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SUMMARY

Drug metabolism and pharmacokinetic properties of drug candidates are
determinant factors in successful new drug development. During last 10 years, major
cause of dropout of newly developed drugs in clinical stages are pharmacokinetic
and metabolic issues. Therefore, selection and optimization of candidates in early
drug discovery stage is prerequisite for successful drug development. The purpose of
present study is to establish rapid metabolic/absorption screening method and to
construct the base for applying radiolabeling to preclinical ADME study. In vitro
metabolic stability of dopamine D3/D4 receptor antagonists and identification of their
metabolites by high performance liquid chromatography (HPLC) coupled with ion
trap mass spectrometry (ITMS) were done in rat liver microsomes. The compounds
were divided into three cassette groups for rapid quantitative analysis of multiple
drugs and simultaneous detection of their metabolites. The samples from incubation
with rat liver microsomes were pooled into the designed cassette groups and
analyzed by HPLCl/electrospray (ESI) ITMS in full-scan mode. The metabolic
stability of the drugs was determined by comparing their signals after incubation for
0 and 30 min, respectively. The metabolic stability of examined dopamine receptor
antagonists was in the range of 9.9-84.4%. In addition, present cassette analysis
allowed simultaneous detection of metabolites formed during the same incubation
without having to reanalyze the samples. The metabolites were first characterized by
nominal mass measurement of the corresponding protonated molecules. Subsequent
multi-stage tandem spectrometry (MS") on the ion trap instrument allowed
characterization of structure of the detected metabolites. N,O-dealkylation and ring
hydroxylation reaction were identified to be major metabolic reaction in
piperazinylalkylisoxazole derivatives. These results suggested that present approach is
useful for rapid evaluation of metabolic stability and structural characterization of
metabolites within a short period in new drug discovery. The culture condition of
Caco-2 cells was established and apply this system to evaluate in vitro permeability
study. After 17 day culture, TEER value of monolayered cells could reach to over
600 Q/cm’ and mannitol permeability was reduced down to 0.25Q/cm’. In vitro
permeability of D3/D4 receptopr antagonists was evaluated using this system. The
permeability of these compounds varied depending on the structure and permeability
coefficient was between 0.9 and 24.0. For the rapid evaluation of permeability,
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cassette analysis of mixtures was done using HPLC/MS/MS spectrometry. The
permeability coefficients of compounds obtained by cassette analysis was well
correlated with those obtained by single individual analysis. The permeability
depends on physio-chemical properties of compounds. Polar surface area (PSA) and
Log P wvalue were calculated and simulated with experimental results. The
permeability of chemicals was mostly goverened by PSA value and correlation
coefficient between PSA and Caco-2 experimental value was over 0.7. The
hypernated analytical technique is essential for pharamcokinetics study and tracing
drug metabolites. HPLC/MS/MS product ion monitoring, column-switching HPLC,
and gas chromatography/mass spectrometic selective ion monitoring methods were
developed for sensitive analysis of drugs such as medroxyprogesterone acetate, taxol,
and tizanidine. By using these technique detection limit could be lowered to
subnano gram/ml level. We also successfully apply radio-labeling to ADME
experiment and whole body autoradiographic technique was developed. In
conclusion, the methods and techniques required for lead selection and optimization
in drug discovery process and preclinical ADME evaluation.

.»?4‘..



Chapter 1:

Chapter 2:

Chapter 3:

Chapter 4:

Chapter 5:

Chapter 6:

CONTENTS

Papid screening of metabolic screening and characterization of metabolites - 19

In vitro permeability in Caco-2 cell system - e, 65
Expression of human P450 enzymes and inhibition -roveeeseecm 89
Development of new analytical techniques <« 109
ADME using radio-labeled compounds and autoradiography -+ 141
Metabolism of eperisone and drugs. - 163

._..‘{5...






19

Tjgy} 1;1; \;H}\}_jﬂ TZ TR e

el

%
ey

A

]

Z in vitro A} ¢

]

<A

T

_AO

A1

65

A 2 & Caco-2 A

-89

A 3 A Human P450

109

7K

il

-~ 141

163

Nd

Al 6 7 WA}l prolfile I

,..‘i7‘






A1 A% in vitre WAL QHHA B 2 AAMA] 72 1

_19_






1L A&
AR BAEAY e vlo|2E AT Bope] dAg o]FT on, HIZ AT KA =
o] 2T protein®] 715 FHol F&3| AAge| w AA vRd AT I 24
3l 2 Adold). Ut drug targete 2 ezl @i Pe] P27 FHAY virtual screening .
2 4 ule J3E Fredd] AFE EHA F4E Ve FEREES dAE &3
2ldatA ok 22Ut virtual screening® ® Ael® EAL high throughput screening® 2

o

O

in vitro screening AXHEE AL JHAE FREAY S S £H AL E 5 e
o wehd ol BAE F 44 in vivo FHE 7HE Z0E dFHe A4S s
lead optimizationo] A1E& 7%<] bottlenecko. 2 FAl Hth Lead optimization®] A 7]
& UAF HRAT FRe 7 2 AUSH 95 283 S4EE sheAY Aol
& 4 ok A o3t EAE a1 Asly] 18t high throughput 7§'d 2] thA} screening
She AL wlf T8 dolgt & &+ Uk |

#Z, high throughput 7)'de] $471% Adn tEo] G2 ¥ A7 A% A
2 g4 A4solAT Ak BA, Aol B o
AEE lead drug FEEAES Adsted s F2

# A2 AN A olde 580 wiko] k2o in vivo IS A&F in vitro

2]
I 0{1
B
(€]
e
I
=
o)
EL
m[o
=%
M

of

o,
_O,
=
=
el
2
lo
-?L

3
A_.

9‘:
j_,
il
Lot
r o4
TSL'
f
2

hat _—}7—
% G UAb] BAT AT o] b AT b AEE A% AR WAL 5
Sl highthroughput sl $471%9] e Aepdel Fold e 28 FA

Tandem mass spectrometry$} BEH liquid chromatography] 32 o]2jgt 41y Hhoj]
AolA ¢ Fa3 dg8g g gon A LC/MS/MS 7&e e 48 2 4E

'TQI"
oA gAAEe A% 2 AR 249 dE] A8H itk ol LC/iontrap MSe

-21...



quadrupole MSol| H]3}lo] scan moded| M & ZHE7} wj¢ $48ked thab obRA H7tel mlR|
o A 72 ZAel v f&skA AHEE T ok

Wt B ApdME LC/iontrap tandem MS 7]%3 in vito A} EdE o] &3}
high-throughput  7ide] oAl 2389 71¢S  Adslza 31k Figure 12
high-throughput 71'd ¢} tiAl 232 7)€ AdS 8 AFE BAE

|

[ New drug entry

Discrete analysis
Cassette analysis {

Decrease in the sample 4 Y A
analysis  time  and .y Cassette desxgn

allowed = simultaneous \ by computer program J Y ™
detection of metabolites [ i i i

. p Incubation with liver
without reandlyzing microsome on 96-well plate

v

Incubation with liver
microsome on 96-well plate
\. J/ \d
+ LC/ESI-ITMS analysis

by full-scan mode

Pooling of incubation samples
into cassette

k
Provide high sensitivity ’ .
when oo e LC/ESI-ITMS analysis
used for the detection by full-scan mode
of metabolites with
unknown mass

b

LC/MS" analysis
by multi-stage tandem

Figure 1. Strategy for high-throughput metabolic screening

High-throughput 7jde] tha} 23]y 7jee] Mg st BA ook & 7|2 7
Al in vitro incubation ©<eEtE £33 A)89 tiEF Aol AAE BAAEY FHAIE B
T FHAIY DEolth B AT E 0|2 93t 96-well plate9} 12-channel muli-pipet

£ o8, o) 9%67]9) AES FAl9) incubationd}il precipitationS o]&ste] thEke] A&

F o Mg 5 IEE 9or 3 computer program2 ©]£-3 cassette groups
ket £4 Alge £ AAl FANLE ©EATILAL ST o]FA AE dAEY &



32 E3lo] AdojA 77| cassette A EE LC/ion-trap MSY full-scan modeol| A #4]%)
Aon ol BAL £ cassettedt ZE FEE oA} eHHA] B AF JHE
< 4 Aok T3 d Jee AR AEA go] cassettedt?] HZEE HARIEY

EE FEEY PSS A&T

=
:
B
;
it
Job
ro
)
R
[@]
&
o}
T
-0,
=2
i~
o
0
2
rir

d

T
o
ku

[}

)
n
2
3
ek
of\
ko
e
5=
24
r
2,
offt
th
i
(ifNe
i
=
2
;_34_“:‘
i
lo
o,
Le
2
-
BN
it
i
ro
o

o 7} FEEY Al ARE AAEtE Aotk ol Hste 2 ABLME multistage

tandem mass spectrometry (MS") HH S o] &3} A EH

doh. 2 AAIE S MS M A4 E product ionS2 3¢lsle] wWatd 727} Fldier
MS'E Faa] 72 90| o2l g 7

=
e
2
il
do
>4
r'r‘"‘
FN
i
nind
ol
ol

~lo
fr
a
offl
—9;-“4
e
et
r ]
_er:,
8
u)

Lln vitro metabolic screening J\ /( LC/ion-trap MS ]

A4
( High-throughput metabolic screeningj

( Metabolic stability J ( Metabolic pathway }

\/

[ In vivo metabolism prediction }

Figure 2. A flowchart overview of high-throughput metabolic screening for a drug
discovery

olAtml o] B Ao cassette 4], LC/iontrap tandem MS 7]&, 8|3l in vitro

Wit BRE ol g3e] NepREAY A2T FES AF highthroughput ) thA} 22

_23....



13t Wolr} in vitro tiAF A2 ZEEH in vivo DALE &3 £ s 24

€ 718% v skt (figure 2).

_.24,..



2 A3
Human liver
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Figure 3. Structures of dopamine D3/D4 receptor antagonists

Sample preparation
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Calculation of metabolic stability
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Structural identification of metabolites by MS"
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S5 AMgsojo stug Aol Hrle] it ow 7H53d miniaturizationo] R FETH
dutdog Mo HAZ st} 4B FEE AA physiological FERT & FEE
ol g8kt of A thatel Todte HAVF DEbd § YOEZ in vivool XY oFE tiAF &
=5 A AFsr] offoh wEtA in vitro A]EA  7HsdE  physiological
concentration o] 233} Km value &3 258 A3t o] o748t B dFgM=

il

HA single incubationel| Al 9] thAl A HrEE dAAT] B2 AEE 4 Hrist] 4
3t 3HE 10 uM FE oA microsomed} ¥R A] Ao} 7} % volumes 48}

S TP B ¥ 0w AET 24 ANy e AR Akt oA

ol

g
—

(=

micro-HPLC/UV systemol] A £41& o]-83}o] ¥F8-9] miniaturization ©] 7}Fs8AE Lolx
2tk Bk volumes 01 mio|ARE 1.0 mizbx] WH3ste ¥he-2 A713 7+ isozyme
specific substrate®] tHAIAIES A HEYch  Tableo|4] HeE  ule} o] Coumarine
-7-hydroxylation$} 722 CYP1A2, CYP2A6, CYP2D6, CYP3A4, CYP2E1 &4 substrate®] tf
AHAE Ag Al ¥k volumeo] 01 miZbA] @Eo® 2 ER7 1912y mephenytoind}
diclofenacs3} 722 P4508 4 substrate?] A% 0.1 mle] ¥He volumed| A+ Ago] E715
StiTh mebd B 439 H4 vhE volumed 02 mlE Stk ¥ F AR A HA
o] @8t 3 rapid screeningg sk 429l QQlolHEth E AP 96 well
type plate® o183t TAMEL +Y3T o5 AR AHE FYE plate AT S
o] B3 AFE 33t FelodipineS 5719 test &S M2 T2 FEold 1AF
A liquid extraction W3} 960well HAE vortexing =W, 8|3 shakero]H 587%

vigorious shaking& ©]&3l= WS Hlwsty 482 HPLCE #M3td ZA7E Ao
(Table ). 96-well& ©]¢A] phase BE|% plate AHAS QAR g AgAAZ] A7to]
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oA €rh Liquid extraction ZATE B 5709 test compound EF 96-wellS A}-&-3}

rr

HlH o] conventional extraction WHo| H|Ete] F4Eo] ZFAL UUATE metabolic
stability 712 98t EXde A3 Aoz AF-gUtt watd & 5 AFore 96-well
shaking WS o)g3la] BA5uxl s49c) o]y3t WHE AH8-3ke] 10749 test compound

9] in vitro metabolic stabilityS H7}s}ax} &}tk EAWHE Bt §17] f18ke] short

1

Cl8 20 x 50 mm, 3 um) columng o]&3te] 587F 10% acetonitrileol| 4]  90%
acetonitrileRk#] F23 gradientZ F+ WS =Y3Idod oz o] 10749 test
compound FF| & F-e|7} gllom, AT EAAZ GA] 48822 V&S] AU
Hate} 1/3-1/42 w23 (Table ). Fig o M2 ok29 =

metabolic rateZ JeElG o™ 1 uMzt 50 uMe] 7A-$ thAlEo] parent compoundZ} 748}
T &5 2 Aot UFE BoFn low, webx shsshd W2 FEA Y metabolic
stability7} in vivo 23 d2o) B3-S BoF1 Qe Test compoundE 5 uMollA rat
liver microsome®} ¥H$-A] A7t 7ol whe} parent compoundZ} tiAbE| o] 7HA3tE pattern
< Fig o YehiUth Test compound 5 HWY-250 (8H77] 34.7%) o] A} Aol 7178
223131 DDB (¥H7+7] 84%)9] in vitro WA} £571 7HF wWE Roz B HAT In vivo

W7ok 2elofsske] JRAS B uek AR A77E FALolok in vito A7 F
2
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Table. 3. Comparision of analysis time between conventional method and 96-tube method

conventional method

96-tube use method

vortex mix-30sec/each

vortex mix-Ssec/8

extraction sample (for protein
sample(47] gt el 7}5) P it t'p ) conventional method
recipitation
e o 7% o 2w 28
o
cetrifuge 10min 10min
Ab88 solvente] &7/
w2l A QA 7be] T
solvent evaporation . -
(1278/1 time about
15-20min A& 8.)

HWY250-Dj 15 min 4 min

DDB 6 min

YHI1885 5 min
Amiodarone 8 min sample°] w2} o} 7t

A A ZE Qo EHAZHS
Diclofenac 15 min 4 min 1/3-1/42 ©=

Testosterone 12 min 4 min

SKP450 4 min

felodipine 16 min 5 min
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20e+4 4
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Standard calibration curve of DDB

y = 20.068x - 3175.752 r* =0.998

Cordition 1 0.1% acetic acid : MeOH = 38 : 82
UV = 280nm
precipitate with 1volume of ACN

50ul analysis
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1000 2000 3060 4000
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t
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calibration of HWY-250

1.88+5 o

1.6e+5
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1.2e+5

1.0e+5 4

8.0e+4 A

peak area

4.0e+4

2.0e+4

0.0

6.0e+4

y=32.572x - 453.538 = (0.999

1e+5 o

Ba+d -

Be+d

4e+4 4

Peak area

Ze+4

Standard calibration curve of felodipine

y=15.512x - 1937.877 r* = 0.998

5000

2000 3000 8000

Concentration {nii}

1000 4000

calibration of YH1885

2.56+5 4

2.0e+5 4

1.5e+5 4

1.0e+5

peak area

5.0e+4

0.0 A

y=40,890x - 1123501 r*=0.999

3000

4000 5000

concentration (nM)

8000

Fig. 2 Calibration curve generated by 96-tube method.
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Fig 3. Time -dependent decrease of drugs during incubation with rat liver microsomes

..34»



10

S

RN

o
£ N X\
@
g —@-— amiodarone
X --(3.- diclofenac ) ‘
X —y—- YH1885 X
—7-- felodipine \ \
—m- HWY250 AN -
—0J- DDB r:\\ 2
—@ - SKP-450 _\\\;‘9\
NN
10 : ‘ ; o N® N
4] 5 10 15 20 25 30

Incubation time (min)

Fig. 4. In vitro metabolic stability of 7 different drugs after incubation with human liver

MiCrosomes,
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Cassette & ol ]38} metabolic stability o] 27
High-throughput 7§d¢] il 238 7)) Ade $istd ©A syl & 712
FAE F in vitro incubation Te3tE 531 AJg 9] i A 7]& 96-well plated o]&,
ghHdl) 9670e] AlZE FA)d incubationd}il precipitationg o]g3le] thFe] A8 E
AT & YRS AT A B AFM EXde AHE FEI olFT & YUtk &
g AE AAY ot AAE T AJEEL  cassette ¥4 7]
oat ZAAXEQ HAslel BAALY @S o)5F £ AT & ATolM AREF
cassetteS& parent drug®] B, AR HEE AT 2 GAEHE A HAEY EAFS
T Ete] B AP o)A 119te cassette program-E o]-&3}e] semi-automaticdHA AAH AL
o 9%-well plate ¥JoIH =Y O Z microsomal incubation® A BEL oA 1tH ZHzt
o] cassetteQt©.Z poolH o] EAHATE F M7 =HAQY AFSE (0, 30-min)d 6719
cassette A|RE ZAENOH ARH o2 BAAT] glojA euje] AE 7FAE & AUk
B Ao A48 ion trap mass spectrometry (ITMS)& 7]&2] quadrupole M5} Hl3}
o full-scan mode$} selected ion moded| M =7t FUste tAbA S o] ulx e 31§
=59 A& wt F839 82 7 g ARRHA T vk YA E 2479 cassette
Al8E& LC/ion-trap MS9] full-scan modeojx] ¥4 on o] B8 F3lo] cassette
¢ BE GESY A FHA B BF HRE AE F AT EI F Ve ARY
AEA glo] cassetteqlre] o|Z2EHE AAIS Y nominal massE QIO 2 A cassetteqhol]
EdEo] e EE SFEEY dAHIES 443 AT 4 Atk mebx] 2 d8ANA

39HE LC/ITMSE ARS8 cassette analysis= metabolic stability$} metabolic pathwayE ¢

Figure 4= £ ATl A}E-8+ 1752] dopamine Ds/Ds receptor antagonistE2] 09} 30%
incubation® cassette A, B, C9] full-scan LC/MS 40 2HE] HojA extracted ion mass
chromatogram< H.oj Ft}. Solid line#} dotted line& Z+2z} 02} 30-min incubation® A 5.2
FEES Ho Frh 2N B Hie} o] O-min (solid line)¥} 30-min (dotted line)
o vle 7t FEE2] metabolic stabilitys A&5HA Flstet] wfe F83t4th 7 o=

9] metabolic stabilityE H=d] 1o} ITMS2] extracted ion chromatogram (EIC) mode2]



AHE-2 cassetteQtdl] EE FEE9] A chromatographic separationd HO 2 34 Y=
o} AT B AFolA ARE3 HPLCY| simpledt gradient E2 138 figure 404 R %]
= vkl Zo] cassette Be] KCH-7613} 716 12} KCH-7463} 10592 A9jg A9 g <}
59 Wt baseline #2|E o]§F & AT o] AT YF E-EE ¥ TAEH
£ Ha3 & 4 Ao cassettedrd] vhokst AN EY $A AEE Fdsed By &
#29 ABE Bo] FQrh Table 18 cassette FA4L E35le] Qoj RE FEEY in vitro
metabolic stability 235 HoFcoh

A+H 17%9 dopamine receptor antagonistE-2 99 ~ 84.4%2] metabolic stability 27}

£ Ko Ft}h o]F KCH-1081 844%2] 713 £-& metabolic stability 235 Ho )
o KCH-743, 748, 761, 764, 1109% 30% olAte] £& ZAAE ey whd, KCH-716,
728, 730, 732, 1058 15%0olste] e thal tdAde BEAFUCh ojsh Zo] ¥ AT
simpledt metabolic stabilityo]] #d+ ZAx}= KCH-1081, 743, 748, 761, 764, 11099] metabolic
stability2l= #HoA B2 w) dopamine receptor antagonist®] FHEATA A3
g o 9
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<10 KCH-764, m/z 392
Cassette A

