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SUMMARY

Desirable metabolic and pharmacokinetic properties of drug candidates are required
to be approved as new drugs. During last 10 years, major cause of dropout of newly
developed drugs in clinical stages are pharmacokinetic and metabolic issues. Therefore,
the selection and optimization of candidates in early stage of drug discovery stage is
prerequisite for successful drug development. The purpose of present study was to
establish rapid metabolic/absorption screening system for the selection and optimization
of hit and/or lead compounds. Secondly, development of systemic approach to
elucidate the structure of metabolites was aimed to identify the metabolic hot-spot.
Third purpose was 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 and humn 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 HPLC/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. 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. Metabolic
profiles and characterization of structure of metabolites are important to understand the
fate of the compounds and to optimize the structures. Several approaches were
developed: 1) product ion mass spectrometry coupled with NMR spectroscopy, 2)
tracing with radiolabeled compounds, and 3) application of stable isotope labeling to
differentiate the isobaric metabolites. By using these methods, metabolic profiles of
mor than 10 compounds were characterized including pyronaridine and DDB
derivatives. Determination of trace amounts of drugs or metabolites in biological

species is also very important. For the development of more sensitive and selective

_13_



analytical method for the analysis of drugs, column-switching HPLC couple with
UV detection, LC/MS/MS method, and GC/MS method have been developed abd their
application has been decribed. By using these technique detection limit could be
lowerqd to subnano gram/ml level. 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, 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 value 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. 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. Finally the prediction of in vivo plasma concentration of
drugs using PBPK model has been developed. Also, the analysis of total urinary
metabolitea and principal component analysis of the data was extremely useful to
predict the hepatic toxicities of the chemicals. The application of the above-described
methods to new drug development will facilitate the development process and increase
the success rate.
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Figure 4. Structures of dopamine D3/D4 receptor antagonists

Liquid chromatography and mass spectrometry

Cassette groupd] &3 9Ql B F38 93ta] Al23 HPLC systeme Agilent 1100 series& AR
8421 mass spectrometryi= electrospray ionization¥} ion trape] A2E tandem MS system$ AR
stttk Column Xterra C18 (21x50 mm, 3.5um)S AMESIEH oM olFACE+ 20 mM ammonium
formate (pH 4.0) [A]3} acetonitrile [B]Z A}-£-5}¢] gradient systemo|d EA3tH o =1L 53 2
ok

Time (min) A (%) B (%) Flow rate (ml/min)
0.0 75 25 0.20
8.0 60 40 0.20
10.0 60 40 0.20
10.1 75 25 0.20

Zt JAPEEY metabolic stabilityE ZA38}7] 3 mass spectrometry ZZOZ &  ionization
APl-electrospray ionizationy'§-& o] &35 polarity mode= positive mode 12]3 compound
stability= 60%% A8-3t%t). Nebulizing gasZ+ nitrogen gasE 8 L/min®] &E 2 nebulizationd} %]
o dry temp.&= 350C, 28|31 nebulizing pressure= 35 psiZ AA 3T

Calculation of metabolic stability
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M

M 5 7+ FFEESS I3 metabolic stabilityr= 09} 30% incubation® A|Ro|A] parent &
signals Blwdhe ol 34 (1)o oJste] ALts Ak

Metabolic stability = (Aso.min/ Asmin) <100 22 (1)

AN ApminS} Asomines 22 09} 308 incubation® A|Z oA 7AZH parent drug®] peak areas e}
g,

Structural identification of metabolites by MS"
$9] fullscan mode EXozHE HEH UAAEY FZE multi-stage tandem mass
spectrometric (MS") W& o]&3ste]  ZAE ) Collision gasZe helium$ A8-38192™ parent
g 2 BAMESY [M+H] iong isolationd} 1l fragment amplituteE 24 3}o] MS? spectrums 9%}
k. AR S] MS’ spectrumo] A ABAE product ionE-& parent drug®] product ionE3} ¥l ale} YA
4 AAIEY AE 722 2RsA0 MSRYH 728 2487 o2 AEe MS s MS'
o 93t ZA ATk

3. 4347
Single individual F4]9] 9f$F metabolic stability 7}

Metabolic stability= oFEo] Aol FUHUS A At ool g8t o= P& £52 AL
EAE Hhsle HEEA A vl SgodaE 95T F e T2 2
7) @AM o]RolAT SlE AlFelth £ ARXY EAYE B FEERY FUE &L A
of s=e§slejol ¥ T3 human microsome ¥ 22 1718 AR5 AME3lojof g Ao H7lo)
WA gon 7Hsd miniaturizationo] Q7T GubEo R EAO HYE Yol =9 FEE
A physiological TEHT} ¥& FEE o831} o] F% diAtd Toshs aAvt 98 F jloE
Z in vivoJA9 HE tA} £EE Y3 F57] ofHth wEtM in viro AFN Theetd
physiological concentration o 23&AY} Km value 23 &2 AHE3l= o] 279tk E A4
T WA single incubationd Mg} A} QAN H7HE AAZ B2 ARE #4 Hrlehr) fste] &
TE 10 uM F=A microsomed} BH- Al EAo] 74Ed whE volumes HA3) 3ta EF wHE &
Esa A A4 AHE] WEE ARstaa #dch WA micro-HPLC/UV systemel 4 428 ©]
£3lo] H-2-¢9] miniaturization ©] 7FE3AE UolR gtk ¥ES volumed 01 midfARE 1.0 mi7tA
Aslste WS AZIE 2 isozyme  specific  substrated]  UIAMHIE AFIQATH
Coumarine-7-hydroxylation# 7-& CYP1A2, CYP2A6, CYP2D6, CYP3A4, CYP2E1 &4 substrate®] th
AAE A A] 8- volumeo] 0.1 mi7tA) B3olx & FA47F 19104 mephenytoind} diclofenacs 2}
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28 P450E A substrated] 7S 01 mle) ¥He volumed| e Aol E7b53td el B 439
FH2 ikg volumed 02 miE 3ck ¥ F AR A FAHo) 93t £ rapid screeningS 9|
o] B5HA g90] drh B AN E 9% well type plateE o83} EAWES FHSIL o5

AEel AAY HYE plate AT FAske P B ATE FHNYT. Felodipines 579 test

ol

EL A2 98 oM 2AH liquid extraction WH 3 9%6-well AHE vortexing 3k W, 2|3l
shakerol A 583} vigorious shakingg o] &&= W€ Hlwdle 348& HPLCE #4351 ZRE
At} (Table 1). %6-well& o]& A] phase ®2|& plate AHAE FAFF FEZ A|ZHAE AZe] &
olxA €t} Liquid extraction ZA#HE BE 5709 test compound EF 96-wellS Ag3sle HHol
conventional extraction W} oj B|3}e} 3)4go] ZFANEL 2okA|TH metabolic stability H71E 93 &
Nole A%e Aoz ARHAth gabd & & APoAe 96-well shaking W2 0|85t £4stal
2} 8dct. o]lH g WEE AFESted 10749 test compound®) in vitro metabolic stabilityE H7}atarzt

tdck 24P deedl 817) 98te] short C18 (20 x 50 mm, 3 um) columng o]§3te] 5Ezt

ofr

—
<o
=
do
g
8
=]
32
5
Q.
oX
ol
2
riy
-
AU
N
A%
32
lo
n=3
>
fau
of
M
1
>
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18
>
pf;
(0]
3
lo
fru
Y
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ML
ix
ok
i

of Hisld 1/3-1/48 ©=8¥Th (Table 1). Figure 69 M2 TE FEQ Fxo W& in vitro
metabolic rateZ e 1 uMT 50 uMe] A$ thAH O] parent compoundZt ZAdhe &%
Z #ol7} UeS HYF T glon, Wty 5atE 2 FEo A9 metabolic stability7} in vivo 2
3 d=o) oS HAFa 9} Test compoundE 5 uMolA rat liver microsomes} WHg A] A7
7d3toll we} parent compound’t AL o] 7+A3HE pattem Figure 76 JERATh Test compound
Z HWY-250 (¥i7}7] 34.7%) o] tiab ebgAde] 743 4813 DDB (WH37] 84%)9 in vitro thA} &
=7h 7 wE Ao #AHHh In vivo W)k FeElojizete] FRAY diF Hot A A
7F 8 E ook in vitro A9 -840 HHH e AlE €T

2
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Table 1. Comparision of analysis time between conventional method and 9-tube method

conventional method 96-tube use method

vortex mix-30sec/each vortex mix-5sec/8 sample conventional

extraction sample(47] 9| 7}%5) (for protein precipitation) method ¢ 7%
o] 2gA 23]
cetrifuge 10min 10min uRE
A3l solvente]
solvent Tl wet &g Azt
evaporation . (1278/1 time about )
15-20min 4 8.
HWY250-Dj 15 min 4 min
DDB 6 min
YH1885 5 min samplel] 2}
#241 Amiodarone 8 min 2o} 7F ot
A ZF  Diclofenac 15 min 4 min BEAAZEE
Testosterone 12 min 4 min 1/3-1/42 9=
SKP450 4 min
felodipine 16 min 5 min
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Standard calibration curve of DDB

1.2e+5 4
1.0e+5 4 y=20.068x - 3175752 r* = 0.998
8.0e+4
@
® 6.0e+4 4
q
x
]
& 4.0e+4 o
Condition : 0.1% acetic acid : MeOH = 38 : 62
2.0e+4
UV = 280nm
00 precipitate with 1volume of ACN
S0p analysis
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Figure 5 Calibration curve generated by 96-tube method.
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Figure 6. Time -dependent decrease of drugs during incubation with rat liver microsomes.
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Figure 7. In vitro metabolic stability of 7 different drugs after incubation with human liver

microsomes.
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Cassette F470] 2] 3} metabolic stability o 2%
High-throughput 7@} thAt 2329 71&9] Mds st WA FHHoof & 7]1& FAE F
in vitro incubation ©3tE B3 A 89 i A7) 7122 %-well plateS o]-§, do) %7 AR

£ F A9 incubationd} il precipitation ©]-g3le] ko) A|ZE o] HET F Y& 1o w
A APl BEae 2BE FE9 OIST 5 YU £Y oA Bestd A2 WA o)
o AAE DB ARES cassette 24 7150 3kl BANRS) oo RN BEE oS

& F AT B Aol ALE-E cassette5-2 parent drug®] #AE, AUAY HEE ARF E o dH
WA Y ExEFE 1Esle] ¥ Ag oA 119 cassette programS ©]-8-8}¢] semi-automatic3}
A AN LH 96-well plate HolH SPAHCFE microsomal incubation® A FE-L o|FA otd 7+
Z+9] cassetteQtO 2 poolH o] EA AL & 34709 =H3ZQ A|ZE (0, 30-min)2 67]9] cassette A]F
Z A AR og FAARM oA 6ufe TAE JHAE Ut

£ AFA AME3E ion trap mass spectrometry (ITMS)= 7]&9] quadrupole MSej 1|3}
full-scan mode?} selected ion modeo| 9] ZT7} FUste thAA|SE 2o nR|9 FFEES HE3)
=g wl¢ F830 dx P 2y AFEHolA T gtk AAE ZHz}e] cassette A|EES LC/ion-trap
MS9] full-scan moded]x] EAgQlom dHo BEAE &3l cassetteSt BE GBS Al SHAAI
U3 AF ARE 22 & AUk BT & 7162 A8 ARA ¢lo] cassettedte] dEHE tAAE
9] nominal massE Q130 Z A cassettedtd] TEE o] gl RE GBS YAHES &3] FUF
F AT et B AP A zotE LC/ITMSE ALE3) cassette analysisi= metabolic stability <}
metabolic pathwayE A13}=H A9 dhiog AlgHd)

Figure 82 2 <A7olAM AME3 17%9] dopamine Ds/Ds receptor antagonistE] 09} 30%

rir

incubation® cassette A, B, C¢ fullscan LC/MS ®Ao2HE UoJA extracted ion mass

chromatograms R £t} Solid line?} dotted line& 747t 09} 30-min incubation® A]|&¢] °F

Hol Froh I89A Bo = uhe} 20| O-min (solid line)3} 30-min (dotted line)e] ¥li= Z+ &

9] metabolic stabilityE A& A &olsh=d ¢ F-&389ch 2 22| metabolic stabilityE =
g

=N
=

i
filo

mln

_4

Ao} ITMSS] extracted ion chromatogram (EIC) mode®] AR&-& cassetteSte] ZE FEE9 $hAgh
chromatographic separationS Q2 3}x ¥tk A7 B dAFor A183E HPLCY simpledt
gradient X212 Figure 89X B A& Bl9} 7o) cassette BS] KCH-7613} 716 18]31 KCH-746
I 10598 AE A 2E AEEC 3l baseline & 0|2 & iUtk o] AFde YR B

EEd 98 11HEFHE HAg & 4 U0 cassetteote] THFE A S FA] AL S35
b ol 7442 AAE B F]t) Table 2& cassette 42 53ta] dojd ZE FEEY in vitro
metabolic stability 23} R oF).
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A€ 1759 dopamine receptor antagonistE2 9.9 ~ 844%2] metabolic stability 232 Hof F
At} o]F KCH-1081& 844%¢] 7}8 & metabolic stability 2945 Ho F9low KCH-743, 748,
761, 764, 1109% 30% oA & AnE vhehych wbd, KCH-716, 728, 730, 732, 1058& 15%0]3}2]
e giAl HAAS HAFY. o]sh o] B A9 simpledt metabolic stabilitys] #3 Adhe
KCH-1081, 743, 748, 761, 764, 1109¢] metabolic stabilityg}e #Ho]A #AYE o) dopamine receptor

antagonist®] FHEZZA Aeirhe AL o FUoh

Method validation of cassette analysis and cassette incubation

LC/MS cassette analysiso] 2|3t metabolic stability 23= §Y Al8¢ LC/MS discrete analysisoll
ofate] AFHKTH Figure 9% cassette analysis9} discrete analysisol] 93+ ZHzhe] metabolic stability
2RE HoFEn. I BAA s uvieh go] T iAol tE Wid o EAZAE HuE o
R’=0.889] £& correlations V1o KCH-728, 1058 5 B 7je) HE¢ Asine A 5da
ABE Ho 9

3 Figure 10014 HojzE wuhe} o] LC/UV discrete analysise] 93t ZA7e} Blwdly e W=
I FYE ARE Boli it o]= ITMSS} cassetted] 93 Anprt AP glof 2 AT g 7}
Atk A& Yehdth melbd B Ao $393 ITMSo] 93 cassette analysist metabolic stability
AEE 2o o Al F-83 W Ye] F1F & AT
a2y Figure 11914 HojAE= Ad} 7o) cassette0.E 119k °FE-ES cassette incubationd}e] ¥
2519 A% O 23S Y. o
= 2t =59 metabolic interactiondl] 7|913 A2 FAHHM HPHZAHQA W

+ 99l

X,

o

A3 AL BS EYHCZ incubationd}d] cassette analysisdt

=2

A FESA e ¢
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»
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&
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w
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N
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H-748, m% 362
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Figure 8. Mass chromatograms of 18 dopamine receptor antagonists in cassette A, B and C obtained

from the cassette analyses of 0-min incubated (solid line) and 30-min incubated (dotted line)
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Table 2. 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 11.3 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, 3%, 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 26.9 7 418; 404, 434, 434, 434, 312, 436, 450
KCH-1058 19.6 10 466; 482, 482, 482, 452, 438, 438, 437, 424, 424, 332
KCH-1059 264 5 412; 384, 428, 428, 428, 292
KCH-1081 84.4 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
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Figure 9. Comparison of in vitro metabolic stability results from cassette analysis and discrete

analysis by LC/MS
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Figure 10. Comparison of in vitro metabolic stability results from MS cassette analysis and MS & UV

discrete analysis
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Figure 11. Comparison of in vitro metabolic stability results from cassette incubation and discrete

incubation

Effect of physico-chemical properties on metabolic stability of structurally similar compound

£ Aol metabolic stability} Log Pole] AAAAS A7) Ysle] HA, Sybyl 6.5 base
(Tripos)&] Clog P RE& 0|83l RE EEJ thsle] Clog P &S A4S T (Table 3). Figure
12%= cassette analysis22E U0z z} FE-E 2] metabolic stability 23}9} Clog P A3te] AAAAE
UERITE 5 dake R=0819] & correlaiong Ueh%er Clog P o] 245 tAbh o]
doju= AHE Figure 1227E ¢ ¢ AUtk ©&tA Log PE metabolic stabilityo] g3 vx|&
TRE dAYE FAEET

Figure 132 ZALE metabolic stability®} ¢FE-9] polar surface area®}e] A FAAE HAFa ok
7} FEE MM29} MOPACS 9J3te] structure modeling S1.0.H polar surface area (PSA)x= Sybyl
6.5 base (Tripos)9] charged partial surface area (CPSA) E.E¢] partial negative surface area (PNSA-1)
o sate] A2tk (Table 3). CLog P} metabolic stabilityste] T7) (Figure 12)914 HelxE 4%
Aot dZ2F 0.2 Figure 1394 HoAE nle} 70| metabolic stability} PSA Apolol= o} & AF¢
A€ Holx g9ttt &, metabolic stabilitys 2+ FEES] PSAS] o3t} e BA getie FES
s 5 AT webd B AFo)A 4283 metabolic stability$} 2FEE9] physico-chemical properties
39| FBFAE, SFE permeabilityd] 31014 PSA7} of$- 23 Ao 18t metabolic stability
£ Clog P/} l$- 328 A8 Ja & o
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Table 3. Physico-chemical properties of 17 dopamine receptor antagonists

Compound Clog 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-764 423 96.2
KCH-766 483 1117
KCH-1058 4.49 109.8
KCH-1059 4.90 954
KCH-1081 3.99 73.0
KCH-1109 431 68.4
KCH-1110 423 72.8

* Log P was calculated by CLOG P module of SYBYL 65 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
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Figure 13. Relationship between in vitro metabolic stability and polar surface area

Simultaneous detection of metabolites by full-scan cassette analysis

Full-scan LC/ITMSef| 28 cassette analysisZ3F Ho]7 scan mass spectraE Z+ AJR 59 SY¢A

d ARY golx AAE UAHES FAd 22 4 JYoh webA fullscand] 3 cassette
analysist= 4143 metabolic stability?] AR5 AL S AZd vl$ F8o] BUHAL dAAE
& 30-min incubation A|ZejA JAEE [M+H]' ionS9] mass peakES &¢letd HAZE31Q20 0-min

incubation A|RM HEHA = AL sy A8 AXg Fete g EEEE 93 Mg
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7b obd & RIS w3 ® AP M AL&3 simpledt HPLC gradient AJ2~8E figure 1004 R.o]
T uke} Zo] thiEe] A E S chromatographic separationg 7Vs3H4| 8tAt). o] 53| isobaric
WA ES] AEo) ol F851A A2 & YT 2 FBEY 24 A2 AHAEY F9 [M+H]
ong< Table 29 EASATH AHE HAAEY F= 1 ~ 1049 Fd HAE BHou A tif

B9 SrgEe 4 ~ ol NS AANZT. D2 ol B A gE g F2E ud
on F2 N,O-dealkylation®} ring hydroxylationo] F thA} Z2E o]#3 91e-& &tk

Figure 1= ZAIE oy HEE F KCH-7613% AAE hAHAIESY  reconstructed mass
chromatogram& ¥.of Fi1 Qith. [M+H]" my/z 346, m/z 424, m/z 468 18]I myz 43894 & 670¢] AL
A7t AEHISH o|F miz 468, mz 438 AME TUE F )Y isobaric A7} EATEL
chromatographic separationg F3dle] Q18 4 Utk F, M39} M4+ monooxygenated [M+O+H]
isobaric THAMAIE, 12]3 M5} Mée demethylated [M-CH,+H]" isobaric thA}x]E vtebdth. KCH-761
0|28 th& FEE N monooxygenated thAHA S} demethylated thAA|7} 2+ &9 F thAl A=
£ o]0 KCH-761o1 X9 vl7tAE 2 ~ 47)9] isobaric ThAFA|Eo] HZEH AT} Table 29 IA

9 ulgl o] A BE FES) gald dAgE gAbEe] thd nominal masse] F9& E3he]
WA E0] AEHSoH o8 7AEH YAHYEL multi-stage tandem mass spectrometry  (MS") 7]
=l ost g F27 ZH AT

LG/MS” for structure confirmation of metabolites
Cassette analysisol] 9J3le] §A] HEH ZF GBS UAREY A8 X< ion trap multi-stage
tandem mass spectrometry (MS") 7o ¢J3te] &9t ZF YALAE F2= HAHY product ion
spectrumE parent V9] product ion®] mass pattern3} Blw sl W osle {A ZHE F UM
o MS'2 A5l ojde AoE MS’9] product ionE9] &Jatd ZA AT Figure 15% Figure 14
AN AZEE KCH7619] 67) tAIAED parents] et MS® spectra® RoiF:3 gtk WA, MS
spectrumol| A KCH-761& m/z 299, m/z 275, m/z 260 18] m/z 1909] fragment ionEdl| &s}e] F
z27 EAo] 7ledr:. &g o]9} 22 mass fragment patterno] TIALAIE 9 MS’ spectrumo] T 3
Aok AL M1 parent$} ¥lwA], m/z 2600] IHE FAHW parent®] m/z 2757} m/z 1692 W
HS ¢ 4 Utk ©]2XE MIL parent) piperazine ## 0 2HE [-GH-OCH:|7} oA Uzt +
ZYE ¥ F AU M2= parent®] m/z 275, m/z 260 18} 1

ot
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Figure 14. Reconstructed mass chromatograms of the metabolites of dopamine receptor antagonist

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

m/z 1900 m/z 261, m/z 246 T m/z 17602 WH AL UL 4 Yok o] A= M}

parent®] piperazine %3} isoxazoleE 0 2 RE ztzb ¥ 9 O-demethylationo] Yojt F2U-&

dgt

A & YA T3 isoxazole £ 9] F methoxy groupZHE o] Zo| demethylationo] ¢4
l9eAe 808 & Utk M3E parent®] m/z 2758 m/z 1900) m/z 2913} m/z 20602 a1

m/z 2600] 202 FXE AL AL 4 Ut} ©]H§ mass fragment pattern parent®] aromatic

ol
rr

rings X33 piperazine F-£o hydroxylationo] BA& F2Y& & & AU BF FRHOE {A
% KCH %EE2] MS fragmentation pattern#}¢] ¥]+= aromatic ring®] hydroxylatione] A} gl2-&
¢ & U¥Y% MBS} Mé=  O-demethylation® isobaric THAMA|2 7AZE ]l Chromatographic
separation®} 7} TIAMES MS® spectrum isobaric hAFHY TZE A& AT & Yk
parent2] MS? spectrum¥} Bl W& w) M5E m/z 2758 m/z 1900] IHE FAHW m/z 2600] m/z 246
oz HaEAT, A M6E m/z 2600] IHE SXE™ m/z 2759} m/z 1900] m/z 2618} m/z 1762
2 J3ld s A 4 9ok o]ZRE MSE isoxazoleEo A demethylationo], 218]3 Mée

piperazine F3o)|A demethylationo] Jojt 2L el $ UUTh
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Mdo] thet MS'E A =519 om AHE mass fragmentation patterng figure 114 43 3}5lt}. Figure
6 (A)olN Amsel Y uls} o] KCH761& MS® spectrumdl A m/z 299, m/z 275, m/z 2608
fragment iongo) 9std 727 EFo] 7]}y L3 parente] 452>2759} 452>2602) MS’ spectrum<-
HY 452>075% m/z 1900] 4522608 m/z 1760] EAH product ion®2A HEHt}h HHA, figure
6 (B)oA RAAE kel #o] MAE KCH-761¢] product ionE3} nluste] B o} m/z 2998 m/z 176
o] +16 Z7}9 m/z 3153 m/z 128 Ro|x QO m/z 2763 m/z 1900] IhZ §A7} P& B >
AT} o|& isoxazoled] ring¢tel] hydroxylationo] Yolyt&S Z93ich
Figure 172 o3} 22 A7E Fted Lol KCH7619] AL F2E HojF ok 17709 &2

dopamine Ds/Dj receptor antagonistE<l| thsle] MS'S F3FozA AHE AAEY A 7=

g 298 & 94
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Figure 16. Proposed MS’ and MS’ mass fragmentation of (A) KCH-761 and (B) its monooxygenated
metabolites M4
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Figure 17. Postulated metabolic pathway of KCH-761 in rat liver microsomes

Metabolic stability of various drug candidates

£ AN g g Al 238w AR kR A 94 (Drug discovery stage)oll e

OFd $F7 42 FRELEY 23292 5t 2§k Figure 182 human microsomes ©]
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Figure 193} 20 729} tiA} otdAle] =8 93l Log P T+ molecular volumes}e] A8 #AAS
Yok 484 24 A% 289 g 2ottt

Log P: 3na; (n: the number of atoms of type i, a;: the atomic logP contribution)
Molecular volume: space 0.75 AolA] A28 31829] van der Waals -3
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Figure 18. Metabolic stability of various drug candidates
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Figure 19. Relationship between metabolic stability and Log P
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Metabolic stability vs Molecular volume
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Figure 20. Relationship between metabolic stability and molecular volume
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k= tHAL (Drug metabolism)oll #3 A= AoF 72 (Drug discovery and development)] B2 #of
AN T3 A7 Eokz A AdAHAA T gtk FEY tAate AWRTH F2o 4T WS
U a3 229 A & fF, 283 24 5% 2L o71F] R 2RES JHHE £ sih whetA
FZ o At ARE FGEA olsfste AL ¢ Faste, ALE HAAES JF FE 4ol
Aol ok 2o MY BHE IWiske AL F O U AYTAHE AT GEY a9k #3 T4
3 ARE ATE 5 Tk A&, g3 Brkske AL AoNEe] Eop
A g o3 AAS & & o

Tandem mass spectrometry (MS/MS)$} ® 8 liquid chromatography (LC)e] ¥ o]zfgt ek
Aol oM wj¢ F23 AFL 3 glon A LCMS/MS 71&e b o4& 2 FE {8 7
A A EY A 9 FA 4o de] AMEI glth E3] jontrap MSE quadrupole MSej 1|3}
scan modeo A ZE7} vl $Fste] FEUIALSY BAT WX HAHEY Fx Al W+ fr&et
A A Aok =g AAES] 12 ZHS multi-stage tandem mass spectrometry (MS") ¥HS
o] &3t MSoA A= product ion spectrumZ¢] A4S Edto] St welA ion-trapF £
low-energy collision induced dissociationd}e]A} AA1H product ion spectrumE2] F&sk M- oF
A glof wi¢- F23 FAE & 4 ok
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shel ©hEE2) mass fragmentation mechanismg 73 o % WROR ¥ hARES 2 product
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A1A Zeelo} 2 F A, pyronaridine?] in vitro$} in vivo THAF

1 A&

Pyronaridine2 1970Wth %o Zheng Fo <3l IA® Zetglol X gAo]t}y. Pyronaridined
chloroquine®.t} £4Jo] &2 n chloroquine-sensitive$} resistant parasiteEo] Wl =& A& B
o). =3 haemoglobin degradationel] 93¢ v|X|m A= artesunatest B3t YFA o] 713
t. 22y pyronaridine®] o|#1gt FE8A FaAolx E738l1 pyronaridined] thAl Hzo g &
T AY APH YA 4uh gty B dAFAe liquid chromatography-ion trap mass
spectrometry (LC-MS/MS)E ©]-8-8}od pyronaridine?] in vitro$} in vivo thA} A2E 9 3lA} ).

ofx
o

Pyronaridine$] tjA} F2& F9H3}7] $15}e] pyronaridines} pyronaridine quinoneimine thA}H|2] low
energy-CID &}o)A&] mass fragmentation mechanism$ B3} 0|2 w2 AYANE i Sy 2z
ZE5€& ZA8lY] pyronaridined] thAl A2 E FH .

era

Cl N

Figure 1. Structure of pyronaridine

2. 439y
Microsomal incubation

BHE-He A 200 ul®) potassium phosphate buffer (0.1 M, pH 75| 02 mg microsome, 100
uM pyronaridine -12)11 NADPH-generating system (0.1 M glucose-6-phosphate, 10 mg/ml 8-NADP
Z28]3 1 unit/ml glucose-6-phosphate dehydrogenase)2 TAHNSD W& NADPH-generating
system®] FH7bol] o3t AlZE AT} 37T 2 A7HESH incubation 3F & 200 ul] acetonitrileS 3
7ksted S AAAZT AIRE vortex 3FIL 3000 rpmof A 1083 dAEES F FEAE FHoho

2AG9.
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Animal experiment
Male Sprague-Dawley rate] 50 mg/kgZ pyronaridineg &7} FAF & H metabolic cageo] %
urine®} fecesE 433} t}. Urined} fecest 0 - 12 2211 12 -24 A7 7HAS 2 F£AH o B3

7) RA7A 20TAA BREHA

Liquid chromatography/tandem mass spectrometry

HPLC system Agilent 1100 seriesE A}&-3}9].0.1 mass spectrometryt electrospray ionization
source$} ion trap analyzer’} ¥ tandem MS system3 AM8-3}%t}h. Column? YMC hydrosphere
Gs (20 x 150 mm, Sum)S AMEE}HOH olFAoZ= 0.2% acetic acid [A]9} acetonitrile [B]E AR
SHETh Flow rate2 0.2 ml/min°|)0 8 gradient 2A-L 4% [B)olA 30% [B]E lineardtAl 23 £ F¢
BSIAIZ T Mass spectrometry9] nebulizing®} drying gast nitrogeng Z+z} 35 psigt 8 1/mino] A A}
€319 drying temperature= 350C ¥tk Positive ion modeo)r] F3EoH collision gasZA
heliumo} A}4-5]%{t}. Fragmentationg $}3} resonant excitation amplitute 0.85 - 1.00 eVE A&}

o jsolationg 9|3} selected mass widtht 1 Dag A&t

3. 434+
In vitro 2} in vivo DHA} ZZ 0}y

Figure 2 (A)= pyronaridineg rat liver microsome} incubation 3 & Aoz fEAHQ] extracted
ion chromatogram® Xo]i It} Rat liver microsome®¢} incubationg 117§ thAMHE AL
o 159 [M+H]"E m/z 550, 516, 548, 502, 546, 532, 530 &1 56204 FHAFAch ¥, human
liver microsome®}9] incubationd 97§¢] thAMAE AAsIPed 159 [M+H|'s m/z 550, 516, 478,
532, 530, 546 12)7 562914 WAESITH (Figure 2 (B). ML, M3, M10, MIl, MI2 123 M20&
human®} rat 254 #AEAT, M4, M5, M6, M8 18|11 M9+ ratof| A5, 18] M7, M18 18]1
M212 humano| M7+ #2e it
AE A

M

Rate] 50 mg/kgZ pyronaridine® =7 FA & I urined} feceso] FAHUL

Pyronaridine-2 37} ¢] glucuronide conjugate® tAHHE ¥ 3}, & 14719 dAAEZ TFsHA
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Figure 2. Extracted ion chromatograms of pyronaridine incubated with rat liver microsomes (A) and

human microsomes (B).
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Figure 3. Extracted ion chromatograms of urine (A) and fecal extracts (B) collected for the first 24

hrs after an intraperitoneal injection of pyronaridine to rats (50 mg/kg).
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Table 1. Chromatographic and mass spectrometric data of pyronaridine and its metabolites

Metabolites U VsH]T MS? ) MS® (m/2)a

time (min)

Pyronaridine 11.6 518 447* 376, 378
M1 11.9 550 479, 447+ 376, 378
M2 125 694 518, 447, 376
M3 13.6 516 447+ 376, 378
M4 145 548 477+ 376, 378
M5 15.0 548 530, 477+ 459, 376, 378
M6 155 502 433+ 362, 364
M7 15.6 478 461* 376, 378
M8 15.9 546 477+ 459, 376, 378
M9 163 548 461* 376, 378
M10 17.0 532 461* 376, 378
M11 175 550 479, 447+ 376, 378
M12 182 530 461* 376, 378
M13 186 724 548, 530, 477, 459 -

M14 192 534 463*, 433 362, 364
M15 19.6 516 445*, 433 362, 364
M16 19.7 534 463+, 433 362, 364
M17 19.7 708 532, 461, 376 -

M18 204 546 528, 461* 376, 378
M19 219 518 447+ 362, 364
M20 238 562 461*, 477* 376, 378
M21 253 546 161* 376, 378

* Major product ion of MS®

* Product ions of MS’ major ion (¥)
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A} =t Urined} fecal extracs] PlEH <1 extracted ion chromatograms Figure 304 X.Qlt} =1
59 MH'= m/z 550, 694, 548, 532, 724, 534, 516, 708, 518, 562 1|3l 54694 F|AEch
Pyronaridine urine® 2 F2Z A" Wi fAAES feceso] A Bo] AESHAT 74 HAAEY

protonated molecular ions3} 5= product ions 18]35 HPLC retention timeES Table 19 2.2k}t

Protonated (deuterated) pyronaridine 3} metabolite 3 (quinoneimine) ¢/ CID

Amodiquine?} #o] aminoquinoline ¥ 7}X 1 $IE mannich base antimalarial agentE-2
cytochrome P450 (CYP) enzymeo] ¢J3te 318tH 0 = reactivedl quinoneimine® @ A tiALEH o]
quinoneimine WAMA7} AL FE8ls Aoz A Utk B AYo)A mannich base agent?)
pyronaridine®] in vitro microsomal incubation® F THALHEA quinoneimine (M3)& ¥HAd}ch
Protonated pyronaridine (m/z 518), dspyronaridine (m/z 521) Z12]31 protonated M3 (quinoneimine,
m/z 516)¢] MS'$} MS’ spectra® Figure 40)4) H.o]1 It} Protonated (d3) pyronaridine®} protonated
M38) MS™= mfz 447 (449 for ds-pyronaridine)o A & product iong AAAEH O™ m/iz 447 (449) ion]
MS’= my/z 376 (377)7 378 (380)0] 4 F product iong EGT}. o]9} Zo] M3E pyronaridined] ¥}
A 2 amue] A4S Ro)x| 2 product ionE-& pyronaridined} 93 ionE-S H Y.

