivo, the accumulation
of lipoprotein and triglyceride in the d < 1.006 fraction of
plasma was determined over a 90-min period following the
intravenous administration of Triton WR-1339. The ad-
ministration of Triton WR-1339 alone resulted in an ap-
proximate six-fold increase in the total lipoprotein mass
present in this density fraction. RP 73163 (50 mg * kg™’
b.i.d. for 7 days) reduced VLDL mass by 29% in rats that
had been fasted overnight prior to Triton administration

TABLE 3. Effects of RP 73163 on mass and composition of plasma lipoproteins in fed and fasted rats

Lipoprotein component (mg - dL."!)

Lipoprotein Free Cholesterol Total
fraction Treatment cholesterol ester Triglyceride Phospholipid Protein mass
VLDL Fed
Vehicle 34+04 58+0.6 84.5+10.2 15119 13414 122.2 £+ 143
RP 73163 2.1 £ 0.3** 2.5+ 0.3%%% 4751 3.6%* 7.8 + 1.0%* 8.6 + 0.9%* 68.5 + 5.3%*
Fasted
Vehicle 2.2+0.1% 7.1+0.6 535+ 41§ 9.5+09% 10.0 + 0.61 823 +53%
RP 73163 0.8 + Q0.1%%x* 1.0 £ O.1%** 18.6 + 2.7%4%* 1.8 + 0.5%** 6.3 £ 0.7** 28.5 + 3.4%%*
LDL Fed
Vehicle 2.2+0.2 203+1.3 9.0+ 0.7 9.5+0.38 158+ 1.1 56.8 + 3.8
RP 73163 1.8+0.2 13.7 £ 1.4%* 4.9 £ 0.5%** 6.2 + 0.7%* 11.0 £ 0.8%* 37.6 £ 3.4%%
Fasted
Vehicle 1.0 +0.28 11.6 + 1.1§ 7.6 +0.8 4.5+058 11.2 +C9% 359 +3.18
RP 73163 0.8+0.2 7.2 + 1.1%* 4.6 + 0.3%* 33+05 9.6 +0.6 25.5 + 2.4%
HDL Fed
Vehicle 26+0.3 61.0+4.7 1.8+0.2 37.7+£3.6 70.0 + 4.7 173.1 £ 123
RP 73163 3.2+04 72.7+5.2 2002 35.6+£3.0 739+ 4.5 1874+ 129
Fasted
Vehicle 22+02 61.8 £3.0 19+0.2 329+13 63422 162.2 + 6.
RP 73163 20+04 68.4 + 4.8 13+£0.2 33.8+23 64.7+35 170.2 £ 10.7

RP 73163 (or vehicle) was administered at a dose level of 50 mg - kg™* b.i.d. for 7 days. Results are expressed as mean + SEM (n = 10/group). One-way analysis of variance: 1P
<0.05,#P < 0.01, and §P < 0.001 compares control fed and control fasted animals; *P < 0.05, **P < 0.01, and ***P < 0.001 for RP 73163-treated animals versus the appropriately

fed or fasted control group.
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FIG. 2. Hepatic ACAT activity in fed and fasted rats treated
with RP 73163 (50 mg * kg™' b.i.d. for 7 days). Bars repre-
sent mean + SEM (n = 10/group). Using one-way analysis of
variance, ***P < 0.001 for RP 73163 groups were compared
with appropriate control animals and **#P < 0.001 for con-
trol fasted compared with control fed animals.

and blood sampling (Table 4). The concentrations of all
components of the lipoprotein fraction were decreased sig-
nificantly, with the greatest effect, in percentage terms,
being the reduction in cholesterol ester. Assuming a plasma
volume of 4.1% [25] and using body weights of the rats prior
to fasting, RP 73163 reduced the VLDL-triglyceride secre-
tion rate from 11.3 t0 8.6 mg* 100 g body wt™! « hr™?, a 24%
reduction. In rats fed ad libitum, however, RP 73163 had no
effect on the accumulation or composition of VLDL apart
from reducing the cholesterol ester content by 52%. Fasting
per se did not affect total VLDL secretion, but it did in-
crease specifically the amount of cholesterol ester carried by
the lipoprotein.

