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Abstract 
Because YM 17E (1,3-bis[ [ 1 -cycloheptyl-3-(p-dimethylaminophenyl)~eido]methylJbenzene dihydrochloride) 
inhibits acyl coenzyme A:cholesterol acyltransferase (ACAT) it has potential application in the treatment of 
hypercholesterolaemia. In man and animals YMl7E is extensively metabolized, via N-demethylation, to five 
active metabolites (MI, M2-a, M2-b, M3 and M4). The main objectives of this study were to examine 
inhibition of YM17E metabolism by the products and identify the cytochrome P450 isoforms in liver 
microsomes which catalyse in-vitro YM17E metabolism in man. 

In microsomes in man, N-demethylation of YM17E to MI occurred enzymatically; for up to 45 s the rate 
was linearly proportional to the microsomal protein concentration. This reaction was inhibited by metabolites 
M2-a, M2-b, M3 and M4. Further, N-demethylation of ['4C]-YM17E was also inhibited by its product, M1. 
These results showed that primary metabolism of YM17E was inhibited by its products, and supported the 
finding that the non-linear increase in plasma concentration of the parent drug and metabolites observed in an 
in-vivo study was due to inhibition by these products. Metabolic activity in microsomes From ten individual 
human livers demonstrated that YM 17E N-demethylase activity correlated closely with testosterone 68- 
hydroxylase activity. When cytochrome P450 isozyme-specific substrates and chemical inhibitors were used to 
inhibit YMl7E N-demethylase activity, CYP3A-specific substrate and inhibitors such as nifedipine, ketoco- 
nazole and triacetyloleandomycin strongly inhibited this activity, whereas CYPl A-specific substrate or 
inhibitor, ethoxyresorufin and a-naphthoflavone, inhibited weakly. Other CYP inhibitors, in contrast, had 
few or no effects. An inhibition study using anti-rat CYPlAl, CYP2B1, CYP2C11, CYP2El and CYP3A2 
antibodies demonstrated that only anti-rat CYP3A2 antibody inhibited YM17E metabolism, to 40% of control 
level, with no other antibodies showing an inhibitory effect. Of seven cDNA-expressed P450 isoforms in man 
(CYPlAl, CYPlA2, CYP2A6, CYP2B6, CYP2D6, CYP2El and CYP3A4), CYP3A4, CYP2D6 and CYPlA2 
isozyme exhibited substantial catalytic activity of N-demethylation of YM 17E. 

These results indicate the predominant role of CYP3A4 in liver metabolism of YM17E in man. 

Acyl CoA:cholesterol acyltransferase (ACAT) catalyses 
intracellular cholesterol esterification with fatty acid to make 
cholesterol ester. As esterification of cholesterol is thought to 
be the rate-limiting step in the absorption of food- and bile- 
derived cholesterol from the gastrointestinal tract inhibition of 
ACAT is expected to be beneficial in therapeutic treatment of 
hypercholesterolaernia (Heider et al 1983; Largis et a1 1989). A 
number of ACAT inhibitors has been reported to have inhi- 
bitory activity on ACAT, to diminish the absorption of cho- 
lesterol from the gastrointestinal tract and to reduce serum 
cholesterol levels in experimental animals (Matsuda 1994). In 
most cases the sole mechanism of hypocholesterolaemic effect 
is thought to be the inhibition of cholesterol absorption. 
Recently, however, in addition to inhibition of intestinal 
ACAT, a second mechanism has been proposed for the 
reduction of serum cholesterol levels, namely inhibition of 
hepatic ACAT. It was reported that the hypolipidaemic activity 
of the ACAT inhibitor CI-976 in rats was a result not only of 
inhibition of intestinal absorption of cholesterol but also of 
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hepatic ACAT inhibition (Krause et al 1993). In addition, 
ACAT inhibitors at high plasma concentrations are also 
expected to suppress the progress of arteriosclerosis by acting 
directly on the artery wall (Bell 1986). Although many ACAT 
inhibitors are under clinical evaluation, none has shown the 
same hypocholesterolaemic efficacy in man as they have in 
animals (Hanis et al 1990; Hainer et a1 1994; Peck et al 1995). 
The reason for this is not clear but it is possible that the 
pharmacokinetic profile, for example low absorption and 
insufficient concentrations in the liver, is unsuitable for redu- 
cing s e w  cholesterol levels in man. Pharmacokinetic and 
metabolism study is, therefore, thought to be important for 
evaluation of the efficacy of ACAT inhibitors in man. 