Figure 5v mass fragmentation mechanism< }Roj3l Jt}h Ion trap®] low-energy CID3d}ol| A
pyronaridine> pyrrolidine®] nitrogen®) protonationo] ® ¥ charge site-initiated heterolytic cleavage
o 9sle Btk & CN bond9 cleavager: my/z 4479 even electron cation (EE")%} 71 Dag)
neutral fragmentE A3t 123 pathway AdM Hojx= A} Zo] o] cationd charge site
migrationg 7483} ¥tk ¥HA quinoneimine tARAS] M3 I #Z Wl carbonyl group (n
system)S 7}A|31 glom IE Qlsle] pathway BE %3l Eaj®ch 2= v-Hydrogen©] carbonyl
group® £ transfer¥| i sterically favorabledl six-membered-ring transition stateZ ©o|5A ®t} o]ojA
A= resonance stabilized cation #43}7) Ysted 1,7-sigmatropic shiftE A8 A HH AgFo
2 69 Da®| neutral loss& %349 pyronaridine®} Z-& m/z 447 product iong FAsHA dth miz
4479 product ion& MS’A m/z 376 (neutral loss of 71 Da)3} myz 378 (neutral loss of 69 Da)dl

Figure 5914 %3 Mwd XY dypyronaridine (mz 521)] MS'E AAlE pyronaridined]
fragmentation mechanism& % 73] Sy @k MS’ @Al A A-pathway (71 Da loss)31%]
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Figure 4. MS® and MS® spectra of the protonated pyronaridine (m/z 518) (A), d3-pyronaridine (m/z

521) (B) and the protonated M3 (m/z 516, pyronaridine quinoneimine) (C) under low-energy CID in

an ion trap.
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M3 (quinoneimine)

|

C/N

NH (D)
!
m =518 (521) mz 516
pathway A pathway B

-CHN (71 Da)

H(D)+ | (N
N

H (D)

-C,H,N (69 Da)

II‘JH (D)
R
a
mz 447 (449)
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m=376(377)  mz 378 (380)

Figure 5. Proposed fragmentation mechanism, and structures of the product ions, observed in MS’
and MS’ of the protonated pyronaridine and protonated M3. The data in parentheses are those
observed in MS5/MS of deuterated ds-pyronaridine.
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B-pathway (69 Da loss)121E ob= 21 449 S 718 42 Z2Hsted w$ F83 AR

g AN,

oAt Ee] F& 2%

PyrrolidineS ¥ %3t 3¥EEL nitrogeno] <173 carbond] hydroxylationg 7-f&e A
carbonylation ®th. ©]A4% in vitros} in vivo systemol|A carbonylation® T¥E hALAIES AL
pyronaridine thAte] 40|tk MI0S EA e 14 amuo) 2712 Jehdon MS:E mi 461904
product ion& #43}Ac} (Figure 6 and Table 1). T3 my/z 4619] MS'= my/z 3763 378614 iong A

sttt olZe F/HY pymolidine ¥ % @3] carbonylationo] TAFEE A HIHTh

4

i

pyrrolidine 7-91¢] basicity® 112]% ] carbonylated pyrrolidineXt} non-modified pyrrolidinesl] $-
20 & protonationo] HAgtE A= CN bond® cleavages my/z 4610] cationg RA3HA HH o]
cation MS’o} A myz 3767} 85 Da (71 + 14 Da)¢| neutral ¥ EsHth MS|A m/z 4610 B4
A9l fragment ion& M7, M9, M12, M18, M20 2]z M21o)M A}, ek MS'o)A myz 37634
3789 ionEL iAAE]A benzo[bl-15-naphthyridines #97F WEHA 4gte-S AFdT. MIR2E
M10d)| Blste] 2 amue] EAF 7HAS Bojny o) MI27F M109) quinoneimine THAH Y-S ) Fdih
M7& m/z 47894 protonated molecular iong B H.01 pyronaridine® £ 5E 40 amu®] 2}z 7ha
o M10s} FUE product ion spectra® Rt} ol& pyrrolidine® % 37} ring cleavageE $3he]
amine©.2 WIEHES AFGT FARIA MY, M20 )1 M21& ZtZ M10¢] hydroxyl, hydroxyl
lactam 12]1 lactam AR EE 1 F2E 98 4 9ch

M19% pyronaridine® 598 BaZd miz 479 MS iong etk 18U mi 479 MS'E myz
36214 product ions AAEH T o= benzo[bl-15-naphthyridineso] A demethylationo] WA§L-2
AAg. QEd miz 47 iond pyrrolidineo] lactam© 2 H3E S-S A3t} Non-modified
pyrrolidine®] nitrogenol protonation & C-N bond?] cleavage:= my/z 472 cation® 71 Da¢] neutral
fragmentS 3 A3} o] myz 4479] catione MS o)A m/z 3629 cation} 85 Da (71 +14 da)9] neutral
molecule& &€t M6, Ml4, MI5 12|37 M16& MS oA m/z 3629 3649) fragment ionE-& X9l
th. 5 isobaric TJARHS] M14S} M16& MS’ o)A m/z 4639) fragment iong oM o|= O-demethyl
3} hydroxyl lactam TZ29-& YePATh M15% m/z 51694 protonated molecuar iong 12| m/z 445
ol A} MS® product ion& Rt} o] HAlRE O-demethyl lactam &4 2 =it
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Figure 6. MS’ and MS’ spectra and fragmentations of protonated M1 (11), M4, M10 and M19 (m/z

550, 548, 532 and 518) under low-energy CID in an ion trap.
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M4 pyronaridined] &t 30 Dad] Ex}& 2712 HPow MSA miz 477, MS o)A m/z 3763}
3789 ionsE HGT o[AL F7H9 pymolidine % @ZolM 30 Dad] F77h LRSS Hold
hydroxyl lactam 722 ¥3%th. M8 M49] quinoneimine thAHF]ol® M5 M49] isobaric THAMA G
t}.

4. &

Amodiaquine®} #-& 4-aminoquinoline antimalarial ¢+%%-2 prophylactic administrations<to]] 3

ol

AE | AX agranulocytosisit hepatotoxicityZ f2$to 24 %2 7§ (development) BAo}A Eets}

At AFAQ 44 AEE BT o] SAEL reactived quinoneimine AR S| ¢Jste] it

o

He AL2 FAHI ¢tk Aminoquinolined 21 ¢lE mannich base antimalaria FEESL
myeloperoxidasel} cytochrome P450 (CYP) enzymeEol 2Jsle] 3atxog &Ao] & quinoneiminel
Z AtEE Ao BuEYA ¢l o] quinoneimined I FX W] C5 $A|o] glutathione (GSH)
¢ 4Al conjugation E 4= 9o bile2 AAYch 2HBE quinoneimine TIAAIY FAT Az}slE
GSH conjugation mannich base ¢F% A7 F HAA} o]tk

B H¥A pyronaridines] quinoneimine thA}#|:= ratz} human liver microsome EFo|A] 2915]
Rem o} quinoneimine thA}H] M3E in vitroo]A F tiAbAEZ BQHQUTE 7)1&0) C5 substituted
bis-mannich agentso]| 4] quinoneimine thAMHE HiHo] 1A 9t} Pyronaridine £+ cycloquineo]
peroxidase®] Z#|3}o}A] neutrophilo] cellular glutathioned Zt4A)ZIth &Xgt% pyronaridineo| 1}
cycloquine©] horse radish peroxidase, HO» 121 glutathiones?} %t H %S @ oJwd} quinoneimine
thARA Y glutathione conjugate®d IAMAIEE #el5 =] ¢kghth 8}A)g pyronaridined] oxidationg 93k
A4HE enthalpy Zh-e amodiaquine?] Xt} ¥ow o] pyronaridineo] quinoneimine hAMHEZ tf
A8 F 9SS A8 A% Hepatic cytochrome P450 enzymeo] 2]} quinoneimine ThA}RZ A
& amodiaquine?] 74 @Wo] Rugojxd $kon o]F ZAFE pyronaridineo] C5 $]3]7} blocks o)A
Athe A E B3l electrophilic quinoneimine A SR AEE & USe 73] A3}

Quinoneimine TAIHSL C5 Ao glutathione?} conjugation®] A} H= cellular defense
mechanismel] 93t} @30jd & 9tk $2]9 in vivo A 9)A pyronaridine?] quinoneimine TthA})
% 259 GSH conjugate AL EL urined} feces RFolA HEH A &3tk Tebuquined 23
2R C5 substituted bis-mannich agent®] thdta] ojw3 GHS conjugate A EE bileo) ] H&5)
A @ekaol BaHol glr}. Quinoneimine YA E 2] conjugation steric constraintl} electronic effect
(G5 XS] X &hof 23t lipophilicity 9} basicity 259 Z7H)E 58}o] block € Aeg FAd. A%
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Pyronaridine®] quinoneimine tJA}H|E-& reductiond] ¢]8}d detoxification Hv Ro2 Alg ¥t} ol&
ZIE pyronaridine®] quinoneimine THAMAEE A} 2 § Yo} bileZ wWjAE7] He| A
reduction®] 0] detoxification Hthe AL A|A)}sho)

Pyrrolidine ring®} nitrogendl] $17%3} carbono] hydroxylationg lactam @402 ZBHAct o]E ¥
§E2 nicotine, cyproheptadine, tremorine Z1#]3 prolitan F¢ A4 F Auyold itk
Pyronaridine2 C3'3 C5'o] pyrrolidines Zzt 7hA 1 glon thokdt lactam A 0] in vitro9} in
vivo 2504 15t} Lactam AN S-S iminium ion X£¥E carbinolamine .22 Y 4 ¢
o}, Iminium ionEL aldehyde oxidased] ¢)3te] lactam©o.2 A3 2 4 glow E3 o] jond 2piHA
2l hydrolysisell 2)3}4 carbinolamine© 2% A% 2 4= ¢t} 1)) 1A carbinolamine &7+ 9]
ring opening® 7 ¥ FAEE amino aldehyde FHE2 M1 =& Ml (Figure 7)3 22 amino
acid AHIES 48 4 ok M1} MI19] FZ7} mass spectrad] 93t Y3 BEE 7 oY
o @AZ%E Ml HPLCY retention timeo] 3} carboxypropyl tiAldZ #EEUch. M1
N-dealkylation& M7¢] 8¢ 714 it
HEHOE Pyronaridine® T-& A 7[A9 tAl HAEE Ssto] thAEQdh 1) aminoquinolined
quinoneimine®.E %3, 2) pyrrolidine ring®] hydroxylationi} carbonylation, 3) O-demethylation.
Quinoneimine thAMHE-L in vitro o AT AEH oW o]RAL T E thA} 1kS-o] quinoneimine| ¥
AEY $4402 APHH quinoneimine AL EC] bodydlA 47 reductionf e AL ¢AIFTH
%3 rat? human microsome ARolo]l AF33t species #to]E Bt} O-demethylated WA S-S rato]

AT AEHRer yhd amino AR M7 humano| 2 A& 5 ich.
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Figure 7. Postulated metabolic pathways of pyronaridine. RLM: rat liver microsomes, HLM:

liver microsomes
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Al 2 A Radio-labeled compoundE 0]&3F A} A+

21 At A A}
1L A&

YH3945 (1-{3-[3-(4-cyano-benzyl)-3H-imidazole-4-yl}-propyl}-3-(6-methoxy-pyridin-3-yl)-1-(2-
trifluoromethyl-benzyl)-thiourea)= farnesyl-protein transferase®] selectived}il potent3t A3 o]
cancer®] XR5E FHog AEHu e gEoltt B AFdME AYA (preclinical) ©AO] Sle
YH39459) A} H71E $18ke] “Clabeled YH39455 ©] 8814 ratelA] in vivos} in vitro thALE 43
3ttt

(===

s Bz
10 . Xy
27 T
18 15 N. 13 o 14
N > N OCH;
19 4 CF;
5
3
1 6 8
2 CN 7

Figure 1. Chemical structure of YH3945. *, indicates the position of 14C-labeled carbon.

HClabeled B13ES o8 AQY WA A ATE 95d 2 AF)NE multiple-detectors
(diode array detector-radioactivity flow detector-tandem mass spectrometry)7} F&® £2 system&
A8kl A8 single injectiond] ThYE ARE A& & &' AAZE system FEHIHoH £
mass spectra®l] &3t 72 dHo] ofHE A S thald 1H- ¢ TOCSY NMRE 385t thA}

AT A 72 B SRR

2. 234y
Excretion

RatEo)Al “C-labeled YH39458 25 mg/kgZ AW Ea3d 5| metabolic caged] ¥o] i1 urine}
fecesE 0-12, 12-24, 24-48, 48-72, 7296, 96-120, 120-144 ZLE]_T’_ 144-168 A7t 7¥Ao 2 FASHG
Biliary excretiong $15}o} bile duct cannulation® ratSo] “Clabeled YH39458 25 mg/kgz AW =
A% H AF 10 AzF 5¢4L 1 ARE ZHH22 a3 YA 1024 A7k AR E FARNAT 971 @
o] feces, urine 18] 1L bile& A} AT7E 98t AHEE AT
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Metabolism study

In vitro tHALE H3te] ¥HEA-E& AA 200 ule] potassium phosphate buffer (01 M, pH 7.5)U 9]
10 mg/ml microsome, 50 uM MC-YH3%45 12]3 NADPH-generating system (01 M
glucose-6-phosphate, 10 mg/m! B-NADP" Z12}3 1 unit/ml glucose-6-phosphate dehydrogenase)2
4e e 432 NADPH-generating system® Z7}e] 9Jated AJZAE Ity 37CoAM 2 A7Hsst
incubation ¥ ¥ 200 ul9] acetonitrile 718} W8-S AXAZh AEE vortex 3t 3000 rpmol
A 1087 4R & A5AL el ®Asgch Bile, urine, feces 121 plasma A|EE L
Sep-pak Cis solid-phase extractiong ©] €8l cleanup %125 methanol eluate5S F33dhe] 43}
At

Liquid chromatography/tandem mass spectrometry

HPLC system diode array detector (Agilent), B-RAM radioactivity flow detector (IN/US
Corporation)? LC/MSD ion-trap mass spectrometry7} A28 Agilent 1100 seriesE A3}t
Column Capcell-Pak Cis (46 x 250 mm, 5um)S AME3IPoen olFAcZE 20 mM
ammuniumformate (pH 4.0) [A]$} acetonitrile [B]E AFE3}5ith Flow rate 1.0 mi/mino|}oH
gradient 2712 20% [B}ol|A] 50% [B]E lineard}A 25 & E<t wigla)7]l & thA] 80%= 5 HE<F W3}
AZ Y. A column eluent® diode array detector2 AR o]FElen ayx A 1/10 splitters
A 9/102 B-RAM radioactivity flow detector2 183 Yvz| 1/10L mass spectrometry 2 ©]F 5}
T} Mass spectrometry®] nebulizing®} drying gasi= nitrogeng z+z} 30 psi¢t 8 1/minofA] AE3Q O
™ drying temperature= 350°C %t} Positive ion moded|r 385 10m collision gasZA] heliumo]
AHEE 1T FragmentationS $]3} resonant excitation amplitute 085 - 1.00 eVE ARg3tg o

isolations $3 selected mass widthe 1 Dag A28} th
NMR spectrometry

A ES 72 2AS A3 1H9 TOCSY NMRE Bruker AMX 600 spectrometero]] X @ o5 .00
HAHA E-& 0.5 mle) CD,ODo)) £34A1A 438519 )
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3. 2323
YH3945 9] wj&

YClabeled YH39459) single intravenous injection ¥ urine3} feces®]| A} radioactivity2] ®j4-& Table
1o Holx 9t} %E Fof & 24 A7t F< urined} feceso) A AR radioactivityd] 34e 22+ 11%
o} 48% Atk 79 T ¥ AA radioactivitys 74%0)1 fecesol A 62%, 23 urineol A 12% k.
H3 24 AZHE<t bileZ ¥lAH radicactivity= E-&H kel F 2%7} WA €Ak

YH3945.9] tjA} ZZ 59

Rato] A YH39452] in vitro WAlE rat liver microsome® ) incubationS B3l F35Ach
NADPH-generating system (NGS)8}olA YH3945= 1171 A ER tALE oY MI7& F diALA)
gt} (Figure 2). YH3945= NGSQ] HAlsto) i thAlE)=] 9¥gton] o= YH30457} cytochrome PA450
enzymed| oJst] AL AS& 78] AlALRILE
14C-YH39459] iv. o] & Aoy plasma, feces, urine 181 bile?] thEHY radiochromatogrames-&
Figure 204 Holx ity YH3%45+= 7709 glucuronide conjugateE E§H3H & 21702 A ER o
Ao AR ES AdhEF (relative percentage)S Table 204 Holx Qith MI17& in vitroo] A g}
PPE7FA R plasmad) M F AR (50.1% of total radioactivity) 2 S H e}k 22|y feces, bile 1]
I urined M= wf-¢ A2 Fogvt AEFHAT. ol MI70] T tiAl A2 APS Y3 T2 o
A Y-S AlARETE

YH3%45 giAtAEe 72 2%

Zt A EY FRE mass spectragl 1H-¢F TOCSY NMRo| ¢Jstd A4 0w Table 30 2z o
AR E 9] retention time, protonated molecular ion 281 product ionE-& 295 HTH

YH3945. YH3945¢] protonated molecular ion& m/z 565914 HTAEJCH m/z 4134 3999 A
product iong& Rtk Figure 3914 A9H RAHY miz 3999] product iond methoxy pyridine
thiourea 99| heterolytic cleavaged] 23t AAE 0w 1H NMR datax Table 49 Q2F=| ot
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Table 1. Excretion of radioactivity in the urine and feces after single intravenous injection of

14C-YH3945 to rats at a dose 25 mg/kg (n=4)

Time % Dose
Urine Feces Total

0-12 h 9.86 + 0.47* 3.33 £ 3.55 13.19 = 3.55
12-24 h 1.33 =+ 0.15 4449 + 648 4583 + 6.36
24-48 h 0.48 + 0.06 1247 + 3.00 1295 + 3.04
48-72 h 0.13 + 0.03 148 + 0.78 1.60 + 0.81
72-96 h 0.09 = 0.01 0.29 + 0.04 0.38 + 0.04
96-120 h 0.06 = 0.01 0.18 + 0.06 0.23 + 0.07
120-144 h 0.06 + 0.01 0.08 + 0.01 0.14 + 0.02
144-168 h 0.04 = 0.01 0.06 + 0.00 0.10 + 0.01
Total 12.04 + 047 62.39 + 1.20 7443 + 1.27

* Each value represents the relative percentage to total radioactivity administered.
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Table 2. Relative percentage of YH3945 metabolites detected in plasma, urine, bile and feces after

single intravenous injection of 14C-YH3945

Relative percentage (%)

Metabolites

Bile Feces Urine Plasma
M1 - 14.97 - -
M2 TR® - - -
M3 ND" ND - ND
M4 27.19 - - TR
M5 1.14 - - -
Meé TR TR 0.54 -
M7 - 9.31 451 -
M8 8.05 - - TR
M9 - 6.7 7.46 TR
M10 - - 9.11 -
M11 10.88 - - TR
Mi12 - 17.91 3.48 TR
M13 - 797 TR TR
Mi14 - 2.54 TR TR
M15 3.34 - - -
Mie 11.79 8.13 2.55 TR
M17 TR TR 0.94 50.14
Mig 12.70° ) ) )
M19 3.27 - 1.71
M20 c TR - TR
M21 683 TR - TR
YH3945 244 TR - 14.84

Each data was generated based on radioactivity
* Trace
® Not detected (M3 does not include 14C)

¢ No resolution
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Figure 2. Representative radiochromatograms of rat microsomal incubation mixtures and plasma,
feces, bile and urine from rats after iv. administration of “*C-YH3%45
Metabolite M5, M9, M11, M13 and M17. M179] protonated molecular ion3 product ion2 Z+z} my/z
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4503} 284044 AZ=H AT} mz 4509) ione imidazoled]| cyanobenzyl groupo] YH39452HE A|AH S
22 AA8IY miz 2849 ione methoxypyridinyl thicamine F-$1¢] &40 2lsle] FAH AT} (Figure
4). 21328 MI172 N-debenzylated thAlA|o]Th M99t M13L& MS2 spectrad]A] M173} Zo] m/z 2849
Al product iong X433 MI2] protonated molecular ion (m/z 436)2 M17914 14 amu®] #AE
A A8 ol M7} MI728E O-demethylated A Y-S AjAletch M13E MI72%E 16 amud| 5
7Fe Ro|n ol MI179 hydroxylated thAMAYS A H3ch. MseF MI1e Zhzh M99 Mi13¢)
glucuronide conjugate THARAIZ EAFFITE o]& A= 176 Da (glucuronide)®] neutral £4& B
Fom Mgt M133%} FU3 product ion spectraZ B Jt}h o] TR B-glucuronidaseste] ]l
o3 T4 e BIY & AU

Metabolite M1, M7, M10 and M12. M13} M7& M92] mono-oxygenated isobaric tJAMAI &I 1&
2 mfz 452 (436 + 16 Da)ol| A} protonated molecular iong R H O™ myz 30004 MS? product ions
E9sA BYoh a8y miz 3009 MSE M2 thE product ionS< ARATH &, M1g M7e ZH7)
m/z 1098} 959 A product ion5-& X YTk m/z 1099 ione C159 <138} nitrogen Ale]9] cleavaged]]
of3 AWM, ¥ miz 959 ion alkyl chain hydroxyltionol] 2]3F C159} C17 Ajo]9] cleavagedl ¢
s AA"EY. M0} MI2x 9A] m/z 300004 product iong R Po™ £ protonated molecular
ionZ m/z 466°14 ZHEHUG oA
hydroxylation®] trifluoromethylbenzyl 3]0 2A2S &gt} ©]E hydroxylation2 Table 404
HojT A% TH NMRe) o) th) @4l ghelg 4 9ok

Metabolite M3. M3E 14C-labeled thiourea %-9}9) €42 <18} radiochromatogramo] & #25 ]

flo

YH39452 5] imidazoled] cyanobenzyl 719 AA F

&3ton protonated molecular iong m/z 399914 BEEh M39] product ionE2 m/z 339, 283 1
21 224004 BEEAJTH mz 3399 ione 3HFY A Ao sl AW mz 283 imidazoleT}
benzyl group Aloldl| heterolytic cleavaged] 2|3+ odd electron cation®] Ao <& BAHAT. m/z
224 C158F 9143 nitrogen A}o]2] cleavagedl] 2]3h even electron cation?] FAdo 23t AR}

Metabolite M6. M62] protonated molecular ion& m/z 46694 12]3 product ionE-S my/z 48, 358,
340, 300, 282 2231 16794 FBAHAT} m/z 358 ione thioureaZ R E] imidazole ¥9]¢ A A 2J3}
o BAEASH m/z 1672 m/z 358 EH-E thiourea?] cleavaged] 28 FAHUT £33 mz 300 ion
methoxy pyridine thiourea F$|2] cleavageo] <J3l AWAAHTh m/z 48, 340 18]3 282¢ myz 466, 358
28] 3 3000 ionEZHE HO9 &4 ol& A=Ak

Metabolite M16, M18, M19 and M20. M16L O-demethylated TIALAZ &1 it} Protonated
molecular ion& m/z 551 (565 -14 Da)ollA] 183 product ionS-& my/z 4413} 3999 A HEAEFOH o]
+ methoxypyridined] O-demethylationo] WAL A H3th M199F M202  mono-oxygenated



isobaric thAAI S0t 15L& m/z 581 (565 + 16 Da)ollA] protonated molecular iong R H.o™ MI19s}
M20¢} Z+Z4o disted ZY7) m/z 4159 399904 product ionEE AIABIATE M202] m/z 3999 product
ion& hydroxylation©] pyridine ringel] 23S A A& M192] m/z 415 ion methoxypyridine -
A7b dBYA ke e AAFL Bgo] mi 249 2419 MS' jonEL M199] hydroxylationo]
trifluoromethylbenzyl ringoll HAW-SE RGFth MI18 M209] glucuronide conjugate THAMA|ZA &
A=A

Metabolite M2 and M4. M29} MAE m/z 642904 FY3 protonated molecular iong HHoH b
-glucuronidase *|g| Al Z+7] M10z} M12&8 A5tk Trifluoromethylbenzyl groupe] hydroxylation
o] ¥Hg M10} M12= m/z 46694 protonated molecular iong 18]35 my/z 300014 product iong
B8t 9Wrd 02 glucuronide conjugate thAMH S-S glucuronide %919 neutral loss7} 24 3}7]
@ 2o MS® product ion} 159 free forme) protonated molecular ion& 2t} Iy ¢ §og
M29} M4¢] MS™& myz 4769 product iong HAAT. 2 JAHAE ART 10 amur}t © & ion
< A3t Glucuronide bond7} gutdoz & =yjojAth &xas A BHAAE FZRE thiourea
71 $4802 2RO A glucuronide F-9E AH313L e m/z 4769 iong FAsHA ok
M49] T2+ 1HS TOCSY NMR datac) 9Jate] B8 A &31A #el=9lt}. o] 3 glucuronide §91¢]
neutral lossEt} X3 Th2 2919 neutral losse glucuronide conjugate THAMA| S0 tisle] A7)

Aee F 2ugel 94 % He T5F Aot

6 3.0 - 40 Ato]ol|A glucuronide®] anomeric protonE-& M8¢] glucuronide conjugateg}= RS AJAFSH
o} &g B-glucuronidase 2] Ao M142 A#E Gk 1H NMRE § 574 (C16)9] signalo] 2H A 1H
2 A28 GEE Kol Eg CI13 X protone] AlepAlSE Btk o]AL diAt #A F Clewt
C13 Atolel cyclizationo] FAFPSS ojrjgith. MBS F%+ mass spectrum®] Mo 25t thA] &
A AT my/z 434 ion®] MS’E myz 326, 275 218)31 2320 product ionS-& AT mz 326 ion

ring system®] 5 bond cleavageE %3 EE+2]
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Table 3. Chromatographic and mass spectral data for metabolites of YH3945 isolated

characterized from rats

Fragment ions

Metabolites ?etentic?n [M+H]" Fragment ions in MS? (MS3) of I.najo%‘
time (min) fragment ion in

MS

1 8.0 452 300 109

2 8.1 642 476*, 300 300

3 89 399 283, 240, 224 -

4 9.3 642 476*, 300 300

5 10.4 612 436* 284

6 10.6 466 448, 358, 340, 300, 282, 167 -

7 11.0 452 300 95

8 111 610 434> 326, 275, 232

9 11.5 436 284 -

10 14.2 466 300 -

11 14.5 642  466*, 284 284

12 151 466 300 -

13 15.5 466 284 -

14 16.1 434 326, 275, 232 -

15 16.2 725 549%, 252 441, 390, 232

16 18.2 551 399 -

17 19.5 450 284 -

18 20.4 757 581* 399 399

19 20.5 581 415*%, 283, 241 241, 224, 175

20 223 581 399 -

21 224 549 441, 390, 232 -

YH3945 26.5 565 441, 399 -

* Major fragment ion
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Table 4. TH NMR assignment for YH3945, M4 (M12-glucuronide), and M8 (M14-glucuronide)

Atom Chemical shift, d (ppm)
number YH?3945 M4 M8
1, 4 721, d, 2H - -
2,3 7.68, d, 2H - -
5 738, d, 1H 7.38, d, 1H
6 763, t, 1H 755, t, 1H
7.38, d, 3H

7 746, t, 1H 744, d, 1H
8 773, d, 1H 773, d, TH
9 771, s, 1H 756, s, 1TH 756, s, 1TH
10 6.82, s, 1H 6.74, s, TH 6.78, s, 1H
11 6.77, d, 1TH 6.78, d, 1H 6.85, d, 1TH
12 7.60, dd, 1H 7.68, dd, 1H 769, d, TH
13 792, d, 1H 8.00, d, 1H -
14 3.90, s, 3H 391, s, 3H -
15 3.67, t, 2H 3.62, t, 2H 357, t, 2H
16 524, s, 2H 5.25, d, 2H 574, d, TH
17 197, m, 2H 2.00, m, 2H 2.05, m, 2H
18 246, t, 2H 2.59, t, 2H 266, t, 2H
19 5.30, s, 2H - -

%

] YH3945 I, +MS/MS(565.0)

o A A1

-3) CN
£ N S
TN
§40 ,,j\m
z b CF;
20 / N
441.1 M+H]*
565.3
ol L —
100 200 300 400 500 600 700 mz

Figure 3. MS5/MS spectrum of YH3945
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Figure 4. MS/MS spectra of representative N-debenzylated, O-demethylated and hydroxylated
metabolites M1, M3, M6, M16 and M17.
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Figure 5. MS/MS spectra of M4 and its glucuronide conjugate (M12)

Ao st AAHAT. 28U miz 2758 2B2% OF+9] Aol st A=A Cyclic A
M149] Ao} thgt 28722 Figure 76|14 338 th. M15 9] H]$E fragmentation patterng 1.
ojm M8 ulal¥ W cyanobenzyl groupe Afd FXo|T

4, nF

Rato| A} YH39459] fateS olsjdtr) $18) in viro®t in vivo A7} ZAE AT HPLC/UY,
radioactivity, ES[/MS 18}31 NMR& o] &3la] A4 dAMES ST 4 SUSich YH39459) wjdel
#E AP YH3M57L bileZ wjAE 7] A BiofstA vrbd e AFsdo
Rato] Al ER1® YH3M5 tAHES ohgd 2& 37bx9 3 diab whgel oJste] AAHUG 1)
imidazole ringo] N-debenzylation, 2) ring hydroxylation 12]3 3) methoxypyridine group]
O-demethylation. YH39452] 574 % <] mass fragmentation® thA} $9& A &3] assignst=d ol-¢ 5
2319tk YH3945% MS29)4 m/z 399¢] 52429 product iond FATIALH tEEY AAE 9
Al fAH3 mass fragmentation pattern (m/z 399, 300, 284 2E]1 415)S KA webA cyclic HAMA]
E AT £ A =L o] fragmentation patternd] 7|23t 1 72& % F U

& Expfo] A methoxypyridineo] demethylation#} C16 $1X]¢] hydroxylationo] &A|o] A gciA
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cyclic tJAMIE©] non-enzymatically BAHE Ao FHHTL Figure 7904 AEd Az 2o
methoxypyridine®] demethylation®} C16 $|¢] hydroxylation2 E#}¢] 3}8t23 ot Ag w¥stn 2
= cyclic A A& o] M6ZRE demethylation pyridine?] aromatic system2 ¥}3)3}3L
pyridinol& pyridinone© 2 AP [A] CI38l WeAHE ZAAAG. 23 U, Cleol
dehydratione] ZYH T [B] cyclic ¥+&-& reactivedt CI39] FZo) o8ty AT o]FA wEo)A
cyclic 7+2 [C]= rearomatizations} Ao &]3ted thA] ¢HA43} Hth

ZEHLE B A7 YH39457) wjds7] dol SolA AFR nie} 2o] F 3709 A2E F3ld djAt
Ao AL Rk T3 MI7e e gAlE Agstsy = galaiold thers =S O A
A9k Cyclic fARIS) 4L M2 BHo)AT o]E A5 7)1Z3te] Figure 8 in vitro % in
vivo At ZAZ2E H{th Urinary ¢} biliary tAMAES 890 YH39459] in vivo thAl w3
dispositiong o|asl=H WS 83 YRE A FL3) :
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Figure 6. 1TH NMR (A) and MS3 spectrum of product ion at m/z 434 in the MS2 scan (B) of cyclic
metabolite M8
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Figure 7. Proposed mechanism for non-enzymatic formation of cyclic metabolite M14.
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2-2. 213+ PDE 5 AsiA|2] thA} dF

L A&

PDE 5 Aaj#o|% @z A4 (preclinical) BA7} 28 Z<1 B4 29 PR o]43dd A7
& FYAYTh B ATNME AYY WA Qe SK35309] At B glstel MClabeled SK3530
o] &3} rato) A in viros} in vivo AL $3EtHTh “Clabeled 33EL 0143 AYA ©A S o
AL ATE A3l B d7oMe multiple-detectors (DAD-radioflow-MS)7} Z&8l B4 system$ o] &
stk

2. A3y
Metabolism study

Rat and human liver microsomal incubationsS $]3}e] SK3530 (50uMfinal concentration)& 1.0 m

GQ

o[o

1.
8] microsome-d 7}A 3 37°Col|A 24)17+5<t NADPH-generating system3} 317 incubation®] 1t}

[e]
A2

A

< acetonitrile (one-volume)& H7}ate] FAA1Z .0 3000rpmol A 1087 AR & 4
3t A9 ALE-3 Tk

In vivo metabolism @0 A}&3F feces®} urine Al & excretion A|PolA Bojz 0-24 hr A|ZEL
poolste] ©]-g31%.om bile A|F+ biliary excretion A|@A LojZ 0-6 hr A|EE-E pooldte] ALg-3}
SAth. Plasma A|&% distribution AJFo)H QojA 1 hr} 4 hr ABES pooldte] AMREELH liver
A&E distribution Alge)H FojF 4 hr AEEL poolstd AHEEIT) Feces A8 %Y Dws
A7ketel FAGAIZ FH A FH9 acetonitrileS H7hste] 3000rpmol A 1087 A4EE & A4
4 FEAR,

ol

i

Sample preparation

Feces, urine, bile Z12}31 plasma A|Z2E2 C18 cartridgeE ©] &3 SPEHd 93l HA2] 3T
Iml methanol2 cartridgeE €43}A]7]22 Dw ImlE equilibiumAlZith 2+ A|2E loadingdt ¥ Dw
3mlE washingd}i 1ml methanol® %3t} o] A8 ALd A F259 I initial buffered)] =
o £4& #PsA

Liquid chromatography-mass spectrometry

HPLC system diode array detector$} electrospray ionization/ion trapanalyzer’} %-3¥ tandem
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MS system Z18]1 [-Ram radioactivity flow detector”} 228 Agilent 1100 seriesE AHE-3}93Th
Column& Capcelpack C18 (4.6x250 mm, 5um)& A3t DAD ool 1/10 splitters 2-s}o
1/10& MS systemeZ Yoz 9/10& B-Ram  detector2 ©]FAALE o|FAo2ZE 20 mM
ammonium formate (pH 4.0) [A]3} 90% acetonitrile [B]E A}-8-8}¢] gradient systemol| A} #2434t}
Mass spectrometry RS ZF ionizationd APl-electrospray ionization®-& ©]-839.2™ polarity
modex= positive mode 18]35 compound stability= 60%E Al-8-381%th Nebulizing gasZ¥ nitrogen
gasE 35 psiZ nebulizingd}l.o ™, drying gast 8 L/minZ 28] dry temp.= 350CE AME-3}5Th
Full-scan mode #4023 E #A&EH tAbEY FZ+= multi-stage tandem mass spectrometric (MS")
WS o]l&3le] ZAAHUY Collision gas2E helium$ AME31Y2 D parent drug 2 thAA|E9
[M+H]+ iong isolationd}i fragment amplituteS Z3 3} MS? spectrums AT Cut-off=
precursor ion9) 27%E AM&-3l9th AR S MS spectrumo| 4] A4 ¥ product ionE-& parent drug9]
product ionE% Wwald AHE WAHEY J&Y T2E BRIYT MSEREH T2E )

P ¢ YAHES MS' 9} MS'] ojste) 2H3g.

