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1 Squalene synthase is the enzyme that converts farnesyl pyrophosphate to squalene in the
cholesterol biosynthesis pathway. We examined the lipid-lowering properties of 1-[[(3R,5S5)-1-(3-
acetoxy-2,2-dimethylpropyl)-7-chloro-5-(2,3-dimethoxyphenyl)-2-oxo0-1,2,3,5-tetrahydro-4,1-benzox-
azepin-3-yl]acetyl]piperidine-4-acetic acid (TAK-475), a novel squalene synthase inhibitor.

2 TAK-475 inhibited hepatic cholesterol biosynthesis in rats (EDs,, 2.9mgkg™") and showed lipid-
lowering effects in beagle dogs, marmosets, cynomolgus monkeys and Wistar fatty rats.

3 In marmosets, TAK-475 (30, 100mgkg™"', p.o., for 4 days) lowered both plasma non-high-density
lipoprotein (HDL) cholesterol and triglyceride, but did not affect plasma HDL cholesterol. On the
other hand, atorvastatin (10, 30mgkg™"', p.o., for 4 days) lowered the levels of all these lipids. A
correlation between decrease in triglyceride and increase in HDL cholesterol was observed, and TAK-
475 increased HDL cholesterol with a smaller decrease in triglyceride than did atorvastatin.

4 TAK-475 (60mgkg™', p.o., for 15 days) suppressed the rate of triglyceride secretion from the liver
in hypertriglyceridemic Wistar fatty rats, which show an enhanced triglyceride secretion rate from the
liver compared with their lean littermates.

5 In HepG2 cells, TAK-475 and its pharmacologically active metabolite, T-91485, increased the
binding of '**I-low-density lipoprotein (LDL) to LDL receptors.

6 These results suggest that TAK-475 has clear hypolipidemic effects in animals via inhibition of
hepatic triglyceride secretion and upregulation of LDL receptors, and that TAK-475 might increase
HDL cholesterol by decreasing triglyceride. Thus, TAK-475 is expected to be useful for the treatment

of dyslipidemia.
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Introduction

Many epidemiological studies, including the Framingham
Heart Study, have established an association between dyslipi-
demia and increased risk of coronary heart disease (CHD)
(Gordon et al., 1981; Anderson et al., 1987). An eclevated
plasma level of low-density lipoprotein (LDL) cholesterol
together with an elevated triglyceride level constitutes a
significant risk factor for CHD (Austin, 1991). Various lipid-
modifying drugs with different mechanisms of action have
been developed and used for the treatment of patients with
dyslipidemia. Among them, 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase inhibitors, known as statins,
are the most common lipid-lowering drugs (Hsu ez al., 1995;
Brown et al., 1998; Olsson, 2001). HMG-CoA reductase
inhibitors reduce not only plasma LDL cholesterol but also
triglyceride, while they have only a small effect on plasma
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HDL cholesterol (Bakker-Arkema et al., 1996; Illingworth
et al., 2001). The lipid-lowering ability of HMG-CoA
reductase inhibitors has been reported to result from
upregulation of the LDL receptor and inhibition of triglyceride
secretion from the liver (Kasim et al, 1992; Haria &
McTavish, 1997). This class of drugs is safe and well tolerated,
although adverse effects such as myotoxicity and hepatotoxi-
city have been reported very occasionally (Ucar et al., 2000;
Illingworth et al., 2001). These toxicities of HMG-CoA
reductase inhibitors are thought to be the result of deficiencies
of isoprenyl metabolites of mevalonic acid, such as ubiqui-
none, isopentenyl tRNA, dolichols and isoprenylated proteins
(Thibault et al., 1996).

Squalene synthase is the enzyme that converts farnesyl
pyrophosphate to squalene in the cholesterol biosynthesis
pathway (Figure 1). Since squalene synthase inhibitors inhibit
cholesterol biosynthesis without suppression of the synthesis of
isoprenyl metabolites, these agents are expected to have
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Figure 1 Cholesterol biosynthesis pathway and its inhibitors.
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Figure 2 The chemical structures of the squalene synthase inhibi-
tors TAK-475 and T-91485.

hypolipidemic effects without myotoxicity or hepatotoxicity
(Flint et al., 1997; Hiyoshi et al., 2000), although the lipid-
lowering properties of squalene synthase inhibitors remain to
be thoroughly elucidated.