YMl7E (1,3-bis[ [ 1 -cycloheptyl-3-@-dimethylaminophenyl)- 
ureido]methyl]benzene dihydrochloride; Fig. 1) is a serum- 
cholesterol regulator that inhibits ACAT activity in rabbit liver 
microsomes with a 50% inhibition concentration (IC50) of 
4.4 x lo-' M. This compound also shows antihyper- 
cholesterolaemic activity in cholesterol-fed animal models 
(Iizumi et al 1991; Ito et a1 1991). YM17E also induced a 
reduction in serum cholesterol levels in a clinical study 
(Uchida et al 1996). 

YM17E is metabolized by N-demethylation, the major 
metabolic pathway in animals and man, to form five metabo- 
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FIG. 1. Major metabolic pathways of YMI 7E. 

lites, namely MI, M2-a, M2-b, M3 and M4, both in-vitro and 
in-vivo (Fig. 1; Uchida et a1 1993a, 1993b, 1994). All five 
metabolites also have an inhibitory effect on ACAT (unpub- 
lished results), suggesting that not only the parent drug but also 
these five metabolites play a role in the hypocholesterolaemic 
effect in-vivo. In a study in man, plasma concentrations both of 
parent drug and of active metabolites increased more than in 
proportion to the increase in dose. If only parent drug increased 
non-linearly more than in proportion, saturation of the meta- 
bolism of parent drug would be a possibility. In this case, not 
only parent drug but also M 1 increased more than in proportion 
to the increase in the dose. An explanation of this phenomenon 
could be either that parent drug and metabolites inhibited the 
metabolism of each other (Bast et a1 1982; Suzuki et a1 1984) 
or that rate of absorption was changed by increasing the dose. 
In this study we have investigated the first possibility by in- 
vitro use of the microsomal fraction of liver in man. 

In general, the bioavailability of ACAT inhibitors is low 
because they are poorly absorbable and their plasma con- 
centration is relatively low. YM17E is an absorbable inhibitor 
and reaches high plasma concentrations together with active 
metabolites (Uchida et a1 1994). As high plasma concentra- 
tions of YM17E and active metabolites might explain why this 
inhibitor reduced serum cholesterol levels in a clinical study 
whereas other ACAT inhibitors did not, examination of its 
metabolism is considered to be important. To clarify whether 
YM17E metabolism is inhibited by its metabolites in the liver, 
and to identify those enzymes catalysing the N-demethylation 
of YMI 7E, we investigated the in-vitro metabolism of YMI 7E 
in human liver microsomal fraction. 

Materials and Methods 

Chemicals and reagents 
YM17E and metabolites were obtained from Tsukuba 
Research Center, Yamanouchi Pharmaceutical (Tsukuba, 
Japan). Glucose 6-phosphate, glucose 6-phosphate dehy- 
drogenase and NADP were purchased from Boehringer Man- 
nheim (Mannheim, Germany). a-Naphthoflavone and 
quinidine were from Nakalai Tesque (Kyoto, Japan), triace- 
tyloleandomycin, tolbutamide, metyrapone and nifedipine 
from Sigma (St Louis, MO, USA), 7-methoxycoumarin and 
coumarin from Extrasyntkse (Genay, France), and phenytoin, 
SKF-525A and debrisoquin from Research Biochemicals 
International (Natick, MA, USA). 7-Ethoxyresorufin was from 
Molecular Probes, (Eugene, OR, USA), hexobarbital from 
Tokyo Kasei Kougyou (Tokyo, Japan), ketoconazole from 
Biomol Research Laboratories (PA, USA), and propafenone 
from Yamanouchi Pharmaceutical. Anti-Rat cytochrome P450 
antibodies were purchased from Daiichi Pure Chemical 
(Tokyo, Japan). Other reagents were obtained commercially 
and were of analytical grade. 