KCH-1110, m/z 400

KCH-1081, m/z 440 KCH-1058, m/z 466

KCH-743, m/z 380

KCH-732, m/z 452

14 16 18 Time [min}
Inteny

s KCH-716, m/z 378

. KCH-1059, m/z 412 Cassette B
KCH-761, m/z 452

KCH-748, m/z 422

KCH-730,m/z 512

N 2 i s 12 14 16 18 Time{min]
Tatens
3
<o KCH-1109, m/z 454
KCH-760, m/z 437 Cassette C
3 KICH-748, m/ 362

KCH-747, /2 368

KCH-766, m/z 418
B KCH-728, m/z 497

18 Time [min]

Figure 5. Mass chromatograms of 18 dopamine receptor antagonists in cassette A, B and
C obtained from the cassette analyses of O-min incubated (solid line) and 30-min

incubated (dotted line)
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Table 4. In vitro metabolic stability of Ds/Dy receptor antagonists, piperazinylalkylisoxazole

derivatives and molecular ions of presumed metabolites generated in rat liver microsomes

Metabolic No. of

Compound stability (%) metabolite [M+H]+ ions (parent; metabolites)
KCH-716 113 6 378; 364, 394, 394, 394, 394, 272
KCH-728 13.8 2 497; 347, 331
KCH-730 9.9 3 512; 362, 346, 332
KCH-732 13.7 1 452; 286
KCH-743 419 3 380; 39, 396, 304
KCH-746 255 4 422; 408, 438, 346, 363
KCH-747 232 5 368; 384, 384, 384, 384, 292
KCH-748 313 5 362; 378, 378, 378, 286
KCH-760 269 4 437, 423, 453, 453, 331
KCH-761 322 6 452; 438, 438, 468, 468, 346, 424
KCH-764 37.6 5 392; 378, 408, 408, 408, 286
KCH-766 269 7 418; 404, 434, 434, 434, 312, 436, 450
KCH-1058 196 10 466; 482, 482, 482, 452, 438, 438, 437, 424, 424, 332
KCH-1059 264 5 412; 384, 428, 428, 428, 292
KCH-1081 844 5 440; 456, 456, 456, 426, 426
KCH-1109 38.5 6 454; 470, 470, 442, 440, 426, 334
KCH-1110 243 6 400; 416, 416, 372, 280, 432, 388

Method validation of cassette analysis and cassette incubation

LC/MS cassette analysisel]l 2]3F metabolic stability 23 5 2182 LC/MS discrete
analysisol] ¢j3l HFH At} Figure 5+ cassette analysis$} discrete analysisol] &3+ Zhzhe]
metabolic stability Z#2 HojFth 2doA BARAE vle} o] F 71x]9] ¢& W) 9
3 24272 vnd o R=0889 & correlationg UERH O KCH-728, 1058 5 &
He} FEE Adstae AY U AHE Hof Fo:
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Discrete analysis

H T T T 1
0 20 40 60 80 100
Cassette analysis

Figure 6. Comparison of in vitro metabolic stability results from cassette analysis and

discrete analysis By LC/MS

F3 figure 604 B == ube} Zo] LC/UV discrete analysisoll )3+ ZAxtsl vl wd3<
WE 9A] 598 ADE Holi o} ol ITMSS cassetted] o3 Azrl Aol Qo]
AsEE 7RIthe A& etk mebd B Aol 3 ITMSe] 23 cassette
analysist= metabolic stability®] 4148 ZA ] wf-9- H&sla K& Wi o] AT 4 3
Atk

a2y figure 794 RAAE Z¥} 7o) cassette o 1o FEE-S cassette incubation

Hir
rlo

Tt

i
P

sto] EA319E A SHAHOF incubationd}e] cassette analysisst Ao} Hd o2 A
£ el ol ZF GFEE9] metabolic interactiondl] 7]Q18 A#E A H W Q)

Holl M frasha] FEE & 5+ AN
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Figure 7. Comparison of in vitro metabolic stability results from MS cassette analysis and

MS & UV discrete analysis

100 . ]
80 LY
60 4

40 A

Cassette incubation

204

0 T ¥ T T 1
o 20 40 60 80 100

Discrete incubation

Figure 8. Comparison of in vitro metabolic stability results from cassette incubation and

discrete incubation
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Effect of physico-chemical properties on metabolic stability of structurally similar compound
£ AT metabolic stability2} Log Po}e] AaaAE 2AWH7] Y5te] A,

Table 5. Physico-chemical properties of 17 dopamine receptor antagonists

Compound ClLog P Polar surface area”
KCH-716 3.70 100.2
KCH-728 6.46 183.1
KCH-730 6.17 114.4
KCH-732 6.65 110.0
KCH-743 4.55 167.0
KCH-746 3.89 110.3
KCH-747 4.52 99.1
KCH-748 4.38 122.8
KCH-760 4.04 2313
KCH-761 4.13 122.0
KCH-764 4.23 96.2
KCH-766 4.83 111.7
KCH-1058 4.49 109.8
KCH-1059 4.90 95.4
KCH-1081 3.99 73.0
KCH-1109 431 68.4
KCH-1110 4.23 72.8

* Log P was calculated by CLOG P module of SYBYL 6.5 base, PSA was calculated
by CPSA module of SYBYL 6.5 base; PSA (polar surface area, partial negative
surface area) was defined as the area occupied by nitrogen and oxygen atoms plus
the area of the hydrogen atoms attached to these heteroatoms

_.42..



100 4

80

60 -

40

1-Metabolic stability

20

CLog P

Figure 9. Relarionship between in vitro metabolic stability and Log P

Sybyl 6.5 base (Tripos)e] Clog P 25 0|83ty & =559 disle Clog P & A
Akl (table 2). Figure 8& cassette analysis2HE AojA 7+ ¢kEE9 metabolic
stability 23}st Clog P Aol A#dAE veigt T ZAge  R=0819 %
correlationg JERl e Clog P Zko] 45 Al Bol dojus ZHE figure 827
B & & 9l9lch @b Log P metabolic stabilitysl] 932 vjxje 23 AR E 9]
stk

Figure 82 ZA}H metabolic stability9} °FZ2] polar surface aread}o] AJHAAE KA
3 gtk 7 FEEL MM29} MOPACS] &3+ structure modeling 5917 polar surface
area (PSA)= Sybyl 6.5 base (Tripos)2] charged partial surface area (CPSA) X.5¢] partial
negative surface area (PNSA-1)ol] 93t Al4FEATH (table 2). CLog P9} metabolic stability
ool B (Figure 8)olA B @4 de HRHOZ figure 994 BoAe vigt 2ol
metabolic stability$} PSA Apolofle o}F-# A#A& HolA Ut %, metabolic stability=
7 FEE9| PSAY st JFe A gdeve ZES 48 F Mtk g & A7

A 433 metabolic stability$} 2FE-E¢] physico-chemical propertiesE3}9] J##A=, ¢

&2
i
rr

E permeabilityol] 31o]A PSA7} of-$- 23 Q1xkdol] Bl3} metabolic stabilityx= CLog P
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Figure 10. Relationship between in vitro metabolic stability and polar surface area

Simultaneous detection of metabolites by full-scan cassette analysis

Full-scan LC/ITMSe]] 2]3F cassette analysis23E] o] scan mass spectras Z} A8 E
o 534 ALA glolx A4E dAAES A0 AEE 5 AT BN full-scanc]
o]} cassette analysis 4143 metabolic stability?] ZA 3} AR ES] AZ] ¢ {88
o] ZAdtt AINELS 30-min incubation A|Z)A dAHEE [M+H]" ionE9 mass
peakE F<latd AZ31Y o™ O-min incubation A|EAM HEHA v AL st Al
E AAY 5U¢9 b EFEEY 9% tdanst obdg sk w3 2 AgelA
A3 simpledt HPLC gradient A|28] figure 1094 Hole nlel Zo] thi-Eo] tjAlA
E9] chromatographic separation® 7153814 3t4itt. ol& &3] isobaric YA EL] AE
o FESA AR S ARl 7 EEY A4 A2E YRS 9 [MHH] ionE S
table 1] €Attt AAE WA ES 5 1 ~ 10719 ohgsh HAE EH o A4 o

29 FEE2 4 ~ 1Y dAAES AN dFEY FEo] E 7Y o9& tat
BEE BHon F2 NO-dealkylations} ring hydroxylationo] 5 thil H2E o|Fi Y&

_44_



£ el

Figure 10£ ZAME og) GFEE £ KCH-7617 W4 E thAH|E 9] reconstructed mass
chromatogramg ®of 21 9tk [M+H]" m/z 346, m/z 424, m/z 468 18] 3L m/z 438014 &
6702 AL ZF AEHASH olF m/z 468, m/z 438 N TRE F ]9 isobaric WHAMA|Z}
EAEHE  chromatographic separation® %38l &3 4 Itk F, M3g Mié=
monooxygenated [M+O+H|" isobaric tjAMRE, g1 M58 MéE  demethylated
[MCHyH]"  isobaric thAHAIE  uehdth  KCH761 ol9le doe o4
monooxygenated THAR 9} demethylated tiA}AIZF 2+ 9FE9] & A} HARZE o
KCH-761 49} npab7tAlE 2 ~ 4709 isobaric tjAbA|Eo] HZH At Table 19
Bio} o] zAME RE AEE diatd dAdsE dAEC] diF nominal mass?]
Fot] Al S0l A

=
spectrometry (MS") 71 odte] A 27 AAHHU

J

jn
=
2

iy

-
g %
M e
SN T

g
s
o

g90o0 o#A AE2E WAMIES multi-stage tandem mass

KCH-761, m/z 452 KCH-761
M1, m/z 346 \
M2, m/z 424
M3, m/z 468
M4, m/z 468
M3, m/z 438
M6, m/z 438

M3

----------

Figure 11. Reconstructed mass chromatograms of the metabolites of dopamine receptor

antagonist KCH-761 after 30-min incubation with rat liver microsome

LG/MS” for structure confirmation of metabolites
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Cassette analysisol] ¢]3ted FA] AEH 7} GFEEY UAAEY AFd F2& ion trap
multi-stage tandem mass spectrometry (MS") 7% 28l ERIEith 4 drAIE Fx
= A product ion spectrumE parent 9FE9] product ion®] mass patternd} H| i 3=
Wel oslel 44 249 £ dglen MS'E A4sr] odE A$E MS'Y product ion
ol o3l AA=UTE Figure 118 figure 10014 AE" KCH-761¢] 67) tiAAI ==
parente]] thak MS” spectraS BT 9lth WA, MS” spectrumo] 4] KCH-761& m/z 299,
mfz 275, m/z 260 121 m/z 1909] fragment ionEo| oJ3}e] F2A EAo] 7|&HT: &
&l o]¢} 22 mass fragment patterno] tA}XS9] MS’ spectrumol| A = FAH T YA
M1-& parent$} H|WA], m/z 2600] IHE FAEH parente] m/z 2757} m/z 1692 H3lE
< € F Utk o]ZFE ML parentd] piperazine F# 0 2HE [-CH-OCH:]7} Eojx 1
T FEYE € 5 ATk M2 parent®] m/z 275, m/z 260 1213 m/z 1900] m/z 261,
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Figure 12. MS’ spectra of parent KCH-761 and its metabolites

_47...



()CH,

-
OCH, 0
ocn,
M$2 (452)
m/z 275
OCH; w:ﬁ 2>275%)
.

N OCH
MS? {452y OCH,
Parent (KCH-761) OCH; f N
[M+H]* m/z 452

- e /y iz 190
M8 (452) o MS’ (452>260) m—‘"lj ‘
m/z 260
OCH;
ocH; (\
HC
*N
m'z 299 miz 176

(B)
MS? (468) ©/ ,{«\/T

ocH, (\N . MS? (468>289)
! \/} pem i ’ I

m/z 190

a . MSS (4525260) g, l
! } } miz 276
LN OCH;
OH
L.
<

miz 315 iz 192

Figure 13. Proposed MS’ and MS’ mass fragmentation of (A) KCH-761 and (B) its

monooxygenated metabolites M4

ox
tlo
o
ok,

Mé= parent9}e 2F7F THE mass patterng Holx ok M4 HE3 12 2

...48_.



of parente} M4ol| Tt MS'E Ardlgor ZAE mass fragmentation patterng- figure 11
oA A=sairt Figure 12 (A)lA A so] gl uhe} Zo] KCH761& MS’ spectrumo]|A]
m/z 29, m/z 275, m/z 2609} fragment ionSo] ¢J3ted FTZF EAo] 7leHch T
parent®] 452>2759} 452>2602] M’ spectrum? HWH 452>275% m/z 1900] 452>260-& m/z
1760] A A<l product ion®. 24 AFFCh wHd, figure 12 (B)olA HAAle nie} 2o
Md= KCH-7619] product ionE3} vt B w) m/z 293} m/z 1760] +16 F7+8 m/z
3153 m/z 1928 Holi Yo m/z 2767 m/z 1900] IE FA7F BS & & Stk o]
+ isoxazole?] ringQtell hydroxylationo] Ydolta-& FHeHo)

Figure 13& o4} & Q72 Fdlo @ojx KCH7619 oAl A2E HeFa gich

177§¢] & dopamine Ds;/D; receptor antagonistEo] thdle] MS'E Faigto gz AAdH
AR S9] Aoet 722 2R & Q9om®? 2 parents] tiste] figure 129} 2L U]
A A2Z 9% 5 Ak |

M5

Figure 14. Postulated metabolic pathway of KCH-761 in rat liver microsomes

_.49._.



ol’dx} o] B Afo|A 4883 LC/ion-trap tandem MS 7]%3} cassette analysis “12]3
in vitro A} Edo] BFE highthroughput 7Hde] WA} 2z 7L A&3

metabolic stability®} metabolic pathwayE A|F& 4= oM A% THEAES Hridhe

g v F85HA AHEE  YE AoR AlgErh

..SO...



# WA #
lntens.: P .
x1083 KCH-716 Metabolite
34
25 M3 M1
] M6
. M2 4
0 i x/'\f [ ¥ T g { T A T 1 (] T i [ T T T . [
0 2 4 6 8 10 12 14 16 Time [min]
— 0116_035.D: EIC 378, All MS ? Smoothed (2.6,5, GA)
—— 0116_035.D: EIC 394, All MS ? Smoothed (2.6,5, GA)
——0116_035.D: EIC 364, All MS ? Smoothed (2.6,5, GA)
—— 0116_035.D: EIC 272, All MS ? Smoothed (2.8,5, GA)
intens.| o o '3 0 . eyl
o] 186.1 + MS/MSO(CT&.O), 8.3min (#374)
N Q: -
17 261.0 .
. @
: 1441
% A R |
x10%3 g 186.1
0.5 2471
. 144 1 I 36{‘3
0_g= P— Y Y . .
x10° -
4 M2 202.1
054 261.1
0 %E - 1415_'1 e " i 3760 siinina ax -
x10%3 w3 186.1 + MS/MS(394.0), 4.3mpip (#192)
10§ ° o ':Iocﬂs
= ¥
0.53 2771 N
: 144.1 l
O_Q-_ PP PR P . A o s B A e —’. N
x10%3 wia + MSIMS(394.0), 6.61pi, (#294)
: 205.1 C( & V\/(’?
- N N
13 132.1 i@
] J 301.3
ol LI e
x10°7 ms 3771 + MS/MS(394.0), 9.9min (#444)
2- @’\ W;?
v\ 0/
- 190.1 291.1 :
g: RN CD Y i | i i0
x10°3 m6 186.1
13 1515.1
0- l‘?l%‘s[lliﬁ_ll Ill||'T||"-|.—rlI“.;-Tll“.l.‘l“lllhlllllll ™ f-|~|'luigT_Fl-"l‘|
100 150 200 250 300 350 400 450 500 550 miz

_.51_




Intens. . .
x106] M2 KCH-728 Metabolite
] P
24
14
: M1
O: .
[ T [y T ] T 1 € T t ¥ 0 i [} 1 T ¥ t
0 2 4 6 8 10 12 14 16 Time [min]
—— test0006.d: EIC 497, All MS ? Smoothed (2.6,5, GA)
L test0006.d: EIC 347, All MS ? Smoothed (2.6,5, GA)
—— test0006.d: EIC 331, All MS ? Smoothed (2.8,5, GA)
Intens. | + MSIMS(497.0), 15.2min (#689)
xig5} P 167.1
6-
4_
2] 329.1
] ! 478.5
NN R N
x10%) zvyp o + MS/MS(347.0), 2 4min (#107)
3] 3123
2]
- 288.0
1 124.9
’ [ 194.9
%: !. 1 :.L.Lki l;..h.‘ .1 { L " 3 I..n il
x10 M2
8+ 245.1
6_
4-
2..
- 169.1
331.3
0 iy .*,'ﬁ-r‘.‘;‘!“—;‘l! sl s by .385}1=-.1. s e e B 2 o
100 150 200 250 306 350 400 450 500 550 m/z

...52..




Intens. |

<106- M2 KCH-730 Metabolite

. P

1.0-

0.5
- M3
; M

O‘0-| T 1 g 1 " ) T ) T ) 1 1 0 1 v ] 1 1 J
0 2 4 6 8 10 12 14 16 Time [min]

— test0007.d: EIC 512, All MS ? Smoothed (2.6,5, GA)
— test0007.d: EIC 362, All MS ? Smoothed (2.6,5, GA)
—— test0007.d: EIC 346, All MS ? Smoothed (2.6,5, GA)
— test0007.d: EIC 332, All MS ? Smoothed (2.6,5, GA)

~ Intens ] P 3443  +MS/MS(512.0), 15.1min (#682)

x

A

o
¢

N

167.1

A 260.0 400.0
k.

N

B0 sy s s bsnoadvnrabenes

-

x
© o © o g
N B [o)] [e<] o9
L I S N W I T |

x
i~y
o2
3, =]
s b i

O —_ —_
[9)] (o] wn
]

s e b el

o
o

AR SN AN
2

M1 09.1 ¥ MS/MS(362.0), 3.0min (#134)

260.1

180.9
3441

R TR L.

