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Metabolic screening using liver microsomes of rats and humans is an indispensable tool to optimize a lead structure
and to select compounds for in vivo study. Elucidating the relationship between in vitro intrinsic clearance (CL;y, app)
and in vivo clearance (CL,) is a prerequisite for screening. We investigated the relationship between CL;y,, oy in rat liver
microsomes and CL, after intravenous administration in rats in eight projects. No relationship between these two
parameters was found across all of the projects examined. However, there was a certain relationship in the same core
structure of six projects, but not in the other two projects. The poor correlation in the projects was improved by con-
sidering serum protein binding or microsomal binding in the estimation of in vifro clearances. Although the binding as-
say was labor intensive, unlike metabolic screening, the introduction of the equilibrium dialysis method using a 96-well
format increased the throughput. Optimization of metabolic stability was conducted on the basis of the structure-meta-
bolic stability relationship (SMR) in one of the projects, showing a good correlation without the binding factors. The
replacement of the piperazine with a homopiperazine moiety improved metabolic stability in the rat and human liver
microsomes. The compound also showed a desirable in vivo pharmacokinetic profile in rats, suggesting that the SMR
study on the confirmed in vitro and in vivo correlation is essential to the optimization.

Key words——metabolic screening; in vitro-in vivo correlation; structure metabolism relationship; serum binding;

microsomal binding; drug discovery
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ZEME invivo TOFZ VY 5> ALEDORIZMS
MOMHBEDH % Z LHi{E £72%. Obach® KW
Carlile 5213t MFI 7 0 — A TOEY O RH
WS A FRETIVEAWTTRILZZUY 5
A (CL) WEHEMEEFIE T HIEa2RmEL
TWw3., —J, AstraZenecal® J% X GlaxoSmith-
Kline!V @i/ ) — 3L WES 702 27 hO
EEWIONWT, Jv MFIZ OV —LAn5KD
F 1 X3 in vitro intrinsic clearance (CLiy, app) %
invivo CL LI L7236, EEAEMBE LN
LZ&ERL. 2T, bhbhmInETEmL T
Er7ul 7 SOHRMSBEBORBICHI 70
V—LABRERRDEET58D070Yr MMIDW
T, v 7oy —LszfnwTHEGN
CLint, app EFHIRNIR G2 DMK 7 U T 5 2 A (CLy)
ZEEg U, in vitro & in vivo DFEBITEIC D W THET
Uz, HHBMESRERR S N/=7 0o 27 hD 1 DIZD
WTC, fbitis SR ER OB ZFEE L, 2D
fER DI THRET 2.
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1. #AE HBRICHEALAEHAEKIZ VT IVR
1J v F (Tokyo, Japan), FIJEHi#E T3¢ (Osaka,
Japan) Xi&7F 7171 (Kyoto, Japan) /n5SHEAL
z. v RERUOERFIZ7O0V—4 (WThdHT—
IWENE=HD) 1T XenoTech fF (Lenexa, KS) »
SEEAL .

2. EERENY  FEEBITIE 710 8 o i
Wistar 27 v & (HAF v+ —)V X« U— N2
#, Yokohama, Japan) ZHL7Z. Fv MZIX
K OE AR 2 B IR S &, SR — &
Mg, FEERITHEL /2.

3. Ty MRUHILFIZ70Y —LORR T
—TIVEEFIZTT Y Mg ZE S S5 h COmAIL 72
AR RRKTHERR, MLz SV 1=7
1YV 13 HARE (Kagoshima, Japan) THL
BIN=bOEMAL L. FiKIC 4 520 50 mm
U EREwR pHT.4 2 M4, 4ClcTrryazrh
FTAREDF AT =2 N TRED R — b 2IERE,
9000 x g, 20 7pfali/ L BEIC R D EEERGZ. &5
12 100000 X g, 60 73 [ #EE LB K DG 5 N7z
Ve 4y 7 FRCARERICERE L 2 /0y — LSy &
U, Z 2NN REITEREYE & L T bovine se-

rum albumin % f \» T Coomassie protein assay j%
IR OHEEL 2.