Human microsomes 
A hepato screen test kit with ten individual human liver 
microsomes (HBI-2, HBI-3, HBI-5, HBI-6, HBI-7, HBI-9, 
HBI-10, HBI-I 1, HBI-12 and HBI-13) and hepatosomes with 
pooled microsomes from two (HBI-6 and HBI-7) or seven 
(HBI-14, HBI- 15, HBI- 16, HBI- 17, HBI- 19, HBI-20 and HBI- 
21) different human livers were obtained from Human Biolo- 
gics (Phoenix, AZ, USA). These microsomes were character- 
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bed by the metabolic activities of cytochrome P450 (CUP) 
i w f o ~ s ,  namely 7-ethoxyresomfin O-deethylation (CYPI A), 
affeine 3-demethylation (CYPl A), coumarin 7-hydroxylation 
( c V ~ A ) ,  tolbutamide methyl-hydroxylation (CYPX), S- 
mephenytoin 4'-hydroxylation (CYP2C 19), dextromethorphan 
aemethylation (CYP2D6), chlorzoxazone 6-hydroxylation 
( c V ~ E I ) ,  testosterone 6p-hydroxylation (CYP3A), lauric 
acid 11- (CYP2E) and 12-hydroxylation (CYP4A) and be=- 
f e m i n e  N-hydroxylation. CYP (CYPI Al ,  CYPIA2, 
c p 2 A 6 ,  CYP2B6, CYP2D6, CYP2E1, CYP3A4) cDNA- 
expressing microsomes of lymphoblast cells were purchased 
from Gentest (Wobum, MA, USA). 

Assay for MI 
Reaction mixtures contained 0.5 mg protein m I - '  human 
liver microsomes, 100 mM sodium potassium phosphate buffer 
@H 7.4), 6 mM MgCI2, 1 U mL-' glucose 6-phosphate 
dehydrogenase, 10 m~ glucose 6-phosphate, 1 mM NADP, 
0.1 mM EDTA and an appropriate amount of YM17E or 
inhibitor, or both. The total volume of the reaction mixture was 
0.5 mL. The reaction was started by adding the NADPH- 
generating system and maintained at 37°C for 45 s. Incubation 
was stopped by adding ice-cold methanol and then immedi- 
ately placing the tube on ice. The tube was centrifuged at 
1200 g for 15 min and the supernatant obtained was passed 
through a 0.22-pm filter (MilexGV; Nippon Millipore, Tokyo, 
Japan). A 100-pL portion was injected into the HPLC system. 
HPLC conditions were: column, Cosmosil 5PE 4.6 mm 
(i.d.) x 250 mm (Nakalai Tesque); temperature, 50°C; mobile 
phase, 20 mM Na2HP04/10 mM citric acid buffer @H 5) 
acetonitrile (4 : 6, v/v); flow rate, 1 mL min- I .  Amperometric 
detection was performed with an electrochemical detector 
Coulochem 5000A (ESA; Bedford, MA, USA) comprising a 
type 5022 guard cell and a type 501 1 analytical cell. The guard 
cell was placed in line in front of the autosample processor 712 
WISP (Waters, Milford, MA, USA), to remove interference in 
the mobile phase by electrolysis, and set at 0.3 V. The dual DI 
and D2 detectors of the analytical cell were set at 0.03 and 
0.23 V, respectively. The signal from D2 was monitored and 
the peak area of MI was calculated by use of a CR4AX 
integrator (Shimazu, Tokyo, Japan. Calibration curves were 
obtained by plotting the peak area of MI against the amount of 
MI in the reaction tube and regression was performed with the 
weight of l /y  (y = peak area). The standard curves were linear 
over the range of 0.5 to 500 ng with a correlation coefficient of 
more than 0.99. 

The microsomal protein concentration in inhibition studies 
using anti-rat P450 antiserum was 100 pg mL-' in 0.5 mL of 
reaction mixture. Anti-serum or pre-immunized serum (1 5 pL) 
was incubated with human liver microsomes (25 pL) at room 
temperature for 2 h before reaction. The incubation time of 
experiments using cDNA-expressed microsomes was 10 min, 
which was set according to the linearity of the production rate 
with incubation time in a preliminary study. Other conditions 
were the same as those mentioned above. Inhibitory constant 
(IC50) values were calculated by means of the NONLIN84 
Program (Statistical Consultants, KY, USA) using unweighted 
data from the equation: 

v/v, = 1/(1 + ([Il/Ic50~s) 

where V,,, v, [I] and s are uninhibited velocity, observed 

velocity, inhibitor (metabolites) concentration added and slope 
factor, respectively. 