125.1

1 M2 260.1 T MSIMS(346.0), 3.4min (#154)

OCH,

169.1
193.1

T TSI [ —" Py —nL bk

346.3
L

M3 2461

-CH3

[y

HN.

i s
0L 250 NN M TN B N R Mt A M Mt MO B S R S N M M RN IR M IO M Y B T |

gO 200 I250 300 350 400 450 500 550 mj/z

_53_.




x106° r KCH-743 Metabolite
1.5
1.0
] M1
0.5+
] M3 M2
0.0 Was / PN ~
¥ [] B [] + [] ¥ i ¥ i ¥ ] 1) 1 1 ] i { + i
0 2 4 6 8 10 12 14 16 Time [min]

—— 0116_043.D: EIC 380, All ? Smoothed (2.6,5, GA)
——0116_043.D: EIC 396, All ? Smoothed (2.8,5, GA)
——0116_043.D: EIC 304, All ? Smoothed (2.6,5, GA)

Intens. |
x1067

N

LN T O O T

it

P 218.1

2451

IR | I W1 - 1 26!90

+ MS/MS(380.0), 10.9min (#487)||

176.1 l
- FR )

Ml 218.1

261.1

M2

219.9
2559
a—— 1:‘[92 i h..L...l |._LL1 T g ol

M3
218.1

191.9

97.1125.1
FUDPIRN N o | 5

I I 2 I

| VPR O SO S s . bl
LGRS D S BN S MY Sk R R B M e SR B S Mt MO Mt T B A A TR A S T R NN I M M S MRS ]

[ ) fﬁ
100 150 260 250 300 350 400 450 500 550 mi/z

.._54_



Intens.]
67 .
x10°4 KCH-746 Metabolite
37 M2
23
17
] M3 M1
. AL7ANEDAN
O 1 ' [ 1 ] ' L) 1 |~' t 1 [] 1 i ' t ' _I J j ]
0 2 4 6 8 10 12 14 16 Time [min]
—— 0116_045.D: EIC 422, All MS ? Smoothed (2.6,5, GA)
—— 0116_045.D: EIC 408, All MS ? Smoothed (2.6,5, GA)
—— 0116_045.D: EIC 438, All MS ? Smoothed (2.6,5, GA)
—— 0116_045.D: EIC 363, All MS ? Smoothed (2.6,5, GA)
L 0116_045.D: EIC 346, All MS ? Smoothed (2.6,5, GA)
Intens. 3 ;
fonsd p 260 1 + MS/MS(#22.0), 10.6min (#476)
1.53
10; ' 0CH;
0.52 Q 245/
0.0 160.1 204.1 L, Cf
x10§; M1 046 1 + MS/MS(408.0), 5.3min_(#238)
] -CH3
1
’ 159.1 L
%1083 M2 ’ T MS/MS(438.0), 6.3min (#284)
] 260.1 pets
1.0
05: uo\
- . Y
O.Q): - i 201319 Le nLL - 420.3 Qr._
x1057 v + MS/MS(346.0), 3.5min (#158)
’ 260.0 <
27
19
] 169.1
%: -..12.1%..2 .a..‘luh shaa i — - A ass
x10%7 wg 184.9 + MS/MS(363.0), 3.2min (#142)
0.753
0.501
0.253
3 1331 | 2091 365.0
000 A 1_#‘||Tﬂ|'1_rT|l‘Fr|||||]|Irl_r|‘|ll|l‘l_l F]‘lzl'“(“l[llfa‘r-l LIS Nar ]
100 150 200 250 300 350 400 450 500 550 m/z

_55_



Intens. -

z P .
x10673 KCH-747 Metabolite
3z
. M2
27
1':' M M4
bt M5 M3
O H |M ] 1 H 1 T ] T 1 T 1 i ¥ ¥ ] i i ¥ i
0 2 4 6 8 10 12 14 16 Time [min]

— 0116_047.D: EIC 368, All MS ? Smoothed (2.6,5, GA)
—— 0116_047.D: EIC 384, All MS ? Smoothed (2.6,5, GA)
— 0116_047.D: EIC 292, All MS ? Smoothed (2.6,5, GA)

Intens. - o + MS/MS(368.0), 8.8min (#395
x106- P 206.1 MS/ ( 68 ), mln( )
1-
- 245.1
g- 1222_.599 (W oy 3 o —
X107
101 M1 206.1
0.5
; 148.1 259.1
0,%' WU S TN T |} T e st
100+ + MS/MS(384.0), 4.1min (#187
X1(_)o§ M2 206.1 /MS(384.0), 4.1min (#187)
0.5+
: 261.1
og‘.. s " . ||
x10%4 w3 206.1
2+ 261.3
- 176.3
g . i A . 367.4
X109\ 3671 +MS/MS(384.0), 10.1min (#455)
i- )
2-
X107 s 205.9
4-
2-
- 159.9
0 iad 23 e ———— e — ot e ———
LU e SR A RO B ) LS ) I(fr‘l"'fl'lllf"l'll‘lGII‘[T!IF]]‘O]TF]TT.I_FII|

100 150 200 250 300 350 400 450 500 550 miz

_56_,



Intens. ] p .
x106 KCH-748 Metabolite
4_
] M1
2_
J M3
M4 M2
0 ) 1 1 lu\ 1 0 ) |A| t T lA 1 v ) ' 1 D [ ¥ )
0 2 4 6 8 10 12 14 16 Time [min]
—— 0116_049.D: EIC 362, All MS ? Smoothed (2.6,5, GA)
—— 0116_049.D: EIC 378, All MS ? Smoothed (2.6,5, GA)
— 0116_049.D: EIC 286, All MS ? Smoothed (2.6,5, GA)
intens.- P + MS/MS(362.0), 9.9min (#443)
x106 200.1
27
14 245.1 362.3
- 14f.9
%: Y " A -l al dodunt i
1.07 200.1
0-53 261.1
J 285.3
O.g- u_.JILLi‘, o [TV P T e
x10
1 M2 200.1
4_
261.1
2_
4 145.9
%--“__Mm;i—l—l L—J 128‘51 34‘52— 4 —
x10° | a3 + MS/MS(378.0), 11.1min (#501)
361.1
4_
2_
- 160.1 241.9
199.9
g: 1216:|A_l f b L atem s v be
x1027] M4
3 200.1
0.75<
0.503
0.253
E 125.0 169.1
000- F-1‘||_]'“|'|I_?‘-|.||.|‘||_l_rl"“|[_f|||||‘|1||1|7|'|||l|r‘||1l||11||ﬁ?-|':
100 150 200 250 300 35 400 450 500 550 m/z

_57._



intens.
x11og- P
e KCH-760 Metabolite
0.8
0.6
0.4
- M3
0.2+ a4 1‘7./\ M1
00 I ' ] D ] ' ] g |/\| t 0 TA 0 ] 1 ] ' 1 ' [
0 2 4 6 8 10 12 14 16 Time [min]
—— 0130_005.d: EIC 437, All MS ? Smoothed (2.6,5, GA)
—— 0130_005.d: EIC 423, All MS ? Smoothed (2.6,5, GA)
—— 0130_005.d: EIC 453, All MS ? Smoothed (2.6,5, GA)
——0130_005.d: EIC 331, All MS ? Smoothed (2.6,5, GA)
Intens. 4 + MS/MS(437.0), 10.6min (#483
<1061 P 245.1 /MS(437.0), 10.6min (#483)
R 190.1
1.04 150.1
3 275.1
0.57]
55 437.
00 w320 oy
x1093 M1 + MS/MS(423.0), 8.6min (#393)
3 245.1
33
2_; oK
13 1759 5169 @/
%é N -h—llLL Loads | 128.].80 “4.199.'3. i ——_—
x10973 + MS/MS(453.0), 6.4min (#291)
3] M2 245.1
2:
1 205.9
1: 136.1 HO—
] 288.1 436.3
g; L — Lok veadem L L
x10%: + MS/MS(453.0), 7.1min (#323)
4 M3 2451
33 206.1
23
1- 166.1 459
gf - L Ly 28J?.1 .32.2;1..“... - L 50.(_)'.5_...-. s
x10% - + MS/MS(331.0), 3.4min (#155)
84 M4 245.1
6_
4_
2 125.2 169.3
- ‘ : 285.0
Q- - anndes mid () Y
fr|IIII]TTII|rlTl[ll‘lTl’llllllIII'I!IOlTrTlT][CI‘I
100 150 200 250 300 350 400 45 500 550 m/z

_58_




Intens. ]
x106_ KCH-762 Metabolite
4_
O ] ' ] ' [ ' ] 1
0 2 16 Time [mln]
——0116_055.D: EIC 452, All MS ? Smoothed (2.6,5, GA)
——0116_055.D: EIC 438, All MS ? Smoothed (2.6,5, GA)
—— 0116_055.D: EIC 468, All MS ? Smoothed (2.6,5, GA)
~——0116_055.D: EIC 346, All MS ? Smoothed (2.6,5, GA)
Intens. 4 i ‘
106 P 260.0 MS/MS(452.0), 10.3min (#465)
15 j OCH, "
| J
- 190.1 ) @/“
X aopr 2zl 1.
x10%1 g 0461 +MS/MS(4380 ). 5.0min, (#226)
2-:_- - _CH3
- 246 oc;
1i orn,(\ o
] 190.1 S s
%' - 1_5.1?.'.1.... ssude Bu bl an J,.LL R, 4%(.):% L imam nama aiis idsam
x10%- v 2601 + MS/MS(438.0), 8.3min (#375)
0.5 Creo s
: OH O 2"6‘
0.0 2 iandedlin 420.3 6/
x10°7 pp3 260.1 T MS/MS(468.0), 6.7min (#30
0.5 291.1 )
o] R I T T o
x109'_: M4 315 1 + MS/MS(468.0), 7.5min (#337)
2:
: 147.9 276.1
1z 190.1 “
gs -y ]nl I ||. [l A ——ia ™
x10% | \i5 260.1 + MS/MS(346.0), 3.5min (#156)
2_
1 169.1
L 346.4
O-:l_l_l‘:‘; [N ) |-urh|.|11l|'.|1-r'7i"|—'|| LI N0 R e | || rr[[ll LIt | - ||1Trr|| |
100 150 200 250 300 350 400 450 500 550 m/z

_59_




Intens. - P
x106] KCH-764 Metabolite
6_4
4 -
- M2
2‘ /\I\ Ml
|2 Nen
0 A M3 M4
i + [] ¥ ¥ i ¥ i ] i i 1 i i ] i [ i ‘| ¥ i i
0 2 4 6 8 10 12 14 16 Time [min]
- test0009.d: EIC 392, Al MS ? Smoothed (2.6,5, GA)
—— test0009.d: EIC 378, All MS ? Smoothed (2.86,5, GA)
— test0009.d: EIC 408, All MS ? Smoothed (2.8,5, GA)
— test0009.d: EIC 286, All MS ? Smoothed (2.6,5, GA)
w——— p— et A ——-———-—-—-—————--u—————-'
Intens.”] T T S/MS (7 i
<106 P 200.1 + MS/MS(392.0), 9.6min (#433)
2- 275.1 .
| 143.9 ‘ l J @’
%-_- W TREYPORTIRg » | I A -
X109 ppy 200 1 + MS/MS(378.0), 7.5min (#336)
0.5~
- 261.1 qu
- 144.1 l [jj’;\)
04%: Y Y S B | - : s
x10° 1 a2 200.1 + MS/MS(408.0), 5.7min (#256)
6_
47 291.1 .
2] 144.1 J 247.1 315.3 ” 83/\)
g- i ™ o 1o shl lad e i
x10%7 M3 + MS/MS(408.0), 6.6min (#296)
6_
4..
2-
xm%; M4 T MS/MS(408.0), 11.1min (#503)
- 391.1
1.0+
05.:. CHy N
3 143.9 268.0 Q
E | 205.1 | | I
0_%- ) Wy i d o liabhandy s ownn i nmmatd . AL s i
x10 § M5 200.1 + MS/MS(286.0), 3.0min (#136)
21
13 169.1
3 1252 5"
0-lni]‘F_[Ql!l;“l!'*tﬁf\i!\—(llrl!ff‘rj'!li\ﬁ‘flf"’?"[—f‘lill

100 150 200 250 300 350 400 450 500 550 m/z

..60_




Intens. | M2
x1087 .
1.53 KCH-766 Metabolite
7 P
107 M
0 5: M5
53 J\‘\ M7 M3
-1 M6 M4
0.0+ /\e\ s i
- 1 ] 3 ] t 1 i i i [} 1 ] 0] i 1 ] 1 1 € . []
0 2 4 6 8 10 12 14 16 Time [min]
— 0116_059.D: EIC 418, All MS ? Smoothed (2.6,5, GA)
—0116_059.D: EIC 404, All MS ? Smoothed (2.6,5, GA)
——0116_059.D: EIC 434, All MS ? Smoothed (2.6,5, GA)
L—— 0116_059.D: EIC 312, All MS ? Smoothed {2.6,5, GA)
—— 0116_059.D: EIC 436, All MS ? Smoothed (2.6,5, GA)
—— 0116_059.D: EIC 450, All MS ? Smoothed (2.6,5, GA)
Inter:s.‘E — o
051 P 226.1
2. 1001 275.1 (\ .
| - 299.3 g 7
2 126.3 [ ,‘.. i 400.3 ﬁ\)__ i
109~ ) .8mi
X 04: M1 0261 + MS/MS(404.0), 10.8min {#485)
2 261.0 o
8 13611759} “ 1) ~386.3 (KQO "
meE M2 296.1 + MS/MS{434.0), 9.5min (#425)
‘2‘: 291.1
%: R i6a.1 ol da -llh e 416.4
x1099 a3 216.3 + MS/MS(434.0
E 190.1
: 1481 - 4161 .&O @
x10g': M4 + MS/MS(434.0), 13.9min{({#627)
6 417.4
44 )
2 226.1 38£4.3 360.6
x10%- M5 + MS/MS(312.0), 5.9min
- 226.1
2 -
%' 106.2  169.1 o N
x1057 w6 316.1 + MS/MS{436.0}, 6.9min (#308)
1
%Z 193.1
1-
04

450 500 550 m/z

...8“__




Intens. M2 .
x1063 KJH-1002 Metabolite
1,2s§
1.003
0.753
0.501
0.253
0.003 : . . ) ; : '

0 2 4 6 8 10 12 Time [min]
—— 0116_024.D: EIC 491, All MS ? Smoothed (2.7,5, GA)
—— 0116_024.D: EIC 507, All MS ? Smoothed (2.7,5, GA)
| 0116_024.D: EIC 477, All MS ? Smoothed (2.7,5, GA)
_—— 0116_024.D: EIC 451, Ali MS ? Smoothed (2.7,5, GA)
— 0116_024.D: EIC 393, All MS ? Smoothed (2.7.5, GA)
L 0116_024.D: EIC 465, All MS ? Smoothed (2.7.5, GA)
Intens. ] + 491.69, 6.1
x105] P 3411 MS/MS(49 (ﬁ N
’ 491.3
0.57
- 237.9
O.g-— kel s e
x10%3 ot +MS!MS(507.O‘)Q 5.6min (#250)
E 366.5 479.3 L i e
4 .
2: ©/Ln
: Lo
1: 4 09 1 "¢ \O we’
- 296.0 .
] 247.3 !

%Z R PO e RO ..“.J..u_ Uil .J U W 5{23..'5 i
x105 2 ¥ MS/MS(477.0), 4 7min (#208)
4l 320.3 C f

. 299.1
2 393.1 4771
% L " i
x1099 i3 ¥ MS/MS(451.0)
0_75.3 299.329.3 434.1
0.50 408.1
0.253 378.0 L <
0,09 asmmss L al, l kil VIEEEYS '5%/“: G134)
x10°+ + MS .0), 3.0min
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Detection of metakolites

L

Total voluwe 206 ut
holic stabifity (% Meradoli Subserate 10 udM concentroiion
~ Rat liver microsame bmyymi
NADPH gensrating syseem Yanitind

Fig. 15. Rational approach to characterize metabolic stability and structure of metabolites

developed in the present study
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A 148 AE

A AN oA BALA Foistr] Helsha, HAsHA &3] A% BT 58 4=
A7

2 ALHE RS S FLT YT F btk oF GBS AUHE ol o4 FBY o
P& FFAT F 4 UL T 4B Fapge A7 2§ $BA AED 4 U
F0% 290l2 ¥ # gov], 44 QA Yol 4 FFE ASHTA e BHOF o

B} in vivo, in vitroo] A Theket oFE E4 Ao AwE ok A P U3 intestinal
A7 55391, Al Fogh
(JFogh et. al. 1977)5°] ¢J&lA ¥&]¥ human colon carcinoma cell®] Caco-2 cell& F2

188 AT FEE Ba Utk ol AT BAL drugel B % Fa) F5 2 5 9

epithelial cell line® 2 Caco-2 cell oJu} HI29 celS o] 83t

rr

A&, & active transporto|u} passive transporto]\kE ®AIEle], drugo] active transport
€ 53 oled F2o A HEA FF ZEE B IF ZFx #E HUL ( Burton,
PS et al. 1993, Karlsson, J. et al 1993, Takanaga, H. et al 1994), £3] Caco-2 cell& %-3)
Al UlLE9] active transports  depeptide carrier (Matsumoto, S-I et al 194, Dantzig,
A. H 1994)1} P-glycoprotein (Hunter, J. et al 1993, Phung-Ba, V. et al 199%5)% §3F H&
o] HEHUTE Druge] passive transport€thd Az in vivodld F45 o2 & & Jd=
A7E BEE v o} (Artursson, P. et al 1991, Rubas, W. et al 1995, Wils, P. et al 1994

Caco2 cello] 228 F o]HT 4BS A5al B AL A4 7 o o] YHHES,

r

S

AN

enterocyte 9] differentiation ¥} apical surfaceo]] brush-border$} tight junctiong e s}7
A3k wjeF 20 it AF7F FAHU7) gFoln, o]23F Caco-2 cell monolayerE o8-8
AL vlud 43, WA, =3 4% drugs o83 o

bE F4E screeningd & e
Aol ot 18leky Caco-2 monolayer systemS ©]-§-3h

=

AT+ F438] 71 AkH 7t
A€ 7R FRS $E EAEY F4EE S5 A% wE A4 e R ojgH1 3l
o YEHE o Algro] F4ste FHAX 9 HUIXE Caco-2 cell monolayerE 01%“H de 2
Fob wims] BW oF 1 x 10° cm/sec (IJ. Hidalgo, et al. 1989) 9} 6 x 10° cm/sec (W.
Rubas, et al. 19033 =2l &z o} 7+ 4o A7 A= monolayerZ} wjdkd =7
of W} & & Stk Y Permeability 979 ¥ moleculed] £¥] 3134 EAS FH

3t} 58k systeme LSt 4E Al 2o FHE AT FHIE F O KA A

>



317 dle ATE 343 SUetn Atk FEE AEsted YoM BE3] xHd deH
o] AMgElojor e EE HHMe| ADME (absorption, distribution, metabolism, and
excretion) & | &3he AL o= A FUE 4T3 & 4 gle FEE Y FI %
9 29 wEHA B
AZERE 4E F Qe otk E3 FB B 9 s g A F DM F474
A% E2& ARG, 5

T (Navia. M. A et al 1996, Chan. O.Het al 1996)= AFHAEH, & d7AE0] o]
210 2 rule-of 55 AAIFT} o] rule-of5= &

g o2 7}5381A 8l computational methodE-& 73k
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- EAFE > 500

- Number of hydrogen bond donors > 5 (a donor being any O-H or N-H group)

» Number of hydrogen acceptors > 10 ( an acceptor being any O or N inclugind those in
donor groups)

- Caculated log P> 5.0 (if ClogP” is used) or > 415 (if MlogP" is used)

thF-Ho] passive diffusion (ﬁ'ah;éeﬂular absorption,

slele Exkel Eej3lety EAd g, of7)d] X

gHE ¥ oM 2 290z 44 2893 229 27 £ 4 UHH van de

Waterbeend et al. 1996). Peptidet} B-blocking agent®] transportZ ©]&3F expected model

& A7HY ATASE BAY FAAYHol FHF 24 2ol AT A I @

W o)A Bt SRS ¥ BEA sled 34L mE pEow, da)
3

Az, i QA7E A2y A ARl A

T 42 5% 9% §5 4=

lo

i
2
®,
=
R
j23]
%
=
o
it
42
o
oft
K

=)

van der Waals surface® A oj5 i1 o]
FES polar surface area (PSA)2} A3l #21e] PSAE T3t= WL EA3 o] Wy
08 &7 B} toka i¥E A W Se] A7 ok 54 wet o AR
B o3 HEHT o}k Caco2 cell monolayers o] &3 & F A4 WYL Caco2

cell monolayer& ©]-§3 47 1 APL T3 Lo AEE BHI}E F MR 74
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H o oA71M 6 A&3 248 ) Alg BAS & o BE%0E e B2 s &
g AAE3 Atk MonolayerE 53 & APL k&7 interactiong H3}7] Hs 24z
9] chamberdl] 3h} 3hutbe) FE& Hel & Futol glAT, 4 7AY wHoE A8 &

Ae oA 7HAY FEE el A F 5 7] WRolch o]FA okstA AlEH e

A5 iy v £ dTelMes AR YA
AR Y F AT W FFE 3] AT in vio FF ZEE ARt Al AE
Caco-2 cell& ©]&-3 monolayer systemE Y3} transport A FF protocols A
391, ©]& %3l dopamine receptor antagonist FEA(KCHAE), KH A€ 5
physicochemical character7} T}2 oF 30a] 71A]9] B4 F4&S A AL w3 489S
TRt Qe A PSAS}] BAE B3 F U AET FEFFI AF b AU
el el E gkt
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A 27d: 245 2 ¥y

29 A=

1. Chemicals

KIH A% $%4, dopamine receptor antagonist %3, clomipramine, sulfaphenazole,
ketoconazole, erythromycin, testosterone, quinidine, verapamil, vinblastine, atenolol,

metoprolol (Sigma-aldrich corp)

2. Culture medium

Dulbecco’s modified Eagle medium (DMEM), L-glutamine, Fetal bovine serum (FBS)
(Gibco BRL) Hank's balanced salt solution (HBSS),trypsine, ethylene diamine tetraacetic
acid (EDTA), HEPES (Sigma-aldrich), transwell (Coming Costar Corp),