As a further measure of VLDL metabolism, the incorpo-
ration in vivo of radiolabel into VLDL-apoB over 60 min
following the intraperitoneal administration of [’H]leucine
was determined. RP 73163 reduced significantly [*H]levels
in VLDL-apoB in fed and fasted animals by 33% and 64%,
respectively (Fig. 4). Fasting alone had no significant effect
on accumulation of [’H] into VLDL.

Hypocholesterolaemic Activity in Casein-Fed Rabbits

Feeding rabbits a diet that contained 10% casein for 1 week
followed by a 40% casein diet for another 2 weeks resulted
in a 72% increase in the mean plasma cholesterol concen-
tration from 1.23 + 0.06 to 2.21 + 0.18 mmol - L™! (mean
+ SEM, n = 27, P < 0.001 using paired t-test). Cholesterol
levels of untreated animals remaining on the casein diet for
another 4 weeks stayed relatively constant throughout,
whereas those of animals that were returned to the standard
diet fell to typical normocholesterolaemic levels within 7

days (Fig. 5). In casein-fed rabbits treated with RP 73163
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(50 mg - kg™! b.i.d.), plasma cholesterol levels fell slowly
and were significantly lower than those of casein-fed con-
trols and within the normal basal range after 34 weeks of
treatment. Lipoprotein analyses carried out on the plasma
samples obtained on the final day of the study showed that
the casein-induced hypercholesterolaemia was associated
with a selective increase in the concentration of cholesterol
carried by LDL (Table 5). The LDL particles of casein-fed
rabbits were relatively rich in cholesterol ester and poor in
triglyceride (Table 6). RP 73163 reversed these changes.

The livers of rabbits that had been fed casein throughout
the study contained a significantly higher concentration of
cholesterol ester as compared with those of rabbits that had
been fed the standard diet for the final 4 weeks (0.81 + 0.16
vs. 0.22 + 0.04 mg - g}, P < 0.01). The increase in hepatic-
free cholesterol produced by the casein diet just failed to
reach significance (1.90 + 0.21 vs. 1.35 + 0.15 mg - g’ ", P
= 0.055). RP 73173 treatment reduced free and esterified
cholesterol levels in the livers of casein-fed rabbits to basal
values.

DISCUSSION

A systemically bioavailable ACAT inhibitor may be of
value in the treatment of atherosclerosis by reducing the
secretion of atherogenic lipoproteins from hepatic and in-
testinal tissues and also by directly reducing the accumula-
tion of cholesterol ester in foam cells of the arterial wall
[11]. The studies described in this report have shown RP
73163 to be a potent inhibitor of ACAT in microsomes
prepared from hepatic, intestinal, and arterial tissues of ex-
perimental animals and equivalent human cell lines. RP
73163 possesses similar inhibitory activity against ACAT
in whole cell preparations. Bioassays have demonstrated
that, following the oral administration of RP 73163, a bio-
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FIG. 3. RP 73163 reduces the accumulation of apoB in the
medium of HepG2 cells. Cells were incubated in DMEM in
the presence of 0-1.0 pM RP 73163. At different time in-
tervals, the medium was removed and assayed for apoB.
Each point represents mean + SEM of five replicates. Using
one-way analysis of variance, *P < 0.05, ¥**P < 0.01 and ***P
< 0.001 for cells incubated with RP73163 compared with
cells exposed to vehicle alone.
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TABLE 4. Effects of RP 73163 on mass and composition of VLDL in rats
following Triton WR-1339 treatment