The inhibitory effect of MI on N-demethylation of YM17E 
was confirmed by using [I4C]YM17E as substrate. The 
microsomal protein concentration in the reaction mixture was 
set at 1 mg mL-' and the mixture was incubated for 10 min. 
[I4C]YM17E was added to the reaction mixture at 15 p ~ ,  and 
MI was added at 5, 15 and 60 pM. Other conditions were as 
described above. Detection was performed by liquid scintilla- 
tion counting after fractionation of the [I4C]M1 peak by 
HPLC. 

Results 

Reaction conditions and HPLC 
Typical HPLC chromatograms of the reaction mixture used for 
quantitation of MI are shown in Fig. 2. Although nothing in 
the human liver microsomal fraction interfered with the MI 
peak and its quantitation (Fig. 2a), the HPLC chromatogram 
obtained before incubation showed a peak which had the same 
retention time as that of MI and interfered with the M1 peak 
(Fig. 2b). The following results (N-demethylation of YM17E) 
are, therefore, calculated from the difference between the peak 
areas before and after incubation. N-demethylation activity of 
YMl7E was proportional to the microsomal protein con- 
centration in the reaction mixture in the range 50 to 
1000 pg mL-'. The amount of M1 increased linearly up to 
45 s after the beginning of the reaction (Fig. 3) but tended to 
plateau thereafter, because MI was further metabolized to M2- 
a or M2-b. The velocity of N-demethylation of YMl7E in the 
subsequent experiments was therefore determined with a pro- 
tein concentration of 500 pg mL-' and an incubation time of 
45 s. V,, and K, of YM17E N-demethylation, determined 
using pooled microsomes from seven individual livers, were 

a YI 
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FIG. 2. HPLC chromatograms of microsomal reaction mixture: a. 
blank human liver microsomes; b. microsomes at 0 s on incubation 
with YM17E as substrate; c. microsomes after 45 s incubation with 
YMI7E. 
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FIG. 3. Relationship between incubation time and M1 production for 
different substrate concentrations. YMl7E concentrations were set at 

microsomes from two human livers (HBI-6 and HBI-7) were used. 
W 0.5 PM, 1 PM, A 2 PM, 4 PM, 0 10 PM, O 20 PM. Pooled 

1449 f 294 pmol min- I (mg protein)-' and 6.7 f 2.2 pM, 
respectively (mean f s.e. of three determinations; Fig. 4). 

Inhibition of N-demethylation of YMI 7E by metabolites 
Pooled microsomes from seven different human livers (HBI- 
14, HBI-15, HBI-16, HBI-17, HBI-19, HBI-20 and HBI-21) 
were used in this experiment. When M2-a, M2-b, M3 and M4 
were added at various concentrations to the reaction mixture 
containing YM17E at a concentration of 4 p ~ ,  which is close 
to the K,,, value, N-demethylation of YM17E was inhibited in a 
concentration-dependent manner. IC50 values of M2a, M2b, 
M3 and M4 were 3.8, 2.0, 2.4 and 5.0 PM, respectively (Table 
I ) ,  showing that the inhibitory effect of these metabolites was 
similar, with M2b being somewhat more potent. 

The inhibitory effect of MI on N-demethylation of YM17E 
was confirmed by using ['4C]YM17E as a substrate. When MI 

I I I I 1 

-0.5 0 0.5 1 1.5 2 

1 /S (jlM-') 

FIG. 4. Double reciprocal plot of N-demethylation of YMl7E in 
pooled microsomes from seven human livers. The values are mean 
f s.e. of three experiments. 

Table 1. 
tion of YM17E in human liver microsomes. 

IC50 values of M2a, M2b, M3 and M4 for N-demethyla. 

Metabolite 

M2-a 

M3 
M4 

M2-b 
3.8 
2.0 
2.4 
5.0 

Pooled microsomes from seven different human livers (HBI- 14 
HBI-15, HBI-16, HBI-17, HBI-19, HBI-20 and HBI-21) was used i; 
this experiment. 

was added to the reaction mixture at 5, 15 and 60 pM, the 
activity decreased to 60.7%, 47.3% and 8.5% of control 
activity, respectively. 