3. &4 77

AHEEE B4 7]7]2E mico LC (Nanospace, Shiseido), LC/MSD (Agilent 110series,
LC/MSD Trap)7} 91, KCH A€ f2AE2 X Terra™ MS C18 ( 21 x 50 mm, 3.5um)
columng AREEE 1, KIH AY §549) sildenafile YMC HPLC Column, hydrosphere
C18 (150 x 2.0 mm) columng o]-&3)] #4439}

)kl-?s-c}

oF

H
H

1. M e

Human intestinal colon cancer cell¢] Caco-2 cell& 10% FBSE ¥ &3}= DMEMo)| uj %
Stk HloEEQ cello] flaske] 80%-90% ZA=Z ehd, cell countZ 3t 12 transwell
(pore size 0.4 um, insert growth area 1 cm’)] apical chamber®] polycarbonate membrane
o] 5 x 10%cells/cm’E seeding3}$it}. Transwell?] apical®} basalateral F-&o 2tz} 05 mi,
15 ml9] mediaZ Y celle] Al AL E ok 4A7F 37T, 5 % CO, incubatorol A} wvjj &3}
Aok (Caco-2 celle] EA 4 platet} membraned] attachdl=t] 2 AjZto] Ao HTh). 4Y

7ke] wljFo]F apical membraneol] AHE]FE cellS £AMATA] YR E FoFtHA o|Ed F
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HA WA dotrh 1597 Wi ettt
2 Transpoi‘t assay
a. Monolayerol] tj3t A%

Transepithelial electrical resistance (TEER)2 ZA3}3l, AE4 AXEZQ mannitol g ©o]&

O

3| transport A¥S X33t} TEERS epithelial cell monolayer?] resistanceE 27438}
monolayer] 4e}st cell confluence 7FE3HA SHe factor® olgEr  Millicell™-ERS
voltohmmeter (Millipore corp)2 &4 & 4 Ut 5 x 10* cells/cm*& apical monolayer
o] seeding 3te] 25U7t vjokstHA ZH 3 TEERY mannitol F45&< vlmsled A8 715
& HAo 24 dosigoh TEERS] ©9)% voltohmmeter2 ZH3 gk surface
area(em’) 2 U Q/am’2 UERASITE

EE OB FZF: 10mME @3o] DMSOd| =33, o2 05%F transport assay
g5 4339 th. MannitolS ©]-8-3} transport
AgE du] AgE 53 d& ez, Fr 05G/mle AHSIGT o] EE HEe 5%

CO2 incubatorof} Al 43 11, transwell& shakings}dl k3t
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Table 1) Composition of transport assay buffer

Component Concentration (g/L)

Kl 4

Hank’s balanced salt KH,POq4 ‘ 0.6
solution Na(l 80

(Mg",Ca™ free) NaHPO, 0.475
glucose 10

Sodium bicarbonate 0.35

L-glutamine 0.286

HEPES 595

¢. transport assay |

Transwell®] B}X|& A7 3 %, HBSSE transwell?] apical, basolateral £2& A ¥ A

% 3 transport assay buffer® ¢ 37 T, 5 % CO, incubatoro A} 3027} incubationd} %

3, incubationo] B+ ¥ TEERE Z43}ich THER 242 2% § wog F4g 43 A

F A% BY ¥ ZRs9c od4v4 @gd TEERS wyew
ol

AL, °FEo] monolayerd] wX& cytotoxicityZ 7HEetSth Cell

$haksted Caco-2 cell
monolayero]] &4+
monolayerg ©]-&3} drug permeability 4% apical-to-basolateral o]} basolateral-to-apical
o F 4ges H4¥s FIT 5 vk FES AP BES donorg} 3 FE0] FE =
X receptorgty 313, 2kEo] A€ F(donor)E Asle] donordls IE-E, receptorde
transport assay buffers F2® Fwz AASAch £ AFeIN AEE transwelle] A
apical F-¥-of 05ml, basolateral R¥o) 1.5mle Xstgck A3 & gt Alg A
A7 58 ASE AT 20, 40, 80202 ek ( KHAGY 4B FHgo] ¥
oFEolet AR AT BAE BEe HEHEG s 1, 2 4ARMe AR AFHAzeR A
Aetqich) Az FES AMesta 2080] A3 § F receptor chamberoA] 50ul®] A EE A
53] 3%, 1 receptor chambero] A2 transport assay buffer& 50ul H7}s}9it}. 40,

..?2.._.



802 A ok olgh 2L Yo BF A W AR MHHE FASAT AR AT

[14C]-mannitol& H] &3k WAL AFE 29 £42 liquid scintillation counter (Packard
Instrument) & ©]&3t4 ). Z4zhe] B48 AlZ 50uls= 5mle] scintillation cocktail solutionol]
A7bete FE3 42 F A A daE AR FEY A5 HPLCE o] &3]
A48 £3] LC/MSDE o] &3 42 $Y3 &4 2794 E45HE o8 7Y A
BE 3o B4 & & Je AAo] gtk EAAEE solvent AE acetonitrile® solvent
B+ 20mM ammonium fonnate (pH 4.0)% o] &3l ol5Ade] 249 A2 WHL table2
9} table 3o YehJilch LC (Agilent, 110series)$} LC/MSD Trap (Agilentys |43}
Bruker Daltonics softwareE ©]-83}4] MSD trapS controld}3l data analysisE %}93\1:}. KJH

rot

AgL Hydrosphere CI8 150 x 20 mm columng A}38}13, dopamine receptor
anatagonist A€ Cacpeell Pak C18 2.0 mm columng A3} th

Table 2) KJH A€ £44] ol54e] =4

Time(min) Flow (ml/min) %A %B
0.00 03 25 75
10.00 03 60 40
12.00 03 60 40
12.10 03 25 B
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Table 3) Dopamine receptor antagonist (KCHAE) ¥4jo] o]EAte] 2A]

Time(min) Flow(ml,/min) %A %B
Initial 02 25 75
8.00 02 40 60
10.00 02 40 60
10.10 02 70 30
12,00 02 70 30
12.10 02 25 il

e. Papp (apparent permeability coefficient) calculation
B AFo|A o] A3 10° cm/secs wio] Tr|5H9xn PappE F3l71 93 4& o
o 2o

glo

Papp =(V/AGy) - (AQ/At)

AQ/ At steady-state flux (uM/s)o]l, V& receptor chamber®] #3j(ml)o]il, A& insert
membrane®] apical membrane area (cm’)o]T, GoE H]she okEe 27)%% (uM)olth
S0uld AHT Mg Hd FxE Tt AA Ry qFee Al vEE A T F

FEE RStk oA RFoW FEE o8] Azt tiE wx S7HEFE Ttk
RI labeling® chemical®] Z-$-al, § oA AR € & @9 9 ‘M A ‘cpm/ml’ & ©]
&3h3T Figure 12 A7) A¥o) AL F29 AT $7HS 78 AoIth Receptor
chamber®] A EE B4 & A& AA uM FE9} AZe g Fofl o] U Iz} 1
28] 718718 ©]&3) PappE Tl WHE A JEAh HHE FEY 27 FEE
50uMo] 31, receptor chamber?] $-3}7} 15mlY o} closed circleZ EA|E ‘?-?%-8- figure 1 9]
olzfel]l AXE 3] 24 x 10° em/s9] Papp (cm/s)at& 2t
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g / dQ/dT = 0.0008
o]
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o]
© dQ/dT = 0.0002
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" The (s=c)

KCH-7619] 7%

Papp =(1.5/50 - 1)(0.0008)=24 x 10° cm/s
KCH-1058] 7

Papp =(15/50 - 1)(0.0002)=6 x 10° cm/s

Fig. 1. Papp A4+ #49] o] O : KCH-1058 @: KCH-761
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3. Polar surface area
Chemical®] T2Z Mopak2 %3] HA JdYA Age F+2Z =31, Jus CPSA
descriptorsE ©]&-3] PNSA (partial negative surface area)E AUt} (figure 2)

Experimental > [ Drug structure ]
Caco -2 permeability

Statistical analysis l Calculation of
Cross validation descriptors
Jurs CPSA descriptors

L QSPR model ] > [Prediction of permeability J

Papp = 1.04 + ( 25.5/(1+CPSA/110.2) 145 )

Fig. 2. PSA §E37
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A 3d: 49 2% 9 nF

1. 5 Caco-2 monolayer system 3¢
In vitro permeability AHS 338}7] A A3 Caco-2 cell& brush borderE A3}

apical membrane Ao A7t Wk w tight junctiono 2 A ug} FASHA wjekHich
AE 3 Zo] transwell®] apical membranedl] HG k9] cellE seedingdle] oF 17Ut uj
A

N

o

st monolayer= wj¥st i, o]FA w]¥3 monolayerd o] &3 A HH
m}#3}17] $18) $4 mannitol permeabilityst TEERZHS Z43}] wlmstsitt (Fig 23). &7
A3} TEER Zhe 29zre] widr)zt & FEA F74H5L, TEERgo] F7hshol whet

mannitol permeabilityts ol A& BIY & YNch 9714 TEERS YIHE AFY

o4

=°] cell monolayer®] AejS Fetst 4= Qe 240]3%, cell 7+ tight junction®] 134 )

gobst 4 gl 220lth J. GaoSE o] o)A ( Gao, J. 2001) ¥ = F4& Ao
753 monolayer?] mannitol permeability= 0.3 x 10° (cm/sec)o]3lg} tQ1, o] 9o ok
2 AFAEL o] ALY permeabilityE 7B A2 s Yok B AT s
monolayer= 189 o4} wjokdt w) vl 7bA]e] 27] mannitol FEAM EF AY 7153 &
g 249 (Table 4) o] @} TEERE 6000]4o|¢{ch. TEERo] 4000)4o 2 ZXdE u
mannitol®] permeability7} FA3] SA|T 6000]dolojok Aol 7T HFH gzt & +
AATH Fig 4). webA & T permeability A|ZolA+= Caco-2 HEE 18 w3t & TEER

e 243} 600 )42l well RO AYS YLt

il
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Fig. 3. w2 7tell w2 Caco-2 cell monolayere] TEER %7@2{}:
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500 -

400 4

300

200

Papp(cm/s)x10’

100 A

Mannitol permeability

100 200

300

400 500 600
TEER

Fig. 4. TEER®] w2 [“CJ-mannitol permeability

Table 4. Mannitol permeability

[C]-Mannitol Papp (cm/s) x 10°
(nCi) Apical—basalateral

400 0.282

200 0.249

100 0257

50 0.271
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Transport (Apical->Basolateral)

—@— KCH766
- 0~ KCH1058
—ap— KCH1081
—ix - KCH1109
- KCH1110

Concentration in blasteral (uM)

¥ T
0 1000 2000 3000 4000 5000 6000

Time(sec)

Fig. 5. Time-dependent transport of drugs in Caco-2 cells

2. Dopamine D3/D4 receptor antagonist 2] permeability

&3¢ ¥ Coco-2 monolayer system© 2 KJHA| ¥, dopamine receptor antagonist f+=4&

Z7] ¥% 50 uM=z 930, transwellol] /fEH o2 R eldte] ztzte] Papps FA 34T

tlo

(Table 5). B A9 %7 9 YR rapid aevaluationg 3 24 A|7He] ©&& 913l
HPLC/MS/MSE ©]8-3}4] single individual analysis } 8o} z} A|ZHiE 2 )3 X
& pool 3} mass monitoringS- 31 cassette analysis ¥4] T Weiste] $3§stch
WA rapid analysisE 93 cassette analysis HPHCE A& Papp #H single individual
analysisg ¥t @& Papp & ®lwd A A4dAF7E 0901olflon wetx Agd

AAZHS A7E7] YaldXE FA1E 3188 AS cassette analysis WS A8 5

M
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s HAFAL & APAME cassette EAPHS o]831%ch. Dopamine receptor
anatagonistE2 Caco-20|4]  BJYAIZE 1AIZE 3087bA] Azt we}l  apical sided]A
basolateral sideZ transport H$1o™ (Fig. 5) Papp #E 1AI1ZF 30% 71A transport &=
pattern®] 7]27|2 FIrh Al ARRE 21709 3FE9| Caco2 ME permeability
coefficient= 0.294] 24 cm/sec x 10622 AlatEglon, B A k/\}%% SI3rEe] tj %
°of #Z& FAHIAU HE M FE FAH dARE AXE FHAE BE Aol HAFY
o gibdo g Caco2HEol|A Papp ko] 70149 A% tiRE 47t dojud, AA oS
29 Aolz thAFEY agld ostd vepdtn Atk B Al¥dAE 1719 SEE
o] o]2g 7]Fol 4 Papp 3t 7HAL UL (Table 5).

H2 Tole AUALRLAS cytochrome PA504] 3] TiAL HAY AR &
A 8h= multidrug resistance protein?l P-glycoproteindl] ojaf A& Ho] HA Free oF
E9] %2, chemicalo] ZH= cytochrome P4500] 23k tjA} A9} P-glycoprotein®] substrate
2 o¥He Az "t geAE B4 Utk Passive transportsl = druge] Y FFE
druge] & physicochémical characterol] W} 43k wi=t} E3] Caco-2 cell lined 7%
brush border= ¥A3}ATH A4 human intestineo] H3] wj$- & cytochrome P450
enzymes Wds}7] Wi, Caco-2 monolayer system®] 74-% chemical®] solubility7} &4~
ol ZAAHY 9% 7F Zolgke Aol dwrH Itk £ AFdxe od
physiochemical property7} &9 &4 2HAA A4S F=AE st APAA )
AOE F5E ALE =4 Je=ANE Huislr) Yeke]  partition coefficient, polar
surface area (PSA), 18] 1 total surface area (TSA)E 313t} (Table 6). PSAE AA] &9
A (total surface area; TSA)ol|A] nonpolar surface area (NPSA)E A3} ’:yléﬂﬁﬁ}. Al
physico-chemical parameters} @802 A& Caco-2M A9 Papp FTe] AJGE 4
HEgT (Fig 6 ). 44 A9 Pappgtd} PSAGLE Fojd AE Tty Adtd a2
oF 50% o} R dis) AR g HYT (Table 7). £ ol& 3 ¢ & UL A
1000]3te] PSAE zk= FE9] 79 1400142] PSAE zte oHE o 2T 38§ Hel
e AME @ F AT oS Odste, BE 59 test setS F3 HrEE modeld ¢

0e ANF dZo] sisatelel GANG BBHoE (BAR modeld|H 4HEH Pappe
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compoutational workstationg E3] dojF PSAst d#ste] A Caco-2 monolayer

transport systemujoll A} 8 Froh BEgthe AMES 4 4 99l

v

Papp(x10°® cmi/s)

T H ¥ R
80 100 120 140 160 180 200

PSA (A%

Fig. 6. Sigmoidal fit of single conformer PSA values to intestinal permeability data for
compounds.
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Table 5. Papp values of test compound in Caco-2 cell system.

Compounds Papp (cm/s) x 10°
KCH-716 21.00
KCH-728 1.05
KCH-730 3.00
KCH-732 24
KCH-743 6.0
KCH-746 120
KCH-747 6.0
KCH-748 18.0
KCH-760 24
KCH-761 6.0
KCH-762 10.50
KCH-764 16.50
KCH-766 9.0
KCH-1058 240
KCH-1059 24.0
KCH-1081 12.0
KCH-1109 9.0
KCH-1110 10.5
KKJ-1002 0.9
KJH-1043 0.2
KJH-1045 0.2
KJH-1047 0.38
KJH-1061 0.3
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Table 6) Polar Surface Area (PSA) of tested compounds

Compounds  [M+H]+ PSA (A)  NPSA (3%  TSA (AD)

KCH-716 378 100.2 622.3 7225
KCH-728 497 1831 672.5 865.6
KCH-730 512 1144 798.7 9131
KCH-732 452 1100 725.1 835.1
KCH-743 380 167.0 584.2 751.1
KCH-746 422 110.3 722.0 832.3
KCH-747 368 9.1 601.1 700.2
KCH-748 362 122.8 631.1 7539
KCH-760 437 2313 631.9 863.1
KCH-761 452 122.0 740.7 8627
KCH-762 452 108.7 748.3 857.1
KCH-764 392 9.2 635.4 7316
KCH-766 437 1117 687.5 799.2
KCH-1058 466 109.8 738.3 848.1
KCH-1059 412 95.4 ; 658.2 753.5
KCH-1081 440 B30 723.6 796.6
KCH-1109 454 68.4 7424 8109
KCH-1110 400 728 6705 7433

silenafil 475 135.1 657.8 7929
KJH-1002 491 1446 656.4 801.0
KJH-1043 521 155.8 686.7 7425
KJH-1045 505 1444 679.0 833.4
KJH-1047 535 - 1556 716.6 872.2
KJH-1061 477 146.0 638.4 784.4
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Table 6. Experimental Papp value and calculated Papp value for compounds

PAS Experimetal Predicted
Compounds Residual
(A) Papp(x10° cm/s)  Papp(x10°cm/s)
KCH-716 100.2 210 2142 042
KCH-728 1831 1.05 1.06 -0.01
KCH-746 1103 12.00 13.73 -1.73
KCH-761 122.0 6.00 5.81 0.19
KCH-762 108.7 10.50 15.07 -4.57
KCH-766 1117 9.00 12.57 -3.57
KCH-1058 109.8 24.00 14.15 9.85
KCH-1059 9.4 24.00 23.75 0.25
silenafil 1351 1.80 1.71 0.09
KJH-1002 1446 0.90 0.85 0.05
KJH-1045 1444 0.80 0.89 -0.69
KJH-1047 155.6 0.30 0.55 -0.25
KJH-1061 146.0 0.30 0.79 -0.49

_85_



A4 Fa £

LJ. Hidalgo, RJ. Raub, and RTBorchardt. (1989) Characterization of the human colon
carcinoma cell line (Caco-2) as a model system for intestinal epithelial permeability.
Gastroenterology 96:736-749

JFogh , JM. Fogh, and T. Orfeo, (1977) 127 Cultrued human colon cell ines producing
tumors in nude mice, J. Nath. Acad. Sci. USA. 59:221-226

Burton, P.S, Conradi, R A, Hilgers, A. R and Ho, N. F. H(1993) Evidence for a
polarized efflux system for peptides in the apical membrane of Caco-2 cells. Biochem.
Biophys. Res. Commun. 190, 760-766 .

Karlsson, J., Kuo, S-M,, Ziemniak, J. and Artursson, P.(1993) Transport of:‘\ &eliprolol across
human intestinal epithelial Caco-2 cells: mediation of secretion by multiple transporters
including P-glycoprotein. Br. J. Pharmacol. 110, 1009-1016

Takanaga, H.,, Tamai, I. and Tsuji, Al (1994) pJ-dependent and carrier-mediated transport
of salicylic acid across Caco-2 cells. J. Pharm. Pharmacol. 46, 567-570

Matsumoto, S-I, Saito, H. and Inui, K-L (1994) Transcelluiar transport of oarl
ecephalosporins in human intestinal epithelial cells, Caco-2: Interaction with depeptide
transport systems in apical and basolater] membranes. J. Phrmacol. Exp. Ther. 270, 498-504
Dantzig, A. H., Hoskins, ., Tabas, L. B, Bright, S., Shepard, R. L., Jenkins, L., Duckworth,
D.C, Sportsman, JR, Mackenson, D, Rocstech Jr, PR. and Skatrud, P.L. (1994)
Association of intestinal peptide transport with a protein related to the cadherin
superfamily. Science 264, 430-433

Hunter, J., Jepson, MA,, Tsuruo, T., Simmons, N.L. and Hirst, B.H. (1993) Functional
expression of P-glycoprotein in apical membranes of human intestinal Caco-2 cells. ]. Biol.
Chem. 268, 14991-14997.