TAK-475, 1-[(3R,55)-1-(3-acetoxy-2,2-dimethylpropyl)-7-
chloro-5-(2,3-dimethoxyphenyl)-2-oxo0-1,2,3,5-tetrahydro-4,1-
benzoxazepin-3-yl]acetyl]piperidine-4-acetic acid, is a novel
squalene synthase inhibitor (Figure 2, Miki et al., 2002). In the
present study, we examined the lipid-lowering properties of
TAK-475, comparing its effects with those of HMG-CoA
reductase inhibitor atorvastatin in in vivo and in vitro models.

Methods
Materials

TAK-475 and its pharmacologically active metabolite, T-
91485, were synthesized in Takeda Chemical Industries, Ltd
(Osaka, Japan). Atorvastatin calcium was purchased from
Warner-Lambert (Ann Arbor, MI, U.S.A.). Probucol and
human lipoprotein-deficient serum (LPDS) were purchased
from Sigma Chemical Co. (St Louis, MO, U.S.A.). Fetal
bovine serum (FBS) was purchased from Life Technologies
(Rockville, MD, U.S.A.). Sodium [2-"*C] acetate was pur-
chased from Amersham Pharmacia Biotech. (Buckingham-
shire, U.K.). Na '*I was purchased from NEN Life Science
Products, Inc. (Boston, MA, U.S.A.). Human LDL was
purchased from Biomedical Technologies Inc. (Stoughton,
MA, U.S.A.). Other chemicals were purchased from Wako
Pure Chemical Industries (Osaka, Japan).

Animals

Female Wistar fatty rats and their lean littermates were bred in
Takeda Chemical Industries, Ltd (Osaka, Japan). Male Wistar

rats were purchased from Clea (Osaka, Japan). They were fed
a commercial chow diet (CE-2; Clea) and allowed access to
water ad libitum. Male beagle dogs (6—7 years old) were
purchased from Oriental Yeast, Tokyo, Japan. Dogs were fed
a commercial chow diet (Type DS; Oriental Yeast) and
allowed access to water ad libitum. Male common marmosets
(300-493 g) were purchased from Clea, and fed a commercial
chow diet (CMS-1; Clea) and allowed access to water ad
libitum. Cynomolgus monkeys (2.60—8.15kg) were purchased
from A.T. VIRI Inc. (Batangas, Philippines). Cynomolgus
monkeys were individually provided with 100 g of food per day
(Certified Primate Diet No. 5048; PMI Feed, Inc., Richmond,
IN, U.S.A.) and allowed access to water ad libitum. Uneaten
food was removed at around 15:00. A fresh banana was given
to each monkey as a supplementary food item once a day. All
animal experiments were carried out according to the Takeda
Animal Care Guidelines.

Measurement of hepatic cholesterol biosynthesis in rats

The inhibition of de novo cholesterol biosynthesis in rat livers
was determined by measuring the conversion of intravenously
injected [2-'*C] acetate into cholesterol. TAK-475 (n=10) and
atorvastatin (n=28) suspended in 0.5% methylcellulose solu-
tion were administered orally to 6-week-old male Wistar rats
under fed conditions. At 1h after drug administration, [2-"*C]
acetate (50 uCikg™") was injected intravenously. The rats were
killed 1 h after the injection of [2-'*C] acetate. Their livers were
quickly isolated, 1 g of liver was saponified with 1 ml of 90%
(wv™") KOH and 2ml of ethanol at 100°C for 4h, and lipids
were extracted with petroleum ether. The petroleum ether
extracts were dried under N, gas, and dissolved in ethanol—
acetone (1:1) solution. The sterol fractions were precipitated
by digitonin solution. The radioactivities of the precipitates
were measured by liquid scintillation counting.