Individual variation in N-demethylation of YMI 7E 
Table 2 shows the velocity of N-demethylation of YM17E at a 
concentration of 20 p~ in ten individual hepatic microsomes 
containing different amounts of cytochrome P450 isoforms 
with different specific activities for substrates. A greater than 
tenfold difference was observed in the velocity of YM17E 
metabolism among these microsomes. The correlation coeffi- 
cient between the N-demethylation activity of YM 17E and 
those of various metabolic activities specific for cytochrome 
P450 isoforms was estimated (Table 3); only testosterone 68- 
hydroxylase activity, for which CYP3A is specific (Waxman et 
al 1988, 1991), was correlated to that of N-demethylation of 
YM17E (correlation coefficient > 0.97). The activities of 7- 
ethoxyresorufin O-deethylation (CYPI A, Bourdi et a1 1990; 
Lee et a1 1991), caffeine 3-demethylation (CYPI A), coumarin 
7-hydroxylation (CYP2A; Yamano et a1 1990), tolbutamide 
methylhydroxylation (CYP2C9/ 10; Veronese et a1 1993), 9 
mephenytoin 4'-hydroxylation (CYP2C19; Goldstein et al 
1994), dextromethorphan 0-demethylation (CYP2D6; Kupfer 
et a1 1986; Kronbach et a1 1987), chlorzoxazone 6-hydro- 
xylation (CYP2E1; Peter et al 1990), lauric acid Il-hydro- 
xylation (CYP2E1; Clarke et a1 1994) and lauric acid 12- 
hydroxylation (CYP4A; Clarke et a1 1994) were not correlated 
with that of N-demethylation of YM17E. 

Inhibition by CYP inhibitors and substrates 
Pooled microsomes from HBI-6 and HBI-7 were used in this 
experiment. N-demethylation of YM17E was inhibited by 

Table 2. N-demethylase activity of YM17E in ten individual human 
liver microsomal fractions. 

Microsomes N-demethylation activity 
@moI min- (mg protein)-') 

HBI-2 
HBI-3 
HBI-5 
HBI-6 
HBI-7 
HBI-9 
HBI- 10 
HBI-11 

HBI-13 
HBI- 12 

1203.7 

9.6 
1629.9 
145.1 
152.0 
25.1 

893.9 
40.0 

511.5 

Not detected 

YM17E was added to the microsomal incubation mixture at a 
concentration of 20 PM and incubated for 45 s at 37°C. The values 
are means from duplicate assays. 
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Table 3. Correlation coefficient between the N-demethylation activity of YMI7E and 
the specific activity of different CYP isozymes.. 
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Specific activity for each CYP isozyme Correlation coefficent 

7-Ethyoxyresorufin 0-deethylation (CYPI A) 0.046 
Caffeine 3-demethylation (CPIA) 0.067 
Coumarin 7-hydroxylation (CYP2A) 0.131 
Tolbutamide methylhydroxylation (CYP2C9/19) 0.484 
S-Mephenytoin 4’-hydroxylation (CYP2C 19) 0.003 

Lauric acid 1 I-hydroxylation (CYP2EI) 0.177 
Testosterone 6/?-hydroxylation (CP3A) 0.979 
Lauric acid 12-hydroxylation (CYP4A) 0.370 

Dextromethorphan 0-demethylation (CYP2D6) 0.000 

Table 4. Inhibition of N-demethylation of YMI7E by various CYP inhibitors 

Control activity (%) for inhibitor concentrations of: 

a-Naphthoflavone (CYPI A) 
minidine (CYP2D) 
Ketoconazole (CYP3A) 
Triacetyloleandomycin (CYP3A) 
SKF525A (non-specific) 
Metyrapone (non-specific) 

99.5 
93.7 
38.4 

100.0 
94.7 
90.4 

100.3 
95.5 
7.7 

94.5 
91.8 
72.4 

58.6 
86.7 

Not detected 
52.7 
73.6 
23.6 

~ 

YMI7E was added at a concentration of 4 p~ to pooled microsomes from two human livers (HBI-6 and HBI-7). The values are means from 
duplicate assays. 