Phung-Ba, B, Warnery, A, Scherman, D. and Wils, P. (1995) Interaction of pristinamycin
IA with P-glycoprotein in human intestinal epithelial cells. Eur. J. Pharmacol. 288, 187-192

Artursson, P. and Karlsson, J. (1991) Correlation between oral drug absorption in humans

_.86_



and apparent drug permeability coefficients in human intestinal epithelial (Caco-2) cells.
Biochem. Biophys. Res. Commun. 175, 880-885 |

Rubas, W., Villagran, J, Cromwell, M., McLeod, A., Wassenerg, J. and Mrsny, R. (1995)
Correlation of solute flux across Caco-2 monolayers and colonic tissue in vitro. Stp.
Pharma Sci. 5, 93-97

Wils; P, Warmnery, A, Phung-Ba, V. and Scherman, D. (1994) Differentiated intestinal
epithelial cell lines as in vitro models for predicting the intestinal absorption of drugs.
Cell Biol. Toxicol. 10, 393-397 »
W. Rubas, N. Jezyk, and G. M. Brass. (1993) Comparison of the permeability
characteristics of a human colonic epithelial (Caco-2) cell line to colon of rabbit, monkey,
and dog intestine and human drug absorption. Pharm. Res. 10:113-118

Navia. M. A; Cahturvedi, P. R (1996) Design principle for orally bioavailable drugs.
Drug. Discov. Today. 1, 179-189

Chan. O.H,; Stewart. B. H. (1996) Physicochemical and drugdiscovery considerations for
oral drug biocavailavility, Drug, Discov. Today. 1, 461473

C.Alipinski, F.Lombardo, B. W. Dominy, and P. J. Feeney. (1997) Experimental and
computational approaches to estimate solubility and permeability in drug discovery and
development settings. Adv. Drug Del. Rev. 23.3-25

B. H. Stewart, O.H. CHan, N. Fezyk, and D. Fleisher. (1997) Discrimination between drug
candidates using models for evaluation of intestinal absorption. Adv. Drug Del. Rev.
23.27-45

H. van de Waterbeend, G. Camenish, G. Folkers, and O. A. Raevsky. (1996) Estimation of
Caco-2 cell permeability using calculated molecular descriptors. Quant. Struct- Act. Relat.
15:480-490

CPLee, RL. A de Vrueh, and PL. Smith. (1997) Selection of drug development
candidates based on in vitro permeability measurements. Adv. Drug Del. Rev. 23.47-62 -

H. Ellens, P. E. Eddy. D.-P. Lee, P. Dougherty, A. Lago, J-N. Xiang, ]. D. Elliott, H-Y.

...87...



Cheng, E. Ohistein, and P.L.Smith. (1997) In vitro permeability screening for identification
of orally bicavailable endothelin receptor antagonists.Adv. Drug Del. Rev. 23:99-109

J. Gao, O. Murase, R. L. Schowen, ]. Aube, and R. T. Borchardt, A. (2001) Functional
Assay for Qunatitation of the Apparent Affinities of Ligands of P-glycoprotein in Caco-2
cells, Pharmaceu, Res, 18:171-176

..88“



A 3#%: Human P450 &

0

_89_






A A7) Bax

Cytochrome P450 EAE FEUIALY $F3Q A8S 3 JAUZR FYHe e
oF 9%B%EE7} cytochrome P450 & ofsf thabdtha %.}E%?{% Atk mebA ekgo] AU
dA 2 AR e g AEzt A8-& 78] st E in vitro enzyme
kinetics 79} o]® P450E 47} diale] #ostexE F4ste Aol dasida & F 39
t}. Human P45002]8F oFE-o] tjal del tiatsbed P450 isozymes characterizationd}?)
et thake] P450 proteino] Faslth. £ FAAE human 229 H50] dold
BAZ bacteriad] human P450 gene2 W& A|#H recombinant proteing Ao iAo ©]
g3t 3k & human P450s geneo] cloning®oJ$l= pCW vectorE @¢] E. coliolA]
expressionA| 128 columng o]&3le] AHA|54tE Human P450% CYP1A2, CYP2C9,
CYP3A4, CYP2D6, 18]1 CYP2E1S expressionA]Z 2™, cell membraned sodium cholate
Z o]43}9 solublizationd}$] 1. ©]Z DEAE sepharose columnollA] flow recovery fractionS
CM sepharose fast flow column, hydroxyapatite columng o]&3lo] Z+zh isozymed ¢k
100-200 nmol AA3tFch o]E A A P450EAE phospholipid$} reconstitutiondte] thA}
A AREstATH
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A 48 A2 2 WY

1. Human cyctochrome P4508 ¥83h= plasmid9] E.colio] 4] 2§

Human P450 isozyme ¢ ¢cDNAE ¥ 3ste= pCW vector(pCW/1A1.pCW/1A2, pCW/2E],
pCW/3A4, pCW/2C9, pCW 2D6)= Dr.Dongo 2 H-E] A3t} o] vectorE E. coli DH5a
competant cellol] transformationA]Zth. @& A$E Ecoli cell® LB/amp agar plateoA] A
oz W33 colonyE 39 LB/amp mediad] subculture (37°C shaking incubator,
ovemnight culture) 313t} Subcultrue® mediaS 1:1002.8 modified TB media (Table 1)
8 43le] 1mM IPTGE FAlo 2 8te] 30T , shaking incubatorol A <k 30A17HE w33
o

2. Membrane fraction 7]

vl ke wjdAS 3]st 4T 5000 xgoll A 1087 941 Relshe] cell pellets #3ich. Cell
pellete] FAE =43} cell pellet 1g% 15ml 9] 500mM sucrose9} 0.5mM EDTAE X8t
= 01mM Tris-acetate buffer (pH 74)2 #7138t} resuspendAlZAt}. Lysozyme cell g2

300 uge] M=% Hristed] A3 E5o] FEA HAFAL olFA cellS EFdl= FEHY

S ulg] FBS)F 4T distilled waterES H7}sle] Ao ulo} etdll AA 7} G- A
S o] 3082 202 ok 404 10000 xg2 W4Eeshe] 2L spheroplast 6mM

magnesium acetate, 20% glycerol, 0.1mM DTT7} E3¥ 100mM potassium phosphate
buffer(pH 7.6)o1 A resuspendd 3 -70Col|A H#sIHtE H|F spheroplasto] protease
inhibitor$] 1mM PMSF, 2uM Leupeptin, 0.04U/ml aprotinin, 1uM bestating- #7}ste A3}
A HA3HA sonication 3 F 4ToA 10.000xg e 2087 A Esle] & 45L& 4T
oA 100.000 xgol| A 90E7H ZYAE28tY membrane fraciong @0 250mM sucrose}
0.25mM EDTA7} X238 50mM Tris-acetate (pH 7.6)o)| 4] homogenizationst - AGF#s &
Fatod 70Tl A EHstgich

...92»



Table 1. Chemical composition of modified TB media

0.1g CaCl,. 2H,O
0.1g CuCl
0.05g H3BO3
10ml coc.HCl/100ml DW

Components Composition Volume
24g veast extract
12g bactotryptone
B s per 1L
2g bactopeptone
4ml glycerol
100mg/L Ampicilline 100mg/ml Iml
1mM Tahiamine M 1ml
23.1g KH2PO4
Potassium phosphate 125.4g K2HPO4 100ml
per 1L
0.5mM 8-ALA
0.5M 1ml
(ammonium levulunic acid)
50 uM FeCls. 6H,O 0.2M 0.25ml
ImM MgCl, . 6H:0 M Iml
25mM (NHy),SO, 2.5M 1ml
2.7g Fe(ls. 6H0
0.2g ZnCl,.4H,0O
0.2g CoCl,.6H0
0.2g Na;MoO4 . 2H,0O
Trace element 0.25ml
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3. P450 Assay

3 5¥ recombinant P4502] membrane fractiont 9] P450 enzymeS Omuro$} Satoo] HIH o
2 &43dth ImM EDTA, 20% glycerol, 0.5% sodium cholate, 0.4% Emulgen 9132 37}
3t 100mM potassium phosphate buffer (pH 7.4)o] 5mM a-naphtoflavoned L% 6ml<
7¥8te] BHE P450 assay bufferZ o]-£3lth. P450 assay buffers] membrane fractiond 30
vl 2 3]A% & UV 4000]4] 500A}o]oll A scanningd}e] baselined FEth od7]o] sodium
dithionate® A H718] $83] 4 ¥ A scanningdtt} (Figure 1). 4500) 9] #&

peaks} 4909714 9] & peakE o] §3f Alxbsle P450 FE SHHGch

Ij 1

0.04 ‘ ;

0.02 ~

Abs \

-0.02 —

<0.03 ;““ N 1 H 1 H ! ] I 1 1 ]
400 420 440 460 480 500

Wavelength[nm}

Fig. 1. Difference spectrum of Cytochrome P450 expressed in E. coli
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4. P4508 ©] 83 enzyme assay
Zzyol isozymeo] WHE membrane fractiond o]&3dld HEE 313, flavonoid
compound 137} & o|&3] A 48L& ¥k EF 1uM9 flavonoidS Ztzte] 71d&
A 7}8}71A preincubation timeo]] H7}s} k.
a. Testosterone 6 hydroxylation assay
S0pmole P450 membrane fraction, 10mM glucose 6-phosphate, 0.65mM §-NADP',
1U/ml glucose 6-phosphate dehydrogenas, 03mM testosterones 100mM potassium
phosphate buffer (pH 74)o] d7}std whe wh3-e8(05ml)E 37T shaking water batholA]
3027t AR CHCL 1mlg F7lste] ¥g-S AAAAL, wheo] AR H3ds
AEEF F 08mlS Fsto] AaTtAE o]f3le] ¥d F methanol 100ule] =¢iA] 10ulE
Fsted HPLCE #4315
60% methanol& Iml/min®] #&£02 TeFHA 254mMoA peakE AZ3IYT
Columng YMC pack C18 (4.6 x 150mM, 5um)2 AHE-3}%TE A3 E hydroxy testosterone
2 peak area® 243} calibration curveZ2H-E A3tk
b. Dextromethorphan O-Demethylation (CYP2D6)
20pmole P450 membrane fraction, 10mM glucose 6-phosphate, 0.65mM  B-NADP',
1U/ml glucose 6-phosphate dehydrogenas, 250mM destromethorphang 100mM potassium
phosphate buffer (pH 74)o] A7}ate] whe ¥H3-a(0.2ml)E 37T shaking water bathojA]
3027 WEAZT S0ul acetonitrilele e W1e-e FANAL, Wo| BAY W3
S QAR T 200ulS 23l 20ulE FHste] HPLCE 24314tk
20% acetonitrile® FE33h= 10mM NHAHZPME Iml/ming] %502 EHFHA
exitration 290nm, emmision 320nmellA FFZA3H . Column shiseido capcellpak
Ci8 (45 x 250mM, 5um)2 ARE3lIch AAE  dextrophand peak area® 2AJEH
calibration curveZH-8| 35t}
¢. Diclofenac 4-hydroxylation (CYP2C9)
50pmole P450 membrane fraction, 10mM glucose 6-phosphate, 0.65mM B-NADP",
1U/ml glucose 6-phosphate dehydrogenas, 0.3mM testosterone$ 100mM Tri-HCl (pH 7.4)

._95...



of F7kete e WHS-A(0.5ml)E 37°C shaking water bathol] A 1A|7F ¥HE-AJZ T 50ule]
6% glacial acetic acid® Tshe acetonitrile® B7Hste] W8-S AXAZL, ¥go] HA
g uhgolS 3027 vortexingdtgth FARYT F 30uS FHel HPLCE EAsgth
Column2 shiseido capcellpak C18 (4.5 x 250mM, Sum)g A3}t AAJE hydroxy
diclofenac2 peak area® A3} calibration curve2%-E] A kst 4o o]&d o|F4

o 243 AP 2AL L3} Bk

Solvent A: 30% ACN-70% Water in 0.187ml/L 60% perchloric acid
Solvent B: Metanol

Time Solvent A Solvent B
0 70 30
15 0 100
16 0 100
20 70 30
25 70 30

d. Ethoxyresorufin O-deethylation (CYP1A)

50pmole P450 membrane fraction, 10mM glucose 6-phosphate, 0.65mM B-NADP",
1U/ml glucose 6-phosphate dehydrogenas, 2.5uM ethoxyresorufin, Img/ml BSAZ 100mM
potassium phosphate buffer] (pH 7.4)o] #H7}3}e] 2 9Hg-A(0.5ml)E 37C shaking water
bathel X 1587 ¥H-3-A1Z Tk 2mle] HPLC grade methanolg 718l ¥He-& AHAA|Z L,
Whgo] AAE WA 027 vortexingdl Atk AT F 2mig st WA
§ ©]83}4 excitation 550nm, emmision 585nmojA HFEE APt AAH

resorufin® Z}7+e] APEE o]-&3] A3} calibration curved ©]83) AHEstATh
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A3d: 439 43 9 23

1. Recombinant Human Cytochrome P450 &

22 AE3AQ 71£9] HH 22 human liver P450 DA 7 FHAE LelaiA =z
1 540 tie FEE A H%low 53] recombinant DNA techniqueo] 9js} R#oju}
metabolic capacityo|A] FHAS 75 human P450 enzymeo] T A Z7} 715354 €2
2 in vitro 2FE tA} A7 S &olatA HY

& AFolME EA tat G5 ALE 5 e 7S FYsE Aste] P450 family o]

hE A isozymeQl CYP1A1, CYP1A2, CYP3A4, CYP2D6, CYP2C9, CYP2E1S AEl&lo E.
colid X THEAZT A HAN Vehd vhe 2 wio g HEAZ A o] WHoE o
£ recombinant P450%-& 7+ Z} 1L 3 88.4nmol, 67.5nmol. 258.4nmol, 68.1nmol, 46.6nmol,
5Inmoleo| 1t} P4509] w&-2 CYP3A47} 714 whdlo] & =AUk P4509] LAy} T E
A2 P450 enzyme®] N-terminal sequenc & 9302 FAHH3 =4 ©] N-terminal F¥
o] cell membraned]| binding ¥+ A #A 7} 7] WELE Algdh

P

Table 2. Expression of recombinant P450 isozyme in E. coli DH5a

Isozyme nmol P450/L medium
recP450 1A1 88.44
recP450 1A2 67.50
recP450 3A4 258.36
recP450 2C9 46.60
recP450 2D6 68.12
recP450 2F1 51.00
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2. Flavonoid& ©]2-3} P450 thA} inhibition %33k

50041229 g Zizhe} 727} thE 137HA9 flavonoidZ FAEo] Utk oS PAS0
isozymes] thAbs el WA 4B AR da) g 2e AL FHAAY |

1) CYP3A4el th&+ 9

FHIg 1374419 flavonoid compoundsE o] €34 inhibiton A¥L ¥t AL
200uM stock©. 2 DMSOol| =of Fu|gy, A} AL vt2olo] AA 1% o|3te] DMSOS
o] &3ttt tAl 94 AFA] H7ls)= inhibitors Y3ke vl tld 71AL A)er] A
Y1 v 587 incubationd} it} Testosteronee- CYP3A4o]| E0]A9] UjAlS dolsl:=
EZo|t}. oA} A *‘?ﬂa T3 Azl A8 HF 50092¢ 500975 1uM H3}a&
e 17k s 5759l oA F82 BRY 5 A9

B o

2 iy

200 +

180 -

160

140 -

120 ~

100 -

80 -

% of control

60

50014 '50015 ‘50016 '50076 '50092 '50094 '50095 '50096 '50097 '50169 '50172 ‘50173 '50174

1uM treated compounds

Fig. 2. Inhibition of testosterone metabolism with 500series

2) CYP2CO i} o) A
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Diclofenacs 7|2 =2 sk A} A8 F3stgtt 1uMe 500seriesS & gldte] &
e LS 100%2 HFLAY ANAA % 2L Ta A4 HES Sk A

500927} 79% o)) AAE Fog P afH AoE Yyt

Fig. 3.

'50174 -
'50173 4
'50172
'50169

1uM treated compounds
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Inhibition of diclofenac metabolism with 500series
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c. 500seriese] CYP1A1 A} 1A

202 CYPIALY] TiA} 52 BhT, 50048 2%
15} A7 figure 404 UEPA Hls} o] Al W3

Ethoxyresorufing demethylationA} 7
TuM st Astele dibes$
501730] 30%0°]42] oA A4S Jet

rr

i
B

e

'50174 -
50173 4
50172 4
'50169
'50097 -
'50096 4
50095
50094 -
'50092 |
50076
50016 4
50015 -
'50014 +

1uM treated compounds

0 20 40 60 80 100 120 140

% of control

Fig. 4. Inhibition of ethoxyresorufin metabolism with 500series
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d. CYP2D6 o thgh oA &3}

Dextromethorphane] CYP2D6o]] 2}3} dextrophan®. & thAls]& AR S Amxgch A8
A3} 501747} 54% A= A4 98 HYth

'50174
‘50173
'50172
'50169
‘50097
'50096
'50095
'50094
‘50092
'50076
'50018
'50015
'50014

% of inhibition

Fig. 5. Inhibition of CYP2D6 activity by natural flavonoids.

500412129 &S o ge) A= wHH PO a9 WS 71%245& AW ERT, ©]
0l Z47}9] isozymedl "= A %’%:% Y A3 501739 3¢ CYP1ALY, 501729 7
$- CYP2C93} CYP2D6oll, CYP3A49] 73-%- 500929} 50096°] sq-sg A 73 diabt 9A)
Sﬂ o oL Pt o)oit}

3. Human microsoem} expressed enzymeg ©]-83F CYP3A4 A A+

Cytochrome P450 F4:9] A= B} W& Fof FEQ] giabe] 3Fe wAa F=Ho2E
85 kg9 pharmacokinetics® W3}AlA oFE 9 FAE-E it 53] CYP3Ade
ANE §d8s k2] 50%0] 4 thAISHE major PASOEAZA oFEo] CYP3A4 B4
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AE sk Aol FEAIALE olFfste #HAAA wg FosH B dAFdMe
CYP3A4ol ofste] cirtslm] g CYP3AE Aoz AAste DDBY oA 714 tig
A72 +33}Uck. DDBS NADPH &7 3ol Al human microsomed} #h3- ¥ wHSAHE-S
1/202 314 F4¢oz AMEsld CYP3A4 49l testosterone 6b-hydroxylation 48
Z4% A3 Fig 6. o] Bof Fule} o] DDBY ¥k A7t met 4L AAlsidth o
DDB7} CYP3A4E w7t A o2 2843 Azitke AS AR E AgAdA #38¢
DDB9] thAlz methylenedioxy moiety®] demethylenationo] F8 wjAl HZojn wetbA
carbene intermediate’} JAEHE & 4 9tk carbene intermeadiater™ P4502] hemed ©et
3] A¥ s} quasi irreversible complexE BAFTE AMAL o] Algol ¢j3te] R1H o
Atk DDBYl oJ3 CYP3A4E] AA7F v] 7k Y-S #93}7] 938t microsomes} DDB
£ 9 F 1BARE B¢t dialysisE 3t dolgle DDBE 43 A|AZ ¥ testosterone
6b-hydroxylation 48 Z43ld Htth Table oA HodE upel o] CYP3A4 AL
dialysis F-ol|&= dF-gto] 3 E5= AMEE w]Fof DDBo| ¢

ok
gk

>
12
20
rr
o
~d
N

2
ol

2,
o
i1

T ATk P4507} troleandomycind} 7+8 quasi-irreversible complexE sl IPES

Aejstd A== Ml complex?] UV spectrum’te] o §3E7F 456 nmo A Yephvs
ol& o]&ste] MI complex¥ 3 ¥& =3}t DDBE NADPH &A stolA wh3-shd
Fig 7oA Benket 2o 456 nmol A o F4EE Yehle UV spectrumS EofFaL 3}
o1, NADPHV} Qle Z9ole ol23 spectrum$ R ofF2] gttt o2 A= DDB7}
iAol A A =& carbene intermediate7} hemey}t A3l complexZ TS A4}
st} Complex 4 A= DDBE A& A] rate] 7$- total P450%F 32%, 18] humane)
A5 126% 7} complexE AT (Table 4). MI complexE A3t AHEE Y5
7] Y% & O ¥ o g DDBE A3t ¥ P450 o8 A#31ch. DDBE NADPH &
A M g A PASOFE At gEHOZ 743E BelFch NADPHU DDBY ¥
’01 WhE Alelle PA50 ¥ HAE HH LA itk o]Elgt 2= DDB7L CYP3A4d] 28]
A A B EE intermediate?} P4503} complexE A3t u] Jdzow 48 o
Aste DDBSH W8 Fose o4E F CYP3A4e] 9J3te] diiHE &S 3380 U9
g

Faviilie]
T}}\Da

O
O
>
e
--rd
ok
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bDB
0uM

\U\O 0.5uM

1.0 uM

2.5uM

5.0 uM

04+

Remaining activity (nmol/min/mg protein)

A 1 | J

0 2 4 6 8 10
Preincubation time (min)

0.0

Fig. 6. DDB concentration and time dependency for inactivation of CYP3A4 as reported
by testosterone 6-hydroxylation. DDB was incubated, at the concentrations shown, with
human liver microsomes. At specified times aliquots of the incubation were diluted
20-fold and incubated for a further 30 min and assayed for residual CYP3A4 Activity
using testosterone 6-hydroxylation as a CYP3A4 specific reporter assay.
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-0.04
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Fig. 7. Metabolite-P450 complex spectrum in PCN-treated rat liver microsomes. Spectrum
(a) represents the baseline spectrum and spectrum (b) was recorded after a 5-min
incubation with 100 mM DDB and 1 mM NADPH in PCN-treated art liver microsomes.
Then the reduced CO-difference P450 spectrum  (c) was recorded. Spectrum (d)
represents the reduced CO-difference P450 spectrum obtained before incubation with
DDB.
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0.2 -

P450 Content (nmol P450/mg protein)

0.1 4

0.0 +4 T T T 1
0 5 10 15 20

Time (min)

Fig. 8. Time-dependent loss of P450 content in human liver microsomes. Human liver
microsomes (1mg protein/ml) were incubated in duplicate at 370C. At the designated time
points, the P450 concentrations were measured by reduced CO-difference P450 spectra. @,
microsome control; v, 25 mM DDB; 0O, ImM NADPH; v, 25 mM DDB + NADPH.
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Table 3. Recovery of testosterone 6f-hydroxylase activity after an 18-h dialysis following a 20-min
preincubation with DDB and NADPH in human liver microsomes

The uninhibited rayes of the reaction in column 1, 2 and 3 were 0.53, 0.47, and 0.52
nmol/min/mg of protein, respectiveiy. each value represents the mean + SD. of
threedetermination. ‘

DDB % of Control Activity Remaining
+NADPH +NADPH +NADPH

M -Dialysis -Dialysis -Dialysis
0 100 . 100 100
0.25 67.6.1+87 90.1+9.0 94.2+3.9
05 47.2+8.3 283.0+6.9 101.0+14.1
1 40.9+5.0 61.2+80 89.3£6.0
5 14.8+1.0 234+16 87.3+£105

Table 4. Metabolite-450 complex formation by DDB in PCN-treated rat and liver microsome

Data represent the mean +SD. of three different preparations.