Biochemical analysis of plasma lipids

Beagle dogs study Before the experiment, a blood sample
was collected under fasted conditions. Plasma total cholesterol
and triglyceride were measured enzymatically with a biochem-
ical autoanalyzer (Hitachi Auto Analyzer 7070; Hitachi,
Tokyo, Japan). High-density lipoprotein (HDL) cholesterol
was separated by chemical precipitation of apoB-containing
lipoprotein with phosphotungstate and Mg>* and then the
cholesterol was measured enzymatically. Beagle dogs were
divided into two groups matched for body weight, plasma non-
HDL cholesterol (the value obtained by subtraction of plasma
HDL cholesterol from total cholesterol), HDL cholesterol and
triglyceride. These two groups were assigned to receive vehicle
(0.5%  methylcellulose solution, n=4) or TAK-475
(30mgkg!, n=4). Drugs were administered orally once a
day for 14 days. On the mornings after the seventh and the
final administrations, blood samples were collected under
fasted conditions and plasma parameters were measured.

Common marmosets study Before the experiments, blood
samples were collected under nonfasted conditions. Plasma
total cholesterol, triglyceride and HDL cholesterol were
measured as described above. Common marmosets were
divided into two groups for experiment 1 (control vs TAK-
475, 30mgkg ', n=1>5), two groups for experiment 3 (control
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vs atorvastatin, 10mgkg™', n=6), two groups for experiment
4 (control vs atorvastatin, 30mgkg~', n=35 and 6, respec-
tively) and three groups for experiment 5 (control vs TAK-475,
100mgkg~", vs atorvastatin, 30 mgkg™', n=>5); groups were
matched for body weight, plasma HDL cholesterol, triglycer-
ide and non-HDL cholesterol. One group for experiment 2
(TAK-475, 100mgkg™', n=06) was also set up. Each experi-
ment was performed individually. Drugs were suspended in
0.5% methylcellulose solution and administered orally once a
day for 4 days. On the morning after the final administration
of drugs, blood samples were collected under nonfasted
conditions and plasma parameters were measured. (This
procedure was adopted, because fasted conditions are too
stressful for marmosets. Under our nonfasted conditions, food
was eaten on the previous day and appeared to be almost
completely digested when blood was collected.)

Cynomolgus monkeys study On the day before the start of
drug administration, blood samples were collected under
fasted conditions. Plasma total cholesterol and triglyceride,
and aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) activities were measured enzymatically with
a biochemical autoanalyzer (Hitachi Auto Analyzer 911;
Hitachi, Tokyo, Japan). Cynomolgus monkeys were divided
into three groups matched for body weight, plasma total
cholesterol and triglyceride, and AST and ALT activities, and
were assigned to receive vehicle (0.5% methylcellulose solu-
tion, Smlkg~!, n=>5), TAK-475 (n=5) or atorvastatin (n =5).
Drugs were administered orally once a day at low doses
(30mgkg™" for TAK-475 and 10mgkg™" for atorvastatin) for
7 days and then at high doses (100 mgkg™' for TAK-475 and
30mgkg™" for atorvastatin) for the next 7 days. On the
mornings after the seventh and the final administrations, blood
samples were collected under fasted conditions and plasma
parameters were measured.

Evaluation of hepatic triglyceride secretion rate in
hypertriglyceridemic female Wistar fatty rats

Blood samples were collected from 18-week-old Wistar fatty
rats after 4h of fasting. Plasma total cholesterol, triglyceride
and HDL cholesterol were measured as described above.
Wistar fatty rats were divided into two groups matched for
body weight, plasma HDL cholesterol, triglyceride and non-
HDL cholesterol. These groups were assigned to receive
vehicle (0.5% methylcellulose solution, 5mlkg™!, n=9) or
TAK-475 (60 mgkg™', n=9). Their lean littermates were used
as normal controls (n=9). Drugs were administered orally
once a day for 15 days. On the morning after the final
administration, Triton WR-1339 (400mgkg™', iv.) was
injected under fasted conditions in order to inhibit catabolism
of triglyceride. Blood samples were collected before and 60 and
120 min after Triton WR-1339 injection and the plasma
parameters were measured as described above. Hepatic
triglyceride secretion rates are expressed as increment of
plasma triglyceride per hour.

Quantification of LDL receptor activities in HepG2 cells
Human LDL was labeled with Na '*’I according to the method

of Bilheimer et al. (1972). Cellular LDL receptor activity was
determined by detecting the incorporation of labeled LDL.