ketoconazole and triacetyloleandomycin, which are potent 
inhibitors of the CYP3A subfamily (Watkins et al 1985; 
Maurice et a1 1992), and by non-specific CYP inhibitors such 
as SKF-525A and metyrapone (Table 4). When these inhibitors 
were used at 20 p ~ ,  activity decreased to 0%, 50%, 70% and 
25% of control levels, respectively (Table 4). Addition of a- 
naphthoflavone 20 p M  also inhibited this reaction to 60% of 
the control level. Quinidine, which is a specific inhibitor of 
CYP2D6 (Otton et al 1988), had only a slight effect on this 
reaction. When CYP-specific substrates were used, N-deme- 
thylase activity was reduced only by ethoxyresorufin and 
nifedipine, which are substrates of CYPlA and CYP3A4, 
respectively (Guengerich et a1 1986; Bourdi et al 1990; Lee et 
al 1991), with activity decreasing to 80% and 50% of control 
levels when 2 and 20 PM was added, respectively (Table 5) .  
Coumarin, tolbutamide, phenytoin, hexobarbital, debrisoquin 
and propafenone, which are specific substrates for CYPZA, 

CYP2C9/10, CYP9/19 and CYP2D6 (Siddoway et al 1987; 
Knodell et al 1988; Yamano et al 1990; Kato et a1 1992; 
Veronese et a1 1993; Goldstein et a1 1994) had essentially no 
effect on this reaction. These results suggested that N-deme- 
thylation of YM17E was mainly catalysed by the CYP3A 
subfamily, while the CYPlA subfamily made only a minor 
contribution and the other isozymes no contribution to this 
reaction. 

Metabolism by cDNA-expressed microsomes 
Substrate concentrations were set at 2 and 20 pM, the 
approximate K, and saturation concentrations, respectively. 
Because the metabolic velocities of these microsomes were 
low, with insufficient production of MI for analytical sensi- 
tivity after 45 s incubation, incubation was performed for 
10 min. As M1 production rate was confirmed to be linear for 
up to 10 min in these microsome experiments (data not 

Table 5. Inhibition of N-demethylation of YM17E by known CYP substrates. 

Control activity (%) for inhibitor concentrations of: 

0.2 jlM 2 P M  20 pM 

Ethoxyresorufin (CYPI A) 
Methoxycoumiuin (CYPI A) 
Coumarin (CYP2A) 
Tolbutamide (CYP2C) 
Phenytoin (CYP2C) 
Hexobarbitat (cYP2C) 
hbrisoquin (CYP2D) 
Ropafenone (CYP2D) 
Nifedipine (CYP3A) 

104.8 
98.5 
95.0 
98.6 

102.1 
104.8 
102.7 
105.6 
99.8 

80.5 
92.3 
92.5 

107.7 
98.3 

105.0 
102.9 
109.7 
93.0 

Not tested 
101.2 
89.4 
96.7 
99.8 _ _  - 

102.5 
100.8 
92.5 
53.1 

YM17E was added at a concentration of 2 p~ to pooled microsomes from two human livers (HBI-6 and HBI-7). Inhibition with 20 pM 
ahoxyresorufin was not conducted because of the poor solubility. The values are means from duplicate assays. 
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Table 6. Metabolism of YM17E by cDNA-expressed CYP isoforms. 

Microsome used YM 17E N-demethylase activity for substrate concentrations: 

Unexpressed microsomes 
CYPlAl 
CYPlA2 
CYP2A6 
CYP2B6 
CYP2D6 
CYP2El 
CYP3A4 

0.8 0.4 
0.2 0.9 
2.6 6.2 

Not detected 1 .o 
2.0 1.6 
3.4 15.8 
0.3 0.9 

10.7 21.2 

Not calculated Not calculated 
10.0 37.8 
78.3 183.5 

Not detected 22.8 
37.1 29.6 
13.3 61.9 
8.0 21.6 

357.3 707.9 

1204 

" 8  

0 lb 20 30 40 5 0  
Anti serum added (pL) 

FIG. 5. Inhibition of N-demethylation of YM17E by rat anti-CYP 
antisera: 2 h before incubation; m anti-rat CYPIAI, 0 anti-rat 
CYPZBI, A anti-rat CYP2C11, + anti-rat CYP2El and 0 anti-rat 
CYP3A2 antisera were added to 50 p g  protein from pooled micro- 
somes from two human livers (HBI-6 and HBI-7). 

shown), this condition was considered to be adequate for 
quantitative analysis. cDNA-expressed microsomes of each 
CYP metabolized YM17E at a different rate (Table 6). 
CYP3A4 isozyme showed the highest metabolic velocity at 
both 2 and 20 pM, followed by CYP2D6 and CYPIA2. 
Expression of the velocity of these microsomes in the units 
pmol min- ' (nmol P450)-' also showed that CYP3A4 had the 
highest activity for N-demethylation of YM17E (Table 6). 