Concentration (mg - dL™')
Fed Fasted

Vehicle RP 73163 Vehicle RP 73163
control treated control treated

323+£19 355=z1.1 315+0.5 25.6 £ 1.2%*
230121 11.0+£1.0%* 400 + 2.2%¥**  12.7 + 0.6**

VLDL component

Free cholesterol
Cholesterol ester

Triglyceride 459 + 35 473+ 120 444 + 16 321 + 19%*
Phospholipid 96.7+6.4 982142 93.2+£3.6 69.9 £ 4.2%*
Protein 21309 21.1+0.8 215+ 1.1 158+ L.1*

Lipoprotein {mass) 632 +44 639+ 125 630 = 20 445 + 24%*

RP 73163 (or vehicle) was administered at a dose level of 50 mg - kg™! b.i.d. for 7 days. Blood samples were
obtained 90 min after Triton WR-1339 administration (400 mg - kg™! i.v.). Results are expressed as mean
+ SEM (n = 9/group). Using one-way analysis of variance, *P < 0.01 and **P < 0.001 for treated groups
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versus appropriate control values and ***P < 0.001 for control fasted versus fed values.

logically active material is present in the plasma. At doses
used to examine hypolipidaemic activity, peak plasma lev-
els of “active inhibitor” are up to three orders of magnitude
greater than the ICsy values of RP 73163 for inhibiting
cellular ACAT in tissue culture assays and are similar to
those quoted for parent compound when measured by a
specific HPLC assay. For instance, after acute administra-
tion of RP 73163 at a dose level of 30 mg - kg™ to rats,
addition of plasma obtained 60 min later to the bioassay
resulted in ACAT inhibition equivalent to that produced
by plasma from untreated rats spiked with RP 73163 at a
concentration of 22 pM. In a separate study that used iden-
tical conditions of animal experimentation, HPLC analysis
detected a plasma concentration of 18 puM RP 73163 plus
a small amount of the biologically active sulphone metabo-
lite that was not quantified [17].

In common with other systemically bioavailable ACAT
inhibitors [14, 29, 30], the oral administration of RP 73163
to rats fed a basal diet produces a reduction in plasma tri-
glyceride levels. This hypotriglyceridaemic action of RP
73163 is associated with a reduction in the plasma concen-
tration of VLDL and is consistent with the hypothesis that
ACAT activity and cholesterol ester levels in the liver are
involved in the regulation of VLDL secretion. This sugges-
tion is supported by the results of in vitro studies using
HepG2 cells. In experiments described here, RP 73163 re-
duced significantly the accumulation of apoB in the me-
dium of HepG2 cells. Cianflone et al. demonstrated that
oleate-induced secretion of apoB is closely linked to the
synthesis rate of cholesterol ester but not to that of triglyc-
eride [9, 31}. The addition of 25-hydroxycholesterol to
HepG?2 cells has also been shown to increase apoB synthesis
and secretion [32]. These increases were positively corre-
lated with the concentrations of cellular and secreted cho-
lesterol esters but not with the mass of triglyceride in the
cells. Furthermore, the rates of secretion of apoB and VLDL
lipids by perfused rat livers are increased by the addition of
cholesterol to the diet of the donor animals and reduced by
the addition of lovastatin [33, 34]. The rate of secretion of

VLDL was correlated with the concentration of cholesterol
ester in the liver [33]. As the incubation medium used in
our studies was not supplemented with fatty acid, it is clear
that ACAT inhibition can reduce apoB secretion in basal
as well as oleate-stimulated HepG2 cells.