HepG?2 cells (American Type Culture Collection, Rockville,
MD, U.S.A.) were seeded onto type 1 collagen-coated six-well
plates in minimum essential medium (MEM) supplemented
with 10% FBS at 37°C under 5% CO,. HepG2 cells under
subconfluent conditions were preincubated with MEM sup-
plemented with 10% human LPDS for 16h. LDL-binding
experiments were performed according to the method of
Stopeck et al. (1993) with slight modifications. HepG2 cells
were incubated in 10% LPDS MEM with or without drugs for
24h. Cells were then incubated with 4ugml~' 'I-LDL
(111 cpmng~' protein) in the presence or absence of an excess
amount of native LDL (300 ugml™') at 4°C for 2h. The
medium was removed and cells were washed three times with
phosphate-buffered saline (PBS) containing 1% bovine serum
albumin (fatty acid free) and twice with PBS. To dissociate
L.LDL from the LDL receptor, cells were treated with
dextran sulfate (4mgml~') and incubated at 4°C for 1h.
Radioactivity (free '*I-LDL) in the medium was counted with
a gamma counter (Aloka ARC-1000, Tokyo, Japan). Cells
were dissolved in 1 ml of 0.5~ NaOH for the measurement of
cell protein concentrations by the method of Lowry. Specific
binding was calculated as the difference between dextran-
releasable '>I-LDL with and without a 75-fold excess of
unlabeled LDL. Binding activities were expressed as radio-
activity per milligram cell protein.

Measurement of acceptor-dependent cholesterol efflux
from macrophage-derived foam cells

Human THP-1 monocytes (American Type Culture Collec-
tion, Rockville, MD, U.S.A.) were induced to differentiate into
macrophages by treatment with PMA (400 ngml~') in RPMI
1640 medium containing 10% FBS for 3 days at 37°C under
5% CO,, and then foam cells were prepared by exposure to
rabbit f-very low-density lipoprotein (f-VLDL) (150 ug
cholesterol ml™"), together with [1,2,6,7-°*H] cholesterol
(1 uCiml™") and 167 um oleate/0.2% bovine serum albumin
complex. The THP-1 macrophage-derived foam cells were
incubated with or without drugs for 24h in RPMI 1640
medium at 37°C under 5% CO,, followed by incubation with
human apoAl (2ugml™') or HDL (200 ugml™") for 24h.
Radioactivities in the culture supernatant were measured by
liquid scintillation counting and normalized to cell protein
mass (mg of cell protein).

Statistical analysis

Results are represented as mean +s.e.m. Comparisons among
groups were performed with Student’s z-test, one-tailed
Williams® test, Dunnett’s test or Tukey’s test. Comparisons
of pretreatment with post-treatment in each group were
performed with a paired ¢-test.

Results

Effect of TAK-475 and atorvastatin on hepatic cholesterol
biosynthesis in Wistar rats

The effect of TAK-475 on hepatic cholesterol biosynthesis in
rats was evaluated. TAK-475 (1, 3 and 10mgkg™!, p.o.) dose-
dependently inhibited hepatic cholesterol biosynthesis in
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Figure 3 Inhibitory effects of TAK-475 and atorvastatin on
hepatic cholesterol biosynthesis in Wistar rats. TAK-475 and
atorvastatin were administered orally to 6-week-old male Wistar
rats. Data are represented as means for eight to 10 animals.EDs,
values for TAK-475 and atorvastatin were 2.9 mgkg™', p.o. (95%
confidence interval 2.1-4.0) and 0.49 mgkg ', p.o. (95% confidence
interval 0.30—1.13), respectively.

Table 1 Lipid-lowering effects of TAK-475 in beagle
dogs

Non-HDL-C TG HDL-C

Treatment % change % change % change
Control —6+11 —14413 —742
TAK-475 30mgkg™") —40+4* —-33+6 —5+2

TAK-475 30mgkg™") or vehicle were administered orally
once a day to male beagle dogs for 14 days. The initial values
of non-HDL cholesterol (Non-HDL-C) were 24 +3 and

27+ 5mgdl™!, of triglyceride (TG) were 23+2 and
22+3mgdl~" and of HDL cholesterol (HDL-C) were
110410 and 110+9mgdl™' for the control and TAK-475-
treated groups, respectively. Data are represented as

mean +s.e.m. changes in levels compared with initial values
(n=4). *P<0.05 vs control values by Student’s z-test.

Wistar rats with an EDjs, value of 2.9mgkg™' (Figure 3).
Atorvastatin (0.1, 0.3 and Imgkg~', p.o.) also inhibited
hepatic cholesterol biosynthesis with an EDs, value of
0.49mgkg".