4. 370 —LZAVARBER 100 mm
U AW (pH 7.4) 12 1 mM EDTA, 0.2 mg/ml
0y — AN NADPH Af5% (5mM  glucose-
6-phosphate, 1 mM NADP ™, 1.5 units/ml glucose-6-
phosphate dehydrogenase) #&E0H D% ISR (2
ml) &LU7z. 37°C, 37T LA >Fax—a>
%, DMSO 37t b= MU IVICIEM S ¥ /2 il
fb&mzE 1uM 225 XS ITHML, KitapaL
Iz, TOBENZTNOEBOREZ 0.29% KT 1%
DIFE L. REFMICKIGKZ 0.2ml > 71 >
7L, T—7 )V XI3HE T F )V 7s & DR BERFIFIC
MAZZ LK g zfEik Uz, w3y IV A
USRS THitR, IRMERLE L, HPLC 33X LC/
MS OB EIMICERERERMTICH L. b, &
AREYIY > 7 7R 0, 5, 10, 15, 20, 30 73 &
UAEEYOFRIICEDOE THRA 120 £ TELE L
72. CLingapp 131 > F 2 X—=2a > HO(LEYDIH
Kin o —RHKREEERZRD, HLZZI7 DO
V—LDRETHRETSHZEICKDERLE £
Biomek 2000 (Beckman Coulter, Tokyo, Japan) [T
K52 AT LZHWTRE#ERABEZITO 5
&, bidsttz—HAEELE 2oiBoknz
Scheme 1 {2779, SEIZ/R L 7z 1A UK O KIS E
(0.2ml) %967 T)L7L— KA, 37°C, 1045
M7LA>Fax—Ta>r gk, dBRILAED
(DMSO) ZWMNT 5 Z Lick D KINZERBL, 2
INEE=2r ) 7 s il il D1 227 N | [ B Rl e
DiTo7. BRB7 M NIV ORKREEIT 16.7
%EL. FHICOAZT 4 a2 L% UL
JVIEFEHH 7 = L Oasis® (Waters, Milford, MA)
A, AKTHELAZ. 025ml D 70% 71 h=
MUIVIEHRT 2 s iR, T otk ZEH: LC/
MS TothEEL 7z, LB dBRbamolieEE
#, dABbams, 70 U RMREDEN
, LI —KrZESHLTLC/MS T —2 A5 —
Ta ik Lz, F—LEYMD otk 7, Hl
ERBEELTHETO T v 1)), FEB RO
CLu,app MNEH 05 EDICTOYT I AL L. £z
Biomeck 2000 % i W) T4 54172 CLiy, app P 7 > F
SUMFH T MR LT KT 2 I & 2R
L7z,
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Metabolic stud! Extraction of SPE plate LCIMS & Data analysis
Preparation Conditioning / N
(incubation medium) (1 ml Methanol) All TOI‘I‘IEOUH:‘:S atrlf
analyzed under the
J:L Q same condition.
Initiation Equilibration
(spike of test compounds) (1 ml Water) Data processing can
) Q. \:> automatically be
done.
[ Incubation on 96 well pIateJ Loading
(at 37 °C, 100 rpm) (0.15 ml Sample) Input of Mass No
Termination Wash .
(addition of acetonitrile) (1 mlx water) Output of CL;,, ,

.

]

Elution ]

{ (0.25 ml x 2, T0% acetonitrile)

Scheme 1.

5. YN/ REAEHRAR Sy MLEKRTIY
0y — AR (0.2mg/ml) 1ZZFNF 0.5—10 ug/
ml X3 1 uM ORI/ X DB a Y &
L, I573M37CICTA >FaRX—2ar&E{1o
7. F®OY > 7 ) 1ml % Centrifree® (Millipore
Co., Billerica, MA) 21z 3000 rpm, 20 %) fl5=.0
SYBERS, DA% HPLC i3 LC/MS ikl &
U7z, SEEnEtmEcldimE i 7oy — L5927
VEFMZEZ Y Y T TEDENTE Spectrum®
(Spectrum Laboratories Inc., Rancho Domingnez,
CA) ITA, iz EDz0bEE&ZHEL .
R IRAR WK 3 ml BT 4 33 37°C, 6 [RER AT
CFaN—Ta CEREEEEAE L TES LT
TEMHR P IRE 2R /=, F 7= Equilibrium Dialyzer-
96™ (Harvard Bioscience, MA) ZHW/-H&135
Wiz A TR MO )V By > 7L %,
R D TOVITIZ A aR#E E#K 0.2 ml 2 22
fnZ, plate rotator {2tz ~ L7z, 25°C 2T 16 [
MEHRIRE S /205, WY1 FOLEVIREZ
HIE L7z