The effects of RP 73163 on VLDL metabolism in vivo is
dependent upon the nutritional state of the animal. In rats
that have been fasted overnight, RP 73163 clearly reduces
VLDL secretion as measured by lipoprotein accumulation
following Triton WR-1339 administration. However, in
rats that have been fed ad libitum, RP 73163 reduces spe-
cifically the cholesterol ester content of VLDL but has no
effect on the mass of lipoprotein secreted. Fasting per se
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FIG. 4. The effects of RP 73163 (50 mg - kg™! b.i.d. for 7
days) on the incorporation of [*H]leucine into VLDL-apoB
in fed and fasted rats. Blood samples were obtained 1 hr
after the intraperitoneal injections of [*H]leucine (50 pCi,
75 pmol + kg™'). VLDL was isolated by ultracentrifugation
and apoB selectively precipitated with isopropanol. Bars
represent mean * SEM (n = 10/group). Using one-way
analysis of variance, P < 0.01 and ***P < 0.001 for RP
73163-treated groups were compared with appropriate con-
trols.
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FIG. 5. Reduction of plasma cholesterol levels in casein-fed
rabbits by RP 73163. Rabbits were rendered hypercholes-
terolaemic by feeding a casein-supplemented diet for 21
days. One group was then returned to basal diet, one group
received RP 73163 (50 mg - kg~! b.i.d.), and one group
remained on the casein diet receiving vehicle (0.5% traga-
canth mucilage). Each point represents mean + SEM (n =
9/group). Using one-way analysis of Variance, *P < 0.05 and
*P < 0.01 for cholesterol levels when compared with un-
treated casein-fed rabbits.

reduces the plasma concentration of VLDL, which becomes
relatively rich in cholesterol ester. These latter findings are
compatible with those of Davis et al. [35] who showed that
hepatocytes from fasted rats have significantly lower con-
centrations of free cholesterol and triglyceride but more
cholesterol ester than hepatocytes from fed animals. In ad-
dition, it is known, and confirmed in our studies, that he-
patic ACAT activity is increased by fasting [36]. Whether
this is due to an increase in mass of the enzyme, an increase
in activity, or to an increase in substrate availability is
unclear. The studies of Davis et al. also demonstrated that
fasting reduces the subsequent rates of lipogenesis, apoB
synthesis, and VLDL secretion by hepatic tissue in vitro [35].
However, in the studies reported here using in vivo condi-
tions, fasting did not affect VLDL secretion, implying that
an increase in the rate of clearance of VLDL from the blood
is important in the hypotriglyceridaemic effect of fasting.

D. Riddell et al.

This conclusion is compatible with results of studies carried
out with perfused livers, which have shown that livers from
fasted rats remove triglyceride-rich particles from the me-
dium at a faster rate than livers from fed animals [37]. More
importantly, our results also show that, under these condi-
tions in which the availability of triglyceride is limited,
ACAT plays an important role in maintaining the rate of
VLDL secretion. Because we and others [9] have used
HepG2 cells to study the link between ACAT activity and
VLDL secretion in vitro, it is of interest to note that these
cells resemble hepatocytes from fasted rather than fed ani-
mals in that they have a low basal rate of triglyceride syn-
thesis [38].

Although RP 73163 reduced plasma triglyceride levels in
rats fed ad Lbitum, this action was not associated with a
reduction in the rate of VLDL secretion. In complimentary
studies, RP 73163 reduced the incorporation of PH]leucine
into plasma VLDL-apoB in both fed and fasted rats. The
incorporation of radiolabel reflects the secretion of newly
synthesised apoprotein into the plasma pool and its subse-
quent clearance. Because RP 73163 lowers VLDL levels in
fed animals without affecting secretion, the results suggest
that the compound increases VLDL clearance under these
conditions. In fasted rats, RP 73163 may increase VLDL
clearance and reduce secretion. The mechanism by which
RP 73163 exerts this effect is unclear. The most marked
effect of RP 73163 on VLDL in the fed rat is a reduction in
cholesterol ester content. It has been suggested that the
concentration and composition of core lipids of VLDL can
modify apolipoprotein orientation and hence alter receptor
affinity [39]. It is therefore possible to speculate that a re-
duction in the cholesterol ester content of VLDL might
increase the rate of hepatic uptake. Similarly, the compo-
sition of VLDL may also affect the activity of lipoprotein
lipase. It has previously been suggested that the reduced
levels of VLLDL observed in cholesterol-fed rabbits treated
with the ACAT inhibitor CL 277,082 are due in part to
enhanced catabolism of VLDL to LDL [40]. However, the
observation that RP 73163 treatment reduces LDL and
VLDL levels in fed animals in which there is no change in
the rate of VLDL secretion would favour an increase in
receptor uptake rather than an increase in catabolism to
LDL as the more likely explanation of the increased VLDL