3. 4394+ 9 n%
In vitro and in vivo metabolic profiles of SK3530

Rat microsome#}¢] incubation % 12709 A2 thAE 12 human microsome rat
microsomeol ] ZAEH M7 M6 A9d &= 1019 dAAHZ dAEgch A M4E ratsd
human 254 major A Z QAT
2 in vivool A SK35302 in vitod] A AEEHYY MI3E A F 1949 dAAE tAtgEe &<
stom M, 2, 4, 6,9, 12, 15 281 182 in vitroo]l N HEHA 449 diatA|ECIich Fecess)
bileo| M= Fo|H o2 MI18o] major tAIZ EQEon total dose radioactivityo] tjdt 1E9
relative percentage™ 7}Zt 64.99} 73.0% T} Table 12 HEE tAIAIEY retention timed} IE9
protonated molecular ion &1 MS2 ionE< BQIth Table 25 ZAEH 7+ HAHHEY relative
percentage s total dosed] ti3le A4 Z:E Z} AlgEE AElsld Rt
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Figure 1. Representative radiochromatograms obtained from rat and human liver microsomal

incubations of SK3530.
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Figure 2. Representative radiochromatograms obtained from fecal, urinary, biliary, plasma

extracts.
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Table 1. Chromatographic and mass spetrometric data of SK3530 and its metabolites

Metabolites OO gyt MS? (m/z)
time (min)
SK3530 19.0 532 514, 488, 404, 340, 338, 312, 296, 268
1 57 724 548 (530, 512, 420, 312)*
2 7.4 666  490* (472, 432, 378, 360, 312, 296, 268)*
3 95 548 530, 512, 486, 402, 310, 294
4 9.7 478 460, 404, 312, 296, 268
5 10.2 548 530, 512, 486, 402
6 11.1 628 548* (530, 512, 486, 402)**
7 125 404 362, 344, 339, 297, 268
8 135 548 530, 504, 420, 362, 312, 296, 268
9 14.2 628 548 (530, 504, 420, 312, 296)**
10 15.0 462 445, 419, 404, 388, 360, 338, 340, 312, 296, 269
11 15.1 506 488, 462, 445, 419, 404, 340, 312, 296
12 154 708 532* (514, 488, 404, 340, 338, 312, 296, 268)**
13 17.2 548 530, 504, 420, 328, 312
14 18.0 488 446, 404, 360, 338, 312, 296, 269
15 18.1 546 500, 488, 404, 360, 338, 312, 296
16 18.6 490 472, 432, 378, 360, 312, 296, 268
17 18.8 548 530, 504, 488, 404, 362, 296
18 19.7 612 532* (514, 488, 404, 340, 338, 312, 296, 268)*
19 23.7 419 377, 360, 338, 312, 296, 268
20 24.0 502 485, 460, 404, 362, 312, 296, 268, 235

* Major product ion of MS’

* Product ions of MS* major ion (*)
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A ESY £ 2F

A ES FZE product ion spectrad] ZAst] AR SK3530 (m/z 532)¢] product ion
spectrum- my/z 514, 488, 404, 362, 312 1|1 29694 F2 ionES A4} Figure 3& SK35309]
spectrum¥} fragmentations Ho|Fo}

m/z 514 piperazine ring9] -CHCHOHZ % H09 £4d) 93ty 18]3 mfi 4882 GHOY
AA oste] AU m/z 404= sulfone oxygene] protonation ¥ SN cleavageo] 9]5te] AJatd
ot 404 ion®Z2¥EH GHs (from -OCHCH,CH3)9] AAE miz 3625 Aatdtch. Phenyl ringoll
ipso-protonation2 my/z 3383} 340¢) iong AJAMSlH my/z 3388 GHs (from -OCH,CH,CH:)9] A Ao 2]
slo] 29602 2] 340& GHy (from -NCH,CHy) el AA¢) 2lsta) 3122 Hsj9h.

Figure 49} 5& 7+ tjAME9] product ion spectra9} fragmentationE2 BT it} SK35309]
product iongZ 58 W3E Zt AL EY product ionE-E WAIHIES F2E ZHE & Ut

M3 (5), 8, 13 and 17 M33} 5% FY3F spectrum& Holi o™ pyrazolopyrimidine®] propylt:
) hydroxylation® TZY-& m/z 402, 310 218)x 29428 H FAF 4= Atk M13L phenyl ringd]
hydroxylation®] 12|31 M17-2 piperazine ringol] hydroxylation® 7Z9& m/z 420, 328, 312 M13) 21
2|2 myz 404, 312, 296 (M17)Z2FE A3 Hct wHA M8E hydroxylation thARA|o|u} hydroxylation]
g AR E AT 5= stk

M4. 10, 11 and 14: M4+ parento]] Hlle] EA}5Fo] 4 Da (GHO) 24 8H 24 product ions2
parent jonE¥% FY3}HTE ©| AL piperazine ringdl| dealkylationol] ¢jsle] Hr=n Ml4& SK35309]
N-dealkylated thA}A|o]ty. M103} 112 ZHZ} M148} SK35302. 2 %E] N N-deethylenation® thALHE o]
ok 53] o|E9Y m/z 29, 312 183 404 product ion5-2 sulfone groupd] 9 H&o] I FAHL
Vee FHIY. =3 429 EAE M0} 110] piperazined] deethylenation® FxY& Z=3ich
M4= M109] hydroxylation® tHALA|o]t}. hydroxylation® ¢l product ion m/z 296, 312 181l
4049 ¢}ste] modified piperazines] TAHAI LS U & Utk

M7, 15, 19 and 20: M19v= M10©. 23 E N-dealkylation® tiAbF| oIt m/z 296, 312 121 4049
product ion piperazine 97} W HI L & & Jo™ T3 product iono)A 17 Da (-NHz) 7+
Ao} BAFE M99 T2E FHITh M72 M199JA ololiz7)7t "ojdl 729 thaldo|tt. M20&
M4 (m/z 488)2HE] 14 Dac] 719 EAFHE 2tw itk T8 mz 29, 312 18]3 4049 product

£

ionE2 21 e ASE Ho} 14 Dad] £/} piperazine ringd|A LAEFES & F o o&
carbonylationg jv|ditt. &F m202 MI4ZRE piperazined]| carbonylation® whAtA|o]tt. Mi5e
parento] X 14 Da $718 BAFE 21 3108 product ionE-& 14 Da®] Z7}7} piperazined] 924%
chaino X BAALE & 4 Atk 2= MISE acid2 A3hg ojAbd o
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Ml 2,6, 9 12 and 18 M], 2, 6, 9, 12 228]31 18 conjugated AR EC]th M1, 2 18]3 12&
Zyzk M13, 16 18]a1 SK35309] glucuronide conjugated® thALHIE S 176 da2] neutral loss9} 1E9)
free form3} 5Y& product ionEZFEH AT & YUrh M6, 9 121 18L& 7z M3(G), 8 181
SK3530¢] sulfate conjugated AR EC]QITE o]E2 80 dagl neutral lossE R PoH free formd]
product ionE3} FY3 ionEL BYch

{M+H-H,0[*
1004 SK3530 - 514.4
1 m/g 532
HC
ma312 1
mz296 A
f i -CH,

- 7151 CH

AOH
S iz 338 (”z'{?'ﬁ‘?ﬁ"‘:"%si; o, 404.2
< e 362 €S iy g4 4 .
$ s o
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-3
@
2
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25+
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Figure 3. Product ion mass spectrum and fragmentation of SK3530
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Figure 4. Product ion spectra of metabolites of SK3530
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Figure 4. continued
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Figure 4. continued
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Figure 6. Postulated metabolic pathways of SK3530
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A 34 Mz PDE 5 AsjA KIHEY in vitro A}

1L A&

KIH fEAEL 7|1&9] 19 sildenafilst Hl@d u] pyrazolopyrimdine®] oxygen thAle] sulfur
atomo] X8¥ A|2$ PDE 5 AsijA 0|9 sildenafile] oid] 717 By ZAFE B9slr] 93] At
9 Q2L =AY B A7 Me KIHE S mass fragmentation mechanism$ %38l o|& ul&

S 2 in vitro ALE TS

2. A3y
Microsomal incubation

WSS A 200 ule] potassium phosphate buffer (0.1 M, pH 7.5)W¢] 0.2 mg microsome, 10
uM KJH 12]31 NADPH-generating system (0.1 M glucose-6-phosphate, 10 mg/ml p-NADP" 181 1
unit/ml glucose-6-phosphate dehydrogenase)2 T4 % 2™ w82 NADPH-generating system®] %
7t gt AFHAT 37CoAAM 2 A)7H5<t incubation & % 200 ul®] acetonitrileS F7}8le W

< BANZT. AIRE vortex 33 3000 rpmof A 1083} A4ET £ F5AS Helo 4T

Liquid chromatography/tandem mass spectrometry

HPLC system2 Agilent 1100 series& A}-8-3}$1.2.™ mass spectrometry< electrospray ionization
source$} ion trap analyzer’} 22 tandem MS system$ ARE-3}% T} Columng YMC hydrosphere
Gs (20 x 150 mm, 5um)S AHE8lF o™ o]FA 2+ 20 mM ammonium formate (pH 4.0) [A]%}
acetonitrile [B]E A}8-3}9t}. Flow rate 0.2 ml/mino]$1 2™ gradient 272 15% [BlelA 70% [B]=2
linears} A 15 £ &<t A& ZATE Mass spectrometry] nebulizing®} drying gast= nitrogend 24zt 35
psis} 8 1/mino| A AME-81H. ™ drying temperatures 350°C AT} Positive ion modeo| A =85l o.n
collision gasZA] heliumo] A%l Fragmentationd $3 resonant excitation amplitutes 0.85 -

1.00 eVE A-319.2 1 isolationS 93} selected mass widthE 1 Dad A& th
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3. 43949 9 n&
Low-energy CID o] 4] KJH<] mass fragmentation mechanism <] 775
N2 PDE 5 AsjA KH #2459 that 972 skl compound 1¢] MS/MS datae Al 3]

53 Z3E protonated 10] EAFe] WHhH] A3 sulfur atomO E W& AE TtEAZ =

methyl group migration®} Z+-& A} Z$ gas-phase rearrangements 7 #sh= AL #Hath & £4
0] low-energy CID 38}9)X gas-phase rearrangements % At AL ov] & 4#A ik

)

21325k protonated 19] methyl group migration methyl groupe] &7 2 R AR &

% 4 sl WEe] HPEY FPASS ol8Y mechamsmEzE A%37 44 gtk o
rearrangementi= ion-neutral complex®] &43} o]0} cationic substrate$} neutral nucleophile A}o]

9] nucleophilic substitution ¥-3-o] 2J3le} Aw =} (1).

Nucleophilic +
+ substitution //NH2
PRCHS(CH3,  +  (HN;C=S  ———=  PRHC—S—C,
CH, CH, NH
- . M
Cationic substrate Neutral nucleophile

Figure 1 (A and Q)% ion trap (cut-off: 27% of the precursor ion)#} triple-quadrupoleo} @17l
sildenafil®] MS/MS spectraE X &t} Sildenafile] ¥ 2 Q] fragment iong-2 my/z 377, 313, 311, 299,
283, 163, 100 Z28]1 99914 BEEQO W o] fragmentation o]u] & AWE o] gt} o] product
iong 7}¢d B QFdE E83) miz 377, 313 18)x 311 iono] #aste] A3ttt Compound 12
sildenafil®} ¥]wd W ©@A] pyrazolopyrimidine®] oxygen¥o] sulfur atom©.2 X|¥® Fxolth o}y
& 123 FAME 28T 9 protonated 19] product ionE-& m/z 393, 327 18]3 299 (sulfur atom
A&l g 16 amus] F7HolH BZE Aoz AT T protonated 19] MS/MS spectrum
& mfz 407, 343 181 341 (AAEE product ionEZHE 14 amu 7} ionE)olA product ionES
33t} (Figure 1B and D). ©2-¢] structural analogueE (compound 2, 3, 4 and 5)% MS/MS
spectra 159 h&5E product ionEo] dAEE ionEd) HIEY [Rs -H] amu Tl s3ete 2
% 2742 B (Figure 2). o]& Z#E piperazine ringd] alkyl group (Rs)7} low-energy CID 3ol A
pyrazolopyrimidine %912 o3& A8 A R3S thione group 7] FHA Al o
35 Aoz 7
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Figure 1. MS5/MS spectra of sildenafil (A and C) and compound 1 (B and D). Spectra A and B were
obtained from an ion trap mass spectrometry (cut-off: 27% of the precursor ion) and spectra C and

D were obtained from a triple-quadrupole mass spectrometry.

R, R, R, [M+H]*  A@nz) B(mz)  C(ms)
Sildenafii O CH,CH;, CH; 475 377 313 311
Compound 1 S CH,CH; CH; 491 407 343 341
Compound 2 S CH,CH, H 477 393 329 327
Compound 3 N CH,CH, CH,CH; 505 421 357 355
Compound4 S CH, CH, 477 393 329 327
Compound 5 S CH; CH,CH,4 491 407 343 341

Figure 2. Structures, protonated molecular ions and concerned product ions of sildenafil and
compound 1-5. A, B and C (m/z) is the product ions of compound 1-5 corresponding to the ions at
m/z 377 (A), 313 (B) and 311 (C) of sildenafil.
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SQ, S0,

CH,=NCH,CH,N=CH, N-methyldehydropiperidine N-methylpiperidine-SO,H
(Neutral) (Neutral) {Neutral)
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|
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Figure 3. Proposed mechanism for the formation of product ions at m/z 407, 341 and 343 of the

protonated 1.
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AFE Tt o2 37Hd 2H4S 13 9 protonated 18] 71 AZE 72X E rearrangements
50 35 Zgog dAs A JotE AN st 23802 protonated 12 rearrangement

A

ol ionneutral complex’} 83 98-S e Aoz sAgdth d¥ compoundEo] T3t
ionneutral complex® 73%% rearrangementEo] Huso] Stk olyg EAAQ alkyl group
migration® ©A sildenafil thiono analogues (compound 1-5)o1 M3t #AH oM sildenafilolX= &
252 49t ole alkyl group transfer’} pyrazolopyrimidineo] A2 X]#€ sulfur atom®] 7st
nucleophilicity 2 18te A2 Jtte AL ZHE3] AHdd.

mfz 407, 343 28]x 341 ion59 Ao th3 mechanismo] Figure 391 A% €l Sulfonyl
oxygeno] protonation® protonated 1 (m/z 491)2 piperazine a-proton®] sulfonyl oxygen© 2 transfer
7} BAZ 712 9] m/z 3939 even electron cation (EE+)$} 98 amug] neutral moleculeZ #3)%A
U e SN bond®] heterolytic cleavageo] ]3] neutral sulfuric acids} CH;=NCH,CH,N(CHz)=CH,"
iono g Hegct Eao F fragmentE-L ion-neutral complexS A3} o] complex oAl cationic
substrate (m/z 99)$} thione-containing neutral nucleophile A}o]ef methyl transfer7} WA gT) o] A&
406 amu@] neutral®} myz 85¢) CH,=NCH,CH,NH=CH," ion& A3tk m/z 85 iond T3 9l &
e Axm o] A} E<h m/z 85 ion®] carbono] HZH active protono] 406 amu®] neutral2
olfty. ZAF o] #HAHS E3 miz 4079 EE+7} A9tk Quadrupole time-of-flight mass
spectrometryo] &]3lod Z=HH o] jon?l accurate masst m/z 407.1206014 FEHN oM o] AL o] EA
o2 A2t mass (4071206, C18H23N40352)9} -0.03 ppm¢] errorE 7+2)31 YA 3HH T}

(2

Sulfonyl oxygeno| protonation® protonated 1 (m/z 491)2 S-Car bond®] heterolytic cleavageol] 2]
8] mfz 327°) EE+$} neutral N-methylpiperazine-SO,HO. 2 E3€t;. WEe] homolytic cleavage:
protonated 1< radical neutrals# m/z 1009] odd electron cation CH=NCH,CHN(CHs), "™ ion (OE+)
2 Eajgtt. o] OE+9} neutral® complexE® #A8tE m/z 341 iong A3tk ©] catione] gt
accurate masst 3411449914 23U oW A4HE mass (341.1430, C18H2IN4OS)9} 5.39 ppme] error
g 73 9xe

Compound 1¢] benzene ring®] ipso protonationd TE ¥3) AZE AXA Btk F ipso

-

protonated 1-& m/z 3299] EE+8} neutral N-methyldehydropiperazine 3 SO,2 ¥3l€ 4 Utk =&

S-Car bond®) heterolytic cleavagesl 18} m/z 1630) N-methylpiperazine-SO;' 9+ neutral2 ¥3j8 4 <l

th. 329 B8l 9A] ion-neutral complexE ¥48}3 methyl groupE Ho)A1#A m/z 3439 iong A

A3t} o] cation?] accurate masst 343.1568¢ 4 ZAEglon AAFE mass (343.1587, C18H23N4O0S)

9} 556 ppm2} errorg 7}A T YA BIHTE

H/D exchange Aol 23 dr-1 (m/z 493)9] MS/MS spectrat m/z 408, 345 18|31 34144 ionE&
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A5t 0 o] A3 AAE fragmentation/rearrangement mechanism¥} 2 Y X gt

KJH 9/ in vitro jA}

Rat liver microsomeS o] 838ty KJH] in vitro tiAl 37} $3 & lck Figure 4= compound 19|
osted A" 59 tAINEF 2 product ion mass spectraZ Holn itk 7t tiAAIEY
protonated molecular ionS-& m/z 451 (M1), 465 (M2), 477 (M3), 507 (M4) 1l 493 (M)A B2

A 72 A {FE&3 AHEEUS
M1 (m/z 451)& N-demethylated, N,N-deethylenated thA}# %2 M2 N N-deethylenated hAHH ${TH
M3 N-demethylated thA}A], MAE hydroxylated thA}A] Stk M5+ M4¢] N-demethylated A A
t}. KIHE 7120 B39 sildenafils} §A13 thAl A2 (Figure 58 Bg o o] Aie KHEY %o

249 Mde 2e BHY £33 AFE Aol

HAo =3 259 product ionEL EAHQ ionE&
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Figure 4. Extracted ion chromatograms and MS’ spectra of compound 1 (2a) and its metabolites after

30-min incubation with rat liver microsomes.
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Figure 5. Postulated metabolic pathways of new analogues in rat microsomes
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A 4 A4 Deuterium labeled compoundZ o] &3+ tA} A+

L &

Fructus Schizandrae sinensis Baille 39 AEAQ AR tonic} sedatived] AR&E o] ko, 1970
el o]2) chronic viral hepatitis E2}¢] serum glutamic-pyruvic transaminase (SGPT)<] level& 23
=4 a3t deka ol waAT
DDBSE F709 carboxylic groupe ¥33 v)$ symmetrical bi-phenyl compoundZ, uniquedt
stereo-chemical E4-& 7}A 1 ¢ty W&o metabolism study*] mass spectrometry2 +Z& ¥W3l<d|
FY3 mass patterng 7}A= metabolite7} 7% 5 0] mass spectrum FJOZ FRo] # F 7} 818ich.
mebs 2ok 383 A T2 3L Astels 709 functional groupg FEIIol sHom o)F
9J8te] §12 methoxy groupd} ethylenedioxy moiety?] hydrogend deuterium®.2 M&Hoz X|g3}
o A AFE SRS

l

DDB-S& Hatth stz 2E Azdgton, 1 9o Alde EFA9e AHEstsith. HPLC-grade
waters Milli-Q purification system (Millipore, Bedford, MA, USA)S %3t} A Zxste] AR,
high-purity nitrogen (99.999%)& A1%¥AHA (Seoul, Korea)o A 35 #th

In vitro microsomal incubation

thokg CYP450 isozymed] ¢]3 DDB-S &g Lo}y 7| &l microsomal incubationg 3}%{th
DDB-S9] standard stock solution 10 mM (DMSO)Z AZ& %1, o] Fo| 1 mM (DMSO)Z 3|45t
working standard solution®.2 Al£-3}93t}. Incubation mixturesol= 1.0 mg liver microsomes, 20 uM
substrate, 12]3 NADPH-generating system (0.1 M glucose-6-phosphate, 10 mg/ml -NADP", 1 U/ml
glucose-6-phosphate dehydrogenase)o] total volume 200 pl potassium phosphate buffer (0.1 M, pH
752 FAHoITh ¥89] AJZHe NADPH-generating system2 23 37°C water bathollA ¥H-g-& 7
&3gh k29 AR 400 ulY acetonitrileS H713Igch VortexFoll 3000 rpmolA 10 mingt YA
23k, A5NE N, gasstoll Al AZAIA 50 ple) CH:CN/20 mM ammonium formate (pH 4.0) (1:9)
22 xo FFHOE 3 ule HPLCY FASAT

In vivo metabolic study
- 95 -



2
ath AE o]E Ao PE-10 tubeE femoral veindl| cannulationd}1 tubeE 23 o] 1A} 4E Ed
6A1ZF A 84S A7]31 metabolic study$} excretion studyE 33} th. DDB-S ®= DDB-S-d:& <
3] 50 mg/kg TSt 6, 12, 24 A7t H4 22 urined} fecesE A3 3FHTE A|# 3 sampled -20°Co]
By

1099 273 2925 ez 93 60 mgd DDBSE Folsts 2447 urined )3 3hq]
metabolic studyE ¢ FY3HA Ptk

Sample Preparations

2 mi9] isoprophylalcohol - 1 mi9] urined] H7}stal A5 HE N; gassiolld AZAIZITE ZAte] 50
ple] CH;CN/20 mM ammonium formate (pH 4.0) (1:9)& ¥ 1, o]5 3 W& LC-MS/MSE 538ty £
3t5ith. Fecesw= F Hj 3¢ F/4 ¢ methanolS 713}

systemel] FY3IATh

=
=
1)
ol
—>:
()
=
o
oft
12
tilo
off
&)
_O,_l."
£
%

Liquid chromatography-mass spectrometry

a4

HPLC system& HP 1100 seriesS AM-&3l¢ch ¥4 ZAH & Hydrosphere Cis (20 x 150 mm, 5 pm,
YMC, Kyoto, Japan)& AMHE-39 T, ZE LT+ 40°CE #2389 o544 (A) 20 mM ammonium
formate (pH 4.0)¢} (B) 100% acetonitrile A}8-3t49t}. Gradient programe £< 025 mL/mino|A %
7] 5% (B)olA 2587+ 40% (B)2 ZA 3Tt

Mass spectrometry9} tandem mass spectrometry analyses= LC/MSD ion-trap mass spectrometerE A}
£319.9 1, nitrogeng nebulizing gas (35 psi)9} drying gas (8 L/min)Z AM381, &E& 350°CE
A3tk Mass spectrometer= positive ion moded|A] 2531901, helium$ collision gas2 ARE
At} Iond fragmentation® 085 Vo] resonant excitation amplitude©2 2 Da2] selected mass
windowz #2-s9ch

DDB-S-ds 9] %
DDBS-ds] §4& Figure 10] VER vjeh 2] Qs
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Figure 1. Procedure of synthesis of DDB-5-ds.
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3. 4% 9 n%

DDB-S9] k&, ¢kdA HWrte] U0 % rat¥} humano] M) thAl profiledt WA +2 Fd
HPLC/MS/MSE o]8-3t9] #H3l$t). Figure 2= DDB-S9} DDB-S-d59] chemical structureE 3.0]1l
St} DDBSY| th&Q] 724 E40Z QI tliA B9 & FES] At £ AfelA
T §Z2] methoxy groups} methylene group] protonS-% deuteriumS2 2| 8Hsle] thAbA &eld) &

&3HA AR89} Figure 32 DDB-S9} DDB-S-d59] ion-traps]| low-energy CID 3}o]|A¢] product ion

spec < Hd F3 Qlth DDBSQ protonated molecular ion& my/z 448014 TAEJOH o]

filo

r

cation& m/z 430 3} 3290]4 F product iong& AA3IHTE m/z 430 ione protonated molecular iono.
E7E H209 losso 95t AN CH mz 3295 aromatic carbon3} CO bond Afe]9] cleavageol
ojate] WAt ¥, DDB-S-d59] protonated molecular ion m/z 453 (448 + 5 amu)ol A HFE Y
o product ionE-& m/z 4359 3340)4 BHE T o] product ionE 9} fragmentation® DDB-S9} %
datA d%E ¢ dA

DDB-5+ rat, dog 18|32 human liver microsomeS ©]-&3%} in vitro incubation A] thA}7} %2 9
%k ™, rat liver microsomeo A M67F &% A4 ARk Alo] &9t} DDB-SE rate] 4w F
Al Zoll= urine 2 80%0)%, 181 fecesZ ©F 10%7} vlAE AW urined} feces A BF 12719
metabolite”} FHEE Ut} (Figure 4). Urined} feces2 ] ¥ DDB-SE 2 96%7} parent compound& 7
ZHRon dAAE WA v o 4%8E2 A Figure 55 AXE &9 DDBS tjA}
A€ product ion spectraZ Ho]il QJth TR FZX ZAAd £LE F7) Y3t DDB-S-dsol| st
AE AHIEY product ion spectraZ 317 Bo|x ¢jch. Fragmentation mechanism® DDB-S¢l A
9 FLste ol 7\xste] AMHEY] F27} FAAHYLH ©S AT FEE DDBS-d AAE
spectraE Wl st AAEHT. DDB-SY F2 tlAl 2+ methylenedioxy group?] demethylanation,
methoxy  group®]  O-demethylation, methylaminiethyl group®] N-demethylation, 1
glucuronidation©] 1t} (Figure 6). Human2] 7% plasmad] A= parent DDB-S%+ ZAZE 9108, urinel.
2 )49 DDBSt rat9} AFSHA oF 96%7} parent compound2 18]31 8%} HAMAIZ wiAdE Qo
™ 8718 A7 AEHJth Humand ratg Bl Al tiA} AEE FAHEYS Y metabolic profiled]
Me & Aol BAFAoh Rato] & methylenedioxy group?] demethylation® M6 7} major thAHA)
2 ZH£HoY, humand|AE parent DDB-SY glucuronide conjugate’} 86%©]42.Z  major
metabolite2 A&t 28X 02 DDBSe AAY hydrophilicity® <13te] thA} ¢hHAde] nj$- =
on oli&o| parent compound HE|E urineCE A3 iAol dojum, ¢ 45%YE7}
demethylenation, N-, O-demethylation, 18]1 glucuronidation ¥H-3-& %3} thAlA 2 HE =1, rato]
A= demethylenation 12]31 humano] X+ glucuronidationo] major thAMEH-0. 8 #a = Qe
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Figure 3. MS/MS spectra of DDB-S (A) and DDB-S-ds (B).
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Figure 4. Representative extracted ion chromatograms of rat urine (A), rat feces (B), and human

urine (C).
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Figure 5. MS/MS spectra of representative metabolites. Small spectra obtained from DDB-S-ds

metabolites.
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Figure 6. Proposed metabolic pathway of DDB-S.
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A5 A Zefelo} A 5A artesunated] TA}L

L A&

Artesunates AAE I FEEEM Lelgol A8 Er} HuHo 9lon, pyronaridined TE
of B3AZA ¥ 2etelolAzA AREn e dEolch B ATNME artesunates] AolA<} o
2] 2837} ohdA HEe Yo 2 A rato] A thAl ARG} A FRE st -

0
H;C

OH

Artesunate (Mw 384)

Figure 1. Structure of artesunate

2. AW
Rat liver microsome 9] X

Rat9] 7+-& A2 EFZ perfusion 3t HE AT F FHsIHth EHE e A2 2oz
331 3volume?] 0.1IM K-phosphate bufferE 3713t Guengerich 50| AHE3 £3 g4 E2HE 9
&3t microsomes A &3 -70ToAA E#ASIGH. THAZFE Lowryd HHO.E bovine serum
abuming EEAZ2A AEste] 244

Plasma stability

Rat plasma 500uld]] artesunateZ 10, 50, 100 uMo] =& 713t & 37ColA 0, 5, 10, 20, 30, 60
T8)3 12087} incubationdlqth. Z+ A|7PE A8 acetonitirleg 1-volume 3743 ¥ 13000 rpmoi| A
1087 AAE 3t o]F 45Y& LC/MSE #431th

Metabolic stability
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Z54 144 pl, 1.0 M potassium phosphate (pH 7.4) buffer 20 w, EZFE &9 20 gl (10 mM
stock soln)$} NADPH generating system 30 & %] preincubation$t ¥ rat liver microsome
(Img/ml)E o 0, 10, 20, 30, 60 28] 120 ¥} incubationd}Ht}. ©] W3- acetonitrile 200 0

gol Wee BANAOH Ty F 94 $YAA 459S LO/MSE BASFRT

il

In vitro metabolism with rat liver microsomes

Microsome 0.2mg3} 0.IM potassium phosphate(pH7.4), 1 mM artesunate ¥+= pyronaridinr®] &
8-S 37CHA 387 preincubationA]713& NADPH generating system(0.01M glucose 6-phosphate,
Tunit glucose 6-phosphate dehydrogenase, 0.5mg/ml B-NADP)E #H7}sle] A WSEFE]
volumeS 02m(Z 3G 37Co)A 24 7HE<r wjeakslgnh ¥FS-& 2 volumed) acetonitrileS & 7}3}o]
FTEIHAUCH  3000rpmol A 1083 SAET F 4

ol

9 HPLCZ #4340

Liquid chromatography/mass spectrometry

HPLC system2 Agilent 1100 seriesE A}&-3}90.2. 5 mass spectrometry<= electrospray ionization}
ion trape] Z&H tandem MS system2 AFE31%TE Columne YMC C18 (2.0x150 mm, 5um, for
pyronaridine)#} Capcell-pak C18 (1.0x150 mm, 5um, for artesunate)S AME-SIHOM o|FFCZE
0.1% acetic acid [A]%} acetonitrile [B]S AH&-3le) BAM3lgom AL o3 #oh

M Artesunate
Time (min) A (%) B (%) Flow rate (ml/min)
0.0 75 25 0.05
1.0 65 35 0.05
20 65 35 0.05
28.0 15 85 0.05
281 75 25 0.05

Mass spectrometry 272 thg3 £tk
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Artesunate

Ion source ESI
Nebulizing gas (N2) 5 L/min

Dry gas (No) 18 psi

Dry temperature 325C
Polarity mode negative or positive
Collision gas He
Analyzer ion trap

Full-scan mode #Ac2XHE #AZEH ARESY FZ& multi-stage tandem mass spectrometric
(MS") g olgstel ZPHUT. Collision gas2E heliume AH8519.27 parent drug 3 A
E9) parent jon& isolationd}: fragment amplituteS ZH3te} MS' spectrumg AUtk AR
MS’ spectrumol| A} A3 product ionE& parent drug®] product ionE3} Hlmsld AFE AAE
o HBF Pxe ZRIt MSRRE T2E ZFEY] o¥E dAHEL MS ¢ MS' g3t

2y

3. 434+ 4 13

Artesunate (Arte)E chromophores} §12. 2.2 mass monitiring® 2 AR E FH 3G Arted]
%A EAog Q39 positive ion modes] £ molecular iono] ZAEE A %3 NHy adductd] m/z
4028 HYon fragment ion® 2+ m/z 284 (MH - succinate), 267 (MH - succinate - CH;OH), 221
(MH -succinate - CH;OH - GH:OH)¢] fragement patterns X.ojF{t}h Negative ion moded A&
molecular ion [M-H}- 9] m/z 3830} %201 production ion spectrumo| A= m/z 365 ( -H0)9}
347 (- 2H0)& E9FATh (Fig. 3). Major HAMYEZ FHHE a-dihydroartemisinin (a-DHA)9}F b
-dihydroartemisinin (3-DHA)¢] mass spectrum& Arted} $93 ddE& HAFch Negative ion
mode®] 4= molecular ion [M-H]o] m/z 283, 18] fragment ion& m/z 265 [M-H-HO]9} 221, 203,
a8 1798 3939 (Fig 4, Fig 5). webA tALA] 322 negative ion modeE ©] &3ttt Arte
% rat liver microsome?} ¥ ¥ 0} extracted ion chromatograme Fig 2] UelSiTh Artes
NADPH-generating systemg H7}¥% 84 Ao oW didxs JeidA  ggen,
NADPH-generating system$}o] 2417t 8h&Alo] &= a-DHA, p-DHA, 12|31 Mlo] AEHATh wehA o]
E WAME cytochrome P4507F obd esteraseo] A Qe & 4 ik Mle] MS/MS5
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spectrumo| A= DHAS} frA}3} fragment patterng R.oj3] oy (Fig 6) HPLC chromatogram 4bo)| A
retention time©] a-DHA9| ulate] o3¢ A% Aoz} Un| o]} fAIR JFE9] tAlE #zdd Ml
& dihydroartemisinin furano acetate2 F3P ¥tk Kt} W23 FTEE positive ion mode mass
spectrums 3§45t d Ao 2 AlZHth. NADPH-generating system? 7}a}i 2417 whe Aloie
DHAO| A 2 mass unit7} Z719 £2}18F 28691 m/z 285 [M2], 28] DHA 30 mass unit’} Z7}9 %
g 31491 m/z 313& 7FA peakrt 470 [M3, M4, M5, Mel7t AEH Mol AL MS/MS
spectrumo]| A} fragment ion m/z 267 # m/z 2238 Roj3Fo] DHASH Hla A fragment ion= 2 mass
unit7t 7S 4§ STk (Fig. 7). Wb M2E peroxy bridge7} diolg W3Hd F22 Xtk M3
9} M6= =5 DHAZYHE mass unite] 30Z7}¥ isobaric metabolitess2 T5 methyl groups 37}
oxidation® o} corboxylic acidZ W& thAbdZ 4 "ot (Fig 8, Fig 9). Negative mode MS/MS
spectrum¥t 2. 2 major fragment iono] E5 & R} WA WA= fragment ionC & FZRE FE
81717F &0l 4 om webA positive ion modeol 4 ¢] fragment patterng PojolA gt AE3 T2E
3¢ 4 At A" In vitro rat liver microsomes [ plasma$} incubationA]¥= a-DHA, B
-DHA, 18|31 MIo| cytochrome P450 FA7} obd  esterased] 95t AAET Ml AS
rearangement’} ol thAbA|E} F2Ech M2oA Mé: cytochrome P450¢) 9]t AAEE thALA)
ZA liver microsomal incubationo] Mgt Z&o] HQ0H in vitro metabolic patheay: Fig. 120 A3}
&t

Arte7} plasma B microsomal incubationt] hAIHE HH7)E % H|9EA0]| 02 plasmad) A
© & 2A2}, 283 liver microsomeso A& ¢k 1A17F AEE microsomeso] A Q] AIEE S oF 2]

=2 AMHY (Fig 10, Fig. 11)
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Figure 2. HPLC/extracted ion chromatograms of rat microsomal incubation mixtures of artesunate at
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Figure 3. ESI Mass and product ion mass spectra of artesunate
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Figure 5. ESI Mass and product ion mass spectra of B-dihydroartemisinin.