DDB AAuss-400/mg protein Complexed” P450 Complexed
Rat Human Rat Human Rat Human

M nmol/mg %

20 0.0027+0.0003 ~° 0.036+0.004 5.0+0.6

50 0.0109+0.0016 - 0.1373+0.0207 19.0£2.9

100 0.0178+0.0018 0.0058+0.0012 0.2378+0.0237 0.0773£0.0207 32.8+39 12.6+1.7

* Calculation base on an extinction coefficient of 75 mM cm” for AAuseas
b —, not detected.
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Table 5 Changes in P450 content after incubation of DDB with PCN-treated rat and human liver
microsomes in the presence of NADPH

Data in parenthesis means percent of control. Each value represents mean of two separate

determinations.
Enzyme Sources
DDB
PCN-Treated Rat Human
oM nmol P450/mg protein
0 0.735 (100)° 0.616 (100)
10 0.606 (82.4) 0.446 (72.4)
25 0.461 (62.7) 0.357 (58.1)
50 0.421 (57.3) 0.269 (43.1)

*P450 content was calculated based on extinction coeffcient of 91 nM em” forAAuseas
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A1A: LGMS/MSE 0|83 medroxyprogesterone®] 4]
1. ME

LC/electrospray multiple reaction monitoring W& AelAjo] 48 #gk opg} £A4

UE £8 9 A9 M Fodd 28 BADANAS 39 #40] 75322 o
A 3

4

=2,

R

>~

N

do,

=

e ‘
ok —
e

Lo,

I

2

ok

a3

o &
F dAHE FE7} subnanogram FF

e 2= ¥
& Mgog EAshe 4B ¥Y FES

qo} 27Fs 3 A7 e Atk & dFdMe =
Zo|al o5 0] 83} pharmacokinetics A7E 3T 4 U= HPLC/ion trap mass
spectrometry *J'H-2 medroxyprogesteroneS- ©]-&3ted JEsta} ST
Medroxyprogesterone acetate (6a-methyl-17a-acetoxyprogesterone; MPA)- progesterone]

FEAZA A 2HEo|E TEEA 0T MPAE 7433 47§ progestageE UFHNA
oo AF7E YA EX 283 dysfunctional uterine bleeding, secondary amenorrhoea, %!
endometrriosis X ZAZA AFLET 9tk MPAE Ea AEuwelsy $HOIE $2E &
Y 4 AR BRARE FEASH AEI Tk

Fo & kaet FFEty ATE et T LAl AEHo Aok MPAE

AT F9A Feo] wfg wor, =3 TN A ring £ side-chain hydroxylation ©f
Ab RG] #s] dojdth agrR FAh MPA Rl Hor EF FEFEd
Ao AT Aolw AA verdth 7R 2ER £ radioimmuno assay,
gas chromatography/electron capture detection, HPLC, Z18]3 gas chromatography/mass
spectrometry o] BiEo] ik A% oud WHE Ay §FE Foq F
pharmacokinetics 7o 23k Fxo] 4 7AeE BAFT UA| GobA ojHF A7l
= AT 7 ok

B AFME 8 U subnano gram 52 MPAE B3 } ] 95t HPLC/ion trap
mass spectrometryE ©]-83 EAH L sjEslnal et o] W QA FHoEFE
MPAZ single ligiod extraction ¥ HPLCE %3}3}3 selective reaction monitoring &
o83t MPAS 7ZHA} Bk

?:
i)

213

E ™ =}
A F2717] 5 A
- B4717] : Agilent 1100 series LC/MSD
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- Column : Phenyl column (1.5 x 150 mm, 5 ym, Shiseido)
< o] & A : 20 mM Ammonium formate(pH 4.0)/acetonitrile £
(48/52,v/v)
o]

% :0.15 mL/min, isocratic

B. £4717] 24

AxgE P RE the) LO/MSD 204 BFsadnh

Peak 7&-& ion trap mass spectrometryZ o]&3led MS/MS SRMHH O 2 7AZ38},
Ionization2 API-electrospray ionizationg 3}9, nebulizing gaSiE— nitrogen gasE 8
L/min®] 4%2 nebulizing 3%, L5+ 350C, 18] nebulizing pressure= 35 psiZ
AR A

Medroxyprogesterone acetate= 13} MS|A] molecular ion m/z 3872 isolationd}il
fragment energyE 12 V=&, helium gasE ©]-838}4 fragmentationdt ¥ A=
product ion m/z 327# 285% monitoring 3 Th Internal standard (Nomegestrol
acetate)= 13} MSel|A] molecular ion m/z 371% isolation3}il, fragment energyE 1.2
V& helium gasE ©]&3}e] fragmentationdt ¥ AJA == product ion m/z 3113} 293&
monitoring 3}t

C Azd 44

Medroxyprogesterone acetate®} internal standardQ! nomegestrol acetate Z}z} 10 mg&
A& At 10 mLo] MeOHel %o 1 mg/mLe] ¥&=& vHE3, 108] serial
dilution® 2 100, 10, 1, 0,1 18] 001 pg/mL2] working standard -§9-& ZA3}H T
XF HAHHE FASr] 989 human blank 8% 1.0 mLo| medroxyprogesterone
acetate”} 0.05, 0.1, 02, 05, 1, 2, 281 6 ng/mLe F=7} H&E Hr/istn 42
internal standard 5 ng (10uL of 05 pg/ml) A& H7le ¥, L9 A4 Ay
LC/MSDE ol &8 E4z7dd ot 24515t ARde WREEEEH9] 393
3k MPAS] B AHAHZ MPAS Fxof tista] 2AJ8ch

D. g% AMgd Ay 2 8 & v AL

g 8A2RE 2 AZEE A3t 20T 2HIY FARNEE A0 whx|Ehy
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=9 O, Ad 10 mL () WHEFEZ 5 ng (10l of 05 pg/mL) A&
3, 254 10 mL& #7F81al 2 mLY pentane© 2 23] F&dch #7152 3l
AA7F FelA S ey ARAIZ oS, S0uLe olFAel o I F 20ulE
HPLCo FYstth dolxl AZntEaYo 2R YWREEFEHY Iadzd o
MPAS FIAAHHE T3l wg] AT AFHoRFH I F MPAY F=E

a9

=3

o

CH,

Nomegestrol MW 370.5

HeC

CH,

N0 —— C—— CHs
7]

Medroxyprogestrone MW 386

Fig. 1. Structure of megroxyprgesterone acetate and internal standard



88 F Z4F medroxyprogestroneS EA3}7] ¢8led  electrospray ionizationh
Ion-trap LC/MS/MSE- o| &3} 43140k

ZAF medroxyprogestroneS ®A}#0] 38622 positive ion modedl|A] molecular ion
m/z 3870] AZEALH, MS/MS product ion spectrumol| A= acetate groupo] Eojzl
m/z 327¢] F2 fragment ion® 2 AZFEHUoH, A7jdA Eo] WA m/z 309, 181
-COCH; groupe] #ojZ m/z 2859] fragment iono] AZHAT (Fig. 2).

+ AL MS, 8.7min #7352}, 100%=873855
108
10 HEC M+H]}+
G
31
asd T T HQ e (3 e GHy
€84
o
£ H
bER CH,
Medroxyprogestrons MW 386 2373
L
P
) 3894
870 L 304 "{ N —
80 ay Lobepukadgabal it N it b Gt LB B il Lostib g dr Bl
- 1 T T 3. H + v L T T L v T T T O T v T T L) T ¥ T ] i) T T
100 150 san 250 00 350 £ miz
(B) Medroxyprogesterone acetate MW 386
<Y T SIMS(387), B.47.8rmin, 100%=38780
4 72
5
] 285
5092
4 2513 SC?'
C 7 0 . ¥ T i 5
120 a0 206 250 300 350 mix

Fig, 2. Positive ion mass spectrum (A) and product ion mass spectrum
(B) of medroxyprogesterone acetate

Internal standard® A}&-3F nomegestrol acetate®] 74-%- ¥-x}#F 37022 positive ion
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m/z 37144  AZHSe™, MS/MS product ion
spectrumo]] A& acetate groupo] ©o}Z m/z 3119] major fragment ion® 2, 18|31
7oA Bo] WAl m/z 293, @] -COCHso] A m/z 2692] fragment iono]

AEHUT (Fig. 3).

modeo] 4]  molecular ion?]

(5 + Al MS, 5.6min [¥628), 100%=352434
X5
N R
v/ [M+H]+
. N /w-%,,,c__c_cﬂ, 3714
0
. / [
" : ¥/ i .
3- 04:7"\\/ \K
CHy
2] Nomegestrol MW 370.5
2]
N " Nomegestrol acetate MW 370.5
1751 " 2830 N
1353 1485 ] -5i3-‘ 1 2934 3381
0- - 2 .
100 150 200 50 300 350 400
ntans. ff S MBMEATT S 28 dmin 100%=0201
o 31 o
234
1.54
O
B
8o L8 L.
35,4 B
a5 X 1k ) ' i !
1 130 08 230 300 3 miz

Fig. 3. Positive ion mass spectrum (A) and product ion mass spectrum (B) of

nomegestrol acetate

el peak A& MS/MS product ion monitoring©. &, 24+ medroxyprogestrone]
molecular ion m/z 387% isolationd ¥ product ion m/z 3273} 2858, Z12]1 internal
standard= molecular ion m/z 371% isolationd}T product ion m/z 3113} 2938
monitoring 3} T

Phenyl columng o] &3k HPLC ZZAdA¢] internal standard®} A



medroxyprogestroneS Z}7te] HEEAX|7F 5683 678 BEZA AEHUL, YA
71Ed HERAAA B EHo] o8 W peaks MF JEhiA ogten 4%

selectivity & YERA AT} (Fig. 4).

¢

intens EIC 333, 311, MSAMSE71) 2|

(A) 1 Internal 371 311,293

15004

EIC 327 285, MSMS(387 %

20004 MPA 387 327,285

L A

rteas B0 Y 293, MSMSIAT7 T4

(B) A1D5; Internal 371 311, 293 /‘\

8.3 ;
0.3 = 5
- SHCLT) 188, MBMSRAN) ¢

scoi  MPA 387 327,285 ’
sty

i

|
00 Iy
P

I

2000 1 H i

;
A A - N P
- v i : ¥

Tima [min}

Fig. 4. Extracted ion chromatogram of an extract of blank human plasma (A) and
human plasma spiked with 0.2 ng/mL

medroxyprogesterone acetate (B).
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ZAt medroxyprogesterones 0.05 ng/mLolA] 6.0 ng/mL7}%] spikedt ¥
FEAENS A48 A7 (Peak ratio) = 0.26329 (concentration) + 0.001519] 2

FAIE2 e, linear regression Al r’=09992 4 948 AL JEIUTHFg 5). &

AFALE 33 AFe AAlste Bagel o3 AAsAT

20 -
y = 0.26329x + 0.00151
= 0.9999
15 4
e}
o
a
T 1.0+
e
S
[
Q.
0.5 -

0.0

Concentration (ng/mL)

Fig. 5. Calibration curve of medroxyprogesterone acetate in human

plasma
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e YA, A4, 2Ea AFAAE 4457 st inter-day, intra-day
va.nanong A3 A AEEAZ 2 AAHES 005 02, 1.0, 283 6.0 ng/mLe]
T2 A|8E A %3} validation Z3}-E Table 3o YehAAch

Intra-day variation®] 7% coefficient of variationg RE ETZdA] 10%0]3H o
AEEE 005 ng/mLollA 60 ng/mL BE FEoA o2& kol HlIsted 95.3%)A
101.3% 2 AAEAc}h Inter-day variation®] 7% coefficient of variation 26.10%94]
858%01glem, AHowE 956%clH 1001%E AXEAT wed BOARY 4
FTEHY7L pg FELS WA AFIAE 005 ng/mlE ARG F YAk ERF
A EEAZZALEES te B LC/MSD 4L 005 ng/mLoA 60 ng/mL
HAelA AA ] i A &E AP 0|82 & v FET AT, S, AXA,
3

e] Q.0
A4 2 AU4S 23 eS¢ & Uk

Table 1. Intra-day and inter-day coefficient of variation and accuracy

for determination of medroxyprogesterone acetate in human

plasma (n=3)
Intra-day Inter—day
Theoretical  concentration concentration .

) CV  accuracy CV accuracy
concentration found o o found o o
(ng/mL) (ng/mL) ? 70 (ng/mL) ° °

0.05 0.048£0.003 7.08 95.3 0.050+0.013 26.10 100.1
0.2 “0.192+0.014 727 959 0.196+0.037 19.06 93.0
1.0 1.013£0.075 7.39 101.3 0.968+0.138 14.22 96.8
6.0 6.062+0.113  1.87 101.0 5736+0.492 858 95.6
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1.2

-
=
£ .
2104
H
0
4 0.8 4|4
0.6 - 1{
0.4 -
0.2 %
0.0 & T T T o T O
0 10 20 30 40 50

A2t (hr)

Fig. 6. 13 (A) 2 27 (B) 83 & AW =2AZ 2 A~ 89 Hi
T 0] (MeantSE., n=9)
@ xo (Z2HA 5 mg FAvPAoRkYE(F))
-0- A@oF (=ZAH 5 mg LA KHF)

MPA 5 mgg& 773 AQoA Fof &
o A3 A+ Fig 6o Yehlith MPAE
078 ng/mlg Rl Flow Wyl 4% hE AUHT AUCE 507
nghr/ml, CI/F= 946 L/hr, 28]3 MRC (mid retention time) 6.10hr 2 AAH= %}
o.
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27: HPLG/MS/MS W& ]88 enalaprilat®} enalapril A%

1. A&

Enalapril® angiotensin converting enzyme AjA|24 18t ABAZM o] AMEHE
oFE-o|t}. Enalapril®] 74 proenzyme&A AUjd] FYUEH esteraseo] 23] FAAA
of B2Q free carboxyl groupo] A71A = o] A2 enalaprilato] 84S A @
th. Enalaprilate] A% free carboxyl groupS 4dta Edo FAo] Eol gas
chromatography 2 )+ #4J0] &o]3}x] ¢k ¥ chromophorer} 23, isomerZ EA|3}
22 ARFH A7 A8 A& AxY FES HAEYSF e HPLC £40] &ols}

A ¥t} mkA pharmacokinetics ¥3to) radioimmunoassayE %o] o]&3}1 o o

19

735 parent enalaprilZ} tA}AQ] enalaprilatE 78 4 7} ¢tk Enalapril® peptide
bond”7} E2)3}3L ¥ cis-configurastion®] favorable configurationo]Z|7t trans-isomerZ2 %
EAgt}. E3] enalaprilz} Zo] prolineo] 3+ peptide bonde Zk trans- interconversion
Hhgo] v §ol8lAl dojttl. Enalaprile AH2o| A conversion ¥H-A] relaxation timeo]
THAE HH columnoA EEFo|% conversion ¥H3-o] Uojup=Z peak shapeo] 43
& F9 T3 peak spillitingo] dojur|E gt B AFore HPLC/MS/MS #Wi$
o] &3t 7Y enalapril®} enalaprilatg $A] EAae WHS EEte AUEe] ATl
283zt et
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2 4399
HPLC %

AMEE 84 A8v gy HPLC 2AdA FFah ol 3 Agilenti}o]

LC/MSD Trap$ o]&3}3, AlE FYole autosampled, HHL Shiseidor}e]  C18

column(50 mm x 3.0 3m)E, HolE AHeAAZE HPA chemstationg ARk

o] FA2 0.1% acetic acid?} methanol & AFE3}H, HZ &1 24L& 0.1% acetic acid

%l

&4 /acetonitrile (70:30, v/v)E Z18]1 4§59 methanolE 70% 2 F7HA17)aL 88%F
ot peakE EUH 3L $4& 05ml/min, column& &= 600CE A5t A&
mass spectrometryE ©]-23+ multiple reaction monitoring W& ©]83fo] A s
%  enalaprilat& parent ion m/z 3492] product ion 2063} 3032, enalaprﬂ% parent
ion m/z 377¢] product ion 2349} 3032, ]I ramiprild parent ion m/z 417¢]

product ion 234} 3438 monitoring 3+t

Enalprilats} enalpril ZFEFS WEhgd %o F58 1000/ ME TE F YHED
A7), o 84S WE BHEY blank FAH(H) T 345 alprazolame] ¥F
(% w7 42+ 1,2, 5,10, 20, 50, 100 ng/mi7} =S FF AN EE BE

o 2tz BE () Into] WREFEZE ramipril (1000ng/ml) 20w 718+ &

£ 10mi H&EE AT A 01% acetic acid§ N0 F washingdt 3 34|
2E loadingdtt}. Sep-pak< 2 mle] 0.1% acetic acid§4 2 2 washingdt o2 1mle]
AELE clutiondth HBEES Ah IFSIA Z2 - AZA F Al e
0utE H7kske] 60%3t vortexing®t the, o] HF A EE&AF 10uE FHstd HPLC
o FUTE A7lA e WREFEZS @9 g enalaprilatd} enalapril®] =

AEAE 7o17] A AR A4 A, sl AEE 4 9 ABste G RS

4
T Agste) 397 AYE ATk AFANE FAF o, A FEE Ik
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A AF Foe 294 A4 NEE WA HPLCE SA4S & 24 HEAY A&
€ Alolnit} enalaprilat A#FA FA A8 £ 10 ng/ml QCAIE
o accuracyE F<lsict

i
2
fins
Ol
o
R
it
Ape
o2l
oft
-—‘—J

3. 2% 2 u%

Enalaril?} enalaprilat& A 4 WHe FH3ry] Y3t 94 2 £29 mass
spectrum& FE53}H T Figolld Yebd viel 70] enalapril® protonated molecular
iono] m/z 3772 el fragment ion spectrume carboxyethyl groupe] W m/z
303, 18]3 proline moiety7} Eo}A m/z 2347} major fragment ionili vebstoh
tlA}AIQl enalaprilat®] protonated molecular ion m/z 349, 183 fragment ion
free carboxyl groupe] Bo{ m/z 3033 proline moiety7} %ioi%l m/z 206°] major
fragment ion® 2 Yelgt}h Internal standard® AFE3ELA} dh= FARAQ! ramiprile
protonated molecular ion m/z 417, 1E]3 fragment jonC 2 EREIAR
carboxyethyl group®} o}u]=4}l analog groupo] Boj& Ba1 742t m/z 3437} 2347}
major fragment ion® g UERGT

uzbr] B AlgoMe= HPLC/MS/MS product ion monitoring WA Z+-2he]
peak ZAEE 93l enalapril® m/z 3033} 234, enalaprilate m/z 3037 206, 18]l
ramipril 2 m/z 3437} 2345 monitoring3}3 .