Lipid-lowering effects of TAK-475 in beagle dogs

TAK-475 30mgkg™", p.o. for 14 days) significantly reduced
plasma non-HDL cholesterol by 40 +4% (Table 1). TAK-475
tended to reduce plasma triglyceride, but had no effect on
plasma HDL cholesterol.

Lipid-lowering effects of TAK-475 in common marmosets

The four individual experiments are summarized in Table 2.
TAK-475 at 30mgkg™' significantly lowered plasma non-
HDL cholesterol and at 100 mgkg~" lowered both plasma non-
HDL cholesterol and triglyceride. TAK-475 did not cause
significant changes in plasma HDL cholesterol, although
TAK-475 at 100mgkg™" tended to increase the level of this
lipoprotein. Atorvastatin (10 and 30mgkg™', p.o.) signifi-
cantly lowered plasma non-HDL cholesterol and triglyceride
and also significantly lowered plasma HDL cholesterol
(Table 2). In experiment 5, which was the comparative study
between TAK-475 (100mgkg™') and  atorvastatin
(30mgkg™"), plasma HDL cholesterol in the TAK-475-treated
group was significantly higher than that in the atorvastatin-
treated group (Figure 4). Since TAK-475 did not cause the
same reduction in plasma non-HDL cholesterol as did
atorvastatin, it was difficult to ascertain the relative effects
of TAK-475 and atorvastatin on plasma HDL cholesterol
from the results of experiment 5. Thus, to elucidate in detail
the difference in effect between TAK-475 and atorvastatin on
plasma HDL cholesterol, the relation between changes from
pretreatment values of plasma triglyceride and HDL choles-
terol was plotted for the TAK-475 (100mgkg™')- and
atorvastatin (30 mg kg™')-treated groups (Figure 5). A sig-
nificant negative correlation was observed between the changes
in plasma HDL cholesterol (percentage change from initial
levels) and in plasma triglyceride (mgdl~' change from initial

Table 2 Effects of TAK-475 and atorvastatin on plasma lipid levels in marmosets

Non-HDL-C
Treatment % change
Experiment 1 (n=35)
Control
TAK-475, 30mgkg™"

—8+5(10749)
2347 (106+13)

Experiment 2 (n=6)
TAK-475, 100mgkg ! —4348™ (116+12)
Experiment 3 (n=6)
Control 7+4 (103+15)
Atorvastatin, 10 mgkg ' —3044**77(99 +4)

Experiment 4 (n=5-6)
Control 1413 (10147)
Atorvastatin, 30 mgkg ™! —50+2*7(1094+17)

TG HDL-C
% change % change

59483 (320 + 130)
41417 211£81)

1249 (76 £ 16)
0+9 (74+7)

—33+8" (206499) 846 (70+11)

4413 (115426)
—394+7*1(115+37)

—1143™ (94+14)
—3445%*11(8248)

—4+15 (168+89)
—46+ 157 (137+33)

—6+5 (76+10)
—33+4%F71(78 4 14)

TAK-475 (30 and 100 mgkg™"), atorvastatin (10 and 30 mgkg™") or vehicle were administered orally once a day to male common
marmosets for 4 days. Initial values (mgdl~") are shown in parentheses. Non-HDL-C, plasma non-HDL cholesterol; TG, plasma
triglyceride; HDL-C, plasma HDL cholesterol. Data are represented as mean + s.e.m. changes in levels compared with initial values (n=15
or 6). TP<0.05 and ""P<0.01 vs initial values by paired #-test. *P<0.05 and **P<0.01 vs control values by Student’s ¢-test.
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Figure 5 Correlation between changes in plasma HDL cholesterol
(percentage change from initial levels) and plasma triglyceride
(mgdl~! change from initial levels) in TAK-475 (100 mgkg")- and
atorvastatin (30 mgkg™")-treated common marmosets. Data from
experiments 2, 4 and 5 (shown in Table 2 and Figure 4) are plotted.
Solid symbols indicated TAK-475-treated marmosets (n=11). Clear
symbols indicate atorvastatin-treated marmosets (n=11).

levels). Figure 5 clearly indicates that, compared with
atorvastatin, TAK-475 increased plasma HDL cholesterol
with a smaller decrease in plasma triglyceride.