- 110 -



Intens.
x108 ]
1.00 4
0.75 4
0.50%
0.25

0.00

1253 Positive scan

162.9
gt |
iy

[M+H]

285.0

[MENH,]"

323.0

-

+AIlMS, 24.8min (#2022)

[M+K]*

100

300

u t ¥ ¥ ¥ ? t ¥ 2 t

350 400 m/z

Intens.
x105 ]

0

IN-HE

265.0

-AllMS, 23.9min #1858)

100

Intens. ]
x105 7]

265.0

-MS/MS(@283.0), 23.9min #1027)

tntens.
x104

0.8

0.6 4

Negative 283>265

MS3

178.0

203.0

265.0

MS/MS(265.0), 23.8-24.1min #1019#1035)

200

Figure 6. ESI Mass and product ion mass spectra of M1

- 111 -




Intens. |
x104

100

Positive scan

162.9

148.9

129.9 1769

150

2029

200

220.1

248.9

250

[M+H]*
w70 2801 [M+Na]

3090
332.0

300

3550 371.0

350

+ AlIMS, 33.6min #2884)

391.0

407.0 4230

443.0

400 miz

Intens,
x105
1.5

0.0

Negative scan

IM-H}

3081

- Al MS, 33.0min @#2551)

100

323.1337.1
cli Ll ved b
ol Ly g i

350

t 4 Limamet
400 m/z

ntens.
x104
5]

]

“MS/MS(285.0), 33.0min #1411)

Figure 7. ESI Mass and product ion mass spectra of M2

- 112 -




M3

Intens.
x104 4

Negative scan

216.9

29

241.1255.1

Ll
t i

28341

IVERE

[M-HJ

313.3

5.1

1 335.1

Lo g LIY.

- Al MS, 29.2min #2261)

395.1 4111

Ll ol el gt i
. pliapatiiy.

t t t + y 2 ¥ u + t $ 7

250

300

L
m/z

gralansig ]
f ¥ T u }

350 400

Intens.
50001
4000
30004

2000 4

1000

Negative 313 MS?

171.0

141.0155.1 186 9

L o

201 2241 2319-‘
A

29

2750
J]. L

(M:HF

MS/MS(313.0), 20.2-29.4min #¥1251#1260)

Y t # f T f ¥

150 200

t t ¥ t Y u

250

M4

intens.
x104
34

2

PR

Negative scan

178.9 1951 2169

! v abidead fooc e it
: st L L

186.
i, ||<| "

283.0
2411

295.1

265.0
255.1

WP ITIR [nLL.wa

[M-HJ

313.3

I 335.1
|I|'| ll[l

IV ||u.gu.i bt

-All MS, 30.8min #2384)

383.0

419.0

351.0 367.0 3953 4400

150 200

250

300

350 400 m/z

Intens.

6000 4

4000 -

2000 |

Negative 313 MS?

183.1

1291

1851

ol il
T 3 T T +

277.1

5.1 [M_H]-

313.1

“MS/MS( 13.0), 30.9min ¢£1320)

200

a b boad
t u

300

Figure 8. ESI Mass and product ion mass spectra of M3 and M4

- 113 -



M5

x104 |
34

1

Intens.

Negative scan

178.8 1951

2169

2411

265.0
255.1

283.0

295.1

383.0

335.1 351.0 367.0 3953

T
150

200

0 4 L TPV Y TN TP VL WRTRET BN
T S i e
p

250

l H..l‘m' TN f.ll.|| syl

300

||ulll|
7

I\ I

ot Lt b il st
} bl lutly
350 400

419.0

CAIIMS, 30.8min (#2384)

440.0

miz

Intens.

6000 4

4000 -

20004

Negative 313 MS?

1291

183.1

2771

295.1[

-MS/MS@13.0), 30.9min @#1320)

M-HJ

313.1

il
t

Bavel g baat eteaga ol fuoaflah
t T + T

350 ! 400

M6

intens. ]
x1041

Negative scan

24‘1 A

2551

T

[M-HJ

2719-1 295.0

palli

313.1

1

PETIEY
g

- AllMS, 36.6min #2831)

335.1 351.0 188.5
ot '|| " pusiadl aily

250

"
0

300

350

intens.
x104

2.0 4

2

511

-MS/MS@13.0), 36.7min @#1566)

3 u t T
350 400

Figure 9. ESI Mass and product ion mass spectra of M5 and Mé6

- 114 -




Imenz: B EIC 163; 221; 249; 267, All MS
x10° | l
6- ank
4
2]
107 Art EIC 163, 221, 249, 267, AIMS £, Smodhed(16 1 O
-] L ]
ZO-mln wriesunate
0.55
0.9
0] . . EIC 163, 221; 249, 267, AT S £, Smoahed(161 G
15-min
a-DHA
07 - —= T EIC 163, 221; 249, 267, ATMS £, Snodhed( 161 O
110-min
05] *
: 2
0.
x10§: ; T EIC 163, 221, 249, 267, AMS £, Snuoa hed(16 1 G4
*120-min
4 *
2]
8: N
x1o®] . L EIC163,221,249, 267, ATMS 2. Smodhed(161 O
*130-min
4] *
2] 2
N AN
x1og; N S EIC 165, 221 245 267 AIMS %, Smodhed(161 O
+160-min
4{ +
; A
x10§t - T EIC163. 221, 240, 267, ATMS =, Smodhed(16 1 O/
:1120-min v f\
2.
0‘ - _/\A JJ\L - - - - -
2 4 ) 8 10 12 14 16 Time [min]
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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 Shr 24hr
Thyroid 8787+997 406+119 124+22
Seminal vesicle 1533£145 391+135 129450
Bladder 190380468632 5224+1284 187x36
Testis 2938+197 27954 35+5
Muscle 1933+191 214+15 655
Small intestine 111932702 775+300 127+35
Large intestine 213079100 16917+1325 1192+236
Kidney 7396+619 712£73 99+16
Adrenal 3262+561 696+395 50+8
Spleen 2676173 365+85 80+9
Stomach 2830+335 247452 4617
Liver 4314+312 537+18 140124
Heart 2152+184 18430 315
Lung 1741+146 168+14 336
Thymus 1821+216 16728 45+10
Brain 218+18 734 22%2
Blood cell 1608+130 110£12 16+2
Blood 1845+176 142+12 26+4
Plasma 2385+502 20328 47+11

* Each data represents the mean+SE.

Table 2. In vivo rat plasma protein binding of “C L-FMAU after oral administration at a dose of
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20mg/kg..

ng equivalent L-FMAU/ml]

Time after
administration (hr)
plasma protein free plasma % of binding
2 23851251 22721241 48+1.1
8 203+14 157+10 22.3+1.1
24 4746 37+4 20.7£3.0

* Each data represents the mean+SE.

Table 3. Distribution of radioactivity in biological samples after a single oral administration of

L-FMAU
Relative percentage of radioactivity
Sample
L-FMAU metabolite
plasma 100 -
urine 95.3 4.7
bile 50.9 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
L-FMAU to male rats.

Time (hr)

% of radioactivity excreted

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.

Concentration (ng/ml tissue)

10000 -

1000 -+

—d— blood
—{ 1 blood cell
—@— plasma

5 10

15

20

Time after administration (hr)

14C

Figure 2. Distirbution of radioactivity in blood after oral administration of 20mg/kg “C-L-FMAU to

male rats.
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Figure 3. Organs and tissue distribution of radioactivity after oral administration of 20mg/kg
“C-L-FMAU to male rats.

200
L-FMAU
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120 -

80

Radioactivity (cpm)
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Figure 4. HPLC chromatogram of plasma obtained 2hr after oral administration of “C-L-FMAU
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1200

Radioactivity (cpm)
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Figure 5. HPLC radiochromatogram of rat urinary L-FMAU and metabolite

300
M1 L-FMAU

240

180 -

120 1

Radioactivity (cpm)
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Figure 6. HPLC radiochromatogram of rat biliary L-FMAU and metabolite
Telmesteine 2] Wholebody autoradiography
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Telmesteine®] AU BEE imageZ ®7] 989 “C-telmesteine 20 mg/kg &80 Fo 308
% etherZ vfHXAF A7 & F4 ¥FS 813 kidney 97} Hele #99 A F74-& vehle F4

g ddsty FA 20 me) 273 vHe A %3 autoradiographyZ A%em Fig. 8.0 Jehfith
Radioactivity #EE Fo 308 Zol F5HA e oF8o] ¢ 2% o 15c2 EAsiy ZE £
Aol FErt EdF FEBTh Woton, o] telmesteine®] 3 affinity7} Wrhe AL 9|ttt =

2 oMo} B+ highly perfused 7]#Q1 7h A4, 12251 ulZ A9 radioactivity7} A4t & o2

A ZAHA (table 5). 9} eyeballoe radioactivity7} A9 AZHA ggtor ol HIY JE
trnasporte= A9 dojux gt AE AR Wholebody autoradiography ol 412} radioactivity &
T 242 £Y8tY radicactivitys 54 £IAE A} dAFS HAFT Yok

Gl

r1r
l

-

Bl

O—\ COOH

g x=MC

Figure 7. Structure of telmesteine
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Figure 8. Whole body autoradiography of rats after oral administration of 14C-telmesteine.

Table 5. Distribution of radioactivity (PSL-BG/S) in various organs and tissues after

administration of telmesteine (20mg/kg) to male rat.

(PSL-BG)/S
30min after adminstration
stomach 613.1
heart 116
liver 188
kidney 749
kidney line section testis 3.8
lung 45
small intestine 125.3
eye 0.2
spleen 80.2
large intestine 0.8
brain 1.0
spinal column 41
hver 22.8
midline section
inferior vena cava 168.6
small intestine 486.9
6.7

lung

YH3945 9] RAEE
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UCYH3U5 7+ 1F 2 4ty 95id £708 YN 5 mg/kg £Fo AT Foigion,
of & A7t UA T AJHOA Y & F radioactivity FE 2 W9 radiocactivityE ZA 8.

23 Table 63} Table 7 o] YERASTE Fd 3A & 274 RIS AHHY 9], &% § 487
ol B o] EAEH, olv F47F A dojue AFF X 2AERY ¥
tissue/plasma H]7} ThEE 10|40 & tissue affinity7} =& 9FE2 AU} Highly perfused organ?l
7t #g}, A A tissue/plasma W7} £AY ALz 154, 27, 281 39900 A AL
103, 42, 181 298 Yehgoen g 279 AL % tissue/plasma BI7} tjFE 10|42 HAFHS)
o He A% 2AFEIL R wiste A AS Uk, FHY AS 2% ooz yehd
YH3945= HE@ #ES 53 & & e 4B FP90 59 2% AR AMY 23] §ES

H—{m

i

Aol vlste) 719 2% oF 15% WIAHEY agu gAY 4
3121}, highly perfused organdl 7t &3}, A2] 7 tissue/plasma ¥I7} $3RY] A4 247 7.2, 10,
aa 17e]9en Y A% 47,09, 223 142 433 A detdth G2 2AREA 3N
T ¢, £ AXE BAFYon, Aene A 23 F FBFER YHe] FH wet o

100% 4= A #2HAT

YH3945 2] wholebody autoradiography

YH3945¢] A} BEXE imageZ 7] 9181 “C-YH3M58 25 mg/kg £30.2 Bof A7 244
7t F etherZ vl A & F4 WES 812 kidney H97F Hole 299 B $4& dehle
22 Hested SA) 30 mme) 23 HHE A28l autoradiographyE A0 Figure 99} 109
ERRAth Fof 3X7F $9) radioactivity 2¥ & F5HA @ FBo] Y9 2% o nEEE EAE
o gRE 22 Yo FErt 89 3 FERG %%0H, ofF YH3M5Y 27 affinity’t Erhe A
on gt 23 Yol Ao £Z+ highly perfused 7)< 2t A%, )3 vlgo]A9] radioactivity7} &
Ao =4 24U} (table 8). eyeballd| = radioactivity7} Al AEEHA gtou braino A=
o] o] HEF AR tmasport7} G¥ dojdthe A& AT Fof 24A47 F
A FQ FBo] 99 2% L g nFEEE EAZle AL B F deH
E2 EASE ZoZ Hol F5 2 wjie] AAHT glon, feces 7} Wl
AZ e excretion test Aot YAFTH T 4 Utk 2447 ARG sampledl e 23] ol A9
£ highly perfused 71891 7}, A%, 2)a vl A9 radioactivity’t HHiH o2 EA FHHA.
(table 9) Wholebody autoradiographyol| A9} radioactivity #¥ & Z&-& 22|89 radioactivitys 3
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& BXNY 2o A9 dAEE BT 9.

YH3945 9] wj&
Balance study

YH39459] wjAd& sy st “CYH39458 25 mg/kg §%02 AT 9% I urine 4
feces2 WS radioactivityE 7Y F<t monitoringdtQ. o™ A urineo. 29} wjAL table 109,
23 fecesZ AL table 110 YERRATE YH395: AT B9 & 45U 5o & & ZF 62-65%
Ao 4 A RAFAE 43 A B=2E
AHEYH & & BF w3 60% AL} feceso N ASEHU O urined|ME 5% 9] outo] HE
A ol ZTE FAE YH3459 4H3] F471 A @pen 58 FES 43Ut urineo 2
WS, mebA fecal excretiono] #& Wd HEZYE AR ol AT Fo Al AA 0]8-&0]
65%4 %= FT}= pharmacokinetic 239} A3t & 4 9ok

oA kinetics® AWEW £ B Fo F 1247 ol o 30%7}, 1] 4Azko[el] oF
53%7F Wasen A A Fof 1243kelle] oF 24%7}, 1)1 T 24A3F ool o 45%7}
s o] 4Bl WAL ETL 3 Hlgte o7t = o2 Yehdd (Figure 11). oj= ¥F ¥ ¥

A717E o] F3) Hlslo] GiiHeg Ay ¥ F wEt 22 AFe} gxddn & & ok

BE7} urine 2 feceso A ZAEH ATk F vl

rlo

gZozo wAde 2A57) 98l common bile duct® cannulation 3 & MCYH3945E 25
mg/kg £HFO 8 AT FEAF g 1047 ¢ G5 S v AbEE 2E S 238 radioactivity

3kal tjARA 9] metabolic profile@ HPLC/radio chromatographyS ©]43te E4sl9ch. £ A
FolXe FF BHIEEE 42 1 ml/hr 77bE EHIE S S 98] @S F3sAT
o A)7tg WA= radioactivity®] %42 table 129 UERACH cumulative excretione Figure 129
UEhiS 3528 ZHEHE F radioactivityd2 Fo] 24AZ7HA) maled] 74 4zHA e Fvlshe

Hon, femaled] ¢ Fo AUAZIZIA] G0N F7he) 7h40) wistE HolRA widEHE o
4S KRG Fo A4 A MAdsE F2 SR 2S¢ F 2% T3 43 B¢ F 9% =5}
H Ao urined] |3t} FFego] FFoE widse welx YH39%459 25 wlAdE major ¥jA A2

qe AT
Table 6. Distirbution of ““C-YH3945 in organs and tissues after oral administration to male rats.
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male-3 hr
organ mean + S.E.
thyroid 1.512 + 0.650
muscle 0.980 £ 0.312
adrenal 3.5627 + 0.983
bladder 3.615 £ 0.194
thymus 0.828 + 0.301
_small intestine 23.191 £ 9.163
large intestine 18.587 + 4.255
brain 0.320 £ 0.059
spleen 1.474 + 0.533
seminal vesicle 1.397 + 0.520
heart 1.305 + 0.495
stomach 31.954 = 4.940
liver 15.273 + 2,442
lung 2.644 £ 0.870
kidney 3.896 = 0.870
testis 0.532 £ 0.092
whole blood 0.533 + 0.166
plasma 0.991 + 0.265
blood cell 0.397 = 0.061

male—24 hr
organ mean + S.E.
thyroid 0.296 + 0.030
muscle 0.068 £ 0.006
adrenal 0.715 £ 0.128
bladder 0.307 = 0.062
) thymus 0.219 £ 0.018
small intestine 1.146 + 0.193
large intestine 2.467 £ 0.760
brain 0.071 + 0.007
spleen - 0.272 + 0.020
seminal vesicle 0.158 + 0.018
heart 0.180 £ 0.022
stomach 0.657 £ 0.279
liver 3.027 £ 0.061
lung 0.421 + 0.083
kidney 0.792 + 0.065
testis 0.215 £ 0.022
whole blood 0.246 £ 0.055
plasma 0.423 £ 0.029
biood cell 0.177 + 0.016

* Rats were dosed orally with 25mg/kg (45.45uCi/kg) of “C-labeled YH3945. The mean weight of
the animals were 249 g (range 239-261 g) for 3hr and 236 g (235271 g) for 24hr.
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Table 7. Distirbution of “C-YH3945 in organs and tissues after oral administration to female rats.

female-3 hr
organ mean £ S.E.
thyroid 4,954 £ 2.637
muscle 1.570 £ 0.293
adrenal 12.164 £ 1.852
bladder 2.904 £ 0.512
ovary 3.573 + 0.821
uterus 1.944 + 0.509
thymus 3.427 + 0.600
small intestine 25.052 + 5.855
large intestine 156.781 £ 2.715
brain 0.571 £ 0.071
spleen 7.049 £ 1.078
heart 4.059 £+ 0.711
stomach 44.884 + 12.386
liver 24,942 £ 3.083
lung 10.028 £ 1.611
kidney 6.880 £ 0.866
_whole blood 1.199 £ 0.213
plasma 2.410 £ 0.376
__blood cell 0.589 £ 0.072
o female-24 hr
organ mean £ S.E.
thyroid 1.581 + 0.665
muscle 0.209 £ 0.019
adrenal 0.360 £ 0.060
bladder 0.256 + 0.012
ovary 0.410 £ 0.091
uterus 0.093 + 0.014
thymus 0.191 £ 0.022
small intestine 0.669 + 0.065
large intestine 2.059 = 0.470
brain 0.077 £ 0.005
spleen 0.388 + 0.028
heart 0.242 + 0.025
stomach 0.442 + 0.062
 liver 2,123 £ 0.156
lung 0.408 £+ 0.065
kidney 0.646 £ 0.072
__whole blood 0.218 £ 0.022
plasma 0.448 + 0.026
blood cell 0.241 + 0.056

* Rats were dosed orally with 25mg/kg (4545uCi/kg) of ““C-labeled YH3945. The mean weight of
the animals were 220 g (range 195-225 g) for 3hr and 229 g (220-2375 g) for 24hr.
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Figure 9. Wholebody autoradiography of rat slice 3hrs after oral administration of “C-YH3945

Table 8. Distribution of radioactivity (PSL-BG/S) in various organs and tissues after
administration of YH3945 (25mg/kg) to male rat.

(PSL-BG)/S
3hr after adminstration

brain 4.79

kidney 24.28

stomach 170.71

kidney line section

liver 96.43
small intestine 416.29

eye 0.81

spleen 20.44

brain 4.75

spinal column 7.47
liver 143.76

midline section inferior vena cava 7.47
small intestine 54761

lung 19.38

heart 11.31

testis 393
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Figure 10. Wholebody autoradiography of rat slice 24hrs after oral administration of “C-YH3945
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lung

Table 9. Distribution of radioactivity (PSL-BG/S) in various organs and tissues after

administration of YH3945 (25mg/kg) to male rat.

(PSL-BG)/S

24hr after adminstration

kidney 762
stomach 62.86
kidney line section liver 24.19
large intestine 2298.25
eye 3.42
spleen 357
brain 1.55
spinal column 1.76
liver 1041
inferior vena cava 2.96
midline section small intestine 5.36
lung 2.60
large intestine 2041.86
heart 1.86
testis 1.91
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Table 10. Urinary excretion of YH3945

Sex Days » ‘Mean + S.D.

Male 0.5 4,92 1 1,08
0.69 + 0.15
0.35  0.18
0.16 £ 0.02
0.10 £ 0.03
0.06 + 0.02
0.05 + 0.01
0.04 £ 0.00

~NO O AN =

Total 6.33 £ 1.15

0.28
0.34
0.05
0.03
0.04
0.01
0.01
0.01

~NID I WN
0000000
SO OO=NOD
WWIN . NO:oO.O
Motk o H H H R

Total @ 3.00 £ 0.22

* Rats were dosed orally with 25mg/kg (4545uCi/kg) of “C-labeled YH3945. The mean weight of

the animals were 235 g (range 230-239 g) for male rats and 215 g (205222 g) for female rats.

Table 11. Fecal excretion of YH3945

Sex Days : ) " Mean * S.D.

Male o 0.5 26.52 £ 14.76
: 22.47 + 11.70
8.40 + 7,84
0.58 + 0.18
0.29 + 0.16
0.28 + 0.34
0.08 + 0.03
0.12 + 0.09

~N OB WIN -

Total 58.75 £ 22.49

Female 0.5 22.25 + 15.53
20.64 + 15.07
12.57 + 3.71
3.78 + 4.72
0.27 £ 0.23
0.06 + 0.05
04 + 0.03
02 + 0.01

<O ;s -

0.
0.

Total 50.63 + 6.50

* Rats were dosed orally with 25mg/kg (4545uCi/kg) of “Clabeled YH3945. The mean weight of
the animals were 235 g (range 230-239 g) for male rats and 215 g (205-222 g) for female rats.
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Figure 11. Cumulative urinary and fecal excretion of the radioactivity after oral administration of

25mg “C-YH3945/kg to rats.

Table 12. Biliary excretion of YH3945

Sex hrs Mean £ S.E
Male 1 0.06 = 0.01
2 0.15 £ 0.01

3 0.47 £ 0.02

4 0.57 = 0.03

5 0.73 £ 0.02

6 0.87 £ 0.03

7 1.78 £ 0.05

8 1.48 £ 0.09

9 1.47 £ 0.15

10 1.94 £ 0.03

24 12.56 + 0.48

Total 22.06 £ 0.52

Female 1 0.82+ 0.02
2 1.46 £ 0.05

3 1.30 £ 0.06

4 1.08 + 0.05

5 1.62 £ 0.07

6 0.99 + 0.04.

7 1.14 £ 0.03

8 1.01. £ 0.10

9 1.16 £ 0.07

10 1.29 £ 0.08

24 6.75 + 0.18

Total 18.62 + 0.22

* Rats were dosed orally with 25mg/kg (4545uCi/kg) of “C-labeled YH3945. The mean weight of
the animals were 230 g (range 225-239 g) for male rats and 212 g (205-220 g) for female rats.
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Figure 12. Biliary excretion of the radioactivity after oral administration of 25mg “C-YH3945/kg to

rats
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Aok )8 (Drug discovery and development)?] B& Fofo)x t}oksl biological fluids Wo) EA)sle
FEE o] A&E B4 @ Ao okEo] pharmacokinetics A2S olsisted v F23A HriHL
Atk A T YA dAldl e FEBE9 pharmacokinetics AJZ ol AEFAY FF58E H71e)
Aol g TH Y wetA g A&} sensitivedt HAuH o] I4FHo o)
/MS)St el liquid chromatography (LO9} @& o429} A& A

(M5
g3 24 2 HBo wf¢ g AS s gom dA LCMS/MS 7|ee gdd dEEY A%

~
Ho
ﬂ
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ll
M
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5
5
B
3
x
=1
Q
5
5

4o gz Alg53 ok &3] triple-quadrupole analyzer’t F#® MSt multiple reaction
monitoring (MRM) mode?] Algo] 2lsta] nf9- 43 sensitivity$} selectivityE H.oli it} wetA
EAAe] %7 endogeneous peak 7HE Hislein] tge] AR vf¢ EpHos BY rbest
=2 390

B AFdgMe thddt biological fluidsel] EAlske o2 744 GBS A& AAF E4E Hstd

LC-MS/MS, column switching chromatography, GC-MS-SIM 18] 3 ion-pairing LC-MS/MS 59| Aj&
& BAMPHES ANST o BAME 44 93 Azd ASsErh Yold #uade g
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Al 1 A Column-switching liquid chromatographyE ©]&3 glycoside #

H
24

- Loganin} sweroside| EA -

1 Ng
Loganin} swerosidew Z}2} iridoid glycoside9} secoiridoid glucoside® ol 438}, thakat 21EHo
2] BX3t itk ©]EL hypotensive, sedaitve, antipyreticc, 12|l anti-tussive activity 52| A&
< e EZZAM, Lonicera japonicaZH¥E 333 herbal extract (loganin®} sweroside)E
anti-inflammatory 9} analgestic activityS Bo]= A0 2 Jelyith

714 loganind} swerosideo] ™3 AZH-& NMRZ mass spectrometryE o] &3l "ol 9igion},
T 429 Y2 mass propertys} blologlcal fluidol Mo @& 288, a9 F 29 peak 7H9l
ste] FARAY ofEeH & AEWAE AUD oo £ AFNE loganind} swerosided] o
g pharmacokinetic?} metabolism @72 93} biological fluid|Ae] F EAY H2$ Ay

Ol

8}l plasma kinetics studyE 48§82} s}t

2. 233
(1) 2dA4=
Loganing Carl Roth (Karlsruhe, Germany)olX T8I, swerosidews L. japonicaZHE water
extractiond}al, reverse phase preparative HPLCE AAdte AL&-3lch Methanol#} acetonitrile
(HPLC grade)= J.T. Baker (Mallinckrodt-Baker, Phillipsburg, NJ, USA)olA FU3tdx, o] RE

chemical & EFAJokS A5G )

(2) Standard solution and spiked samples

Loganin#} swerosideE deionized waterd] 1 mg/mlo] HEZ stock solutiong TSI -20To] R#3}
Hom, o]Fo] deionized water® 3]43lo] working solutiong WEo] AME&t4th Spiked plasma
sample blank rat plasma®] loganin¥} sweroside®] HZF%7} 0.05 01, 02, 05 1.0, 2.0, 5.0, 10,
200, 40.0 pg/mle] H=E working solution2 3 7}3}ch

(3) Plasma collection
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A4 o] Ao Sprague-Dawley rat (male)e] femoral artery$} veind] Z+z} PE-50% PE-10 tubed
cannulatedtt}. &3 ratol] single doseZ loganin¥} swerosideE 242} 20 mg/kgZ IV injection ¥ %,

0, 1, 5, 10, 15, 30, 90, 120, 180, 300% 7}7 2.2 sampled heparine 2|3l )35} th

(4) Instrumentation

HPLC system2 Shisheido HPLC system (Nanospace, Shisheido, Tokyo, Japan)& AH8-8+93L, column
2 Capcell Pak MF Ph-1 (150 mm x 4.6 mm, 5 pm, Shisheido)g A column®=, Capcell Pak Cl18
UGI20 (35 mm x 2.0 mm, 5 pm, Shisheido)E B column® &, Hydrosphere C18 HS-3C2 (150 mm x
20 mm, 5 pm, YMO)Z C column® & AME-3tgth Column oven &%+ 30TE FA592H, 250
nmo|M AFHoZ § AL AE5 Y} 0|54 10 mM sodium phosphate (pH 6.86) (buffer A)s}
90% acetonitrile (buffer B)2 A}8-8}1, autosampler= 4TE FX|3IHTH

(5) Chromatographic conditions
Column-switching HPLC system¢] 24 %% Figure 13 221 sample #4& 033 2& AHE A
P .

O Step 1

Plasma sample (200 pl)& PVDF syringe filter (13 mm, 02 um, Millipore, Bedford, MA, USA)=
filteringgt %, o} & 50 pl9) sampleg HPLC systemd] injection 3}$t}. ©]@ column-switching valve
13} 28] YA position Aojc}. Proteind} t& £ W E2 100% buffer AE flow-rate 1 ml/min®
2 F9 A

@ Step 2

1.8 mino] 73t Fof valve 1& position B2 ##31, 100% buffer AZ flow-rate 0.5 ml/minS 2
£, column A9 A column BE FZA|7It},

@3 Step 3

31 mino] valve 1& position AZ, valve 2& position BE &3}, back-flushZ column BZ5H
column CZ linear gradient®, f+4 02 ml/min®.2 ¥43it}.

(6) Calibration and calculations
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87X loganin#} sweroside?] calibration curvet standard plasma®] norminal concentrationol tj 3

peak area® AA+5}53c).