TABLE 5. Effects of RP 73163 on the concentrations of cholesterol in
plasma lipoprotein fractions of casein-fed rabbits

Lipoprotein cholesterol (mmol - L~" plasma)

Lipoprotein Standard Casein Casein +
fraction diet diet RP 73163
VLDL 0.17 £ 0.08 0.14 + 0.07 0.08 £ 0.03
LDL 0.49 + 0.04* 1.32 £ 0.06 0.43 + 0.04*
HDL 0.30 + 0.03 0.37 £ 0.03 0.39 +0.03
VHDL 0.11 + 0.02 0.17 £ 0.03 0.10 + 0.03

Rabbits were treated according to the description in the caption of Fig. 5. Results are expressed as mean
+ SEM (n = 9/group). One-way analysis of variance: *P < 0.01 compared with untreated casein-fed rabbits.
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TABLE 6. Effects of RP 73163 on LDL mass and composition in casein-

fed rabbits

Concentration (mg - dL™")

Standard Casein Casein +
LDL components diet diet RP 73163
Free cholesterol 6.0+ 1.8* 13425 55+ 1.4*
Cholesterol ester 21.6 £ 6.7%* 63.6+12.1 19.1 £ 5.4**
Triglyceride 17.6 £ 5.0 8813 128 2.0
Phospholipid 13.3+4.2 21.7 3.7 10.0+£2.1*
Protein 22.0+45 37059 21.8 +3.2*
Lipoprotein (mass) 80.5 + 21.7* 144.5 + 23.1 69.2 + 13.8%*

Rabbits were treated according to the description in the caption to Fig. 5. Results are expressed as mean
+ SEM (n = 9/group). One-way analysis of variance: *P < 0.05 and **P < 0.01 compared with untreated

casein-fed rabbits.

clearance. Our data do not support the suggestion that
ACAT inhibition will decrease the fractional turnover rate
of VLDL by downregulating hepatic receptors subsequent
to the accumulation of free cholesterol within the cell [11].

The hypolipidaemic actions of RP 73163 in casein-fed
rabbits are also consistent with the suggestion that ACAT
has a role in the control of hepatic lipoprotein secretion.
Rabbits fed a casein-supplemented diet develop a marked
hypercholesterolaemia that is characterised by an increase
in the plasma concentration of LDL [41] and an increase in
the ratio of cholesterol ester:triglyceride in VLDL and LDL
[42]. These changes are secondary to an increase in the
secretion of cholesterol-ester-rich VLDL and LDL by the
liver [42] and to a reduction in the receptor dependent
hepatic clearance of these lipoproteins [43]. The fatty acid
composition of cholesterol esters in VLDL and LDL of ca-
sein-fed rabbits are rich in oleate indicating that the esters
are synthesised through the actions of ACAT [42]. The
marked effect of RP 73163 on LDL levels observed in this
study is consistent with the idea that ACAT inhibition can
reduce hepatic secretion of LDL particles in the casein-fed
rabbit and possibly increase their clearance from the circu-
lation.

In summary, RP 73163 has been shown to be a relatively
potent and systemically bioavailable inhibitor of ACAT.
The data support the hypathesis that ACAT is important
in regulating the hepatic secretion of apoB containing li-
poproteins in vivo and in vitro but also suggests that ACAT
may affect the clearance of these lipoproteins from the
bloodstream.
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