Lipid-lowering effects and hepatotoxicity in cynomolgus
monkeys

TAK-475 (30mgkg™") and atorvastatin (10mgkg~") showed
comparable effects in lowering plasma total cholesterol in
cynomolgus monkeys (Figure 6). The plasma triglyceride level
was not changed by treatment with TAK-475 or atorvastatin.
Even at a dose of 100mgkg~!, TAK-475 did not affect plasma
AST and ALT activities. Atorvastatin at 10mgkg~', on the
other hand, tended to increase plasma ALT and AST
activities, and at 30mgkg~! significantly increased plasma
ALT activity.

Figure 6 Effects of TAK-475 and atorvastatin on plasma lipid
levels and transaminase activities in male cynomolgus monkeys.
Drugs were administered orally once a day at low doses (30 mgkg™"
for TAK-475 and 10 mg kg~! for atorvastatin) for 7 days and at high
doses (100mgkg™" for TAK-475 and 30mgkg™"' for atorvastatin)
for the next 7 days. Initial values of plasma total cholesterol were
13749, 136+12 and 1374+ 18mgdl~' and of plasma triglyceride
were 29+3, 3844 and 39+7mgdl™! for the control groups, TAK-
475- and atorvastatin-treated groups, respectively. Initial values of
AST activity were 2341, 26+2 and 26+ 11Ul and of ALT
activity were 4946, 46+5 and 42+ 11 IU1™! for the control group,
TAK-475- and atorvastatin-treated groups, respectively. Data are
represented as mean +s.e.m. percentage changes from initial values
(n=15). *P<0.05 and **P <0.01 vs control by Dunnett’s test.

Effect of TAK-475 on hepatic triglyceride secretion rate
in hypertriglyceridemic Wistar fatty rats

TAK-475 (60mgkg™', p.o.) significantly lowered plasma
triglyceride by 61+3% (Figure 7a). To investigate the
mechanism of the plasma triglyceride-lowering effect of
TAK-475, we evaluated hepatic triglyceride secretion after
blocking clearance with Triton WR-1339. At the age of 20
weeks, the secretion of triglyceride from the liver in female
Wistar fatty rats was faster than that in Wistar lean rats
(Figure 7b). TAK-475 significantly inhibited this enhanced
secretion rate of triglyceride from the liver in female Wistar
fatty rats (Figure 7b).

Effects on the binding of '*I-LDL to LDL receptors in
HepG?2 cells

After oral administration to rats, TAK-475 is absorbed and
rapidly hydrolyzed into its pharmacologically active metabo-
lite T-91485. We mainly detected T-91485, but not TAK-475,
in the blood and liver of rats (data not shown). T-91485, TAK-
475 and atorvastatin inhibited cholesterol synthesis in HepG2
cells with ICs, values of 152, 150 and 26nM, respectively

British Journal of Pharmacology vol 139 (5)
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Figure 7 Effects of TAK-475 on plasma triglyceride (a) and 5
hepatic triglyceride secretion rate (b) in hypertriglyceridemic female X 40
Wistar fatty rats. TAK-475 (60 mgkg™') or vehicle were adminis-
tered orally to female Wistar fatty rats and their lean littermates for 20
15 days. Hepatic triglyceride secretion rates are represented as the
increment of plasma triglyceride per hour after the injection of 0 1 3 10 10 10
Triton WR-1339 (400 mgkg~', i.v.). Data are represented as mean - 2> @~ (M)
ts.em. (n=9). **P<0.01 vs the fatty control by Student’s r-test. Control Atorvastatin TAK-475 T-91485

(Tozawa et al., unpublished observations). As shown in
Figure 8, both T-91485 and TAK-475 enhanced the binding
of '*’I-LDL to the LDL receptor in a concentration-dependent
manner, suggesting that these drugs increased LDL receptor
expression. Atorvastatin also enhanced the binding. At a
concentration of 10 um, T-91485, TAK-475 and atorvastatin
showed almost the same effects on LDL binding.