(7) Recovery, coefficient of variation, and accuracy

Recovery= F%9] standard solution& HPLC systemo] injectiond}<] plasma samples} peak areaZ Hl
wate] ZAGEHrt. Intra-day coefficient of variation (CV)3} accuracy~= 6709 MZ TZ spiked
plasma sample$ BA3led A0 5, inter-day CV$} accuracys 645 whE st Alakalgch

3. 4344 92 33

Biological fluide}*2] loganin®} sweroside®] #2412 LPE$} SPES|M 25 e recoveryE Bt} o
o plasma® A3 HPLC systemdl] injectiondl= column-switching WS 7028}gch. Loganin
swerosidex 247} 19.4 min#} 202 mindl| HE =910 ™, plasma®] endogenous compounds$}e] peak 7H
A flo] £4=AT (Figure 2). Spiked rat plasmad)A]9] loganins} sweroside?] standard calibration
curvest 0.05 - 400 pg/mlojr ZXAS RPow, correlation coefficientys 0.999 o]Ato]dth
Calibration curve®] equatione loganin®} sweroside Z}7}, y=157112x-2487, y=175537x-1896°]t}.
Intra-day, inter-day variations& Table 1] e} 21, intra-day coefficient of variation2 8.1%9¢]/go}
a1, accuracyt 947904 1135%%t}. Inter-day CVe 109%E gA 2o, accuracyw 95.0004
113.1% Kot

g HE 58t rat plasma sample £43F 23} (Figure 3), loganind} sweroside®] AUCE 7
zZ}, 4707 + 1404, 5265 + 1402 pg - h/mlo]1x, ¥H7)E 0285 + 01528} 0.279 + 0.1170) itk
AEH0Z plasma A)BAA  loganin®} swerosideE FAlY] Bt} selectived}il  sensitivedt

column-switching HPLC 3 & 7H28}%3, o] HHe Agsln AN iz A=k
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Figure 1. Schematic diagram of the column-switching HPLC system. The arrows indicate the direction

of the flow depending on the valve position: dashed line, position A; bold line, position B.
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Figure 2. HPLC chromatograms of blank rat plasma (A), rat plasma spiked with loganin and
sweroside (0.5 pg/ml) (B), and plasma collected 30 min after single IV injection of loganin and

sweroside at a dose of 20 mg/kg, respectively, to rats (C).
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Table 1. Intra-day and inter-day coefficient of variation and accuracy for determination of loganin

and sweroside in rat plasma (n=6).

Theoretical Intra-day Inter-day

concentration Concentration Concentration

(ug/ml) found (ug/mi) CV  Accuracy found (ug/ml) CV  Accuracy
Loganin

0.05 0.057 + 0.001 19 1135 0.053 + 0.002 3.7 1058
0.2 0.210 + 0.011 52 1052 0.213 + 0.023 10.9 106.7
1.0 0947 + 0.063 6.6 94.7 1.085 + 0.116 106 1085
5.0 5555 + 0.059 1.1 1111 5.652 + 0.381 6.7 1131
20 19.817 + 0556 2.8 99.1 18.998 + 1.092 5.7 95
40 41.663 + 1.969 4.7 1042 38.797 + 1.769 4.6 97
Sweroside

0.05 0.054 + 0.002 35 1086 0.054 + 0003 56 1074
0.2 0.212 + 0.016 74 106 0.211 + 0.014 6.6 1057
1.0 0984 + 0.069 7 98.4 1.076 + 0.072 6.7 1076
5.0 4.817 = 0.391 81 96.4 5574 + 0314 56 1115
20 20.368 + 0.284 14 1018 21.268 + 1.158 5.5 106.3
40 40.832 + 2194 54 1021 39.814 + 2.012 5.1 99.5
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Figure 3. Mean plasma concentrations of loganin (O) and sweroside (@) after single IV injection at a

dose of 20 mg/kg, respectively, to rats (n=4).
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- Taxol9] BA -

1. A&

FLAZ AHLEHI YT Taxol F&AT @& A o]8-&2 Qgle ATFEARZME AHEHA
G A FAAR AiEe Alggn ok A2 FFME ATFEFES §U)32 2 208 capsule
AA (Taxcap)E /Hdatgrtn Bustgon, o ¥ F548& Hole g s A8T 4 Qe
7Vede] o Al Eth mEtM 2 A @A e Taxcapd At AA o] &8-S AZsln M7tEA
ERRlgt st &t

nllo

2 434y

Blood kineticA|@ oA o} Zhzhe) plasma 200 o) internal standard 2 A{butyl-p-hydroxybenzoic
acid (100 pg/ml in acetonitrile) 10 u& 7}3}4c) tert-butylmethylether 1ml& H7}sla 30%3
vortexing# 42 AA AEE FZ39tE 3000 rpmo A 527 AARYE §715E £33y, 0.8 mlo
T71%58 Azt 2AA 7% sl AxAZHT. ZAE 80 W 60% acetonitriled] Fo)x 1 F 30
wE HPLC o] injection8}e] paclitaxceld #4553 ct. HPLC system (Shisheido NANOSPACE,
Semimicro column HPLC)2 SI-1/2001 pump, SI-1/2002 UV-VIS detector, SI-1/2004 column &%,
SI-1/2003 Autosampler, SI-1/2009 €7]% 3], SI-1/2011, 2012 119t A& &4 valve, 18] Shisheido
-MicroChrom softwareZ AT Hxg] ZHogE CAPCELLPAK MF Ph-l cartridge (4.6x 20
mm), It FF ZYPoZE CAPCELLPAK C18 UGI20 (20x35 mm), I3ja B4 #AYPozE
CAPCELLPAK C18 UGI20 (20x250 mm) ZHL AH&3|ct. )54 01% phosphoric acid
(pH=6.86) buffer (pump A)9} 50% acetonitrile (pump B)2 AH&3l3n ZH9 L& 30°CE HA319
o, @3 paclitaxel& Fig. 1] 7] 819} 2] column switching & o]§3te] E43}9ch o

T3& AAY column?] 73$ 0.1% phosphoric acid/acetonitrile &2%(84/16, v/v)& 0.5 ml/min® 2
2213313, analytical column® phosphoric acid/acetonitrile (v/v)&%¢ 0.1 ml/min®.2 &8 FYck

i

A switching valveE AYX2 & Axz column {ZYL wasted UY/tEE81, analytical
columng-Z 9L UV detectorE E3152 sgch ] columnolA] internal standard:= 4.12 A} 7.2

of 24, 183 paclitaxel& 648 0]M 938 AH L£2HBZ 4084 switching valveZ BYA 2

s

HEsle] A2 column & No] concentration column® € ZELE 39 A& Z3IYch 108
AIHA oA switching valveE TA] AAE B85}, flows ¥% columnojA analytical columno
2 8HED 227 nmoj A peakE RUEE d1ATh 7 chromatogram Syscon software (Shiseido)E o]&

ko] peakE A Fet AT
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3. 2% ¢ n&
Column-switching W2 &9 EF F&0] Wold e ME UE columng e} ASFL
2 44 Adg E YA switching valveE AME-3H 1
}_

column® 2% C18 columng AMg-&td A

22X AR E40] 7hed wHe
2+ column® 2= MF phenyl cartridgeE AM2-3t1 2%
9 taxolS& £4 A#FsluA}t stk Capeell pak MF columng polymer coating® o} 3] silica bead®
hydrophic phases} hydrophobic phase 7} FAld] ZA)3lE columno 2 SWlAs} e A4 AIH
AR A3 LEE A3 AT geby 83 dAE 3 AXA 43 AF columndl] FUD
F Atk B AFAA AREE column-switching®] diagram& Figure 10 YeRH$ 29 13 columnel] A
taxolo] EZH Yo 78S £402 shdrcolumO g peakE FZFA|7]Z 13 columnoll A taxol
peak7} 25 €&E & A7t flowE 23} column®. 2 W3st A)#H C18 23 columndl] A taxolo] £]% o]
UL =g stk o9} 22 WS AME Al taxol peaki Figure 20 JERA vRel o] 24680 &5
A2m taxol peak ZH o) W3 peakrt YRR gikck £ v AR S AFEY] Hske] 0.05404
10 ug/ml FxAtolo] AL AFsl Holrgith Figure oA HiEnkel o] taxole A7) % H
A HellM 09999 BAAIFE Uedo] o] F=Hg oA 8% F taxol A 488 F UAT-
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Column B

Pump B Pump A

Mobile phase B
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UV Detector ——@

Column A

Column B

Mobile phase B Mobile phase A

Figure 1. Flow diagram of column switching HPLC used for quantitation of taxol
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Plasma collected 30 min after iv injection

[

Internal

UV absorbance[mV]
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Time [min]

Plasma collected 2 hr after oral administration of Taxcap

T

16 [

internafl

14 f
27
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UV absorbance[mV]
.

0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30

Time (min)

Figure 2. HPLC chromatograms of blank plasma, plasma spiked with 0.3 ug/ml paclitaxel, plasma
collected 30 min after single iv injecion (2 mg/ml), and plasma collected 2hr after oral

administration of Taxcap (20mg/ml)

Standard curve

bi0] 4.0166193786¢-3
b{1] 0.1391426167
13 09999809448

Peak Ratio

Concentration (ug/m!)

Figure 3. Calibration of paclitaxol in rat plasma.
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A 2 4 Liquid chromatography-tandem mass spectrometryE ©o]-8-3F #

e A

X

- Enalapril2} enalaprilate] SA] 2 .

1L A&

Enalapril  (L-proline,  1-[N-(ethoxycarbonyl)-3-phenylpropyl}-L-alanyl-(S))  maleatex=  renovascular
hypertension} heart failurecl] &3}l ¢+&-o]t}. Enalaprile hepatic tHAIE 53| enalaprilat®.2 thA}
5™ o] enalaprilat2 therapeutic actionS 9)3} active tJAFH o]t} webA enalapril®} I active thALA]
2l enalaprilate] FA] ¥4 pharmacokinetic A+E 3l vf-¢ FQ3th B AFore % F

enalapril®} enalaprilat®] ¥%& HPLC-MS/MSE AMg-3te] 24519th

HC o o
A N ol
)\W/ N
~
i
° o
HO
B HO. 0
CH,y
x
i
° o
1o
H,C o o
C o o,
N
H
° ]
HO'

Figure 1. Structures of (A) enalapril, (B) enalaprilat (an active metabolite), and ramipril (internal
standard)

2 A3
1) #2717 % 4
«#47]7] : Shimadzu HPLC systems LC-10A series (Kyoto, Japan)$} Applied Biosystems MDS
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SCIEX, API 2000 triple-quadrupole mass spectrometry (Concorde, Canada)
+ Column : Hydrosphere Cis HS-3C0-3 (50 x 2.0 mmlD., S-3 um, 12 nm, YMC, Kyoto, Japan)
- 054 : 10 mM ammonium formate (pH 4.0) (buffer A)$} 90% methanol (buffer B)S table 13 2
2 gradient program®. & A8} Th
% : 0.2 mL/min, gradient.

Table 1. Gradient condition.

Time (min) %B
0 2
22 90
3.0 0
3.01 22

55 stop

(2) 47171 22

AAZE @M EE U5 LCMS/MS 204 A &3t

Peak 7Z&& triple-quadrupole mass spectrometryE ©]£39 MS/MS MRM (multiple reaction

monitoring) ¥ H .2 7Z3}1, ionization turbo ion sprayE ©]&3 electrospray ionization (ESI)&

&}, nebulizing gas$} turbo gas, 18]I curtain gast nitrogen gasE ARE-3t9.o™, z+zt 35, 80, 1E]
I 40 (YoH9)e g AT} Nebulizers] &5+ 450C2 AAYTh

MRM modeE ©}-&3} enalapril#} enalaprilat 18]31 ramipril (I5)9] H&2 4 (YY$) collision gas

(nitrogen gas)$} 150 ms dwell time® 2 #4351 0™, z42+2] protonated molecular ion myz 3773}

349 18] 41709, collision energyE 273} 292 3t AYAJE product ion myz 234, 206 12}

< monitoring 3} T}

3) A B4

Enalapril#} enalaprilat 12) 1 internal standard¢] ramiprile Z2} 10 mge 383 &%t 1 mLY
DMSOe} =4 10 mg/mLe] F5& YHE, 108 serial dilution® 2 100, 10, 1, 0,1 283 0.01 pg/mL
9] working standard £%-& MeOHZ ZA|3}4t}.

EF AFHAE Z4387] 98k human blank & 05 mLoj enalaprile] 02, 05, 1.0, 2.0, 5.0, 10, 20,

50, 100, 200, 22]3 300 ng/mLe] FE7} HE= % A7etn 4z WREFEZ ramipirlE HEFE
57 -

-t



50 ng/mL (5 WL of 5 pg/mL) #& H7kd ¥, th39 HA AAHIA LCMSMSE o] &3 #4214
of ohet EA43tt.

AFAe WEEFEZ] peak WA g enalapril®] peak WA HIZ enalapril?] X thale] 24
3318

NPAZHEY 2 A E H2Hske] 20T BRoNY A E
05 mL (323 ],) of YEFZEA ramlprll-— HAZ¥% 50 n /mL (5 uL of 5 ug/mL) AL A7 220

it

Aol WAete] %9 oy, AA

L] phosphoric acid (HsPOy)E H7}3ta, 96-well type OASIS HLB extraction cartridge® & %34 o}
% 2] FE3Ah

OASIS cartridgeE 1 ml 9] methanol2 preconditionA]7)1, 1 ml2] 0.1% acetic acidZ equilibrationdt
o A8& loadd}al, 3 ml9] 0.1% acetic acid® washing3t %, enalapril¥} ramipri¢ 1 ml¢] methanol
2 elutiond} 1, nitrogen gasdlollA evaporation 3}ith #HEZ o2 100 pLo] 20% acetonirileZ =of 1
% 3 uLE HPLCY] FY3tdoh

—_

5 EFFAt
2o Z2vfEaYPo g R YREFEZY 93W A thd enalapril 3 enalaprilat®] 3)IH A
E 47} oo wg A AFHoZHE 83 F enalapril?} enalaprilate] FEE T3S

8% % enalapril#} enalaprilat& 2X3}7) 98l turbo ion spray ionization®} triple-quadrupole
LCMSMSE o|§3to E4314t.

Enalapril#} enalaprilat2 positive ion moded|A] protonated molecular ion m/z 3773} 34948 AZHY
o1, MS5/MS product ion spectrumo| X+ proline moiety7} Bo]Z m/z 2349} 2060] FQ fragment
ion0 2 HEHAU. Internal standard2 A}E-3 ramipril® EA}gFo] 41602 positive ion moded) A
molecular ion m/z 4170] AEHULH, MS/MS product ion spectrumd|Me HAl mz 2347} FQ
fragment ion®. 2 HE&H I} (Figure 2).

T2t peak 7HE-E& MRM mode, enalapril®] molecular ion m/z 234E, 22]1 intemal standard:
molecular ion m/z 234E monitoringd}t A .
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Cis columng o] 838t 43 HPLC Z7H 49| internal standard$} enalapril 22]3 enalaprilate 2
Zke] P FEAZ 4383 408 283 328 F2A AEHIUTL, HolA Ve AE2DAAM B 22
o) )3t Wl peakiz W& UEhbA] R3tom, S48 selectivity LFERSIT} (Figure 3).

@ H4A ; n=3

Enalapril& 0.2 ng/mLol|A 300 ng/mL7tA| spikedt & BAste EFAZAE 33 FAsle BAge

2 243 A3} (Peak ratio) = 0.0128 (concentration) + 0.001238] AXAoz FA|HFCH, linear
regression A r’=0992A $43% JN4S Yehh B AFNL 34 A 639 AEE HAL 9
rith A 2o] HRERE FAsA ol HAFH RTAUAE oldst AFAE AAsen, ol 10
ng/mLe) A 300 ng/mLe] FEo| A coefficient of variationS 1.85%0) A 14.68%0|S02 B EAAHL
1.0 ng/mLelA] 300 ng/mL MM AA] tigt A ol&E AP ]88 F e TR AE &
o, ALA, A8 % AYAEE AT UsE & & ATk
Q A2, 484 4 Zx (BEIA)

2 24 324, 384, 22la AFBAE HAs7] 918t inter-day, intra-day variationg
%89tk Enalaprilg 1.0, 5.0, 20, 100, 22]31 300 ng/mLe] FE& AZE A28} o] validation 27E
Table 20} Yehjiidh.

Intra-day variation®] 7% coefficient of variation& 1.0 ng/mLolA] 300 ng/mLe] FXo|A 10.7%°]

stglon BT o] gkl Hldle] 88.8%cA 1002%E A4r=Ith Inter-day variation®] 7%
coefficient of variation 1.8%c)A 147%0]%eH, AT 975%A 1104%2 A=Ak d2ba &
AEY Y FEHA7 ng £EYE ] AFAE 10 ng/mlE AHE & NG AT
enalaprile] th3t & LCMSMS £4He 1.0 ng/mLolA 300 ng/mL HHA A gt AAo]&

g AF o825 Sle 3 ¢ F Ut

ol
Mo
_O'£
o
t
Jjm
2,
oX
")
rx
o
ol
ot
ox,
SE,
ox
e
oXx,
tilo
p
2
¥
o
fifo
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10055 2341 H []

(A) Enalapril @K 7 @X@

g0 ] m/z 234 ImMeHp* 377 7

o W oy 2

S50, ] vz 160 ™z 303

45%

]

30% vz 117

[M+H}*
2000 ] 303.1 3773

10%3 166.)

130
50eq N7
[ 4 Al j

i
4 60 80 100 1320 140 160  1&0 200 220 240 260 280 300 330 340 360 380 400
mz amu

1000 206.1 il D

| (B) Enalaprilat ©/\>I° 7 @/\"/\f )\(—2—‘
" |

40% 1012 4
350 -

117 [M+H]

3031 3493

0] 160.1
570

1000 169 1485
Stog 7.4 J 1911 2271
RO P I SR I R T )

4 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
mz, amu

2341

l?% (C) Ramipril O\:I /R,(
m/z 234
o

[M+H] a7

J‘«——@Mi&

S50 e 160 w2343

50%.
450 130.1

40°%
35%9 159.9 "

mz 117
116.9¢ 141

20%] 156}t
s00d 3431

& [M+H}*
H®ed 4173

161.9
733, 92
Iy

SR 1) 23
_LAA ﬂ i . .
40 60 80 100 120 140 160 160 200 220 240 260 280 300 330 340 360 380 400 430 440
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Figure 2. Product ion mass spectra of (A) enalapril, (B) enalaprilat, and (C) ramipril (IS) with each

protonated molecule [M+H]" as precursor ion.
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70 (A) XIC of +MRM: 349206 70 XIC of +MRM: 377234 70 XIC of +MRM: 4177234
60 60 60
50 50 50
Ramipril
40 40 40
) g g
g g g
& e, 2.
& - 2
< 30 T30 )
t g %
Enalapril
20 . 20 20
Enalaprilat l
10 L\»l m 10 M 10 M
b W T\NW ””«AM’WLMN "y W\MW/MW
0 1 2 .3 .4 5 1 2 3 4 5 o 1 2 3 .4 5
Time, min Time, min Time, min
B XIC of +“MRM: 349/206 XIC of §NIRM: 377/234 XIC of +NJRAS: 417/234
1100 ( ) 5500 2.2e4
1000 5000 2.0ed
900 4500 18ed
300 4000 1.6e4
700 3500 Lded
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g 2 2
= sp0 = 2500 < 1.0e4
2 = =
3 % z
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Time, min Time, min Time, min

Figure 3. Multiple reaction monitoring chromatogram of (A) blank human plasma, (B) plasma spiked
with enalapril, and internal standard (50 ng/ml), and (C) plasma from a volunteer 1.0 hr after an

oral administration of 20 mg enalapril.
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180
-@- Enalapril
-C- Enalaprilat

Time (hr)

Figure 4. Mean plasma concentration-time profile of enalapril and enalaprilat after oral dose of 20

mg enalapril maleate to 12 healthy volunteers. Each point represents the mean + SD.

Table 2. Intra-day and inter-day coefficient of variation and accuracy for determination of enalapril

and enalaprilat in human plasma (n=5)

Theoretical Intra-day Inter-day
concentration
(ng/mi) Concentrafion o pop  Accuracy (%) TN o peD Accuracy (%)
found (ng/ml) found (ng/ml)
Enalaprilat
1 1.038 + 0.16 154 103.8 1.047 + 0.10 91 104.7
2 1.859 + 0.20 109 93 1.875 = 0.27 14.4 93.7
5 4.707 + 0.46 9.7 941 4.819 = 0.57 11.7 96.4
20 18.530 + 1.34 7.2 R.7 18372 + 1.71 9.3 91.9
50 49.605 + 2.66 5.4 99.2 49.884 + 4.39 8.8 99.8
100 99.279 + 5.54 5.6 99.3 98.581 *+ 4.91 5 98.6
Enalapril
0.2 0.185 + 0.02 8.2 92.4 0.190 = 0.02 8.4 95
0.5 : 0.446 = 0.02 3.6 89.2 0469 + 0.03 5.4 93.9
1 1.048 + 0.13 12.7 104.8 1.048 + 014 13.3 104.8
2 1857 + 0.17 89 929 1971 + 0.22 113 98.5
5 4926 + 045 9.1 98.5 5.073 £ 0.38 7.6 101.5
20 20.085 + 2.23 111 100.4 20.070 + 2.22 11.1 100.3
50 50.256 + 4.87 9.7 100.5 50597 + 6.35 125 101.2
100 105.016 = 5.10 49 105 103.775 = 5.23 5 103.8
200 205171 + 3.61 1.8 102.6 203155 = 549 2.7 101.6
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- Oxiracetam2| A Zf -

1L A&

Oxiraceam (4-hydroxy-2-oxo-1-pyrrolidine acetamide)-2 nootropic agent2, th%3} cognitive disorders®l
AHEE T, BgF 71938 AN E G371 e ALE BEA T Biological fluide]A 9] oxiracetam?)
A&  normal-phase liquid chromatographyE $3 UV detection} reversed-phase liquid
chromatography& &3t f-=43}2 fluorescence detection, 18]1 column-switching high-performance
liquid chromatographyso] &## Utk A9 oxiracetame 210 nme] W& wavelengtho] Al ZHZ&o]
531, @& pharmacokinetic studyd] H-&3}7]d= selectivity$} sensitivityo] A FA|Zo] Ht} T3
fluorescence f =4 3= pretreatment stepo] 10}, o]#3 H-& 745} biological fluido A selectivity

o} sensitivityE 2EE MZE WHS Jdstaat stk

2 43wy
(1) A8A=

Oxiracetam reference standard®} internal standard (IS) piracetam2 Sigma Chemicals (St. Louis, MO,

H
Methanol#} acetonitrile2 Fisher Scientific (Fair Lawn, NJ, USA)Z2E, 0|8 BE AL EFASHS

A3

(2) Standard solution

Oxiracetam} piracetam®] standard stock solution methanold] 1 mg/mi¢] HEE AZsH, o] &
methanolZ 3]43l working solutiong #|Z3}c). Spiked plasma sample® blank plasmad]
oxiracetam®] HZF¥x=7} 02, 05, 1.0, 20, 5.0, 10.0, 20.0, 40.0 pg/mlo] = =F working solutiondi| A
spiked}At}.

(3) Sample extraction

200 ple] plasma sampleo]] IS (10 pg/ml) 20 plE spiked}, 400 ple] acetonitrile H7}ghch 30%3F
vortex3t & 13,000 rpmolA 587 QAR 3ty A5HEL AAIp28to)A TurboVap evaporator
(Zymark, Hopkinton, MA, USA)E A}83}9 evaporationdtth. 100 ple] 01% acetic acidZ

reconstitutiond}3, 4 P& LC-MS/MS systemo] injection3tc}.
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(4) Reversed-phased liquid chromatography-mass spectrometry

HPLC system LC-10ADvp binary pump system3¥} SIL-10ADvp autosampler, CTO-10ASvp oven
(Shimadzu, Kyoto, Japan)o.2 450} ¢1oH, analytical column® &+ Cs column (Atlantis™ dCjs,
50 x 3.0 mm ID, 3 ym, Waters, Mass, USA)S A}835}%ch. Mobile phasese 0.1% acetic acid (A)$}
100% methanol (B)S AME-3}gow, flow rate& 03 ml/min® g AFE38IHTh LC separation system-2
Table 13 7l

Table 1. LC condition

Time (min) %B
0 0
0
1.5 20
2 80
3 80
3.01 0
4.5 stop

API2000 triple-quadrupole mass spectrometry (Applied Biosystems SCIEX, Concorde, Canada)= Turbo
Ion Spray source7} g#x o] 9lom, electrospray ionization (ESI) W2©E positive modeo]A]
nitrogen gasE nebulizing®} turbo spray, curtain gas2 Z+zZ} 40, 80, 40 (arbitrary values)22 A3}
3ttt Nebulizer temperature™= 425°Co| 5, mass spectrometer?] Q13 Q39] resolution Zt7}t lows}
unit® 2 A3k Multiple reaction monitoring (MRM) modeZE A3} nitrogen gasE collision
gas (4 arbitrary value)Z A}&-3}1, dwell timee 150 msec® AA43lHA, oxiracetam} piracetam]
protonated molecular ion Z}Z+ my/z 1593 m/z 14301 A E product iond m/z 1148} m/z 1269]

th. Collision energy2 19 and 13eV.O.2 oxiracetam¥} piracetam& A48} ¢t

(5) Calibration and validation

Human plasmao| A} oxiracetam®] calibration curve= standard spiked plasma samples®] &X9} peak
areaE least-square linear regression (no weighting)©.2 A4Fs}tt. Calibration curvese 25 8 point
2 FAHYen, tiplicate A¥31Y T} Intra-day coefficient of variation (CV)3} accuracy= 5 set9]
MZ T plasma sampled RA3}led AAHs1gct Inter-days= 5YFSH A3

(6) Human pharmacokinetic study
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2044 28419 AR FA ALAEEL AR B dFE AATE Oxiracetam tablet (800 mg)
2 200 ml waters} 37 77} Eoisidon 0, 025 05 075, 1, 15, 2, 3, 4, 6, 8, 12, 24 hr 71Ao=
gdAs AH3G) Plasmas 9AEIE F3le Edigeon -20°C E@3¢ch Pharmacokinetic
parameters= standard non-compartmental methodsE AH&-3t] 2438 % t}. Plasma AUCE WinNonlin

(version 3.1, Scientific Consulting, KY, USA)S E&4] trapezoidal method2 #4+3}9]th.

3. 234+ ¢ n&

(1) Sample preparation and analysis

Pharmacokinetic studys %-& %9] sampleS ¥Ajslojol 317] wjEo] sampled] W HAg 2 £4
o] "3t} Oxiracetame vj-¢- polardt £2 2 small molecular massE 71 1o} chromophoric
propertyo] Zgs}A ¢th. Reverse-phase columndlAl pH modifierE H7}o.2H E4A polar
compoundsZ retain*) 71t} &4t oxiracetam& retaino] ¥ x| %™ chromatographic property: vl
¢t & Aog Yyttt Atlantis dCI8 columng polar compoundE &49A 4 Ex5o0= /g
¥ column® & reverse-phase columnolX] oxiracetam®] A H-& R3] T ANZE EAZAA
oxiracetam-& A]F 222 1.3 mind) retain¥ 1.0 FF3F peak shaped EHTh

Oxiracetam} piracetam®] product ion mass spectra®} postulated fragmentation patterns Figure 1
o Yelth Protonated oxiracetam (m/z 159)3} piracetam (my/z 143)914 NH; (17 amu)S $io] A/43€
fragment jon Ztz} m/z 1428} 12601t Fragment ion my/z 1429} 126914 %€ CO (28 amu)E ¢
m/z 1149} 98& AJon, o] ionEL MRM modedr] HZAIs%T}E Oxiracetame my/z 114E
piracetam-& m/z 1268 =8 S F monitoring 3} T}

o] ®WhHe| specificity9} selectivitys= human blank plasma$} H|38}e] oxiracetam¥} piracetam?)
retention timeo] 7Hdo] ¢18& & 4 AU} (Figure 2A). Figure 2B& 10 pg/ml oxiracetam} 1.0 n

g/ml internal standardZ spiked} plasma sample2] MRM chromatograms$ H 51 3]t

(2) Method validation

Oxiracetam®] spiked human plasma¢] standard calibration curve= 0.05 to 40.0 mg/mle] F7teA

lineard}93 2.8 correlation coefficient:= 0.999¢]4+o|2ith. Intra- and inter-day variation Table 29 1}

Bt} Intra-day CVE 22 - 83%C]9.0H accuracy 9= 925 - 1064% At Inter-day CVE 28 -

5.6%, accuracy= 93.6 - 103.8% %It} Freeze/thaw stability$} 24 hr temperature stability SA] 3% &

o} o] 273}o|M 02-mle] plasma sampleoi A 0.2 pg/mie} lower limit of quantitation (LLOQ)& 2t
- 165 -



=0 8 o] FLoM CVel accuracy= 15%©] 0] =&, pharmacokinetic studyE 43 3h=H A 3st
23& UG

(3) Pharmacokinetic investigation in healthy volunteers

499 A7 APAEL YACE oxiracetam 800 mg tabletE AT F49319th Mean plasma
concentration-time curve= Figure 30| YeRHITE Oxiracetam®] AUCE 110 + 28 pg-h/mlojx

average Cmax+ 21.6 ug/ml.

@ 28
Human plasmac]r AZH o2 £44 oxiracetams 7AE8 4 Je AZF methodd H3H o]
method+= sensitivity, accuracy$} precision®]| 4] pharmacokinetic studye] 83 ZHE THEA|Z oY,

AYAHO 2 oxiracetam?] therapeutic monitoringS A3 X2 $Y35
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Figure 1. Product ion mass spectra of [M+H]" ions of (A) oxiracetam and (B) piracetam (IS)
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Piracetam
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Figure 2. LC-MS/MS chromatograms of (A) blank human plasma, (B) plasma spiked with oxiracetam
(10 pg/ml) and internal standard (1.0 pg/ml), and (C) plasma collected 2.0 hr after single oral

administration of oxiracetam tablet (800 mg).
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Table 2. Intra-day and inter-day coefficient of variation and accuracy for determination of oxiracetam

in human plasma (n=5)

Theoretical Intra-day Inter-day

concentration Concentration Concentration

(ng/ml) found (ug/ml) " PCUEYfoind g/mpy O AR
0.2 0.19 £0.02 8.3 925 0.2 £0.01 3.8 98.2
0.5 0.5 +0.03 53 99.9 0.47 £0.02 4.4 93.6
1 1.06 +0.06 61 1063 0.99 £0.06 5.6 99
2 2.13 £0.08 3.8 1064 2.01 £0.11 55 1003
5 5.07 £0.11 22 1013 482 +0.13 28 96.3

10 111 +0.3 23 1105 104 +0.4 3.6 1038

20 20.7 £0.6 29 1037 19.4 £0.6 3.3 96.9

40 39.7 £1 25 994 38116 42 95.4
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30 1

Plasma concentration (pg/ml)

Time (hr)

Figure 3. Mean plasma concentrations of oxiracetam after oral administration of oxiracetam tablet

(800 mg) to 24 healthy volunteers. Each point represents the mean + SD.
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- Lisinoprile] X2t -

£ A7 M= human plasma o #£A)5h= lisinopril ¢ £ WS LC/triple quadrupole mass

spectrometry S o]-8-3}o] /fedlaz} Pt

A8 % lisinoprile) FFE olm] 1Y lisinoprily] EAMe] BY 3T FB (A Taskalofe’s)<

#nsel AAE HYF F LOMS/MSE ol 851e] 84 3 lisinoprils) SES FF LA}

2) 787171 R ZA

HPLC: Shimadzu HPLC systems LC-10A series (Kyoto, Japan)

MS  spectrometer: Applied Biosystems MDS SCIEX, API2000 triple-quadrupole mass spectrometry
(Concord, Canada)

Column : Hydrosphere CI8 (50 x 2.0 mml.D., S-3 pm, 12 nm, YMC, Kyoto, Japan)

G) BFH A4 AT BF 8 2 AE 2A
Lisinopril®} internal standard$] enalaprilg Z2} 1 mgg A &3] Z33sta] 1 mLe methanold] o 1

mg/mLe] FEEF vHE3, 108 serial dilution©® 100, 10, 1, 01 Zg]lxz 001 pg/mLe] working

EF AHE F4387] 95t human blank ¥4 1 mLo] lisinoprile] 2.0, 5.0, 10, 20, 50, 100, 200,
7831 300 ng/mLe} FEVF HEE Hrsla Zhzbo LH-‘?-E%%Z‘:} enalaprilZ HE¥% 10 ng/mL (10
L of 1 ug/ml) A& A7k ¥, thge) 244 AHPH LCMS/MSE o] &3 E4z wet £4
Epil=g

AFAL YWREFER peak WA gt lisinoprile] peak BAHZ lisinoprile] F=ol thdte] 24

4) 8% X5 AAe
LisinorpilS FE¥& 1 mLe] & Ago] A71g &, WEEFEZ enalaprilE HFFE 10 ng/mL

(10 pL of 1 pg/mL) ¥& A7} F, 50 pLe phosphoric acid (HsPO)E #H7}8kal, 96-well type
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OASIS HLB extraction cartridge©. 3 F3jA T3} o] FE3H

OASIS cartridgeE 1 ml ¢ methanolZ preconditionA]711, 1 ml¢] 0.1% acetic acid2 equilibrationgt
. AR E loadd}al, 3 mle] 01% acetic acid2 washingdl &, lisinopril#} enalapril€ 1 ml¢] methanol
2 elutiond}3l, nitrogen gasdlol|A] evaporation &ttt HEH o2 50 uLe 10 mM formic acidZ %
of 2 % 5 puLE HPLCY FYs}sitt.