6. FEFMHDRAE HBLEY 10ug/ml 25
DR CEEEE I (DMSO IR TR, Ri&HE
F1%) A%/ —)vzaRmL, Z0kkz 1/100
XiZ 1/10 & U7z, 30 43, 300 [al/53 THR & 5,
T ORBERPIBEZREOFIOT > T)&E & HITH]
ELERZEH LU, BREEOEHE
(cLog D;4) 13 Pallas (CompuDrug International,

Work Flow of Metabolic Stability Study Using a Robotic System

Inc. South San Francisco, CA) ZH W Tk /=,

7. Z b Invivo BR RN BRI S
) % polyethylene glycol 400 : ethanol=9 : 1(v/v)
12, B IO$% 5% 13 ethanol : polyethylene glycol :
water=1:4:5(v/v) IZZNZTIARMIEHFHEL
. T—7)VKREET, 1 X3 2mg/kg DG ETK
BRE AR 5 5%, RREFRICSHER R S BRI U 7z
IRBREO#KGIY > T2 HWT 2mg/kg DHET
FL 7z, MiRZN)NY L 7206, 3Z0#E
IR0 Mgz HBRbamdhieal <iEdryib
HU BT T —7 )V UTEEER 5 )L & Wi
S, BEHICHEMAEL HPLC X3 LC/
MS T Komura 5 D HEDIC KO HiERL . I
WK SRR Ry) TR EEMZE 0.5 X 1
pg/ml QIRETMRICIHRML, 15 70, 37°CITT
A 2FaN—3 3%, HIEL SR RE SR
BEOHMNSEM Uz, Bt/ N1 TV qH
R MMmE R B R DORBZEZZ T OB EmRL
7z,

BREER
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Analogue synthesis

In vitro biological activity

N

Metabolic screening

» SAR for metabolic
stability

Establishment of in vitro -
in vivo correlation

ﬂ Ranking

/

In vivo PK profiling

ﬂ CL <2 I/hr/kg, BA > 20%

In vivo pharmacological study

Scheme 2. Metabolic Screening Cascade in Drug Discovery Phase

T15 5372 CLiy, app 7 5 well-stirred model 72 & @
AHENET IV ERHWTEB I N2 & invivo
CL, Z b3 27, XIXiiZ CL, /n 5 invivo
CLint,app ZHEH L THI I NS, 31319 Z DR r —
V2077 08— E%FZEL CTHiiEE? E DR
BT 20iERINDIRTHD0, R#MA7 U —
Z2 7 TIEE U A CLing, app & CLy OFEEAE U
MZRTNEISMPNEETH D, bbb NEfkEL
T&Ee7ay el bORnSsREENIFI 70 —
LABERICIOR#EZITSH8D0T O 7 MC
DWT, v MFI 7OV —-LA0RBEHBENSES
372 CLin, app & 7 v b in vivo B0 53R 7= CL,
ESZER U, BBFEAROPTY 2 /A&, K
HEEOTHINRFIINHLEEEZEFEITDHDIE, phase
IR %52 2 Rl REED B 2 7= DB b &M 5
Rz, BE LT X TOEMOT—5 ZHNT
in vitro & in vivo O EBREF L& 2 A (Fig.
1), Masimirembwa % Clarke 5 23O L Ty
HEDITHBESEIEZZ ULk, LinLads Ad
SFO&ETOY T/ MTOWTHEL 2854,
CLint, app & CL, O IC Ll B AF 72 AHBE (FHBE 6%
¥ 077 LA E) Mo sz (Fig. 2). ZORER
ER—DRFEHNTHBENEO 5N ETH-> T
b, RFEEOREEN R 5 E YR TIIAHBEI TR
MULIZKWZEERBLTED, S2FLATY—
Z2ZIT BT AW DERIT false positive i TR
false negative DS R ZLVWHOH TY 27 D E W
ETHDESAS.