Inhibition of N-demethylation of YMI7E by rat CYP anti- 
serum 
Pooled microsomes from HBI-6 and HBI-7 were used in this 
experiment. On addition of several anti-rat CYP antisera to the 
reaction mixture, anti-rat CYP3A2 antiserum inhibited N- 
demethylation of YM17E by 60% (Fig. 5) .  In contrast, other 
antisera had slight effect on this activity. As activity was not 
completely inhibited under the above conditions, even with 
CYP3A antiserum, an additional inhibition study was per- 
formed at the lower microsomal protein concentration of 
10 pg mL-' (data not shown). The same results were 

obtained, however, suggesting either that this antiserum has a 
limited effect on hepatic CYP in man or that other enzymes 
contribute to this reaction. 

Discussion 

On oral administration of YM 17E to healthy volunteers, 
plasma concentrations of YMI 7E and its metabolites (MI, M2- 
a, M2-b) increased more than in proportion to the increase in 
dose (Uchida et a1 1996) suggesting either that metabolites 
inhibited YM17E metabolism or that the absorption rate of 
YM17E from the gastrointestinal tract was affected by dose 
levels. In this study we have examined the possibility that 
YM17E metabolism is inhibited by its metabolites. The results 
show that M2-a, M2-b, M3 and M4 inhibited N-demethylation 
of YM 17E in a concentration-dependent manner, with IC50 
values of 3.8, 2.0, 2.4 and 5.0 p ~ ,  respectively (Table 1). 
Thus, inhibitory potency was closely similar, with that of M2-b 
being somewhat greater. 

Because inhibition of N-demethylation of YM17E by MI 
could not be determined by HPLC with electrochemical 
detection, this inhibition was examined using [14C]YM17E and 
measurement of radiolabelled metabolite (Ml) by liquid 
scintillation counting. Unfortunately, because the specific 
activity of ['4C]YM17E was not sufficient to enable precis  
determination of product ([l4C]M1), IC50 or Ki values were 
not estimated; the results showed, however, that MI inhibited 
N-demethylation in an M 1 -concentration-dependent manner, 
indicating that M1 itself did inhibit MI formation. These 
results indicate that in human liver microsomes N-demethy- 
lation of YM17E is inhibited by at least five metabolites, 
namely M1, M2-a, M2-b, M3 and M4. In man the concentra- 
tions of YM17E and these metabolites in liver after oral 
administration are not known, thus we cannot conclude that 
non-linear kinetics were a consequence of inhibition by the 
metabolic products. In a previous study (Uchida et al 1994h 
however, the combined concentration of YMl7E and its active 
metabolites in rat liver after oral administration of 
['4C]YM17E at 10 mg kg-' were estimated to be approxi- 
mately 20 pM, more than the IC50 value obtained in the pre- 
sent study. In addition, the highest values of the range of 
plasma concentrations obtained in studies on man were beyond 
those measured in the rat (Uchida et a1 1996), suggesting the 
possibility that the concentration of these metabolites in the 
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human liver was high enough to cause the nonlinear plasma 
concentrations of parent drug and M 1. 