) BA7171 21 2 Alg #4

A @A EE g5 LCMS/MS 22194 st

HPLC system2 ©]5/322 10 mM formic acid (pH 25) (buffer A)S} 90% methanol (buffer B)S
Table 13} 2 gradient program®. 2 AH&314 0 42 02 mL/min® 2 AHE-3l$T

Peak 7122 triple-quadrupole mass spectrometryE ©]-&3ld MS/MS MRM (multiple reaction
monitoring)®H 0.2 HZE8}31, ionizationd turbo ion sprayE ©]&3 electrospray ionization (ESI)&
8™, nebulizing gas9} turbo gas, 18] curtain gast nitrogen gasE AM&-3199o™, ZH7} 35, 75, 18
3140 (e ez 2AsIH T Nebulizerd L%+ 400TCE AA3% Tk

MRM modeE ©]&% lisinopril®} enalapril (I5)9] 7&& 4 (Y99$) collision gas (nitrogen gas)$}
150 ms dwell time©. 2 ¥2435}910.1, Z+7Z}¢] protonated molecular ione m/z 4063} 3770]H, collision
energy S 473} 273 3l AYX % product ion2 my/z 2463} 234-8 monitoring 3} .

Table 1. Gradient condition.

Time (min) %B
0 5
25 %0
3.0 : 90
3.01 5

55 stop

(6) 2429 7% (Validation %)

AL T2 el ZFH A A 2, 5 20, 100, 300 ng/ml 57}A) FEY AIRE A3
intra-day A @XE 7 $22 509 ARE BAste du APAHE 73T, interday A FAME 7
FET RS ARE wiY 447 2P S ATk ABE AT S AR AEE ST
Intra-batch validation®] I = (precision)y= FY ERo] £43 sampled A #23 Fx9 coefficient
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of variation (CV. %)2.2 JeERSit} Intra-batch®] &% (accuracy)
HEgS o 2d £48 vmat

Inter-day validation®] AU =9} AEE A FU3 whgo g Aegch

r[r
-é%
[g°]
2
2
i
B
D
off
1
it

Calibration standard®] backOcalculated concentrationS A%FA ZAAL AEE A3 ZAE lisinopril
o Fx9 WEEFEZ g lisinopril peak HZ 1| S linear regressiondte] A& Ak

e HAdH oz RH Fad.

Inter-day £4Jo|A control matrix2 AF&-8l= human plasma blank®] chromatogramoil Xl A& &3 9]

retention time # o 7H4 peak (interfering peak)7} EA)3=xE 2913}

(7) Validation acceptance criteria
Human plasmac]A] lisinoprile] 5% £4 W] t3l validation acceptance criteria® t}-&o LehY

AT

GELLEE Pl
A8x L ddsEe AF 7153 HAFE (lower limit of quantification: LLOQ)?! 2 ng/miE #9]g

sampleo| A £15%E 233} o, 2 ng/mlo M= +20%714] & &3t

(@ Calibration function

8709} calibration standard pointZoA 429 o]f2 27§71 AYEL 4 Utk EE back-calculated
concentration®] HFgke] +15%F 23R oy, LLOQoINE +20%7}7] 3]¢-3ch

Calibration line®] A& A (linearity)S e determination coefficient ()& 0.98 o]4to]ojo} girk.

@ Sensitivity
Sensitivity= intra-dayol A A= 2 HYUE7} £20% o]l LLOQY FE& ZAAZh

P ZE inter-day AE)A blank plasmad]A ULE peak’} LLOQS] 50% & ZxH3te 7

}él
$7H B o e o] B4 WAL specificity’t AT @ Mol

3. 4949 2 12
(1) 014
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8% F lisinopril& £438}7] 918} turbo ion spray ionization3} triple-quadrupole LC-MS/MSE o]
&3t B4

Lisinopril & ##}#¢] 4052 positive ion modesj*] molecular ion myz 4060] ZAEHYon, MS/MS
product ion spectrumo A= m/z 2460] 2 fragment ion®.2 AEHUTE Internal standard® A3}
enalapril2 #2}&0] 37602 positive ion modedi A} molecular ion m/z 3770 7AZEE o0, MS/MS
product ion spectrumol A= my/z 2347} 8 fragment ion®. 2 ZAZHA (Figure 1).

2tA peak HE2 MRM modeZ, lisinopril?] molecular ion m/z 4062, 123 internal standard:
molecular ion m/z 377-8 monitorings} T}

Cl18 columng o|§3te] EAgt HPLC 279 internal standard$t lisinoprile Z}zte] wlBE A7t
2487 358 B34 A2HAT, Aol 71$8 AE2PNN B TZo) 93 el peak= A U}
BRG] ko, 48 selectivityE YERYIT} (Figure 2).

@) 244

Lisinopril & 2 ng/mLef| A 300 ng/mL7t# spikedt & EAsle] FZA%ME 48 27} (Peak ratio)
= 0.0325 (concentration) + 0.00999¢] AW o2 FA|IHU LB, linear regression A] =099z 4 £
g A4S e e A48 AFH-E Figure 391 Yehh Ak

) 324, 3849 2 V= (I39)

2 BN e, A8, a2x PFPAS A48 99819 inter-day, intra-day variationg 7
Zstgth. LisinoprilS 2.0, 5.0, 20, 100, 28] 2 300 ng/mLe] FEE A &S A %3} validation 272
Table 29 WfehH 1T

Intra-day variation®] 73-¢ coefficient of variation® 2.0 ng/mLe]4 300 ng/mL9] Fx oA 10.9%0]s}
gor HITE o272l ol Mt 985%c)M 1043%5 AAEIT. Inter-day variatione] 7%
coefficient of variation2 3.5%)A 109%0] o™, AF L= 9.7% A 1105%2 AAE U & BAn
Hell A A 59 2 ng/ml FEo|A S/N ratior} 10 o4, Ao 15% o)a}, 221 FHAAE 90%
°[do2 20 ng/mle HFIAZ ’fé’.xo‘“ Atk wetM 2 Pe lisinoprile] W ¥=7F 20
ng/mLell A 300 ng/mL WHelA 1A<) U3 AAoleE A 088 4 g T4Y A5 W

Human plasmac]A] HFH02 &4A lisinoprile ZAE¥ F Jv AZF methods P} o
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ARH 02 lisinopril9] therapeutic monitoringg A& %
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B M2 (406,08) CE (35): 26 MCA scans from Samyple 1 (TuneSampleName) ofsinopril_InitPr

100%
95%
9%
B5%

A

E58

CH
3

8,

Meax. 8,604 cps.

1

[MHH]

4063,

2463

.9
1157
[ 15 o ms wme | ae

W (377.10) CE (27): 119 MGA scsrs from Sample 1 (ermlaprilims/paper) of paper wif

B

93§y ye989499823999958%§

LLiAN
N7 P2, DB, J ek

@ 3 100 120 140 160 180 200 220 240 260 280 W0 30 34 3B 30 40
mz,amu

o & @ 1w

Max 1267 eps.

2341

120 10 10 160 200 20 240 20 280 A0 R0 M0 X 30 A0

vz, amu

Figure 1. Product ion mass spectra of (A) lisinopril, and (B) enalapril (IS) with each protonated

molecule [M+H]" as precursor ion.

B XIC of +MRM (3 pavs) 406./84.1 2 from Sample 1 (Blank) of Lisinopil Vafidation-SET1 wi..

Max 40.2 cps.

B 1C of +MRM (3 pairs); 377.57234.1 amu fram Sample 1 Blank) of Lisinopril Validation-SET1.w.

Max. 20.7 cps.

236
100%
227, ok - -3
.y A Lisinorpil ooy B
5%
90%- 243
0%
B5%-
as%
0%
% .
5% 228y a7 313 Enalapril (IS}
75%
0% p
0%
5% g 272
~251 B5%
0% o7
55% oo 38 =
208 5% ! 199 o,
50%- %
5% 2 % 2w 343
3.2 0% 3.50
3.33 o 431 546,
2 = 0% os [|108
3.41 5% sl a5 43¢ 5%
20%
418
349 5%
378
43 “89 10, 9385
TR YL 1
25 35 40 a5 5D 55 0s 10 15 20 25 20 35 40 as 50 55
Time, min Time, ma
BB X)C of +MRM (3 pairs): 406.2/84.1 amu from Sampre 5 (100) of Lisinoprit Validation-SE T1.wiff. Max, 3564 cps. W XIC of +MRM (3 peirs) 377.5/234.1 amu from Sample 5 (100} of Lisnopnif Vaidation-SET{ Max 3210.5 cps.
- C T Lisinorpil w1 ) Enalapril (IS)
95%- 95%
B %
85%- 85%-
80%- 80%:
75%- 75%:
70%- 70%-
5% 65%
B0%- B0%-
55%- 55%:
50%- 50%-
45% 45%
40%- 40%-
35%- 35%-
30%- 30%-
25%- 25%-
20%- 0%
15%. 15%-
10%- 10%.
sl

|

20 25

30 95

Time, min

Figure 2. Multiple reaction monitoring chromatogram of (A) blank human plasma, and (B) plasma

spiked with lisinopril (100 ng/ml), and internal standard (10 ng/ml).
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W Fina LISINOPRIL vakiation o (sioptl 246): "Lirear” Regresson ("N weighting): y =00326% + Q008 ¢ = 09998)

% y=0.0325 x + 0.00999

o 2
&

Figure 3. Calibration curve of lisinopril in human plasma.

Table 2. Intra-day and inter-day coefficient of variation and accuracy for determination of lisinopril

in human plasma (n= 5)

Theoretical concentration Concentration found

CV (% Accuracy (%
(ng/m (ng/ml) * ¥
Intra-day
2.0 21 £ 02 89 104.3
5.0 51 + 05 10.7 101.8
20 202 + 19 9.6 100.9
100 1029 + 85 8.2 1029
300 2956 + 109 3.7 98.5
Inter-day
20 21 + 02 10.8 105.2
5.0 55 + 04 8.0 110.5
20 211 + 19 9.2 105.5
100 1102 + 120 10.9 110.2
300 2992 + 104 35 99.7
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- Gliclazideo] HZ -

L Mg

Gliclazide (1-(3-azabicyclo [3.3.0] oct-3-yl)-3-p-tolylsulphonylurea) oral hypoglycemic drug® 2

x
e

II diabeteso]] &34 oFE-o|t}h. Pharmacokinetic studyE $3 thak AR E4 S B M1 J&3)
T Aot AMZE T ol BaAdo) RAHNA ojd THaslHEA wif BET EAWHS

LC-MS/MS trple quadrupole mass spectrometryE 53t 71dtslazl 3t

AR AL Ugy 27 wmebd LCMS/MS  (liquid  chromatography-tandem  mass
spectrometry)E o|8-3to] £ SolA, ANA, A, ALY, Zx Tl U validations S8

¥ 24 249 $4u

(1) HPLC 23

AAEE 8F Ase g9 LCMS/MS zhdA H#ath o)Z 98 Shimadzu HPLC systems
LC-10A series (Kyoto, Japan)9} Applied Biosystems/MDS SCIEX, API 2000 triple-quadrupole mass
spectrometry (Concord, Canada)S- ©]-8-3}3, column® Hydrosphere C18 HS-3C0-3 (50 x 2.0 mm LD,
S3 um, 12 nm, YMC, Kyoto, Japan), tlo]E XA EE SciexAte] AnalystE ARE-gc) o] FA3-&
(A) 5> mM ammonium formate (pH 6.0)¢} (B) 90% acetonirile (5 mM ammonium formate, pH 6.0)&
AHE-8}H, isocratic flow B70%Z2 E43Th 48 020 ml/min, peak HE& triple-quadrupole mass
spectrometryZ o]-&-3te] MS/MS MRM (multiple reaction monitoring) 4 0.2 A&}

(2) Mass 22

Ionization turbo ion sprayE o] electrospray ionization (ESI)2 3}, nebulizing gas$} turbo
gas, 18] curtain gast nitrogen gasE AME-dGom, ZH2t 30, 75, 2Ela 40 (YYE)eE AR
%t} Nebulizerd] €5+ 400T2 AAs 4Tk

MRM mode& ©]-&-§ gliclazide$} glibenclamide (IS)2] A& & 4 (YAH4)) collision gas (nitrogen gas)
¢} 150 ms dwell time©Z EA3}on, ZtZt9) protonated molecular ione m/z 3249} 4930]H,
collision energyE 273 512 3slo] AJAE product iong m/z 1273} 169 monitoring 3} ch.
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@) HFA 24

Gliclazide ¥#&& DMSOd o] ¥EE 1000 pg/ml2 THE & P& B#AAI| T, o] $48 Y B
25199 blank 8402 M3} glicdazidedl 84 F ¥%7} k2 01, 02, 05, 1.0, 20, 5.0, 10 (u
g/m) ¥x7} HEE g

(250 pg/ml) 10 P& 713+ & EE0] 4tk 7o 1 w9 acetonitrileE 7}8}al 30 F<F vortexingdh
¥ 3,000g2 10 27 94 E2Az 2 & A5dE FH3tdq 1 F 1 wE HPLCH FYgch
A710M & WREEEAY F3 WA U glicdazide®] 3|2 WAWE 7HA T AU AT

ot

tlo

ek Zbzhe) 23 83 500 o] WREFEAZ glibenclamide

ol
_>:
m{m

@ 2% Nz A3

A2 RE Egol& C 051,15 2 25 3,35, 4,5 6,8 10, 12, 24, 36X 7t ZF 6 mLe] &
Ak} Z4] 3000 pm N YARGT Eeld HL 70 o WERVBT. HBYE 8 A
2F A0 PAste] =q ¥ 2 27 AR O, o] ¥ 05 mE sk} ARB $713 o7l
EEEE ghbenclamide (250 pg/ml) 10 WE 748 ¥ AH AT 598 PPes A

£l

dojd FrEIRo 2R YREEFERY 3 Aguld t glicdazides] »3 AHHE T3l

ve 348 AFNo2RY B F glicazided) ¥EE Tk

Gliclazide2 ¥A}#o] 3230]9 positive ion moded| A} molecular ion m/z 3247} AZEH ] 00, MS/MS
product ion spectrumol] A& m/z 1270] FQ fragment ion® 2 ZHEHAt} Internal standard2 ARE-§
glibenclamide& #A}#o] 49322 positive ion moded]|4] molecular ion m/z 4947} HAEHNOH,
MS/MS product ion spectrumd] A& m/z 1697} F2 fragment ion®. 2 AEE Yok (Figure 1).
TetA peak HE2 MRM mode, glicazide® molecular iond)|A] §-2 == major fragment ion (m/z
324 -> 127), 122]3 internal standard+= fragment ion (m/z 494 -> 169)% monitoring3} St}

- 179 -



Cl18 columng- o]-&3}o] EA8 HPLC ZAA ¢ internal standard9} gliclazided Z}zbe] ®JRE A7t
Lo%s 178 F oM AU, A 7Ied HExddM B 82 93 Wl peake F3 Y
A gstom, $-48 selectivitys WER At} (Figure 3).

@ 295

Gliclazide 0.1 pg/mLolA 100 pg/mL7t7] spikedt & HAsle] FFAFNE A A (Peak
ratio) = 0.38 (concentration) + 0.04929] AMA0 2 FA|H )0, linear regression A] =0998 4 &

T A4S Yehllen A" AL Figure 29 YR AT

2 3y A9, A8A, 18la HFIAE H37] 98l inter-day, intra-day variationS 7
Z3tH ok Cliclazides 0.1, 02, 0.5, 1.0, 2.0, 5.0, 10.0 pg/mLe] F=2 A|REE A 234 validation 23}
£ Table 10] Vel ot

Intra-day variation®] 73 coefficient of variation® 0.1 pg/mLolA] 10.0 ug/mLe] FXlA 5.0%0]3}
Qo FBTE o2 zhol Wl 98.0%)A 1031%=Z A=A} Inter-day variationd] 7%
coefficient of variation 14%°l|A 32%0]00H, FREE 9.6%cM 1066%Z AM=HAcH B EAdu
HA HA FEY 01 pg/ml FEoA S/N ratior} 10 o)4, APAe] 15% o]s}, Il A3
WN%olde2 01 pg/mls FFAAZ AT 4 Uk wehr] £ e glicazided] 8% W &
01 pg/mLolA 100 ng/mL HHANAM A tist BAJLE NFB ]88 & de #4¥ A

de
o,
[t

bt

-

7

N

=
©

2

4 2
Human plasmaor AFH o2 &£47A glicdazided #AEE F Jv MZE methodS FHIYo o}
method+= sensitivity, accuracy$} precision®]|A] pharmacokinetic studyo] 83k Z1-& WEA|IZoH,

AFRHOZ gliclazide®] therapeutic monitoringS AF4 0.8 33}

(A) Gliclazide mass spectrum (B) Glibenclamide mass spectrum
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Figure 1. Product ion mass spectra of

+ .
molecule [M+H]" as a precursor ion.

Analyte Area /1S Area
\,

20 40 B0 80 D 120 140 160 180 200 220 240 260 260 300 LV 30 360 380 AW 40 48 40 40
mz amy

(A) gliclazide, and (B) glibenclamide (IS) with each protonated

T z 3 * B

3
Analyte Conc.

Figure 2. Calibration curve of gliclazide in human plasma.
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Figure 3. HPLC chromatogram of blank human plasma (A: gliclazide, B: glibenclamide), human
plasma spiked with gliclazide (C, 1.0 pg/ml) and glibenclamide (D, 5.0 pg/ml), and plasma collected
3 hour after injection (E: gliclazide, F: glibenclamide)
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Table 1. Intra-day and inter-day coefficient of variation and accuracy for determination of gliclazide

in human plasma (n= 5)

Theoretical concentration Concentration found
CV (%) Accuracy (%)

(hg/mi) (hg/ml)
Intra-day

0.1 0.098 + 0.005 5.0 98.0
02 0.206 + 0.006 2.8 103.1
05 0492 + 0.012 24 98.3
1 0993 + 0.035 3.6 9.3
2 1.994 + 0.056 28 9.7
5 4990 + 0.095 19 9.8
10 10.234 + 0.238 23 1023
Inter-day

0.1 0.107 + 0.003 32 106.6
0.2 0.206 + 0.004 2.2 1029
05 0498 + 0.010 21 9.6
1 1.030 + 0.017 1.7 103.0
2 2.040 + 0.040 20 102.0
5 5104 + 0.071 14 102.1
10 10.500 + 0.235 22 105.3
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- Medroxyprogesterone2| Xzt -

L A&

Medroxyprogesterone acetate (ba-methyl-17a-acetoxyprogesterone; MPA)2 progesterone] fEA|Z
A @AY 2HZolm Z=EA ot MPAE 733 A4 progestage® 2 JFHULH A& YA
ZA 12|31 dysfunctional uterine bleeding, secondary amenorrhoea, ¥ endometrriosis 2| S| ZA A}
$53 9ok MPAE B3 A3WnLS 495 S22 §94 ¢ A BEAZE RN A8

5

o)

o

A

2 A4 % Ul subnano gram 9] MPAE £437] 98t HPLC/ion trap mass
spectrometryE ©]-&3 EAPMPHE pEEtauat stk of WEe YA BHLERE MPAZ single
ligiod extraction & HPLCE %3}5}1L selective reaction monitoring WS o838 MPAE #&3}51

7

Nomegestrol MW 370.5

-----

MO——C-—CH,

Medroxyprogestrone MW 386

Figure 1. Structure of megroxyprgesterone acetate and internal standard
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2. 23 3y

A #8717 2 3

- 2297]7] : Agilent 1100 series LC/MSD

» Column : Phenyl column (1.5 x 150 mm, 5 ym, Shiseido)

o] & 2} : 20 mM Ammonium formate(pH 4.0)/acetonitrile &gt
(48/52,v/v)

-f % : 015 mL/min, isocratic

B. #4717 4

HE

P

re

Aed @PNEE v LC/MSD 294 FaFstgith
Peak 7Z&2 jon trap mass spectrometryZ o|&3}a] MS/MS SRMWH o2 #ZE3}3, lonizatione
APl-electrospray ionizationg 3}™, nebulizing gasZ+¥ nitrogen gasE 8 L/min®| &£XE2 nebulizing
&, £X+ 350°C, 28] nebulizing pressure® 35 psig AA3IIch
Medroxyprogesterone acetatex= 1%} MSe| A molecular ion m/z 387 isolationd}l fragment energyS
12 VZ, helium gasE o]&3} fragmentationd & AJAEE product ion m/z 3273 285%
monitoring 3} T} Internal standard (Nomegestrol acetate)= 12} MSo]A molecular ion m/z 371&
isolation} 31, fragment energyE 12 VZ helium gasE ©]-&3}9] fragmentationdt & A== product
ion m/z 3113} 293& monitoring 3}$3 Tk
C A By

Medroxyprogesterone acetates} internal standard$] nomegestrol acetate Z}Z} 10 mgg A &3]
Aeste] 10 mLe] MeOHo| o] 1 mg/mLe] L& vHEX, 104] serial dilution®.Z 100, 10, 1, 0,1
a8)3 001 ug/mLe] working standard £ ZA3IYch EF AFAL AAsH7] s human
blank ¥4 1.0 mLo| medroxyprogesterone acetate7} 0.05, 0.1, 0.2, 0.5, 1, 2, Z18]¥ 6 ng/mLe] F=7}
HEE H7istx ZHzbo] internal standard 5 ng (10uL of 0.5 pg/ml) ¥& A7 F, thge] ZHA
AA Y LC/MSDE o8-8 £M 210 met #A AT AFe WEREEZY 384 g
MPA®] 3T HAH 2 MPAS] Fxof st st

D. 8% A5 Ag] € & F v Al
HYAZRE 2 AZEE st 20T RAPY FAANEE A9 LH3o %9 O,
AA) 10 mL (8] WEEZED 5 ng (10uL of 05 pg/ml) BE 719 ¥, 2§45 10 mLe
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WD 2 mle pentne0® 28 FESGT £71%5¢ HAd F27F A4 suE v
A2 G, 5L o546 %ol 1 % 20iLE HPLCH Fakich oln Zzrteasezy
WREFEAS 29 43 MPAY FaRAME Tool Hg A4E ARdozvy 2% 3
MPAS $EE Fasid

g% F 2Ab medroxyprogestrone2 ®A3}7] 93] electrospray ionization®} Ilon-trap
LC/MS/MSE o3t &4 5t

Z4F medroxyprogestrone® #2}eFo] 38602 positive ion moded]A molecular ion m/z 387°]
HAEE9 o8, MS/MS product ion spectrumo 4= acetate groupo] @oJZA m/z 3270] F&. fragment
ione 2 HAEHNOH, 97)dA o] WA m/z 309, 12)1 -COCH; groupe] Ho}R m/z 285¢]
fragment ionc] HZHUY (Fig. 2).

(A)

& + Al M8, § Tmin #7521 100%=373880
208
[M+H}+
3874
o84
2073
2881
2870 l 3124 aji‘ P
tode ' PITINETY '
168 300 30 06 miz
(B)
PE NS0T, § 4 B, 105 eserOn
W
2.2 —
1 250 20 50

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

Internal standardZ A}-8 nomegestrol acetate®] 7% ¥ExlgF 3702.F positive ion moded]| A
molecular ion°] m/z 37194 ZHZHoH, MS/MS product ion spectrumd] A= acetate groupo]
"o}z m/z 3119] major fragment ionO &, 183 o7]e|X Eo] WA m/z 293, 18}1 -COCH;0]
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w2 m/z 2699] fragment ion°] #A&E U} (Fig. 3).

A)
+ Al M. & Gimi (#624], 100%=290452
%1057
|M+H]+
4 37
3344
3
|
PP 3 2531 93,4 a3
133’ é e 35 ;
o s peaudayndaly i seimtrsaptint s bt sl Sl tadon b sl Bl
100 150 260 250 200 350 420
(B)
e T SHSMEETT) 5.264min, 0haaEe s
23 e
e
10-
@54
080 832
61 2881 1
4% . m il o
i 1 208 3 ks =

Figure 3. Positive ion mass spectrum (A) and product ion mass spectrum (B) of nomegestrol acetate

etA peak &2 MS/MS product ion monitoring©.2, %A+ medroxyprogestrone®] molecular
ion m/z 387% isolationdt ¥ product ion m/z 3273} 285Z, 1] internal standard:= molecular ion
m/z 371% isolationd} 3l product ion m/z 3113} 2938 monitoring3}$ T

Phenyl columng  o]&3&le] EA3 HPLC Z7AoA9 internal standard®} %
medroxyprogestrone2  Ztzte] WEEAZE 56EF 678 HIA AEFHY M 71E3
AEXZAAN 8 229 ¥ W peake HF UEhtA Fkom 53 selectivitys UYER|TH
(Fig. 4).

A

By
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inters EIC 295 397, FENER 63

(A) I internal 371 31,293

150

CM ,

A AJ\\ LN N A ;';_? A

EiC 527 285, MOMS387; 2

2000 MPA 387 327,285

§00 K) r\i\’
AME A \ f m \\f\/\A !\ A,«/\,\\ A I \
o JJ N \J\“/J\/‘- \ ) )\ﬂl A j\l\'\ S A
R AR IR : T oe
inens EiC 5% 298, MSMER 12
(B) “®| internal 371 311, 293 ;\
I
1 I
D84 ; \‘\
0.5 | \‘
B
9an '{ :\
i Y
02+ '-\
- o Ne
N =0 85 MSM S
sxce] MPA 387 327,285 4‘
|
o I
i
o
[k
[V
4 i, A Mo // S n M J\‘

Figure 4. Extracted ion chromatogram of an extract of blank human plasma (A) and human plasma

spiked with 0.2 ng/mL medroxyprogesterone acetate (B).

Z4t medroxyprogesteroneg 0.05 ng/mLo|A 6.0 ng/mL7tA] spikedt & EAMste] FEAFNE
A48 ZHI (Peak ratio) = 026329 (concentration) + 0.00151¢] ZAAgo L

regression A r'=09992A 4% AX4e YehiAtkFig 5. B ABUL 38 APL AAs
Bl oa) A3k
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2.0+
y =0.26329x + 0.00151

= 0.9999

Peak Area Ratio

Concentration (ng/mL)

Figure 5. Calibration curve of medroxyprogesterone acetate in human plasma

B Eaubiel AA ABA gy FFIAZ 2A5] 98l inter-day, intra-day variation-&
AZ3YT 24 vEEAZEALHES 005 02, 1.0, 283 60 ng/mLe FEE A|RE Ax3A
validation Z}-E Table 39 JehjSich

Intra-day variation®] 7% coefficient of variation® ZE FTA 10%0]3t¥on FEE= 0.05

ng/mLol A 6.0 ng/mL BE FLoA o] o] niste 953%A 101.3%2 A4 At} Inter-day
variation®] 73~ coefficient of variation® 26.10%9)4] 858%clRem, A L= 95.6%A 1001%Z
ARt e 2 AR B4 w7t pg $EYS AUA AFFAE 005 ng/mLE AT
F AT gAF A=Az AAHEY tiF B LC/MSD BA4¥HE 005 ng/mLollA 6.0
ng/mL HH)X AX o g AH]E-E AP o8 F UT FEY A, FolA, AUA, B84

e ¢ 4 Qe

224 2 9

tjo
dlo
tlo

e
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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 found o %
(ng/mL) (ng/mL) (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 7.27 95.9 0.196+0.037 19.06 98.0
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 5.736+0.492 858 95.6
1.2
£
2104
H
0 0.8 +
0.6
o4 ]"
0.2
0.0 J( T T 7 s 7 o—
0 10 20 30 40 50
ARt (hr)
Figure 6. 17 (A) % 27 (B) €4 & ZAWEZAIZZ A2 EY HE
F% F°] (MeantS.E, n=9)
-@- tzeF (Z2HEHY 5 mg FrHA]oHeEF)
-0- A8 (M=ZAH 5 mg HUAHF)
MPA 5 mge 273 A Fo F @2l MPAS 3719 71ed ez 4% Zd< Fig 69
UYESITh MPAE 59 3712t 1 8% ¥% 073:0.78 ng/mlg RHo Fow w7ty 494 hr

2 A4S AUCE 5.07 nghr/ml, CI/F& 946 L/hr, 222 MRC (mid retention time)& 6.10hr 2

AR Ak
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Al 3 A Gas chromatography-mass spectrometryE ]88 ¥4 W 9] 7]

- Tizanidine2| &4 -

1. A=

L

Tizanidine (5-chloro-4-(2-imidazolin-2-ylamino)-2,1,3-benzothiadiazole) & F5FA7ZA ¢ Z-&she &
o)A ZA Akl A H23 baclofeno|t diazepam®} 53 AAE HoFE FHE B Jith
Tizanidine& 7T AF o]-§&o] W¥on 7t A ring hydroxylation ¥ 5 tialzl A143] dojdtt
3 284 Yot "M & F tizanidine ¥5E 4 ngwjdEol® A W pharmacokinetics 2% &
Hatod e FE7l 5 B Aol @35 Qlth Gas chromatography/mass spectrometryS
o] &3t EAHPHL o] 7lx] B ZoME E&9 resolving powerst & UEE ZHAI QU
volatile 3HgHEHTIo] ofel A AgolNe FE BA Fo B AHEHIL itk 53] mass
selective detectoroll 4] selective ion monitoring (SIM) ©]-&3 ¥4 W2 £ 3FE A7} volatile
8}e]o}a} il ionizationo] & Hojolgitie AdHdo] Slv)e AT & B4 &9 Hold selectivity
2 Q8 AA AR WA vlFAE BNd {85 o]8H1 gtk £ dFeHE HPLCENE ¥

F240] Br5 Y tizanidined GO/MSD 3¢ o148 BHYE AT H2A SRk

[¢]

-~

re

Ly

2 43 ¥4
A NE AHY 3 FEAS

Human plasma 1 ml& 1.0M sodium carbonate &322 pHE 1052 ZF&% . 7] o] 2 mle
ethylaetate® H7}3ta vortex} 3 & AX ¥ 7158 gk FIF AL 23] WEA] #771T

< pooldt T-& magnesium sulfateE 2o] 52 A A3}l nitrogen 7}& dol M AZAF T A3

(Z

S MSTFA (20 ul)& driesd residued] H7}gta 70Tl A 2417 ¥HEA1A W& 2R on, 1
% 2 ulE GC/MS systemof] ¢33t}

B. Gas-chromatography-mass spectrometry

Hewlett-Packard Model 5890 series Il gas chromatography$} HP5972 mass spectrometerE ©]-8-5}%
th. A& 2 ul¥ Ultra-1 capillary column (17 m x 020 mm id, 0.33 um film thickness)l} 10:1 split
mode2 FY8HQYO ™ injector port L5 2800CE FX|8tQth Oven temperature 2100Col| A 13t
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I B9 30CTlr 2300C7HA] Z7 A 1300, o]Fdle B3 150CH 3000C7 A £71A)ZH T Transfer
line?] &= 2900CE fA)8}Htt. Tizanidine®} internal standard2] SIM monitoring2 150 ms dwell
timeo| A} m/z 397, 362, Z12]1 214 (tizanidine)18]31 m/z 367, 332, 184 (internal standard)E €3}
& monitoring 3t}

3. 2% 3 x%

Tizanidine2 cyclic guanidien moietyo] 27§¢] active hydrogens 7}X|3 Slt}. o]H§h active
hydrogen®} tautomerizationol] 93} chromatographic separationo] £ $43l resolution 3 Wtch
me}A chromatographic 42& 7§87 918t tizanidines #FEAStel ¢Asteh= AEE AT
MTBSTFAS}Y] ¥H-3-2 tert-butyldimethylsilyl group7} tizanidine®] 7% W\F #AA ub-go] 4H3| Zd)
92 Fs}ior, BSTFASY] whg-& whgAzte] #AIgle] mono-TMSS} di-TMS =47} ERHo| A
Aslo] el AHEaT)el A Gurt. olof ukste] MSTFAS] 7ol 70TCAA 2412 whg &
Hhgol fxs] AP or WEAER di-TMS KA A4E o] chromatographyol A @Y peak®
Ueht Aol Abgst7le] Adstgnt 7] ¥ 2A0A 2709 TMSE imidazole ring] =UHE A
©% mass spectroscopy9t NMRE o]&ate] #elslgdey. fTAg w3 3 internal standard$
N-acetyltizanidine©] tizanidine® 2 3= ¥hg-& Uojibx] golt). Tizanidine¥} N-acetyl tiznidine
o] TMS #%=4 mass spectrume Figure 2¢] UYEMQITE 2E spectradld TMS fFEAE [M],
[M-15]", [M-35]" 283 [M-184]°¢] E4 A9 fragment patternS B3Itk E4e] background 17
8t} tizanideneE m/z 397,362, 18]1 214E YR EFEZQ N-acetylizanidine> m/z 367, 332, 1&]
31 184 iong A=3}9 monitoringdlgth. F 543 T AAHFE di-TMS= 1H-NMR¥} 13CG-NMR Z3%
+ table 1¢] Yelor, 344367 ppme multiplelet (IH-NMR)2 2709 imidazole®] methylene
group2.2 assign® 3t 13C-NMRAA 0.09 ppme 27§e] TMS groupo]i, 4658 ppm imidazole
group®] C4'5 2.2 assign 3t4t}. o3 A di-TMS tizanidine®] TZ% aminotautomer 4] o}
d imino tautomer 3¢ FZE Z=Ue AL AARE TMS:e imidazole ring®] 278 nitrogen
protection 3}] AFA O 2 tasutomerizationS At FZRE olF3 A7Itn 4 ok Ao g
FH tizinidineg F&317] 93ty g8 744 F7180E AMEstd Roter, A7|RA ethylacetate
2 %A tizinidined) x| Fuglel & 5 (B%)E BAFAT wEH B AFdMe
ethyleacetate 2. F&3h= WS AHESIATE £ BAPIY Y] A943 Sol4de 449 A2 & human
plasmag o] &3] vjnEMFo 2N &A1Y} drug-free plasmadAE tizinidine®} WHEFER ¥
2ol oju g B sax BAFA gk
£ RS o183 05 ng/ml SEOIMH 100 ng/ml FEAN EF AFTAE 4a w3k
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om AASF 0999 48 AXNAE HojF]on, Intra-day variationd} inter-day variation- table

N

of Yehlilch. RSD= 15004 69%Atel2, 28]lu FBeE 992%0)4 1103%2 B WS o] &3}y

io O

Y tizanidines BA3l7]olE FelFole} Al HTh

4 /N\S 1 /N\S /N\ /N\
16 3\N/ \N/ = /S ./ s
a 2 L msTFA O N a N
HN 10 e N _ T™S

;V%N 12 N\—-NH N\\T/N/ ™S N%N
HN\) 15 HNJ \} \)
7 ™S ™s~
) @) 3 “@)

Amino tautomer Imino tautomer

(B) N-acetyltizanidine
/N\S /N\S
(o] o} a
MSTFA
PR _ MSTRA | TMS
HN N

0 (5 o ©® o (7

Figure 1. Structures of (A) tizanidine and 12,15-di-TMS-tizanidine and (B) N-acetyltizanidine and its
TMS derivatives.