—J, 7Y 27 b G LU HIZBWTHEMER

@ ProjectA
O ProjectB
12 - A  Project C
A ProjectD
10 4 B ProjectE O
O ProjectF v o o
8 V¥ Project G A v
g Vv ProjectH v vA }
£ 6 o Ay
= v oAb X Y
- A ®
© 41 ve B
& e, ®
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¥ AN
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CL (ul/min/mg)
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Fig. 1. Relationship between In vivo CL, in Rats and In vitro
CLin, app in Rat Liver Microsomes across Projects Investi-
gated

ZUMmo 7 (Figs. 3 KU 4). CLiy app M5 in vivo
NAT =T v T T B, ALEMOMPEITIKET
HODIMEY NI EGHER I 70 — LkEEMHE
EEEBTOINEDHD ZENHEINTNS, 81510
ZTZTTy MTEY X7 I2xT 2 IEREEE (f,)

ZFWT f#CLin, app 2R M L CL, &t L2, 7
OYx27 b GIZBWTHEAMRTIRE<EZELLD
DD (Fig.3), 7O 7 b H TIHHKHEILRED S
nwhol (Fig.4). BFEIIODVWTIE, 51
CLint,app & 27 0V — AT 2 IERESHR (f,) T
PRET B2 EICED CLy Z2HH L 245K, CL, &
BIFsHEMEEZ R U, 2OZEBRUEKEZR
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vitro & in vivo OB % MEHE 9712 CLling app & 18
EEUTAY U —Z 27 X3 & ACHAHRE O FEAff
2115 &, BobBYORBIRS SIS TN
DREERB O RN D 5.

IS OFEEHEICH T DWIER T & U TIREED
BEAHND. T 2 THERE LS DNE
BHEIZOWTT O o7 MEIZERE S TEH R 2

No. 1
Project A Project C Project E
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1 1 -
oo r=0.850 r=0.991 1
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Fig. 2. Relationship between In vivo CL, in Rats and In vitro CL;y ,p, in Rat Liver Microsomes in Individual Project
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Fig. 3. In vitro and In vivo Relationship without (A) and with (B) Considering Serum Protein Binding in Project G
T LHFERBTH > THIMIFY NI FEEHELI Y L Table 1 1Z)RL7=. 7037 b FZBRNT,
OV — LSRN ET LI EERBLTHED, in clog D74 Xi3 log D74 OEHMEIZIZE 3 25 4 TH

o7, LnURNs, ZF0Om/IME & &AM D & %
oy y Mt dTsE, AnS F T 20
BTHoENG KU H TIEENEN 3.6 XU6.2
Thol=. L=n->T, Zhvo7yoyzr hTik
FEVEPE D P A W DITE Y > N7 fEEE T R
70y —LfEGHOEEMREOENKE L,
vitro & in vivo D5 — % Z g S, #athreE
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Fig. 4. In vitro and In vivo Relationship without (A) and with Considering Serum Protein Binding (B) or Microsomal Binding (C)

in Project H

Table 1. Lipophilicity at pH 7.4 of Test Compounds in In-
dividual Project
Log D4
Project
Mean Range
A® 4.08 (3.5—4.7)
B 2.87 (2.4—3.7)
(2 3.51 (2.4—4.5)
Do 3.54 (2.7—4.22)
E® 2.99 (1.4—3.7)
F» 1.72 (0.88—2.65)
G2 3.90 (1.61—5.21)
H» 3.95 (0.25—6.48)

a) Measured by a shaking method, ») Estimated by a computational
method.

BT A2BENH SO THAS. LLEOERNSRE
BEEEICX > TRIMES >N X370y — A
FEEMNEERINT A= E/25 Z EAURINZR
Thah, REEREIORY F2HWD ZEITXD
LT, 1B 150 (L& O F-AE A AT EE/R D
LT, [ERDHEGRBMOINETIRIZ S DILEY
E—EIGHET 2 OI3EE L W, miEY >N REaE
B Z N FILT 27200V DD HENREINT
$ 0, 2020 %£3 human serum albumin [&E{LH 5 A
FEERWTHRE LUz, ZORERRR & 8% O S5
WHETRO 72 IEREG R L DBIRICDWTHRNAE (K
RIIRL TR &25, #EEEMEWEGETE
RIS Z R U2, fERNENSE TR
FHBEME L KT L7, KRICHTSIRE L TR E
NTWDT7 1)V L — a  EOEREERET 2
7z, Centrifree®z i\ TIERE G R ZHIE L K
FriETR o Nl &tk Uz (Fig. 5). SE#ZENT
ETROIZIEFEGRN 10% LA LOILEBmITHNT