We previously reported that the N-demethylation of YM 17E 
in rat liver microsomes was at least partially catalysed by 
c.ocbome P450 (Uchida et al 1993a). In human hepatic 
microsomes this reaction was also inhibited by cytochrome 
~ 4 5 0  inhibitors, namely SKF525A and metyrapone, indicating 
fiat cytochrome P450 is involved in this reaction. Many spe- 
cific inhibitors or specific substrates of CYP isozymes have 
been reported and used for identification of CYP isozymes 
involving unknown metabolism. Among isozyme-specific 
inhibitors and substrates, ketoconazole showed the most potent 
inhibition, namely 90% of control at a concentration of 2 p M ,  
whereas no metabolites were detected at 20 p M .  Nifedipine 
dSo inhibited this N-demethylation in a concentration-depen- 
dent manner, suggesting that YM 17E and nifedipine are 
metabolized by the same enzyme, namely CYP3A4. Inhibition 
by triacetyloleandomycin (Watkins et a1 1985) also supports 
fie involvement of CYP3A isozyme. The weak inhibition by 
7-ethoxyresorufin and r-naphthoflavone suggested that the 
CYPlA subfamily plays a small role, but that other CYP 
isozymes are not involved in this reaction. When ten individual 
microsomes containing different amounts of each CYP iso- 
zyme were used, the activity of N-demethylation of YM17E 
correlated with that of testosterone 6j-hydroxylation, which is 
specific for the CYP3A subfamily (Waxman et a1 1988, 1991). 
Other metabolic activity showed a lower correlation coeffi- 
cient. The correlation coefficient for testosterone 6b-hydro- 
xylation was greater than 0.97, suggesting the major 
contribution of CYP3A to this reaction in hepatic metabolism 
in man. Taken together, these results show that CYP3A4 is the 
major metabolizing enzyme of YM 17E in microsomes and that 
CYPl A2 partially contributes to this N-demethylation. 

The conclusion is further supported by metabolism in 
cDNA-expressed microsomes. These microsomes demon- 
strated that not only CYP3A4 and CYPIA2 but also CYP2D6 
catalyse YM17E metabolism. We used YM17E at concentra- 
tions of 2 and 20 PM, 1.e. approximately the K, value and 
saturation state, respectively. The ratio of the reaction velocity 
of CYP2D6 to that of CYP3A4 is higher at a substrate con- 
centration of 20 p~ than at 2 p ~ ,  suggesting that the V,,,/K, 
values of CYP3A4 and 2D6 are different. The unit of these 
results is the velocity of product formation (mg protein)- I ,  but 
the cDNA-expressed microsomes each contains a different 
mount of cytochrome P450. For example, CYP2D6-expressed 
microsomes contain about ten times more cytochrome P450 
than do CYP3A4-expressed microsomes. Correcting the 
velocity for the amount of P450 shows more clearly the pre- 
dominant role of CYP3A4 isozyme (Table 6). Shimada et al 
(1994) reported that two members of the P450 family, the 
cyp2C and CYP3A subfamilies, are the major P450 enzymes 
in the liver in man; these represent 18.2% and 28.8%, 
respectively, of total P450 whereas the CYP2D6 content is 
only 1.5%. Even though CYP2D6 does participate in catalys- 
ing this reaction in-vivo, its contribution is not significant. 

As mentioned in the introduction, despite showing potent 
efficacy in several animal models, the hypocholesterolaemic 
activity of ACAT inhibitors in man is not clear. In general, 
Plasma concentrations of ACAT inhibitors are low (Tse & 
Jaffe 1988; Hainer et al 1994), and ACAT inhibitors with low 
bioavailability and present at low concentrations in plasma had 

no effects on regulation of plasma lipids in man (Peck et al 
1995). In a clinical study, a reduction in serum cholesterol 
levels was induced by a high plasma concentration of YM 17E 
together with active metabolites. If ACAT-catalysis of ester- 
ification in the gastrointestinal tract were not the rate-limiting 
step in absorption of cholesterol from the gastrointestinal tract 
in man, or if the supply of cholesterol from liver were suffi- 
cient to maintain the serum cholesterol levels in man, poorly 
absorbable ACAT inhibitors might not be effective. YM17E 
was administered orally so that the drug reached the gastro- 
intestinal mucosa to inhibit intestinal ACAT. It was then 
absorbed and metabolized to five metabolites, which also have 
an inhibitory effect on ACAT. The metabolism of YM17E and 
of these metabolites was inhibited by themselves, with the 
result that the plasma concentration required for the hypo- 
cholesterolaemic effect was maintained for longer. This char- 
acteristic of YM17E seems to be advantageous for reducing 
serum cholesterol levels because oral administration of 
YM17E is thought to act at two sites at least, the intestine and 
liver. In addition, a high plasma concentration of parent drug 
and active metabolites might also enable the development of 
anti-atherosclerotic activity on the arterial wall, but further 
investigation is required to determine whether this inhibitor 
shows anti-atherosclerotic activity in man. 
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