Table 1T 1H-NMR and 13C-NMR data of 4i-TMS-tizanidine

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

4 120.73
5 155.62
6 752 (d, ] = 9.16 Hz, 1H) 133.38
7 7.26 (d, ] = 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
1N-5i(CH3)3 0.003 (s, 18H) 0.09

3N-5i(CH3)3
Solent: CDCI3; s=singlet, d=doublet, m=multiplet
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Abundance

240
5000 A A N
4500 4 I S 214 MCIf
000 a N 362
™S
3500 4 S w/N
3000 4 N\)
™S~
2500 4
Mf
20009 397
1500 4
] is
1000 93 819
500
04
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 M2
Abundance 240
N M-CIJ*
3400y B TN 332
s
Sl
3000 43 73 q N
TMS
2600 LN 184
i184 \7/
2200
H;C. NQ
1800 T
o 142 M-
1400 156 200 367
1000
[M-CH,}
600 152
200
0 .
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 MZ
Figure 2.  Scan spectra of (A) 12,15-di-TMS-tizanidine and (B) 12-TMS-15-acetyltizanidine.
Abundance
59 A
70
65
p | |
55
T T T 1 T T T T 1 T T T T T LA
550 6.00 6.50 7.00 750 8.00 8.50 9.00 9.50 10.00 1050  Time (min)
Abundance
1304 B IS
160
140 N
120 Tizanidine
100
80
60
T T T T T LS T T T T T 1
550 6.00 650 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 Time (min)

Figure 3. 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 0.20 mm 1D,

025 m film thickness) column system. The oven temperature was held at 210C for 1 min and

programmed to 230C at a rate of 3°C/min, then to 300°C at a rate of 15T /min.
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L5 1 y=0.1314x+0.0119
R2=0.9999

o 1OFf
=
o
S
%]
S
< ost

0 1 i i 1 ]

0 2 4 6 8 10

Concentration (ng/ml)

Figure 4. Calibration curve for GC-SIM-MS quantitation of tizanidine in human plasma. Each

standard was prepared in triplicate and injected.

Table 2 Intra-day and inter-day coefficient of variation and accuracy for determination of

tizanidine in human plasma (n = 5)

Intra-day Inter-day

Theoretical

concentratio Concentration Concentration

n {ng/ml) found o found o o
% RSD  Accuracy (% % RSD  Accuracy (%

(ng/ml) Y ) (ng/mi) y (%)

0.5 0.552+0.03 5.1 110.5 0.551+0.02 3.7 110.3

2.0 1.984+0.14 6.9 99.2 2.126+0.03 1.5 106.3

10.0 10.012+0.28 28 100.1 10.309+0.19 1.9 103.1
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A 14 P450 #E 2 inhibition 9+

L AE

Cytochrome P450 &4 7F, A%, B4, $3474 5 ZHL 3719 A o] AZWY vl
gEgoldl EAale) R SBE A%, tijalL Tel2AE 0 2Hzols 52Ed 4T B
gt 53] P50 KAt tETile 2349 @S d) A YT FUNE HEY o BUAE
7} cytochrome P450 6] <3} AVETHD LelA sich mebd okEel 1A W oAb R Rkl
AN dojue 4E AE7 LS 1HEl7] M in vitro enzyme kinetics A9} o]® P450 EA
7b tiAell BejeRE $Ase Aol Badtiy & 4 itk Human P450] 93 okEo) tja} g7
o} AR P450 isozymeS characterizationd}”] $lsted e theke] P450 proteine] B o3} 13yt
human Z#¢] FEo] do|gt FAZ E FHA oM bacteriao] human P450 geneS LHA|HA
recombinant proteing o] Ao o]&3l12} 3ty £ human P450s geneo] cloning® o9l
pCW vectorS Qo] E. coliolA] expressionA]Z 0™ columng o]&&te] A3ttt Human P450%
CYP1A2, CYP2C9, CYP3A4, CYP2D6, 18] CYP2E1S expressionA| %29, cell membraned sodium
cholateg ©]83} solublizationd}11 ©]E DEAE sepharose columno|A flow recovery fractiong
CM sepharose fast flow column, hydroxyapatite column-& ©]-83}9 Z}Z} isozymeZ ¢F 100-200 nmol
A st} o]8A YA H P450EAE phospholipid®} reconstitutionste] thAA|Bol ALg-85iT.

9o}k o] P450E A F 2d FEEZ flavonoidE o|-§8to] P450 inhibition ¥ Lor 3w,
Zt 71% 7WdAQ DDBY thAtel g CYP3A4 ##AS 33l

2 23 As 9y
7}. Human cytochrome P4502 ¥ &3} plasmid9] E.colioj ] 28

Human P450 isozyme ¢ cDNAE X g3sh= pCW vector(pCW/1A1.pCW/1A2, pCW/2E],
pCW/3A4, pCW/2C9, pCW 2D6)= Dr. Dongo. 2 E Atk o] vectorg E. coli DH5a competant
cello} transformationA |7t} #2 H#E Ecoli cell® LB/amp agar platec]r] Xeizoz a3l
colonyE #3dl LB/amp mediad| subculture (37°C shaking incubator, overnight culture) 3}t
Subcultrue® media® 110022 modified TB media (Table 1)o 348l 1mM IPTGE FAl9) X3t
o] 30C , shaking incubatoro| A <} 30417+ w3t SiTh

U}, Membrane fraction §+57)

wioke wjoFd g 3le3lo] 4T 5000 xgol A 1087 94 Balabe] cell peliet 3 g} Cell pellet
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9 ZAZ =459 cell pellet 1g7 15 ml 9] 500 mM sucroses} 0.5 mM EDTAE X§3le 01 mM
Tris-acetate buffer (pH 74)Z #7138} resuspend 17Tk Lysozyme2 cell g 300 uge] S =& H7tst
of HHS FE FHEA HAFUR olFA cells TFe= FHAS vig] FHIElE 4T distilled
waterZ H7lste] Fgo) dhol A At Fed] FUAEE do 308 IR ET 4904
10.000 xg2 FA Y3t A& spheroplastE 6 mM magnesium acetate, 20% glycerol, 0.1 mM DTT7}
E3Hg 100 mM potassium phosphate buffer(pH 7.6)o] A resuspendd ¥ -70CoA R#3}ct FHE
spheroplastd]] protease inhibitorq] 1 mM PMSF, 2 uM Leupeptin, 0.04U/ml aprotinin, 1 uM bestatin
S 71k A fA5EA sonication & F 4ToA 10.000 xgQ 2023t ARt d2 AT
Bg 4CoA 100000 xgolX 9087 ZYAHe|5te] membrane fractiong Ao} 250 mM sucroses}
025 mM EDTA7} 3% 50 mM Tris-acetate (pH 7.6)o14 homogenizationd ¥ AFFS EF3l

70T A RSk

T}. P450 Assay

=39 recombinant P4509] membrane fractiont]¢] P450 enzyme& Omuro$} Satod] WHOZ F
A3lgch. 1 mM EDTA, 20% glycerol, 0.5% sodium cholate, 0.4% Emulgen 913& #7}3}l= 100 mM
potassium phosphate buffer (pH 74)o] 5 mM a-naphtoflavone$ LF 6 ml& H7lste] T P450
assay buffer o] &} P450 assay buffers] membrane fractiond 3082 343k & UV 400014 500
Abololl Al scanningd}e] baseline® =t} o}7]o] sodium dithionateZ ZF& 7} ZH3 e T
THA] scanning@Ht} (Figure 1). 4509)49) & peaks} 4900141 2] W2 peakE o) &8 Aarste] P450 %
< 3490
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Table 1. Chemical composition of modified TB media

Components Composition Volume
24¢ yeast extract
12g bactotryptone
B per 1L
2g bactopeptone
4ml glycerol
100mg/L Ampicilline 100mg/ml 1ml
1mM Tahiamine ™M 1ml
23.1g KH2PO4
Potassium phosphate 125.4g K2HPO4 100mi
per 1L
0.5mM &-ALA
0.5M 1ml
(ammonium levulunic acid)
50 uM Fe(ls; . 6H,O 02M 0.25ml
1mM MgCl,. 6H;O ™M 1ml
2.5mM (NHy):50; 25M 1ml
2.7g Fe(l3. 6H,O
0.2g ZnCl,.4H0
0.2g CoCl,.6H0
0.2g Nao,MoO4 . 2H,O
Trace element 0.25ml
0.1g CaCl,.2H0O
01g CuClh,
0.05¢ H3BO3

10ml coc.HCI/100ml DW
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Figure 1. Difference spectrum of Cytochrome P450 expressed in E. coli

2} PA50-8 ©]--3} enzyme assay

e

217+9] isozyme©] ¥ ¥ membrane fractiong )83l AHPE 3%, flavonoid compound 137}
AE o]&3 g4 489S d9d EF 1 uM9 flavonoidE Z+z+e] 7]1A& H71817] A preincubation

timeol] 7} ch

(1) Testosterone 6 hydroxylation assay

50 pmole P450 membrane fraction, 10 mM glucose 6-phosphate, 0.65 mM f-NADP', 1U/ml
glucose 6-phosphate dehydrogenase, 0.3 mM testosterone-2 100 mM potassium phosphate buffer (pH
74y H7tsle] e whgol (0.5 mi)S 37T shaking water bathoA] 3087 wh-&-Azth CHCL Iml&
A7bete] WS FAAFL, whgo] AN whed e ALEAT F 08 miE Hejo| ALTIAE olf
3l Jddl & methanol 100uld] SoAM 10 ulE FHdd HPLCE HAME9ct 60% methanolE 1
ml/min®] 408 ETHFHA 254 mMo|A peakE ZHZE35th Columnd YMC pack C18 (4.6 x 150
mM, 5um)& ARS8l Th. A E hydroxy testosterone peak area® ZHAJ3F calibration curveZHH
At
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(2) Dextromethorphan O-Demethylation (CYP2D6)

20 pmole P450 membrane fraction, 10 mM glucose 6-phosphate, 0.65 mM B-NADP', 1U/ml
glucose 6-phosphate dehydrogenase, 250 mM destromethorphang 100 mM potassium phosphate
buffer (pH 74)o] #H7}sted whE ¥kl (0.2 ml)& 37T shaking water bathol|A] 3027t ¥HS-AIZTH
50 ul acetonitrilel2 H7bete] B2 HAAAL, ¥Ho] AAH WHEAS AT F 200 ulE F
3l 20 ulE FH3ste HPLCE A3yt

20% acetonitrile® ¥¥3h= 10 mM NH4H2PO4E 1 ml/min®} §40 8 EHFHA] exitration 290

tlo

nm, emmision 320 nmojA FF =H3}Gt). Columne shiseido capcellpak C18 (45 x 250 mm,
Sum)& AHE&3FStE A E dextrophan peak area® 2438t calibration curveZ 58 A #stct

(3) Diclofenac 4-hydroxylation (CYP2C9)

50 pmole P450 membrane fraction, 10 mM glucose 6-phosphate, 0.65 mM B-NADP', 1U/ml
glucose 6-phosphate dehydrogenas, 0.3 mM testosteroneg 100 mM Tri-HCl (pH 7.4)o #7}std b
B (0.5 ml)-S 37T shaking water batho] X 1A]7F ¥k8- A7t} 50ul] 6% glacial acetic acidE X3
&} acetonitrileS H7}ste ¥H-S ARAZ T, wHgo] AAH wHeAS 3027 vortexingdt k. YA
283 ¥ 30 ulg sl HPLCE EA319th Columng shiseido capcellpak C18 (45 x 250 mm,
S5um)E A-g-5t3th. A4 ¥ hydroxy diclofenace peak areaZ 2HAJ 3 calibration curveZFE A &#3}%
o E40] o] &H o]F Y 24T ARY 2AL teH Erh

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

(4) Ethoxyresorufin O-deethylation (CYP1A)
50 pmole P450 membrane fraction, 10 mM glucose 6-phosphate, 0.65 mM B-NADP’, 1U/ml
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thoxyresorufin, 1 mg/ml BSAE 100 mM potassium
22w

20z

tlo
2

(0.5 ml)& 37°C shaking water batholjA] 1587t
Wl A9 g

glucose 6-phosphate dehydrogenase, 2
/ [E]
£3ted  excitation 550 nm,

phosphate buffer (pH 74)o) 718l 7hE whgod
SA)ZTh 2 mle] HPLC grade methanolS #7}ste] whe-& HAXNH
3 vortexingslGitt. AR $ 2 miE FHetd FF SHAE o8
emmision 585 nmdlA FFEE =Rt PAE resorufing 2t HAJTE ok =3
calibration curveZ o]&3 #akagich
I EAd

JY metabolic capacity©l 4
]

5. 4% 2% ¥ 23
7}. Recombinant Human Cytochrome P450 &
B2 AEEAQ 71£9 WA 02 human liver P450 T A3} §ARE &
o1 £3] recombinant DNA techniqued] 23] XH.go
Ho2H in vitro FE WAL A7 BS
171 $13kd P50 familys) hEAS)
7tk

e JHE GA H
G A4E Z+E human P450 enzyme?] T A 27} 715314
golA =AUk
B ATIAE 32 Ui 47E A9 5 AT e $hs
isozymeQl CYP1A1, CYP1A2, CYP3A4, CYP2D6, CYP2CY, CYP2E1S AEi3te E. colid] A ZHAH T
1ol bt e e whgo g AT o] WHOE P& recombinant PAS0FS 7 7
1L 2 884 nmol, 675 nmol. 2584 nmol, 68.1 nmol, 46.6 nmol, 51 nmoleo]Sitt. P4509] &L
CYP3A47} 718 @do] # S P4508] HHAAM LTI T2 712 P450 enzymed] N-terminal sequence
AE 1w +=d o] N-terminal #80] cell membraneo] binding H= A #A7} 7]
o]Eo| P450 isozyme

o ggoz =
HEFoZ ALRHL
1}. FlavonoidE ©]-&3} P450 thA} inhibition ¢33k
500A18)2 9] FEL2 Zt7he] F27} T 137149 flavonoid2 FAE S Yl
589 nAE 4TS 48R Y3 g 22 AFS FYsAT .
dS 3lAth 222 200 uM stock

o) A

%
FH13 137}A] 9] flavonoid compoundsE ©]£-8}9] inhibition 2
ol A 1% o)3}e] DMSOE ol &35tk thAL A
9 Y3 w .

(1) CYP3A4e] thg F%
THlgh
© 2 DMSOo| o} Eujdlz, tiAt 48L& uhgadel %)
she whsol 3 714E 718y A Y3 vigl 587k incubationd}
: FFEdolth i dA APe £33 A

inhibitor= €3l ¥
Q

A8 A HrbH
t}. Testosterone& CYP3A49] Eo|# Q] tialE #Q3le
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A& HE 500929 500978 1 uM AMJstS o o 17HA Hls) a4zl oA 482 #2e +
AT
(2) CYP2C9 A} oA A3

Diclofenacg 7132 stE At A8L 5935140k 1 uMe] 500seriesE Hz)ste} BF wrg-olo) o
AFE 100%2 3t9S we) AtiA % S T8l 94 FEE AW A8 W3 500927} 79%0]/d¢]
JAE Toz 7P AFHAQ Reg vehdth
(3) 500series®] CYP1A1 thA} AA|

Ethoxyresorufind demethylation?}7]& ¥h$02 CYP1A14] tjAl 58 By, 500AE2E 1 uM
st AstEe dAleE BET A figure 4914 YeR vhe} Zo] AR W3 501730] 30%°]%4<]
A4 EHE et
(4) CYP2D6 o thgh oA &}

Dextromethorphano] CYP2D6o] ¢]&) dextrophan® 2 tiAlsl: thalsS Adugich 243 A3
501747} S4%AEY) A a2 Bt 5004829 AFES ojfd) AZF FHY P50 A9 WS
71RAe g AWEGT, o]E0] A7 isozymed] PIAE AA| FEFE AW AT 501739 7 CYP1AL
o, 501729} 73$- CYP2C95} CYP2D6ol, CYP3A49) 73$- 500929k 5009¢) 2l&f 743 73sA thaph o
A"S ¢ F AUk

t}. Human microsome3} expressed enzyme2 ©]-83 CYP3A4 JA| 7|A 74

Cytochrome P450 &4-9] A= & & Fo B Al &S niA1 FFHoEE HE
o &9 pharmacokineticsE WHEAIA &9 BALS f{idyg. 53 CYPIA4E AUz KAHE
FE 9 50%01’4-& thAtehs major PAS0EAEA oFES CYP3A4 BAHAE #Bsle Aol FEHE
48 olsfshe BRGNS FHT. B ATAAE CPIALY Gajo) sl E3 CYPAE
deidog Ase DDBY oA 71Ad] digt A& 33tk DDBE NADPH &4 3ol
human microsome3} ¥ & WEAES 1/202 34  G4Y0F AHEElY CYP3A4 49

4

testosterone 6b-hydroxylation 42 #3473 Z3} Fig 6. o] Xa Fuls} o] DDBY HHS AJZte|
gt 845 AT o= DDB7} CYP3A4E HIZt9A oz E843 A7tde e AAKRI & 4
Ao 78 DDB2) thAl= methylenedioxy moiety?] demethylenationo] 8 thA}l ZZ2o]n we}
A carbene intermediate7} BAE L ¢ 4 ¢tk carbene intermeadiate™ P4502] hemed} ©hd) A%
ok quasi irreversible complex® HA3ith= AMAE o Alge] 9ty RIE o] ity DDBe <]t
CYP3A4E4 A7} vl 719AIL F9H35t7] 918+ microsomes}t DDBE uHE % 18417 <t dialysis
£ 3o dolgl= DDBE ¢#3] AAZ ¥ testosterone 6b-hydroxylation 444 43t Rglth
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Table oA HojZ wiel o] CYP3A4 BAL dialysis T YRvto] 3| EHE A Z v]Fo] DDBO|
g3 G494 NG EAE &5 U P4503 troleandomycin®} 22 quasi-irreversible complex
2 A8k J3FELS AYshd WA= Ml complexs] UV spectrum’d2] o) F3%7} 456 nmol A
Uele o] o]gate] MI complex3 4 4< =43ttt DDBE NADPH &4 3jolA #8319 Fig

7914 Heute} o] 456 nmol A Ho) F3EE U UV spectrums HejFi1 §low], NADPH7}
sle Ade ol#d spectrumg BAFA Yokt oleid Avke DDB7E tiAHACN AAHE
carbene intermediate”} heme3} Z%3}od complex® dA4d-S AAFETE Complex 84 Ak DDBE
2] Al rate] 7<% total P450%F 32%, 18]3 humane] 7> 126% 7} complexE 348 At} (Table
4). Ml complexZ 343che AHE 4% 98 & o2 Wyog DDBE AH2d & P50 ¢& 4

#5ldct. DDBE NADPH ZA slolA xhe A P4S0FS AR oEAoz F4e HoFUT:
NADPHY} DDBgt Wo} uhg Aol P450 %o ZAE 7HAA ootk oj2igt Zske DDB7}
CYP3A49) 9Jaf HALE|HA B HE intermediate”} P50} complexE #Aste] vl 79 H 02 45
A5t DDBS} ¥4 Foge I4E F CYP3Ade] o3l tialse oFEe Jsago] dojd + 3
&2 AARITE

>

2

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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Figure 5. Inhibition of CYP2D6 activity by natural flavonoids.
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Figure 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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Figure 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 T 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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Figure 8. Time-dependent loss of P450 content in human liver microsomes. Human liver microsomes
(Img protein/ml) were incubated in duplicate at 37C. At the designated time points, the P450
concentrations were measured by reduced CO-difference P450 spectra. @, microsome control; v, 25

mM DDB; O, 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 053, 047, and 052

nmol/min/mg of protein, respectiveiy. each value represents the mean + S.D. of threedetermination.

DDB % of Control Activity Remaining
+NADPH +NADPH +NADPH
uM -Dialysis -Dialysis -Dialysis
0 100 100 100
0.25 67.6+8.7 90.1+9.0 94.2+3.9
0.5 472483 83.0+6.9 101.0+14.1
1 40.9+5.0 61.2+8.0 89.3+6.0
5 14.8+1.0 23.4+1.6 87.3£10.5

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

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

AAuse490/ Mg protein Complexed” P450 Complexed
DDB

Rat Human Rat Human Rat Human
uM nmol/mg %
20 0.0027+0.0003 —b 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 0.0773x0.0207  32.8+3.9 12.641.7

® Calculation base on an extinction coefficient of 75 mM cm” for AAgssus0

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
M 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 cm™ for AAuseas,
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A 2 A Human CYP isozyme®] A A 7} whye] 7k 2 &8

1 AE
Isozyme selective 7]2& o]-83}%d human CYP isozyme (CYP1A2, CYP2A6, CYP2C8, CYP2C9,
CYP3A4 22)7 CYPDOES) oA £A Hrhdee Adaiand stk 8 A28 e 428
PDE 5 AsiAZ d4) A dA) = SK3530 okEo) #HE-3he] SK35309] microsomed] ] &<
GALS M A 22T TS s P50 systeme] ANIEE Lol iz} ok

2 433

(1) 438 A=

Enzyme source (rat liver microsome, 1 mg/ml of protein), P450 isozyme substrate (phenacetin (1A2),
coumarin (2A6), paclitaxel (2C8), diclofenac (2C9), dextromethorphan (2D6), midazolam (3A4)), NGS

(NADP, glucose-6-phosphate, glucose-6-phosphate dehydrogenase)

2 87171 2 34

HPLC : Shimadzu HPLC systems LC-10A series (Kyoto, Japan)

MS spectrometer : Applied Biosystems MDS SCIEX, API 2000 triple-quadrupole mass spectrometry
(Concord, Canada)

Column : CAPCELL PAK C8 (20 mm ID. x 35 mm, 5 pm, Shiseido, Tokyo, Japan)

Q) EE8Y 9 AEZA

100 mM potasium phosphate buffers} rat liver microsome (1 mg/ml), 18] substrate mixture (Table
1) £ &gste] 37CHM 5237 prewarmdlth. NGS (G6P, 1 ml; NADP, 05 ml; and G6P
dehydrogenase, 2.25 pl) 30 plg #H7}3te] ¥hg-S A|Fgic} 30 minzt 37°C shaking water bathoj 4]

incubationdtc},
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Table 1. CYP isozyme specific substrates and their concentrations used in the inhibition experiments.

Precursor and product ions used for monitoring the metabolites generated by CYP isozymes.

Substrate Metabolite
P450 isozyme final conc. selected ion

substrate metabolite

(M) (m/z)

CYP1A2 Phenacetin 40 Acetamidophenol 152/110
CYP2A6 Coumarin 25 7-hydroxycoumarin 163/107
CYP2C8 Paclitaxel 10 6a-hydroxypaclitaxel 870/286
aYr209 Diclofenac 10 4'-hydroxydiclofenac 312/230
QYP2D6 Dextromethorphan 5 dextrorphan 258/157
CYP3A4 Midazolam 25 1’-hydroxymidazolam = 342/324

(4) Mge) 2Ae

37T shaking water batho) A 30 minzt incubation 8t ¥, 0.1% acetic acid 400 ulZ Yo ¥H&-& A A
21711, internal standard (16 pM terfenadine)Z 5 ¥ 718t} 96-well type OASIS HLB extraction
cartridge©. 2 F3jX e Zo] FEst¢h

OASIS cartridgeE 1 ml ¢ methanolZ preconditionA]7]3, 1 ml9] 0.1% acetic acidZ equilibrationd}
. A8 & loadd}il, 3 mle] 0.1% acetic acid2 washingdt %, 1 ml2] methanolZ elutiongtt}. Elution
H A|EE nitrogen gasd}o A evaporation 8}a, HZ2A 0 40 gl reconstitution buffer (%0% ACN in
10 mM ammonium formate (pH 4.0)/ 10 mM ammonium formate (pH 4.0), 15/85)Z % 1 F 10
WE HPLCH FYstath

G) BA7171 210 2 Ng ¥4
AAYE A EE L9 LCMS/MS 2N X5tk
HPLC system2 ©]5422 10 mM ammonium formate (pH 4.0) (buffer A)9} 90% ACN in 10 mM
ammonium formate (pH 4.0) (buffer B)S Table 2.3} Z& gradient program®.2 AME3HT &4-&
025 mL/min®.2 A3
Peak 7&& triple-quadrupole mass spectrometryE ©]-83le] MS/MS MRM (multiple reaction
monitoring) ¥ © 2 7HZ&3}31, ionization turbo ion sprayE ©|4-3t electrospray ionization (ESI)S
&, nebulizing gas9} turbo gas, Z18] T curtain gast nitrogen gasE AME-3Io™, Z+7t 40, 80, 1)
40 (Yo s HA3IATh Nebulizerd 25+ 450C2 AAsc
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MRM modeE ©]-8-8 metabolites 2 internal standard®] H&& 4 (YD) collision gas (nitrogen
gas)¢} 50 msec dwell timeo 2 EAEGow, zHzto] selated iond Table #.3 200, internal
standard (terfenadine)2 protonated molecular ion& m/z 472019, AAE product iond mfz 436S

monitoring &} T}

Table 2. LC gradient program

Time (min) %B
0 5
3.0 90
4.0 90
4.01 5

6.0 stop

(6) ¥H2AY AZ

Ztz}o] P450 isozymedl| TH3} specific chemical inhibitorZ ©]&38}4] isozymeg A3 °]E 53
metabolite?] A4 A3 AxE Lolrgith CYPIA2Y AsjAlE furafylline (10 uM), CYP2C99] A 3]
T sulfaphenazole (100 pM), CYP2D62] A3Al= quinidine (50 pM), 18] CYP3A4e] A& A==

ketoconazole (5 pM)2 *gdte] EA 219 HES APt

3. 434+ 4 »nF

CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP3A4 8]3 CYP2D6o| 333l 7+ selective substrate?
cocktail incubation®} THAAES) FA) B4 WS LCMS/MSE o &35t &a}sich. Figure 12 7%
o) CYP isoymeSe] B4E 7] Askd A $4Y MRM chromatogramE ¢ 2o £0h A2
T2 isozymeo] thet ZHm 2+ B4 Al FoA e Zol7t flem selective inhibitor 2] Al 1
QYP Zarho] AAES &2 sk
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W XICof +MRM {8 pairs): 311.7/230.1 amu from Sample 2 (Control) of PrenylP450.wif (Turbo

Max 9855.0cp I XIC of +MRM (8 pairs) 472 3/436 3 amu from Sample 2 (Control} of PrenyiP450.wiff (Turbo

Max. 78605 6ps.

%855 290 7860 321
%00 . 7500 .
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Figure 1. MRM chromatograms for the simultaneous determination of 7 CYP isozyme activities
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SK35302] CYP450 system X/3f

SK35302 01, 03, 1, 3, 10, 712)T 30 pMe] 552 Held & 6719 isozyme BAES ZAst] thz
79 ¥4 vwE inhibition potential 7E3sIYTE Table 40 Yehd wupe} o]  SK35302
CYP3A4, CYP2C9, 12|31 CYP2D69] 84S AAlshs 2o BEEAoY 1 dAREE Hu F&4
30 pMofl A 32.19)4 6032 potential & Rkl & 4= gleh 1 ¥re] tE CYP isozyme ZAd % £ol
A AAEH7} gk AE W 5 gl 1Gorh 10 pM oY AfolE CYP &4 A2 A oF

AT ZAE 7bsAe mj$ vou g 9o, melr] SK3530& metabolic interactiong #9E 7}
e

Table 3. Effects of CYP isozyme selective inhibitors on the activities of CYP marker activities in

pooled human liver microsomes.

Activities of CYP isozyme (% of control)

Inhibitor (uM) CYP1A2 CYP2A6 CYP3A4 CYP2C8 CYP2C9 CYP2D6

Furafylline 164 794 114.0 122.8 87.6 86.6
Ketoconazole  68.8 844 35 320 34.0 80.3
Quinidine 80.7 494 71.6 711 823 0.6
Sulfaphenazole 77.1 754 86.3 105.7 2.9 86.4

Each data represents mean of duplicate experiments

Table 4. Effects of the SK3530 on CYP isozyme specific marker activities in pooled human liver

IMICTOSOmeSs.

Activities of CYP isozyme (% of control)
SK3530 (uM) CYP1A2 CYP2A6 CYP3A4 CYP2G8 CYP2C9  CYP2D6

01 9.2 86.7 1014 101.7 93.1 9.3
03 104.6 105.1 97.8 88.4 107.8 96.7
1.0 106.9 110.0 98.3 104.0 90.2 103.9
3.0 106.2 106.7 88.9 83.8 116.3 111.0
10 85.5 79.8 48.9 97.9 69.2 833
30 91.6 924 39.7 918 52.0 67.9

Each data presents mean of duplicate experiments.
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Al 3 4 Pyronaridine thAtel] #edsh= P450 isozyme 717

L A&

Pyronaridine 1970dt] %¢) Zheng T <3l A" watgol g A|elth. Pyronaridined
chloroquine X t} £44o] &o1 chloroquine-sensitive$} resistant parasiteZo] thald =& A4S HQ
t}. E3 haemoglobin degradationo] %2 v)x|n} At artesunates} W3 YFAZHo] AP F o
t}. Pyronaridined] in vitro ¥ in vivo tAP} B A& Ao ojn] 79 HAY (Figure 1). ¥ A4
& 987 pyronaridine?] thAbe] st cytochrome P450 isozymeS #B3t3A} sth. thAlel #
o3h= P450 isozymed] TFHS $13}e] specific P450 ¢DNA-transfected human B lymphoblastoid cell

microsome®}2] incubation, chemical inhibition 2] immunoinhibitiono] 43} ¥ {th.

o emiras M;rd

[17] HLM RLM, HLM
,.:*::: N .m:':im N R V é mﬂw
@ﬁf} @ﬁé Oﬁ s sonilSes o

\ oR o
1 ) o e <fﬁf§w
feces, urine feces, urine RLM, HLM G Loy
N !
N
RLM RLM
feces, urine

Glucuronide

oﬁm o”@ﬂo G“é:m cpopiilcacay) -
TN e b e
Glucuronide ™o )_, n oo

RLM, HLM HILM
{Feces, urine)

Figure 1. Postulated metabolic pathways of pyronaridine. RLM: rat liver microsomes, HLM: human

liver microsomes

2. 333
P450 isoform 2] Incubation
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Specific P450 cDNA-transfected human B lymphoblastoid cell microsome®. 2+ 1A2, 2D6, 2C9 1
23 3A4 7} AHE-E 128 NADPH-generating system &}o] A incubationd}x £45%]t}.