100
9
S 103
' ]
"q',' ]
S
c
Q
I
i 1 3
>, ]
o
0.1 . T MRS T
0.1 1 10 100

f, by the Equilibrium dialysis method (%)

Fig. 5. Relationship of f, Estimated in Filtration and
Equilibrium Dialysis Method
The solid and dotted lines represent the correlation curve and the 1 : 1
correspondence curve, respectively.

MAELE 15 1 O REIFRICH - 7203, JEFEE RN
10% LA FTIE7 4 )L b L—2 3 > OEI KW ER 2
AU, ZHUS—RITIE Y > N7 fEE I NEE
EREELTHBD, sWiEatE2 I IBEEtamT
X7 4N —~ORFIZED ARTREIMETL 72
e EEZSN. U— MEaMDOIRE N LA
MZh D, REMEERDIE-ER 10% LT DL
B % IEREZRHE S 2 7= DI B ik ot L T
WB Y INS. ISICEORERE BT 5729,

BT 2 %4 L 72 96 7 )L 7 L — I (Dialyzer-
96™) ODEHERHMIIOWVWTHREFL, TOELNHE
Z ol O ETE Stk Uz (Fig. 6). W4k
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NHESNIZEITHERDEMEAEMITBNTHIF
F 11 OB 2R L. ZHUSENTE Tl D
WENEHTEZS-DTHAD. IsiZbhrbiid
WER % BT 5720, Bz L3I iE M & O
FHRBI DAL B DI L > THESNE—T O
B im S 2EERET2 LIk 0EARZET
L7z, TOfE, MEHZHNWTRDZMEEIFIE—
B2 EmS, AHEORATIOREY > T )L
BEWSTIENTE, 1 HYZD 48{baWZE it
Mid 2 &MnfELino iz

KIZ2 7OV — LSO FIEICDONWT, B

100-5

10 5

0.1

fp Estimated by Dialyzer-96 (%)

0.01 T . .
0.01 0.1 1 10
f, Estimated by equilibrium dialysis (%)

100

Fig. 6. Relationship of f;, Estimated in Conventional Method
and 96-Well Format for Equilibrium Dialysis

The solid and dotted lines represent the correlation curve and the 1 : 1
correspondence curve, respectively.

A. Rat vs Human

)
£
s :
E .
E 1 °
c [ ]
£ °
=3
= .
-QQ L ] ‘ Y

Z o1 4 °
_F o
(%)

0.1 1 10
CL. for rat (ml/min/mg)

int, app

Fig. 7.

CL,p, app fOr human (ml/min/mg)
]

W LGB TH S ROy 2 2 iFEikz K
WTT IV kL —3 a3 & sz i Uz
(F—=F 2R L TWRW) 3, f/iE CldEA e
DAEMMNFED 5NTz. FHEMISRE NN ETH D033
70y —LfEEHED Y NI AR & RIS
96 T T L — &AW EEBENENFHTE
2H0DEEZBNS. Invitro & in vivo O FH B
DIRET 21T o /G R, MBI LR WEGHITITEE
WA ) —Z 2 T A — REEET H0HH
H>. §lx b, phase I H & OIS T DR
B SRR R Z I Uy H R E Do KT
EEEITRETHD. ZOHFHFI 70V —LID
O JH-#ERE %R XX in vivo iR 2 M A7 ) —Z >
JaRFEMT DI LTS, —F, MBS N
HE T, b EiE SR Z BT 2 2 &1
IRBHRTH A, ZOEZy MZmAE MFI 70
V—LEHWTAY ) =227 #EET 5 I &Ik
%, ZOXIIRRFOFTHERNICT O 2/ b
HED % 7= D 1T i3S S B O 2 FifRd 2 2
EMEEEEZEZSND. X 51T in vivo I BRIZ
T2k ERINT 5720, ACEDI 70y —
LZEHWTHEITXRETHSH. £ Tinvitro & in
vivo DN ER S N7 02 27 FFIZDOn
T, v b, ERNRUGZEOTOD I NOETIVE
MTHAHHINOHI 7O — LN TR ENE
WAL, ZTOMEICDOWTFg 7ITRLE. 5
v R ERXRTHIVIEE MU T EAFAHBEM 2R
L7z, 23 Y )L d CYP isoform OREDO Y —8
EMCEHMLTWS ZE®TmA, CYP OF