MBANME AF5FA%0] enalaprile] 79 Z-, trans- interconversion® 2 915}
peak spilitingél 259t o] FEE ] Y3l C-N bondd] double natureg Zo]

I interconversion rateS F7}sl] single peakZ £435}7] $13td pH9} columnd &

{

== Wasy. Addic Z33} column temperature® 600CE 3I¥E A¢ EE
peak7} single peak2A ZHEHAoH welr BA 2HACZE 01% acetic acid &

£ &2 ARSI column &%= 600CE TASFFTE L B AFA ARE

&

o

rir

ion-trap mass spectrometero| A= organic modifier24] acetonitrileg ARE-E 799
enalapril#} ramipril 2% 2nd mjectionﬂllﬂ memory effectZA] A& injectiond %o

o 1-2% 859 peak7} A&Ho T HAHATE )3 meemory AFE 4535 blank
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o)

rung 3% AR Aole AU A&7 BAE ] FRd= H&F F 7+ 8l
t}. Organic modifierE methanol2 #3}A]ol= ©]2{3F memory E37} YeElUA] o}
#2202 methanol gradient® AM-3}ith qtlfy A2 Sep-pak2 ©]-&3F solid
phase extraction o]&3}gion E whgo g ¥8 HPLC/MS/MS chromatograme
Fig o Ueh)gich olgjdt B selectivity7} $-4231gom A &a7E enalapril
7} enalaprilat 22} 05ng/mis} 2.0 ng/ml2 AA3IY20 Figell vepdule} go] 2
A4 w3k 35t A enalapriltt enalaprilat g #ol] HE8E 4 oty Al HTH
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TAens,

x103 349.0

Enalaprilat =

2058 303.0

xmg:
28] 233.9
203 Enalapril 5030
1.s§

1o}
05

+

R T [M+HI _

XT3 SIS T SR RS TO0=a0 780
233.9 S
3
. . B //","';H oS,
Ramipril l ey

2] B . P

] {,J/ ,: 1]’/ N/(\)

1: 3430 !

] [M+H}+

ol 28 . 1417

T Tase U7 200 " Tzde 0 abo - sdo | ade | 4kg’ | 560 "s50  mi

Fig. 7. M5/MS product ion mass spectra of enalapril (A), enalaprilat (B), and ramipril (C)
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EIC 206; 303, MS/MS(349) &, Smoothed (2.6,5, GA)

Blank plasma

EIC 234; 303, MS/MS(377} £, Smoothed (2.6,5, GAY

EIC 234; 343, MS/MS(417) +, Smoothed (1.3,5, GA)

xtof Enalaprilat Sng/ml

EIC 206; 303, M§/MS(349) £, Smoothed (2.6,5, GA)

Spiked plasma

Enalapril Sng/ml

BIC 234; 303, MS/MS(377) +, Smoothed {2.6,5, GA)

Internal standard

EIC 234; 343, MS/MS(417) £, Smoothed (13,3, GA)

Fig. 8. M5/MS product ion chromatograms of blank plasma and plasma spiked with 5

ng/ml of enalapril and enalaprilat.
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Enalapril

Area ration

0 T T T T 1
a 10 20 30 40 50

Concentration {ng/mi)

Enalaprilat
0.30 +

0.25 A .0125268431e-3

4617762853e-3
9985703273

0.20 A

0.15 -+

Area ratio

0.10 A

0.05 -

0.00 T T T T 1
0 20 40 60 80 100

Concentration (ng/ml)

Fig. 9. Standard calibration curve of enalapril and enalaprilat.
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A3 GCMSE o] &8 AF tizanidine 54
L A&

Gas chromatography/mass spectrometryS ©]-83F EAMPHE o7 7}x] BAH ZME
Ef9 resolving powere} & 715 E 71x)3 9lo] volatile 3gHE8Tto] ofat AJA A
oM ekE EAS FHYEA AFRE T 9th E3] mass selective detectorol] A selective
ion monitoring (SIM) ©]-83 £ ¥yl 2A 3135 A7} volatiledle] s} 1 ionization

o] & gojopgicke Aol e AW =& 24 FE9 Hojd selectivity2 <131
AR NEWelA mgHR BAo) §43 o]SH T Yok B AT7ME HPLCEAE o]
4o E76d tizanidines GC/MSD WHE o3 BAHE 7w dux 3
Tizanidine (5-chloro-4-(2-imidazolin-2-ylamino)-2,1,3-benzothiadiazole) & ZF3A17Z4A ] &
s 2 o|HAZA Aol HAF baclofenolu} diazepam# 53 AFHS HAFE oF
& Hudo] 3ok Tizanidine2 77 A o]&&o] Yron 7oA ring hydroxylation W%
oAbt 4183 dolutia YEH U WEN @ % tizanidine FEE 5 ngwidE0]o]
A pharmacokinetics A¥F& AstdM= ATt & B el a3HT 9
o @A AA AEAY] £ F2 radioimmuncassay S ©]&3te} £ FHo] o

2 7171843 W 2ige] A ¥ Atk Radicimmunoassays ZHE+ —?——’F%}b}
FA 9] cross-reactivity 50 2 ¢13}0} tizanidine® tAMAIE 7RI & glod wehr Aad)
4 W tiznidine FFole= 1 AMgo] g2 o]t} YizanidineS cyclic guanidine moiety S
it glor bt F 719 tautomer® ZEF 3} o] 3 tautomersmsgnstirell 1014
chromatographic 4&e] Ui wetd ¥ 4 & ng $F9 48 FFE stdMe
imidazole moiety®] nitrogens prrotection A]#Aof Sth. B Ao A trimethylsilylation %
GCSIM-MSE o] &3l A tizanidineS 4]t WHS /Adsloal stsich

2. 48 iy
A AE FAe 2 =438
Human plasma 1 mlg 1.0M sodium carbonate €02 pHE 1052 ZA35th o7]d

2 mi9] ethylaetateZ 7131 vortex} AL Az 3 {7128 FHagoh U8 gFo=
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23] WhEste] &

7k2stol A AxAAY FEAS 8-S MSTFA (20 ul)2 driesd residued] 713w
700CAA 242 WEEAIA -2 JFAer, 1 F 2 ulE GC/MS systemd] FY3H3
o |

B. Gas-chromatography-mass spectrometry

715§ pooldt Th& magnesium sulfateE Hol 88 A A3 nitrogen

Hewlett-Packard Model 5890 series II gas chromatography$} HP5972 mass spectrometerS
o] &3l¥th AR 2 ulE Ultra-l capillary column (17 m x 020 mm id, 033 um film
thickness)ell 10:1 split modeZ FY3H o injector port L=+ 2800CE FASHSTE
Oven temperaturew 2100Col| A 187t H{F231 29 30CTlr 2300C7+A] S7IAH 01, o] %
ol ®3 150CH 3000C7HA Z7MAAHTE Transfer lined L5 2900CE #-x)3}4th
Tizanidine¥} internal standard®] SIM monitoring& 150 ms dwell times|A m/z 397, 362,
71283l 214 (tizanidine) 18] m/z 367, 332, 184 (internal standard)E A&}3}] monitoring

SHATH

3. 2% g nz

Tizanidine& cyclic guanidien moietyd] 27§9] active hydrogens 7Hx]i Slch. o]2{gh
active hydrogen¥} tautomerizationel] 2]|3}e] chromatographic separationo] £2] %3
resolution T3 Wokth. webr] chromatographic A 2& 7|A357] 93tY tizanidineg %=
A gkste] eHAstetE A=g dHth MIBSTFASLY] whE-& tert-butyldimethylsilyl group7}
tizanidine®] - UF 74 wh-§o] &x3] A=A FapQon, BSTFAS}Y] whg-& vh-&
AZkell #AIGLe] mono-TMSS} di-TMS =47k E§=o] A= o] Fko] A&7 4
AatA| itk o]l whete] MSTFAS] Z-$-ol& 700Co] A 2413t ¥He F wh3-o] b3 2
FEon FAET di-TMS fEAT HAF o] chromatographyol A ©Y peak® e}
u Aol ARah7Iel A 47 ¥ 24 2709 TMSE imidazole ringel] T4
He Z0 2 mass spectroscopy9 NMRE o]&3le] gelstgty. 4543} ¥h& 3 internal
standard?] ~ N-acetyltizanidineo] tizanidine® 2 #3lgE whg-&  Yojufx] Ptk

Tizanidine?} N-acetyl tiznidine®] TMS §- %4 mass spectrume Fig 11¢] Jehilch 28
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spectracl A} TMS f=Ale [M]°, [M-15], [M35]" zeli [M-184]°¢] E4ZQ) fragment
patterng B oStk EA9] background 12{3}o] tizanidene m/z 397,362, 18] 214
& UWHREFEZQ N-acetyltizanidine® m/z 367, 332, 28]1 184 iong& Ael3d}y
monitoring3}3th. FEA F AAEE di-TMSE 1H-NMRF 13CG-NMR Z3Hs table 2
o Yehlon, 344367 ppme multiplelet (IH-NMR)& 27§¢] imidazole®] methylene
group® £ assign® {ct. 13C-NMRoA 0.09 ppm2 2712 TMS groupo]il, 4658 ppme
imidazole group?] C4'5 02 assign 3ttt olgldt AT+ di-TMS tizanidined] FZ&
aminotautomer 4#o] o}d imino tautomer 3‘59] TFZE Ztete AL AARE TMS%E
imidazole ring®] 27] nitrogeng protection 3} AFAH O Z tasutomerizationS 33}

TFZE oM3 Azictn ¥4 ok FOERE tizinidined FZ37] Y3l o 7HA
T8 S AFESle] Hgrow, A7)ZAA ethylacetate® F2A] tizinidine?] Fxo] A
Aol &L JrE B%)E EAFUAT meA B APNAME ethyleacetatez FZ3}=

Agstgeh E 2ApEel A943) Solge ois) A2 thE human plsma® o

et

Kol
of Bl o 24 15tk drugfree plasmadiA & tizinidinedt WHEFEZH B
o

deted Hokom A@AL 0999 8 AHHE HAQFAOoH, Intraday variationT}
inter-day variation table3 o YelITh RSDe 1594 6.9%Atolg, 181 AL
9.2%014 1103%2 & WE ol&st] F7 tizanidines w457 |dle FejHole} Al
ok
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(A) Tizanidine

N
: e N =N N
7 S1 S S
a N =y a Ny =y ~y a =
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Fig. 10. Structures of (A) tizanidine and 12,15-di-TMS-tizanidine and (B)
N-acetyltizanidine and its TMS derivatives.
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Table 2 1H-NMR and 13C-NMR data of di-TMS-tizanidine

Position Chemical shift (ppm, )
1H-NMR 13C-NMR

4 120.73
5 155.62
6 7.52 (d, J = 9.16 Hz, 1H) 133.38
7 7.26 (d, J = 9.15 Hz, 1H) 109.63
8 151.56
9 164.18
2 . 141.64
4, 5 3.44 3.67 (m, 4H) 46.58
IN-Si(CH3)3 0.003 (s, 18H) 0.09

3N-Si(CH3)3

Solent: CDCI3; s=singlet, d=doublet, m=multiplet
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Fig. 11.  Scan spectra of (A) 12,15-di-TMS-tizanidine and (B) 12-TMS-15-acetyltizanidine
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Fig. 12. Selected ion chromatograms of (A) blank human plasma and (B) plasma spiked

with internal standard (10 ng/ml) and tizanidine (5 ng/ml). separated on Ultra-1 (17 m x
020 mm LD, 025 m film thickness) column system. The oven temperature was held at
210T for 1 min and programmed to 230T at a rate of 3°C/min, then to 300C at a rate

of 15C/min.
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Fig. 13. Calibration curve for GC-SIM-MS quantitation of tizanidine in human plasma.
Each standard was prepared in triplicate and injected.

Table 3 Intra-day and inter-day coefficient of variation and accuracy for determination of

tizanidine in human plasma (n = 5)

Theoretical Intra-day Inter-day

concentration Concentration Concentration

(ng/ml) found (ng/ml) % RSD  Accuracy (%) found (ng/ml) % RSD  Accuracy (%)
0.5 0.552 0.03 3.1 110.5 0.551 002 37 1103

20 1.984 0.14 6.9 99.2 2.126 0.03 1.5 106.3

10.0 10012 028 28 100.1 10309 0.19 19 103.1
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A474. Column-switching HPLCE 0] 8§38 taxol®] 4]
1. As

L.

FUAZ AHEER YE Taxold @847 & Aol &&2 st BT

8718902 3 capsuled] A (Taxcap)E /HFstA oty Budtgon, ol we F4
5 HolE B AT HE&E & Je rbeAol o Alsdn. wEb & A

A Taxcapd] Ao 44 ol§2¢ AFHT ALFsHS BAsknA ek

2. 28wy

Blood kineticA| ol  dojA  Z4Zte] plasma 200 o] internal  standard ZA]
butyl-p-hydroxybenzoic acid (100 pg/ml in acetonitrile) 10 S 7FSIQT
tert-butylmethylether 1ml& #7}8}x 3037k vortexing#AS AX AFZ FZ3Ach 3000
rpmo A 5E7F QAR E {715& BEsta, 08 mlo] 715 FHslo] A 7F sl
AZANZAT A 80 w08] 60% acetonitriled] =o]3 1 £ 30 W& HPLC ©f injection
stod paclitaxcel & 2498tk HPLC system (Shisheido NANOSPACE, Semimicro column
HPLC)& SI-1/2001 pump, SI-1/2002 UV-VIS detector, SI-1/2004 column 322, SI-1/2003
Autosampler, SI-1/2009 g 7% %], SI-1/2011, 2012 1% A3 S+ valve, 12|13l Shisheido
-MicroChrom software® 745 ch Axg] AP Zs CAPCELLPAK MF Ph-1 cartridge
(46x 20 mm), 7+ F= AP Z+= CAPCELLPAK C18 UG120 (2.0x35 mm), 12]i &4
AP o2 CAPCELLPAK CI8 UGI20 (20x250 mm) Z#HE AMESIh o4 01%
phosphoric acid (pH=6.86) buffer (pump A)$} 50% acetonitrile (pump B)S AMS-3}GI 2
Fo] 2EE 30°CE A4, @AY paditaxele Fig. 10 71£3 wte} Zo] column
switching W& o]&dta] A5k o]E4L AAE column®] 7§ 01% phosphoric
acid/acetonitrile £%(84/16, v/v)& 05 ml/min®g FHF3, analytical columnd
phosphoric acid/acetonitrile (v/v)&%-2 01 ml/min® 2 & Foh. WA switching valve
E AYXZ 3] AHF column £&HL wasteE U7}EE3}3, analytical columng-& -2

UV detector® 2352 39t 237 columnol|A] internal standarde 4.1%-o4] 7289
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A, 283 paclitaxel 2 64F0|A 9380 AX LEHBZ 40%A switching valveE B
A2 #H3lsle] AA2 column £&F o] concentration column® 2 T2 E dlo] AEE
53tk 108 AHAIFAM switching valveE TR AYXZ @B}, flowE F5
columnol A analytical column® g v}z 227 nmoAd peakE FYHFH HTh 7

chromatogram-2 Syscon software (Shiseido)E ©]&3}o] peakE A 3ttt

3. 2% ¢ uF

Column-switching -2 &0 544 FFo] dolg *4EE HE OE columne ZF3}
of ARSEORAM AFAFEAAM BAe] sled wHoz A Utk B WMk
switching valveE AR&-38t] 12} column®. 2+ MF phenyl cartridge® AHE-3l3 22} column
22 & ClI8 columng AREEle] Y9l taxole £4] A#F3tual itk Capeell pak MF
column polymer coating® o]} silica beadol] hydrophic phase$} hydrophobic phase
7t BAlY EASte columno A DA 2e LA AR AR o3 WS Had
AAZT. B4 844 A48 342 ANA 93 A7 columne] FYE F 9ok & A
Hol| A AHE-3F column-switching®] diagram2 Fig. 14o] YeEM 2™ 13} columnol}A] taxol
o] Eggo] YoE 78S F407 shdenrcolum®® peakE A7) 13} columnoA]
taxol peak’} BF £&5 & A7t flowE 23} columno & W3l A]A ClI8 23} columnd] 4]
taxolo] #25 o] Yo xE At ojg} 2 W& A A] taxol peake Fig 159 Yehd
ujo} o] 24650 §EEASH taxol peak TH o W3 peakr} VeI ¥skth £ WY
o] AFE AT HAste] 005904 10 ug/ml FEAtold] HAHE HFFA] HoprEith
Fig. 16014 B=ulel o] taxol A7) = ¥ ulolA 0999 ¥AAFE vehfio] o

FEHY X €T taxol A HEH = AT
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Fig. 14. Flow diagram of column switching HPLC used for quantitation of taxol
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Plasma collected 30 min after iv injection
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Fig. 15. HPLC chromatograms of blank plasma, plasma spiked with 03 ug/ml
paclitaxel, plasma collected 30 min after single iv injection (2 mg/ml), and plasma

collected 2hr after oral administration of Taxcap (20mg/ml)
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Fig. 16. Calibration of paclitaxol in rat plasma.
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scintillation counter (Tri-Carb, Packard)® WAlsS 2A3iych %3 2 oo 7Y,
adrenal®} o] FFo] 22 222 HAE 1 L, ¢ T T & 2HL F¥A A
gAdsre Ariete F28Y F 9REL s}l combustion padyelA FHAHTE £
Zo] & A3 Azxg 3. combustion cone sample oxidizer (Tri-Carb model 307, Packard)

A2 A oy LAHE “CO,Z Carbosorb® F23 & Permafluor V scintillation
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aF 2 4714 LIMAUE 20 mg/kg 8308 &3 47 748 5 2 8,
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F2 A% F 39 390 Z 2AU9) radioactiviy® S4sle] 2HE n
equivalent L-FMAU/g tissue2 ERJAT}
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bile®] 79 024 um filterS ¢])8-3}o] filtrationdt ¥ ZF 59 112 Al FAL 3Y
ok A9 B¢ 8% 1 mlE activiated Sep-pak Cl18& E#3}1 resin® 0.IN HC £
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2Asgon, wined} bileel F9 FH4E 1184 F vz HPLCA FYsgen
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Table 1. Distribution of L-FMAU in organs or tissues after oral administarion to male
rats at a dose of 20mg/kg.

ng equivalent to L-FMAU/g or ml tissue

Organ or tissues

Zhr 8hr 24hr
Thyroid 8787+997 406+119 124422
Seminal vesicle 1533+145 391+135 129450
Bladder 190380+68632 52241284 187+36
Testis : 2938+197 279+54 355
Muscle 1933+191 21415 6515
Small intestine 1119342702 775+300 127+35
Large intestine 213079100 16917+1325 11924236
Kidney 7396619 71273 9916
Adrenal : 3262561 696+395 5048
Spleen 267673 36585 80£9
Stomach 2830+335 24752 ’46*;7
Liver 4314+312 53’7#18 140424
Heart 2152+184 184+30 3145
Lung 1741+146 168+14 3316
Thymus 1821£216 167+28 | 45+10
Brain 21818 734 ; 2242
Blood cell 1608+130 11012 16+2
Blood 1845+176 142+12 2624
Plasma 2385502 203+28 47+11

* Each data represents the mean+SE.
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Table 2. In vivo rat plasma protein binding of “C L-FMAU after oral administration at a
dose of 20mg/kg..

ng equivalent L-FMAU/ml

Time after
administration (hr)
plasma protein free plasma % of binding
2 23854251 22721241 48+1.1
8 203+14 157+10 223+1.1
24 4746 37+4 20.7+3.0

* Each data represents the mean+SE.
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Table 3. Distribution of radioactivity in biological samples after a single
administration of L-FMAU

oral

Relative percentage of radioactivity

Sample -

L-FMAU metabolite
plasma 100 ; -
urine ‘ 95.3 4.7
bile 509 49.1

* Each data represents the mean+SE.
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Table 4. Excretion of radioactivity into urine and feces after oral administration of
20mg/kg “*C LEMAU to male rats.