Effects on acceptor-dependent cholesterol efflux from
macrophage-derived foam cells

Since some HMG-CoA reductase inhibitors decrease HDL
cholesterol in patients with a high baseline HDL cholesterol
level, the effects of T-91485, TAK-475 and atorvastatin on
cholesterol efflux from THP-1 macrophage-derived foam cells
were examined. Atorvastatin (1-10 uM) concentration-depen-

Figure 9 Effects of TAK-475, T-91485 and atorvastatin on apoAl-
mediated (a) and HDL-mediated (b) cholesterol efflux from
cholesterol-enriched THP-1 differentiated macrophages. Data are
represented as mean+s.e.m percentage values of control (n=23).
*P<0.025 and P<0.05 vs control values (apoAl,
41,900+2254dpm  per  milligram  cell  protein; HDL,
133,340 +7362dpm per milligram cell protein) by one-tailed
Williams’ test and Dunnett’s test, respectively.

dently and significantly inhibited apoAl-dependent cholesterol
efflux from the foam cells, and probucol, which is clinically
known to decrease HDL cholesterol, also significantly
inhibited apoAl-dependent cholesterol efflux (Figure 9a). T-
91485 and TAK-475 had no effect on apoAl-dependent
cholesterol efflux. None of the drugs affected HDL-dependent
cholesterol efflux (Figure 9b).
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Discussion

In this study, we examined the lipid-lowering properties of
TAK-475, comparing its effects with those of atorvastatin, an
HMG-CoA reductase inhibitor. TAK-475 showed lipid-low-
ering effects in beagle dogs, marmosets, cynomolgus monkeys
and hypertriglyceridemic Wistar fatty rats. Many studies have
demonstrated that the cholesterol-lowering effects of HMG-
CoA reductase inhibitors are due to the induction of LDL
receptors. TAK-475 and its pharmacologically active metabo-
lite, T-91485, also increased LDL receptor levels in HepG2
cells. Wistar fatty rats, established by transferring the obesity-
inducing fa gene from Zucker fatty rats to Wistar Kyoto rats
with blunted insulin sensitivity (Ikeda et al., 1981), have the
characteristics of obesity, hyperlipidemia, hyperinsulinemia and
peripheral and hepatic insulin resistance. In the present study,
we demonstrated that female Wistar fatty rats have higher non-
HDL cholesterol and triglyceride levels than their littermate
lean controls, with an enhanced hepatic triglyceride secretion
rate. TAK-475 potently reduced plasma triglyceride and
cholesterol and decreased the hepatic triglyceride secretion rate
in these animals. The results obtained from HepG?2 cells and
Wistar fatty rats indicate that the lipid-lowering effects of TAK-
475 are caused by an increase in LDL receptors and suppression
of the secretion rate of triglyceride from the liver (Figures 7, 8).

Common marmosets are useful for the evaluation of lipid-
lowering agents, because the lipoprotein profile of this species
is similar to that of humans (Miyazaki & Koga, 1998). In
common marmosets, both TAK-475 and atorvastatin potently
lowered plasma non-HDL cholesterol and triglyceride. TAK-
475 did not affect plasma HDL cholesterol, but atorvastatin
significantly reduced it (Table 2, Figure 4). Interestingly, a
correlation was observed between the decrease in triglyceride
level and the increase in plasma HDL cholesterol (Figure 5),
suggesting that the increases in plasma HDL cholesterol
caused by both TAK-475 and atorvastatin are dependent on
the decrease in plasma triglyceride. Compared with atorvas-
tatin, TAK-475 increased HDL cholesterol with a smaller
decrease in triglyceride. It has been reported that pravastatin
lowered both plasma LDL cholesterol and HDL cholesterol in
marmosets, but that the squalene synthase inhibitors, squales-
tatin 1 and RPR107393, selectively lowered plasma LDL
cholesterol without affecting plasma HDL cholesterol (Baxter
et al., 1992; Amin et al., 1997; Miyazaki & Koga, 1998). Our
observations coincide with these results. Atorvastatin has also
reported to lower plasma HDL cholesterol in beagle dogs
(Walsh et al., 1996). In contrast, TAK-475 did not affect
plasma HDL cholesterol in beagle dogs (Table 1). In studies
using patients with a relatively high HDL cholesterol level,
HMG-CoA reductase inhibitors have been reported as
reducing or tending to reduce HDL cholesterol, although in
patients with a low HDL cholesterol level some HMG-CoA
reductase inhibitors increase the level of this lipoprotein
(Miserez et al., 1994; Narita et al., 1997).
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