B. Monkey vs Human

0.1

0.1 1 10

CL for monkey (ml/min/mg)

int, app

Species Difference in In vitro Intrinsic Clearance Estimated in Liver Microsomes in Project F
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P22 LRI BTN LRI, UED
BRMNSATOD 27 MzBWTAR<EDHT Y b
TRBNCRERMEMIT I R TE N TRETH
2 EHWE NS, Table2i25 v b, HILKRTE k
270y —LATORBMEENESHEE OBRIZD
WTRL7Z. Ry RO R IFEBEMEICHE L WY
TRV UEM EEZZ BN, T DA DL IS 2 E
fiid s &IckD, MG < AHITLER
ftEmERBTIENTELHDEEZEZLND. (i
HRAL D BRI DU TR E M 2 3 U 7=

piperazine RO EHZAND 7 )L F )L HDE A H %
ZIF5 <3 5HDO, homopiperazine B~ D &
R RE S B, HEAHHBE OS2

AEY 5720, ZoEmE Ty MTEIRN KR O
5 LB T L e, BRI G#E SN
CL, 1% 0.581 1/hr/kg & IR <, BOEGHED
ARNFIHRIZR 53% & BiF TH o 7= (Table 3).
KAEEWT DN TIZWEALARVREE D 5 /NGREIE D
BRENRFTHDHZE, EMFI 70V —=ATO
CLin, app 78 Kato 512 & o TREI N2 /NBA TR
T2 W EEE &2 T[> TH D, CYP3A4ITX
DRBIND EfELTHE MBS /N GHIEE
WO/ NS W EMTFRIEN- 51T,
Fw MZBWT in vitro & in vivo BMFHEIL T\ 5
Z &, MRERBMEBEICEE N W &S, KMEE
MINE MICPWTRIFRBRETO 7 71 IVERT S

Table 2. Structure and Metabolic Stability Relationship

Metabolic stability?

R1 R2
Rat Monkey Human
1 N N— —CN 0.24 0.29 0.17
_/
R1 /N
2 N o N— —cl 0.23 0.55 0.19
_/
3 N N— —NO, 0.24 0.56 0.28
_/
R2
4 — — —N 1.17 1. 0.51
N N 0, 36 5
5 NN —NO, 2.84 2.07 0.88
6 >*N N— —NO, 3.48 4.28 1.49
__/
7 N N— —NO 4.40 3.52 1.27
L/ 2
8 [jN—<:>w— —NO, 5.14 4.30 1.63
9 N N— —NO 1.93 1.02 0.2
N 2
f
10 /N\CNi —NO, 4.63 1.45 0.72
o
11 b —NO, 0.11 0.164 0.045
12 T::::>N‘* —NO, 0.070 0.082 0.031
SN
13 —NO, 5.27 2.98 2.07
N
_/
L
14 AN —NO, 1.22 0.55 0.11

@) CLipapp (ml/min/mg).
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Table 3. Pharmacokinetic Parameters of Homopiperazine
Compound after Intravenous and Oral Administration at
2 mg/kg to Rats

Estimated values

iv ti (hr) 1.43
Vs (1/kg) 0.843
CL, (1/hr/kg) 0.581

po Chax norm (ng/ml) 81.3
Thnax (hr) 6.0
ti2 (hr) 4.35
AUC,om (ng*hr/ml) 995
BA (%) 52.6

D &l gz

PAERUZEEL DT, REBEHARE MU 2 E T/
FEIN B DA, invitro & in vivo DFIBIRIR % FENT
L7z ETHERBHBEZHSNITZ I EITLRD,
70/ PNTHEEGHEHEOT —4% & &b
MIAHIEMTELLDITRS. T LU THERERMD
FEEAREIC 72 5 & & BRI il L i fE
L2, PRI EREFRFT A3 B FE sl i 0 E € TN
AT DHIHBERED & L E 2 72T X512/ 5
THAD.
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