% of radioactivity excreted

Time (hr)

urine feces total

0-24hr 46.57+1.63 40.26+2.22 86.83+3.72

* Each value represents the relative percentage to total radioactivity administered.

** Each data represents the mean+SE.
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Figure 2. Distirbution of radioactivity in blood after oral administration of 20mg/kg
YCL-FMAU to male rats.
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Figure 3. Organs and tissue distribution of radioactivity after oral administration
20mg/kg “C-L-FMAU to male rats.
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Figure 4. HPLC chromatogram of plasma obtained 2hr after oral administration of
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Figure 5. HPLC radiochromatogram of rat urinary L-FMAU and metabolite

- 156 -



Radioactivity {cpm])

300
M1 L-FMAU

240

180 -

120

60

Elution Time (min)

Figure 6. HPLC radiochromatogram of rat biliary L-FMAU and metabolite
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Wholebody autoradiography

Telmesteine®] U] 2L E image® 27| 9344 “C-telmesteined 20 mg/kg £&o
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Fig. 7 Structure of telmesteine
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Fig. 8. Whole body autoradiography of rats after oral administration of 14C-telmesteine
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Table 5. Distribution of radioactivity (PSL-BG/S) in various organs and tissues after
oral administration of telmesteine (20mg/kg) to male rat.

(PSL-BG)/S

30min after adminstration

stomach 613.1
heart 116
liver 18.8
kidney 74.7
kidney line section testis 38
lung 4.5
small intestine 125.3
eye 0.2
spleen 80.2
large intestine 0.8
brain 1.0
spinal column 4.1
liver 22.8
midline section
inferior vena cava 168.6
small intestine 486.9
6.7

lung
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A1 AE

3}8t8- o] (drug, chemicals, toxicant food additive 5) AHZ FUA diAtEE AA
Aoz wjAdsEn of| Aee 54 iV AAEZIE S w2 AdsHe
%E 2d g 54 79E Astd tiabe] Beshe FEUA B4 oA 88 A7
7h Al Aoz Bash) €k

YAl el AL FA AR EHEY AsEe-E F8t] polar AR
A7) & phase T HHS-3} o]E UlAMAE A2 ujHA7]7] §o]8HA glutathione, sulfate,
glucuronide 57 conjugate® XI5} phase II W32 2 g gt I1FoA % phase [ wF
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rir

o
rr

inactivation A]7]W+ €% metabolic activiationS £t A A7} AAIHe ¢kd &

4

Ae fele $th. Phase | ¥H39) 9 43S 3} cytochrome P4502 2 IF

=

rlo

£33t drug pesticide, mutagen, toxicants, pollutant Z18]3 natural products W
xenobiotics®] 4+3}2 thAlel] e o} (Guengerich, 1987: Wislocki et al., 1980) P450 enzyme
9] catalytic mechanism, gene structure, regulation, Zt ThA} WHS-of] JoiA 7i7fe] P4509]
g5 Bt T2 HAIFTES o83t Bo] AFHol SHEAY AU ¢ At eF
Y dAAEZ A7 2 A SEAe] B oy & W ok 2y dF5E
model®] AF AFHE A9 & ZE U risk assessmentd] IR HEE=de AH
Aol AHH L Sl

71 olfEE AA, AXF YoM P450 enzyme?] sexual bimorphismE £4 1o
ol SlAlo 91o] A7ke] pharmacolinetic differencer} A2l §le Aol HlFo| G A
ool € & Ut} (Giudicelli and Tillement, 1977)

£, A¥FES 7 P450 enzymeo] FEHE FT7t AR Aol ditke Folth d2A,
rat®] 7$-= pregnolone-16a-carbonitriles] 2]3] P450 enzyme©] induction®L} rabbite] 7
<% induction =7} th2ch (Nebert et al, 1981) H3F o]-%- FAFS structural genedl| code
ol e Orthologous’ P450 enzymeE9] catalytic specificity’= o} Th2t. 9|2 A] mouse
P14503} rat?] P450 BNF-B= sequence’} 9% AX #ZOou warfarin 6, %<
8-hydroxylation2 rat P450 BNF-foi ¢]ajrwt dojdr} (Kaminsky et al, 1984) Human
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P450(CYP 2C19)2 (S)-mephenytoin 4-hydroxylaseZA] ©]u] sequence?} frAFgh rat¥} rabbit
9] P450 enzyme¥} H]W3le] B u) catalytic activitiesol X #Hthek olE HAEFE & & A
t}. (Umbenhauer et al, 1987) ©]9}Zh& o]f24 A4 SlojX FEdiAte Ho F3siA
ola8}3 o]Z3}7] $13F human P450 enzymeol] #3F A7} 159 biochemical technique
9} molecular biology 7]&9] 23} human tissue sample?] &5o] 7}58 o 24 human
P450 protem-\} gene?] £ ¥ biochemical 3 54 181 catalytic activitye] #g+ A7}
Aol gk mo YA " FEgiAe] polymorphismo] P450 gened]
polymorphism (CYP 2D6, CYP 2C(mephenytoin))olA] 7IQ1=H ol&¢ ‘population
frequency A7E 53519 29 & g okBo 24 ux] 2 AYEG LFF YA 3
oJNE o] $-&%1 gtk (Mahgoub et al, 1977: Idle, 1988)
Aepie] Zdo] Slojde oE diil A2 g okl 2 e FAAEE
pharamcokinetics 4 2& 7Hd3ta FAJo] W& kA FEY HAE AstiM HIEA &7
el ojste] Fx7h Wk Ed Al 727} o
HAE B3] FHelI o8 ulgo R diA} £x9 2AH F5HQ] pharamcophore?} AL
a0 o3t MPHA dxs NZE SFE] AAVL 7bsdte Aok FEUAA

T drbEA9] el 7|EY AlY GE T B GED HE F9 A] £3] Yeiue oE

7] A3tME A7} ojFojAe} gt B dAtoAe Rd ER T o¢AE AREHI
&  eperisone} natural flavonoidsE Aesle] A} A2 € hAMHY T2E FH5 A
5%tk Eperisone (4'-ethyl-2-methyl-3-piperidinopropiophenone hydrochloride)> $4 < ©]
SAZXN BT FoAl BA o]&go] wg P& (¢F 5%) *ER dA Uk In vitro
permeability A]8o|A membrane B EE S AoE o] oI ¥ AA o] §-&
& A} 57} )9 Eo} hepatic B+ intestinal first-pass effectel] 7| T Al Eh o
24 B 7 A in vitro microsomal incuabtion A] Z18]3 rat?} humand] T8 o
Al urinary metabolites®] 7%E FHsE B HAE QoA ¥ bioavailability ¢
A& e B FEFHY A HeAdES gob BuA Sk
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A2d: 43 ¥
1. Human liver microsome&] #|%

Human liver slices 25 virus infection test® ¥33+F A|Z=2Z4 Dr. FP
wolom 80T HBATH

Microsome2 Guengerich 50] AH&3F 23 A4 B2yE o] &3 A|xste -70TA

Guengerich(Vanderbilt Univ.)2 %8 7]

o\}l

Basigich dAEe Lowryd WO E bovine serum albuming FFA|EZH AME-3}
o ZA3st

3. in vitro metabolism A+

Microsome 0.5mg3} 0.IM potassium phosphate(pH7.4), 100uM eperisone®] E3=5
7CoA 387t preincubation?] 713 NADPH generating system(0.01M glucose 6-phosphate,
lunit glucose 6-phosphate dehydrogenase, 05mg/ml B-NADP")S H7pste] A uh3Ed

CH,ClL 1mE #7bste vortexdt 3 3000rpmoll A 1027 YAE2 S & 08wy 7189 F
& 35Etn Y whEELE Ine CHCLE Yol #2344 $ 3 o iEd § /7152
&3ted N, stream© 2 AX3Ech FHEL 20002 methanold] =91 3 % 20uE
HPLCZ EA5tgth

b) HPLC £4

Agilent HPLC 1100 system2- AR8-3t] R340

Column®  Hydrosphere C18(20 x 150mm, S5um)E ©]&3}91 eluent= 20mM
ammnonium formate buffer (pH4.0)(A)$} acetonitrile(B)o]H 2™ gradientE ARE-3IAT. A
£%78 methanol 40%9| A A|&3te] 2087} linear gradientZA] 80%Z Z7F 9o o

Al
axl

ul
dr
)
nj
M

ol

lack &9 230 nmoljA HESFP I L3 mass spectrometerE

=
& mass monitoringS 4~ 3} H T}
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3. In vivo tjA}

Eperisone$ 50 mg/kg S0 2 AT E ratol) A Fo3ln 12A)7H53F metabolic cageE ©]&
3to] urined} fecesE Y h THE urinee ¥AEZ F A% HPLC columndl] Frls}
of HARIE BRI, fecesE methanolZ F23 & F2ES HPLCE E43ith
AA el 2] eperisone WALS FH3L7] Hste] 273 EAAA 5 mg?l eperisoned FT-E
B 713 6A17H59r wrineS collectiondtgth 42 H urined rato A9t e Z&& %‘"«5‘}

o dAAE EA4stgich

4 WA 72 9

AR B 7z FYe LC/MSD Trap (Agilent, Palo Alto, USA)E o]-&3l9 EA39th
HPLC £%% & electrospray ionization inferface® Z{7}A 313e™ o]wl nebulizinge
3500C nitrogen gasE 10 I/mlE 3}d FUo}h Trap 273 CapEx voltage: 124 VE scan
2 50004 2200 m/z2 3o daughter ion spectrum& helium gasE ©]§-3te AUtk
M molecular iong monitoring3}l 1 blank A|g¢} Hlw BA3F F oAl BAEFS 43

T}A] product ion mass spectrum& Qo] TF FH2 FHFFHTH
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A3A: A7 @ vF

Eperisone& rat == human liver microsome} ¥H5-3F 3 tiAlA] A4 58 HPLC/MS
g o]&3le EA3Ych In vitro incubationd A+ rati¥} human microsome H.5of A
57 79 tiAAI7F A S92 8 metabolic rate 20 ng eperisone/mg protein/min® 2
Aoz A3 dojues Ao Fuxglrh. Rat liver microseme® human liver
microsmed| A 9] hALRPolE HoFm gom rate] ZA$ M2, Mle, 18]1 M207}
major A E AAERA W, humand] 79+ MI12, M15, I18]1 M16°] major thALA]
2 A9EAY F 320 A Hole BAFA g3 AAQ] dAL profiledt g}
F9] Aole Hol FA stk 47te tiAHA9 FxE #H3E7] 918t ESI mass
spectrums ¥T EXFE 8203}k MI2& protonated molecular ion [M+H]+ m/z
27801902 fragment ion & m/z 260, 98 LjERGTE Ex}FFo] 18 %—7};} e
carbonyl groupe] reduction=o] Ex}gFo] 25718l B} 16571 hydroxylation ‘%}
S 710" Ao &< ok Hydroxylation $ A= fragment ion m/z 982
piperazine moietyoll X} & FE& piperazine moietye WALE X &tor 4-ethyl
bezyyl moietyo] Sl ethyl group®] terminal carbon hydroxylationghg-o] dojt Ao

12

ol ZAStY FEET MI53 M162 protonated molecular ion [M+H]+7} m/z

)

2 FAHEY. o= eperisone?] major thAFA] 7} side chain hydroxylation HEL 0]
H =

27602 % tAkA] 25 hydroxylation §H3-0] k%‘ﬂ‘d’ Ao FAEE M16L eperisone
9]  side chain  hydroxylation  ¥H3o]  oju}  4-hydroxyethyl-2-methyl-
3-piperidinopropiophenone hydrochloride2 ### A2 FHEH T4 diAkA <}
HPLC retention time3} mass pattern®} 8] ste] 215l th FA€ hydroxy tiAlAl=
Dr. S. Omori (Chiba Univ)25E AFdgith M15& 53 hydroxylation WHg-of 9
3] AJAIEY rat irﬁcrosomeoﬂ/ﬂ—‘“—;— Aol A&ER ¢¢ron] human liver microsomed}
WA et AR R 9 A side chain hydroxylétion 9k$-o] Yojult} hydroxylation
HA = a-carbondl] ot Ao g FAHAG. A g hydroxylation $XE F<ls}
7] Yate] ARIE A S ok M20= protonated molecular ion [M+H]+7} 2622
A B2 2612 Q1= AT} Eperisonedl] H]3}e] mass unit7} 2 5718k reduction ¥Hg-
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o] ot Zex FAHM carbonyl groupe] reduction  tAHYE FAHL 4 AT
In vitro microsomal incubation A] TjAkY] ToJdl= EAE TAF7] Y8t chemical
inhibitor$} purified P450 enzyme$ ©]&3}e] AlEL sl3T)
WA A4 EE eperisone A7} cytochrome P4509] 93t A EAE Lot
27]95t heme blockingdbe CO gas® bubbling}A1} non-specific inhibitor?]
SKE-55AS AZE Fo A== dAE X315 SKF-525Asks CO gas 25
MI2MI5, Z12l3 M169] A4S dAlstg ot M09 AAdle & 9FL FALk
whEbr] M12, M15, Z18]3 M162 P450-dependent reaction o]ty ZES W
M20 & carbonyl reduction ¥H&& P450-mediated reactiono] obd thE 4ol &
4+ Sit}. Microsomal reduction ¥H-of] #esli= 11 beta hydroxysteroid reductase £ &
&g FE3}7] 5t selective inhibitord) 18 b-glycirretinic acidE 2|3+ 23} M153%
Mi6e] A4E WahA G MI29F M09 A2 %ot AAE stk ol
eperisone®] carbonyl reduction® 11 beta hydroxysteroid reductase o 2|3} dojyH
M12¢] 7ol carbonyl reduction ©]3-o hydroxylation ¥Hg-¢] dAUEE F7}A] 9
AA st 2F JFS Wty T 4 ik M12, MI5, 281 Mi69] o] o
3= cytochrome P4SQ F2 isozymeS 7HE37] Y3 Zb isozyme selective inhibtiorE
A2 st AE Ao 3 E colio] ZF P4S0 isozymes 3 A]7] membrane
fractiong o] &3l tAATFE FaAEATh Table of viebd nie} Zo] CYP3A &4 9
AA Q] ketoconazole HAlolE MI5 o], zgx CYP2D6 JAA|Q quinidined # )3}
o Mi6o] ZAsIor, M129} M20 MAldle= Zb selective AAA7} 98-S F2] £}
%t cDNA expressed membrane fractions} ¥H-A] CYP1A1¥} CYPIA2 &40l 93ty
A Mi6 Aol 89l Fglon, o EAoME decetable activity7} 3% x| F3}HTh
o) ANE FPste] BW MI5S CYPARA, MI6e CYPIAZZAS CYPDY, 181
M20 & 11 beta hydroxysteroid reductase &7} ojgitiy 288 WEF7} ok
In vivool]A9] eperisone TIALE #5314} eperisoned 20 mg/kg SHOZ rate] AT
Bosta 27) 1247 29 urine collection 3}gch Alere] 79 AZ3E Al Al

A 5 mge| eperisoned 7ZTE EEAF) T 64175 urined collectiond}e] urineo &
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#4119 eperisone®] ThAMYZ HPLC/MS/MSZ o|&-3to] 7atsith

In VivoZ eperisone2 F93}1 urine g vl 4= A E HPLCE £438e] &2 mass

chromatogram& fig o] VJERRRITE Eperisine thAlA= thE-E urineoi Hj A E %l o,
parent eperisoneS ZAEHA ¥ EF UAFR 94 EJO*E} rat?d human Alo]e]
species differences= 53,7}] Holx] ¢gtom %= 25 M57} major AR 2 19
Tl M5+ ehtyl side chain ©] terminal carbono] hydroxylation %1 carbonyl groupo]
reduction ¥ ALY (M12)9] glucuronide A Z FHEACh E0H2 major AR E
& ethyl side chain®] terminal carbon®] hydroxylation ¥ M162] glucuride ¢] M72.&
el eperisoned in vivoolA ThE-E carbonyl group®] reduction, side chain
hydroxylation, side chain oxidation, 18] 3 piperidine ring hydroxylation ¥H-&-¢] major
heo g FHEgith. 2230 eperisoned MUWE FYEH carbonyl redyctiono] 11
beta hydroxysteroid reductased] oJ3te] Jojupar 3 cytochrome P4500] 2j3led side
chain oxidation ¥} piperidine ring hydroxylation ¥+§-o] -2 QEE dojupn 23}

o8 v AA o8& dearancert E AR F5T + Ut
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Fig. 1. Mass chromatogram of incubation mixtures after in vitro incubation of eperisone

with rat (B) or human (C) liver microsomes.

- 172 -



Mi1s

‘ e}
N
HsC CHa
OH

o OH
y Segne
CHs CHa ‘\//\{ P HC CHs
M26
(s} / Eperison +
: N
CH,OH CHj

OH
M16 N
. HOH,C CHs O

Mi2

Fig. 2. Proposed in vitro metabolic pathway of eperisone in rats and human
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Tablel. Effects of selective inhibitors on the formation of eperisone

metabolites in human liver microsome

Percentage of control activity

Inhibitors
Mi2 Mis M16 MZH
Furafylline (CYP1A2) 84.7 94.0 80.8 109.2
Sulfaphenazole (CYP2C9) 85.0 110.7 105.2 97.2
DEDTC (CYP2E1) : 74.9 82.0 87.4 92.1
Quinidine (CYP2D6) 58.1 1171 24.5 114.4
Ketoconazole (CYP3A4) 70.1 16.4 102.8 109.1
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Table 2.

Effect of inhibitor of microsomal heme, P450 and 11beta-hydroxysteroid
dehydrogenase on eperisone metabolism in human liver microsome

Percentage of control activity

Inhibitors
Mi2 MI15 M16 M20
CO (1bubble/s)
(240sec) 26.8 44.3 54.8 95.3
SKF-525A
(100uM ) 27.2 323 34.4 87.1
18B-glycyrrhetinic acid
(2uM) 0 95.3 94.9 11.9
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Effect of 18beta-glycyrrhetinic acid on eperisone metabolism

140 - —e— Mi2
—— M15
—y— Mi6
120 - —— M20
100 §
° 80 -
=
&
o 60 -
W
o
O\o 40 -
20 4
o - 7

Concentration of 18beta-Glycyrrhetinic acid (uM)

Fig. 3 Effects of 18 b-glycirretinic acid on the formation of eperisone metabolites in

human liver microsoems.

- 176 -



T TETW S T SRESR e T (T T IAT

1]

] R
1 s
3 L 3
b

150

vas |

100

ursi

0.0 ]

[ETE

98

e
T KT WS [ S A oethed (15,5, GAT

zo;

+.5]

: 1

1.0]

0]

0.0}

I oo TE 50 TTE G 225 Time [minj

Fig. 4. HPLC mass chromatogram of caco-2 incubation media after 24 hr incubation of

eperisone with Caco-2 cells: (A) incubation without cells and (B) incubation with cells.
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Fig. 5. Incubation time dependent formation of eperisone metabolites in Caco-2 cells.
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Fig. 6. Reconstructed mass chromatogram of rat and human urine after oral

administration of eperisone.
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Fig. 8. Proposed in vivo metabolic pathway of eperisone in rats and human,
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Fig. 9. Proposed metabolic pathway of DDB in human liver microsomes.
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Fig. 10 Proposed in vitro metabolic pathways of CKD in rats.
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Fig. 11 Proposed in vivo metabolism of cinnamaldehyde in rats.
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