Chemical inhibition

Chemical inhibitiong 93} AL&-® chemical inhibitorE& ketoconazole (3A4), furafylline (1A2),
Sulfaphenazole (2C9), quinidine (2D6) 2831 EDTC (2E1)0] AME-H %12 H inhibitord] =2+ 1 - 100
uMo| AR&-E ]tk

Immunoinhibition
Immunoinhibitiong $&}9 anti 3A4, 1A2 2|3 209 IgGrt A& %™ NADPH-generating

system 3} A incubationdtal HA %tk

3. 434x

Expressed isozymeE3¢] incubationA] M3+ 1A2, 2C9, 2D6 18]l 3A4 50N AEHJY 18
U OE gAAES 9] A4 M AEEJT (Figure 2). 53] pyronaridine?] thAlo A= M1, M3,
MI0 2|3 Mile] o B¢ tAHER dolzke A2 F28 AR oo mebx B A7
AXNE o] 4l thatAe] BAEE isozymeS 13T} Purified isozymeE3}9] incubationd ©] 4
e F2 gAAEY FA 3A471 Bofdle A0 wEFon M39 At o2 a4E0] #odg
T A0Z Bo Aok

Purified isozyme}¢] incubation®. 2 2 2 ZA#E chemical inhibitions F38e] thA] b &<
3} c}. chemical inhibitiond)] th3l ZA#}E Table 19| veERNith Ketoconazoleo] 93 3A42] ajA]
53] 10 M9 =2 A3 Al pyronaridined WAMHES A9 FAA XA 8 tAAE Ml
M3, MI0 7193 Mile] 44l AHHER T BAS BAAIS 94 440l dASE RS B3 @
T AT 3 W) 54 A (1A2, 209, 2D6 121 2E1)e] ofstd= 1 FEAAMT e A4 o
A %) ¥ 4 YUTE BeHA T AT pyronaridines] F8 WAAE 4 M1, MI0 123 M1
9] FAo) 3A47} #FL B Q). Chemical inhibitione] ZPME vlA7IA2 M3 54 49 A
ol st FolH WA AA AHE BolA o3tk

Immunoinhibition A&e] ¢ste] M1, M3, M10 281 Mi19] B F4AE FA3Q} (Figure 3).
Pyronaridine tjA}2} 9 Z2d] e A M1, M10 283 M11& anti 3A4 antibody?] 7} ¢
s 4ol oA I ol ML MI0 221 MIle) §40] 3AL7} Bidtke AL A o5
o A A= A AAIEY AL AASATE 28y M39] 4ol thete] purified &4
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chemical inhibition Z2#]3 immunoinhibition-& oJ3tx] ¥l multiple 47} FAES

rir

Rt} o] aminoquinoline®] quinoneimine® 2 AZFo] glo] thdd EAEC] B & & Ut

Ag AT

lintens. Pyronaridine lIntens. Pyronaridine
x10¢ s10®
"] CYP1A2 * CYP2D6
1.54 154
3
3
i J/g_\____,‘, | v[\/\
0.0 T N — 0 f)J 7 T T T T
0 5 10 15 20 3 Time [min] 0 5 10 13 20 25 Time [min]
fintens. Pyronaridine

Pyronaridine
x10®

" CYP2C9 | CYP3A4 )

5 Time jmin]

Figure 2. Metabolism of pyronaridine by Specific P450 cDNA-transfected human B lymphoblastoid

cell microsomes (1A2, 2C9, 2D6 and 3A4)
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Table 1. Effect of P450 isoform inhibitors on the metabolism of pyronaridine in human liver

microsomes
Inhibitor Percentage of control activity
Inhibitor concentration
(uM) 1 3 7 10 1 12 18 2 2
Ketoconazole 0 100 100 100 100 100 100 100 100 100
(3A4) 1 134 1018 226 441 136 363 316 0 336
10 0 601 24 135 0 93 0 0 0
Furafylline 0 100 100 100 100 100 100 100 100 100
(1A2) 10 772 671 1039 1089 1056 1072 1452 672 1419
50 766 661 887 966 1045 99 1188 567 1207
Sulfaphenazole 0 100 100 100 100 100 100 100 100 100
(2C9) 10 903 678 1013 1238 1073 1103 1231 641 142
100 82 501 665 1012 784 885 875 207 1022
L 0 100 100 100 100 100 100 100 100 100
Quinidine
(2De) 10 78 692 573 1008 92 953 954 399 954
50 326 573 223 836 545 69 366 152 587
EDTC 0 100 100 100 100 100 100 100 100 100
(2E1) 10 951 686 936 1116 99 1115 1117 658 1229
50 931 55 659 1048 789 941 718 458 938
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604 - TTme—l
- 60 4 ~. ~—
: s 4 ~. v
40 4 o L
e
B Rabbit [gG 2
50 { | —@— RabbitIgG Anti 3A4 -
O Anti 3A4 Anti 1A2 o
—¥- AnilA2 Anti 209
o . - =0 b ; v ; :
o 1 2 3 5 0 0 2 4 6 8 10
mg IgG/mg protein mg lgG/mg protein
o
MI10 || = M11
P S ]
100 — 100 T/._t -——@
80 ) - 804 - e -
o) —~ -
- v Ty
60 o 60 -
40 O 40 4
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) b5
20 4 —@— Rabbit 1gG 3 20 4 E Q) Anti3A4
~Q Anti3A4 ) O —w- AmilA2
—w- AmilA2
0 r T - 0 v T r - ==y
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mg IgG/mg protein mg IgG/mg protein

Figure 3. Effect of anti P450 antibody on the formation of metabolite 1, 3, 10 and 11 in human liver

microsomes
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A 4 A Prenylated flavonoid®] tiA} & P450 &4 A3} 712 7%

L A&

Prenylated flavonoide cytochrome P450 &40l 2}l that=lm &3] prenyl groupo] tAlel] 2
g} o] prenylated flavonoidE-2 Figure 1914 Bz nie}l Zo] prenyl groupo] epoxide®
A3 5 <1743 hydroxyl groupd] 9Jte] FZAuo} five- B six-membered ring®. 2 HEHHE AL
2 484 Stk E A7 A= prenylated flavonoidE 9] in vitro tJAME human liver microsomedi] 4]
et P450 FAe A 71FAE Fustual g9t Prenylated flavonoidel &4 A3 712bol

reversible 914 covalent A0 2 <13} irriversible 71Z912 & FH34

HO

Figure 1. Metabolism and inhibition of prenylated flavonoids

2. APy

Z+ prenylated flavonoidE-2 in vitro tHA}E 95t human liver microsome®} NADPH-generating
system 3ellA incubation H{oW FH Fho BQE $3t9 purified P450 isozymeSFH HA)
incubation S%lch. AAE thAAHE-L ion-trap mass spectrometry®] negative ion modeo] 93t @oj
7l product ion spectrag] 4o olste] FQigiQic)
Prenylated flavonoidE2] P450 inhibitione 2 dFojA 7EE whole microsomes ©]83t cassette

inhibition W] gt PR ov A 712 FHE 9Jate] P40 a4 BB MBS 73
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ATk

3. 4944 4 13

Z 11 %9 prenylated flavonoidE¢ in vitro tA} ZE1Yo] human liver microsomes ©|8-3} ¢
oJth. Figure 2= KYS-501749] rat, human 18]31 purified isozymeS ZHE AoJZ representative
extracted ion chromatogramZ-& X.0]3l 9t} Prenylated flavonoidE9] in vitro A} Z23d-& &<l

3 A7} YREo] 16 amu Z71E HAHER AIES #olg 4 99

intens .’ EIC 355; 371, All MS
«05] Rat 56074

0.5-

L
x165]

| Human 5(}1{(4
2
] —r

X108

6
4-]
2 -
P ettt

x1 Og
4-

EIC 355, All

EIC 371, Al MS

WM%JM

EIC 355, All MS
50N4
x10g; IA‘) EIC 371, All MS
] A e S
WIS SN
P A e IO NP N

24

x10q- /\ EIC 371, All MS
o 2!)6/\
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i - et WWWW
X1DQ. EIC 371, All MS
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0” . . ‘ . M : . i i
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Figure 2. In vitro metabolism of prenylated flavonoid in human liver microsomes and purified P450

isozymes
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Figure 32 KYS501729] mass fragmentation mechanisme }o]i $ith  Deprotonation %
retro-diels-alder reaction®} CO, CO2 181 CH359] loss7t EAA 0 g #AHUTL 7} parent9} A}
AE<] mass fragmentationg V3l 3§48 A3} prenyl groupS ¥ product iong FHo] 16 amu F
7HEE 4 F e ol FHAEM epoxideE AX H dihydropyranos} dihydrofurano ring® 2

WRE S AASAT (Figure 4)

[M-H} 243 [M-H} 267

- C,H,0 - C,H,0 - CO,

[M-H]- 285 [M-H] 353 [M-H] 309

- Prenyl - Prenyl

[M-HJ 216 [M-H] 284

Figure 3. Proposed mass fragmentation pattern of prenylated flavonoid KYS-50172
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ortho-prenylated phenol system

oxidation

HoO. HO
\'FOC\'/ Epoxide intermediate
hydrolysis

L Dihydrofurano system T . | Dihydropyrano system

H,0

Pyrano system

Figure 4. Proposed major metabolic pathways of prenylated flavonoid

Purified 1A2, 2C9, 2D6 131 3A4 EAE o]&dle & FAE A% A F=
1A27} tiAte)] #AEE &0 & &
o] €3 &A A& (1 uM) 43 ZAFAE Holxu gon AF Ay KYS-500957F 1A29] of
o] oF 85% HE A3 ATAE Hol: RoZ FAHYrE KYS-50095¢ 1A2 &40l
e As) 2§ 717E eyl st P450o] BB Hd¥Pe] FAHAY. A=
KYS-50095¢) 742 BAEE epoxidert £429 FHEAFL Qs HA o ¢

3} irriversible 3] 7]& o] o} reversible A 7] go] FQE AT} (Figure 6).

2t} Figure 5% wholebody human microsome&

32

- 226 -



—8— 1A2 vs Col 1

50016

50092

Polar Plot

50015

—e— 206 vs Col 1

50092

50094

50169
50172
Polar Plot
2C9 vs Col 1
50015

50092

T
10 1

50014

T
2 14 16 18

50094

—8— 3A4vs Cal1

control

50082

Polar Piot

50015

50172

Polar Plot

50015

Figure 5. Inhibition of prenylated flavonoids
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Inactivation of P450 (1A2)
(KYS-50095)
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Figure 6. Inactivation for P450 (1A2) of prenylated flavonoid KYS-50095 (1uM)
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A1A Caco2 ALE o &3 2% &5 47

A% A PoIH BAAA Felabr] Relsha, AR B85 AT BT BE BEE A2
RS TS FAF 4T F btk oA B AL B YoiN B9 DI FFAR F 4
B FY B Fage A7 25 GB2A AEE & 9E 1Y 299 290 ¢ ¢ Jov,

A % F4E 4217 S BHOE olv) in vivo, in vimodlA] BFE HE F4

83 A77F §5393, dAl= Fogh (J.Fogh et al. 1977)%] 2jsjA E2]¥ human colon carcinoma
elld) Caco2 cell§ F2 o143 A77F F2L 1 Yok 0¥ A7 2AL drugel AL 54l

active transporto]L} passive transporto]UbE BA3le], druge] active

o
4
f
|
x
rr
o
tr
A

transportE F3 olFF *HEY AL MEAHL {5 ZE2E EQ 47 A} EE HUYAL ( Burton,
PS et al. 1993, Karlsson, J. et al 1993, Takanaga, H. et al 1994), £3] Caco-2 cell& 3] 9+E ti#
F9] active transporte=  depeptide carrier (Matsumoto, S-I et al 194, Dantzig, A. H 1994}
P-glycoprotein (Hunter, J. et al 1993, Phung-Ba, V. et al 1995)& 53 A2 <¢o] &R HITh Drugel
passive transportdthH AA in vivool X F4E oF & £ o A7E LEE vb Ao} (Artursson,
P. et al 1991, Rubas, W. et al 1995, Wils, P. et al 1994). Caco-2 cello] 28 F o3 AFE 715
A F AL AA Fgn Po| FAHHTE, Z enterocyte 9 differentiation I} apical surfaced]
brush-borders} tight junction #3}7] 913 W 2o W A7} FAHRY) BEoln, o|2a
Caco-2 cell monolayerE o] &3 AL vwd 41, M2, £ 4239 drugd o]&3] 4&
screening®d 4= Qo= Ao . 283} Caco-2 monolayer system& ©]&3 A= FH3I

g A%A TheAS VR FES FE 245 F5EE A A% wE AN PHeE ogH
otk gubgog Algo] E4ete A9 HYAE Caco2 cell monolayerg o]-&8) de Aol u)
w3 A ok 1 x 10° cm/sec (IJ. Hidalgo, et al. 1989) ¢} 6 x 10° cm/sec (W. Rubas, et al. 1993)%
Tn AT oy Zk 2o | A= monolayerr} Bi¥E 274 wet 9E 4 Utk Ed
Permeability 79} &7 moleculed) &2 33t4 EAL £33l oS3l systemS 738l
hEe] 28 HE ATH AUE F O F&A ARSI s A7E w48 FUHa Uk ES
MEsted lojMd BEE] A HEEHO AHgHooF ¥ E8 HX9 ADME (absorption,
distribution, metabolism, and excretion)& d&3}= 7212 o= A shUx 4AE3] T F gle FEOZ,

g FA FEo] 9 27 BEHA XIGE F2 AL 27) @A 2T FE ALE ATty

-

12
i
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B89 ALENE 9L + AT Aot Ta e B2 B AL vel AN FH 4
E2S OAQlEa, 58 42 758 ste computational methodES /Hdshe AT (Navia

M. A et al 19, Chan. OHet al 199)% APEQEr, T2 ATFAS0] o|ejd F2AL HAde] 47

AT F A HHOEZ ruleof 55 AAFTh o] rule-of5& B2} T2 9lo] FF&S A5k

N 2 oo FAT Yk oW BAo] nileof5F F A4 ol ZAL BEIIW e

- EA > 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)

Aot B3 oFF FF HEY thiEo] passive diffusion (transcellular absorption, paracellular
absorption) &2 =& Eijslzie Bale) Bjsletd A g&sH, orld XFHE F kA E 2
2oz F4 AFYHY Eh9 F7|& 5 4 Ut} (H van de Waterbeend et al. 1996). Peptider} B
‘blocking agent?] transportE ©]-&-8F expected modelS AFHY AFAEL BApe] 4 AYEe] 4

g3 2% g9lojgts dF ARE BT & vl Qo o7 BEE SA AL B FHF IS

H FAE g BEog Aay A4, i 927 day 2h 9] 288 49 van der Waals
surface® A% 1. o] BE-& polar surface area (PSA)Z} A3}t E219 PSAE Fale WHe 54
shte] whioE ELEVIRT Tosl WEY A2 g So] AF Hope] B4 g} b IR

Eo & wEEI ¢k Caco2 cell monolayerg o] &3 4E F4 AN WHE Caco-2 cell
monolayerE 0|43 A 1 AFL 5§ dojd NS BNste F AR FAHeY 9474
O A&3 A4 Y3 Az B4 £ ¢ agFoer dhe 2L wWyEe X3 AAEHI Stk

Monolayerg& E3 FE A¥e k27| interactiond 33}7] ¢l&] 2+zte) chambere] st} 3hte] o

F 7] "Eoltt. olFA tFaA AxHT e F e FE F5 AP #EF 4P FHF °
¥ 7Hed B dAFoMe A8dY el 2 4 F oiF Ul 58 d3557] AF in vitro &

948 Ahstaz A HES Caco2 cellE ©]-88 monolayer systems 33} transport AF9 3
Z# protocolg A48, o] E3] dopamine receptor antagonist fr=4 (KCHAI®), KH A€ &
physicochemical character’} ©t& <F 304] 7}x|o] EAY F48S AN T3 AP S 573319
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A Zdsh PSASY] BAE F3 F o AL FEFFIE AF 7T AU tiE n2 R

2 ABAE 2 WY
7t AE Az
(1) chemicals
KIH A€ %A, dopamine receptor antagonist =%, clomipramine, sulfaphenazole, ketoconazole,
erythromycin, testosterone, quinidine, verapamil, vinblastine, atenolol, metoprolol (Sigma-aldrich corp),

GSK 3 beta JA|A|, HDAC %A, PPAR alpha, gamma antagonist

(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),

2

(3) 24 7)7]

ARE3E B4 7)7)2% micro LC (Nanospace, Shiseido), LC/MSD (Agilent 110series, LC/MSD Trap)7}
9om, KCH Ag 4545 e X Terra™ MS C18 ( 21 x 50 mm, 3.5um) column< AHE3}$1, KJH
AY FEA9 sildenafile YMC HPLC Column, hydrosphere C18 (150 x 2.0 mm) columng ©]-&3}
w498t th. £33 HPLC (Shimadzu, kyoto, Japan)$} Applied Biosystems API 2000 triple-quadrupole
mass spectrometryE A28l B3 9H GSK 3 beta 9A|A|, PPAR alpha, gamma antagonist, &
YMC hydrosphere C18 (150 x 2.0 mm) columng o}-&3) #4593, HDAC 94 Al= CAPCELL PAK
C18 (20%150 mm, 5m) column ©.2 2Aahgch.

U A8 0y

(1) A= ufek

Human intestinal colon cancer cell?] Caco-2 cell& 10% FBSE ¥ é}= DMEMo| v 34ty ul
%ZQ cello] flaskell 80%-90% LHEZ AE, cell countE &t 12 transwell (pore size 04 um,
insert growth area 1 cm’)¢] apical chambers] polycarbonate membraned| 5 x 10%cells/cm’ 2 seeding
sttt Transwell9] apical®} basalateral H¥of Ztz} 05 ml, 1.5 ml2] mediaZ A4 cello] A& %
TE o 497 37, 5 % CO; incubatoro] A wjksldct (Caco2 celle] 4 4 platel} membraneoi
attach3}=d] 2@ Ajgto] 28 ¥ T}). 497He] vj%¥olX apical membraned] A&7 cellE £4FA17]A
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FES TR olBol B WAE 7

(2) Transport assay
(7F) Monolayero] w3t 7%

Transepithelial electrical resistance (TEER)&

dolrio} 1597

_|1N

=933,

SEEEL

°]  mannitol<

o] -3}

transport 43S X3}t TEERE epithelial cell monolayer?] resistance® %73} monolayer<]

Aels} cell confluence 715 3}A 8} factor2 0] 251 Millicell®-ERS voltohmmeter (Millipore corp
S A

24 ¢ %
TEER®} mannitol 58S

voltohmmeter &

o HoM 50uME THEol AL
¥E 05iCi/mlg

transwell-& shakings}z gkttt

¥ 25}

ZA% 3S surface area(cm

Atk 5 x 10° cells/cm™S apical monolayero] seeding 3t} 25%7F Hj%
7S sy TEERY

AHESERT

Table 1. Composition of transport assay buffer

AY 7hegk FHAH
)2 E Q/am’® VERAAT

o] BE AFL

=2

~—

ol
ret

=
=

ks

do
rir

T 10mM=Z @30 DMSOd| 5%, ol& 05%F transport assay buffer (Table 1)
Z85tgh. Mannitolg ©] 43t transport A& ofu] AFL %3

5% CO2 incubatoref|A] F3EHAT,

Component

Concentration (g/L)

Kd 4
Hank’s balanced salt KHoPO4 0.6
solution NaCl 80
(MgH,Ca++ free) Na,HPOq 0475
glucose 10
Sodium bicarbonate 0.35
L-glutamine 0.286
HEPES 5.95
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(Th transport assay

Transwell®] ®|AE A4 3 %, HBSSE transwell?] apical, basolateral ¥2& A W A3
C,

mh o

transport assay bufferE x§$] 37 C, 5 % CO; incubatoro] Al 3087} incubationd} %3, incubationo]
¢ % TEERS 24350 TERR 24¢ 2% ¥ Woz 48 4% A% 4% BY ¥ 24a%0:
o714 Wale TEERS #E&F #aksla] Caco-2 cell monolayerd] ¢4€ AT 2, 2FE°] monolayer
of UXAE cytotoxicityZ 5389tk Cell monolayers ©]€-3 drug permeability A%
apical-to-basolateral ©|1} basolateral-to-apical®] & Wao g A& 38 + U FES AL P
S donorg} sl FEo] AP B X & receptordtl &L, SFEo| A= -‘Z—(donor):% A3led donordl)
T %EE, receptoro] transport assay bufferZ FE3 Hz AHsHch Ao Algd
transwell®] 7-¢ apical #¥£o] 0.5ml, basolateral ¥ 1.5mlS 2| st gt A3 & i3k Al
AHAAE SEG B5-E A 20, 40, 80222 ATk ( KHAEY FEL FTFdc] ¥ 43
olgt AR AHANT TS HEY APHY 53X 1, 2, S A E AR E AASHY) F2
FES Alstar 20%0] 7} & F receptor chamberdl A 50ule] A|8E &3] Hd} L, 1 receptor
chambero)] A|Z-¢ transport assay buffers 50ul H7}5}qt}. 40, 808 A3} Fo ojgl e WHoZ
25 A M9 AR AHE FPsAY A8 A B 3 T A 3 cell monolayer el & 319}s}7)
¥l TEERE ZA3st5th
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() A& &4

[14C]-mannitol- & B £33 WA AE EZ9 ¥AL liquid scintillation counter (Packard Instrument)

e

o] &3t Aol B8 A8 50uly 5ml9) scintillation cocktail solutiond] H7}sle FH3] 41L&

Z4590 QUHY 922 74D 3ge) A9 HPLCE o143 £45%ch 59 LC/MSDE o

o

]
pad

oo

f
M
ix
rlo

FU% ¥4 240N FAHE ol 7o) ARE PHd 24 2 4 gt 3Fel 9
ok EAAEE solvent AT acetonitrile2 solvent B 20mM ammonium formate (pH 4.0)0& ©]-8-3}%
o o549 243 Az WS table2dt table 39) YEMAITE LC (Agilent, 110series)9} LC/MSD
Trap (Agilent)E ¢123}o] Bruker Daltonics softwareZ ©]&&}e] MSD trapS controld}3l data analysis

g 39tk KJH A€ Hydrosphere C18 150 x 20 mm columng A}83}$1, dopamine receptor

i

anatagonist A€-2 Cacpcell Pak C18 2.0 mm columng AHE8}gth 3 HPLC (Shimadzu, kyoto,
Japan)$} Applied Biosystems API 2000 triple-quadrupole mass spectrometryE 23t EA3s}ct
GSK 3 beta 9x]Al, PPAR alpha, gamma antagonist.= YMC hydrosphere CI8 (150 x 2.0 mm)
columng o] &3 E48t9x, HDAC 9A)A= CAPCELL PAK CI8 (20150 mm, 5um) column ©.2

=435t

Table 2. Mobile phase condition for analysis of KJH analogue

Time(min) Flow (ml/min) %A %B
0.00 0.3 25 75
10.00 0.3 60 40
12.00 03 60 40
1210 0.3 25 75
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Table 3. Mobile phase condition for analysis of Dopamine receptor antagonist (KCH analogue)

Time(min) Flow(ml/min) BA %B
Initial 0.2 25 75
8.00 0.2 40 60
10.00 0.2 40 60
10.10 0.2 70 30
12.00 02 70 30
1210 02 25 75

(v}) Papp (apparent permeability coefficient) calculation

B ARA o] AL 10° cm/secE PF0] X7|5tGT Pappe T517) 93 AL tg3 2tk
Papp =(V/AG) - (AQ/4Y)

AQ/AMtE steady-state flux (uM/s)o]3l, V= receptor chamber?] ¥ 3j(ml)o]Z, A& insert membranes]
apical membrane area (cm2)°]57_, G HYde FE9 2715% uM)o]th

Sould AHF AR A FEE Fael AA Yo APee U FE2 BN @ F B
FAT o]FA g3 FEE o83 Aztel tH T F7hES 73St Rl labeling® chemical
o A%, 9 AIH Ag B FE B9 uMHA ‘pm/ml'S o §3 ATk Figure 1& 47 4o
AHERE FEY AR

FESH R0 ola o WY IAx 1 A9 J12712 olfal PappE FEE WEL WA

of

Z7+8S 78 Aolth Receptor chamberd] A|ZE £4 3 4 AAY uM

=

elojitt Hed &9 %7] FEE 50uMo]1, receptor chamber] H37} 1.5mlY ) closed circleZ
EA Y FEL figure 1 9 ofefo] A4S F3) 24 x 10° cm/s9] Papp (em/s)3E Zeth
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dQ/dT = 0.0008

Concentration in basolateral (UM)

dQ/dT = 0.0002

00 ; : . .
0 1000 2000 3000 4000
Tme (sec)
KCH-761
Papp =(1.5/50 - 1)(0.0008)=24 x 10° cm/s
KCH-1058

Papp =(1.5/50 - 1)(0.0002)=6 x 10° cm/s

Figure. 1. Example for calculation of Papp O : KCH-1058 @: KCH-761

(3) Polar surface area
Chemical®] TZZ mopacg 53] HA A Ae|el 12E o231, Jurs CPSA descriptorsE ©]&-
8l PNSA (partial negative surface area)E %it} (Figure 2).
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Experimental Statistical analysis —— PSA :f::;) i";‘; Resid.
Caco-2 permeability Cross validation

KCH-716 1002 2100 2:42 -0.42

KCH-728 1831 105 :o3 000

KCH-746 1103 1200 37 -1.72

A KCH-761 1220 5y 018

KCH-762 1087 1050 1507 457

Drug structure KCH-766 1117 900 1236  -356
KCH-1058 1098 2400 434 985

KCH-1059 954 2400 23% 025

[ Calculation of descriptoﬂ

Jurs CPSA descriptors

Partial negative surface area (PNSA-1)
PNSA1=3(-SA)

(Prediction of Permeability]

Prediction of permeability}
l

Figure 2. Strategy for prediction of permeability by polar surface area (Partial negative surface area:
PNSA-1)

3. 4% 49 2 3
7} % Caco-2 monolayer system A%

In vitro permeability 23-& F33}7] ¥} HAS Caco-2 cell& brush borderE A} apical
membrane “Foll A FAIZE wiFE W tight junction®.2 F =3 fAlSHA wWigFEt AP WA 2o
transwell®] apical membrane®] 3% cell& seedingdted oF 1747t vl %5t monolayerZ ®l ¥+
31, o#EA wjYE monolayers o83 e HAH ZAL vy $8 $4  mannitol
permeability®} TEERZLS S43te] vlwslyo} (Fig 23). % Z3 TEER 2 29479 w77t &
e 725 27107, TEERZel 2748 The} mannitol permeabilityt= Yol g B3E 4 9
Atk &714 TEERE doME AFA%E] cell monolayerd] AHE #otdt & Sle Q40]1, cell 7

9] tight junction®] JFFHE #HAE 4 e 240tk | GaoSe o] AP ( Gao, J. 2001) & =

& 4¥o] 7153 monolayer®] mannitol permeability= 0.3 x 10° (cm/sec)ol8le} 311, o] 9
OE dFAEL o] JE permeabilityE 7)E 2ACE 3x gtk E AFoX BYE monolayery
18 o]t ®jde W v 71A]9] Z7] mannitol FEH EF AE rbed £ SHE Y (Table 4)
o] W TEERE 600°]30]itt. TEER®] 400014402 =4 E o mannitol®] permeability7} F43) £
R 6000} Folofok Ajlo] 7hsdt A Felet & 4 UATH Fig 4). webA & 3 permeability AJE el
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A Caco2 AEE 189 WFE F TERR 92 233ke] 600 o142 well B2 AFL 54

TEER

700 -’
600 -
500 -
400 -

300 -

200 4

100 -
0 + T T T T l
0 5 10 15 20 25

Time post seeding (day)

Figure 3. TEER measurement of incubation-dependent Caco-2 cell monolayer

Papp{cm/s)x10”

Mannito! permeability

500 -
400 +
300 A
200
100 4
. D
°
0 T T T T T 1
100 200 300 400 500 600 700
TEER

Figure. 4. [“C]-mannito]l permeability by TEER value
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Table 4. Mannitol permeability

[*CJ-Mannitol Papp (cm/s) x 10°
nG) Apical—basalateral
400 0.282
200 0.249
100 0.257
50 0271
Transport (Apical->Basolateral)
3 -
—e— KCH766
0. KCH1058
—v— KCH1081
—- KCH1109
—m— KCH1110

Concentration in blasteral (uM)

2000 3000 4000 5000

Time(sec)

Figure. 5. Time-dependent transport of drugs in Caco-2 cells
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1}. Dopamine D3/D4 receptor antagonist ¢] permeability

g4 # Coco-2 monolayer system©.Z KJHAIE, dopamine receptor antagonist fr=H|ES %71
FE 50 uMZ 2o, transwello] B H o2 Xg|dle] ztzte] PappZ AT} (Table 5). £ A
o 54 o %9 rapid aevaluations H3 £4 A7t ©E%E Hste] HPLC/MS/MSE o83
single individual analysis $} B &o] z} AIZFEE HHE viAE pool 5t mass monitorings &=
cassette analysis ¥4 W% Hesto] 351t WA rapid analysisE 9]3 cassette analysis P2
2 9L Papp @3} single individual analysisE E&te] 92 Papp &S vlwd A 4@ AF7} 090
Folqer wet AFe EAATE B HegM e KA SfES] 7 cassette analysis ¥
HE ALY F deS HAFUN B APAME cassette FAHE o]-8-35}¢ k. Dopamine receptor
anatagonistE-2 Caco-20] A wj
AlZE 1A1ZE 30871A] A|7te]l el apical sideo]A] basolateral sideZ transport 129 (Fig. 5) Papp
= 1A 308 714 transport E|= patternd] 7]&712 FaETh AR AHEE 21749 FHAEY
Caco-2 A3 permeability coefficients 0294 24 cm/sec x 10622 A=W, B AJF] A4
SHEY] fiEe] T2 AL HE I Al P2 FAH IR AE SR B ZolE B
FAG grH o2 Caco2MEAM Papp gro] 7013 AS tiRE F57F dojun, Ao &E9] 2
o]z tiAt 9 29 o5t yepdtin dA Atk & AFAAE 1Y ] ol 7
ol’d] Papp #2 7HAE AT (Table 5). B AFojA ALE F58& 7} WHL Table 604 X
Ae uieh go] & 50 oF o] T3 HE FREAS FEHAL Afe g GE FE EFE
o st 43z E5&S AFsden o Z2xe KCH, KHe tEo F4€ 9334 Hte 9
g 2 o] Ao AHEHAT

dE Foe UAWALEAY cytochrome P4504)  ojs) iAbt HAY AZMETY EAshe
multidrug resistance proteing] P-glycoproteind] 2j3] & %3 Hol HA EFyHE FEY 4,
chemicalo] ZHe cytochrome P4500] 9J3F tiAl A=el P-glycoprotein®] substrateZ o]&5 e x| o
2t 2elXe A$E Stk Passive transport®: drug® AW 4t druge] & physicochemical
characterd] we} A8kg W=t} E3] Caco-2 cell line®) 7<% brush bordere 3AstA|¢F A A human
intestined] ®]&) W) & cytochrome P450 enzymed 2¥3}7) wjEof, Caco-2 monolayer systeme]
7% chemical®] solubility7} F4-&¢ 2FA 4L 713 Roleke Zo] dubAl Asfck. & A+
A€ o}H physiochemical property7} &9 F4o] ZAHQ AEE s=AF FHIT 4F Aol
ANSZ E5E& ARE 4T 4 UeAE H87]) Hdke]  partition coefficient (Log P), polar
surface area (PSA), 18|31 total surface area (TSA)E T3}tk Table 72 d& FFEES] st A
AHE polar surface areas Mo ik AR ALte g7 2o
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Log P: Xnia; (n;: the number of atoms of type i, ai: the atomic logP contribution)

Polar surface area: Jurs descriptor (PNSA-1: Partial negative surface area)

A4+ physico-chemical parameters} 23

Z
A
B3t} Figure 6& 484 £4S 93 28R Log P9} Pappﬁ’JrPJ AHBRAE Holn 9tk Log P9

& F4E8S HGT WY Log P 3ol 5 oY we ¥ F48E Holv ARTAE Jehlth
Figure 72 3132 E9] polar surface areadt Pappste] A##AZ Hojn 9lth PSAZE oF 100 o34
W £ F5ES BEon 100-120 Aloldl e g #5HQ 38 H¥th 28y PSATE o 120 9

AR BP9 Pappitd PSAZIOE doj7l 2S i3l FF &S A58 2] 9F-E Table 844
Bolx Stk e A9d A4S Bon oS gt e 9 test setd F3 F=¥ model
Y AF dg AT d3e] JhedEe ARG ZHH o2 QSAR modelodld AHEE Pappe
compoutational workstation® 53] o]zl PSA9} A@sta] A Caco-2 monolayer transport systemu

o4 oF Foo BATGE AN T & o
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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 12.0
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 24.0
KCH-1059 240
KCH-1081 12.0
KCH-1109 9.0
KCH-1110 10.5
KKJ-1002 0.9
KJH-1043 0.2
KJH-1045 02
KJH-1047 0.38
KJH-1061 03
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Table 6. Papp values of test compound in Caco-2 cell system.

Compounds AP EE (uM) Papp (cm/s) x 10°
1 50 23
2 50 21
3 50 21
4 50 31
5 10 25
6 50 5.7
7 50 5.2
8 50 9.0
9 50 6.0
10 50 4.6
11 50 7.6
12 50 6.7
13 50 4.9
14 50 7.5
15 20 54
16 50 9.0
17 50 9.8
18 50 10.0
19 50 8.4
20 50 6.9
21 50 95
22 50 9.0
23 50 9.6
24 50 105
25 50 12.0
26 50 11.7
27 50 8.9
28 50 6.6
29 50 11.9
30 50 6.4
31 50 5.4
32 50 34
33 50 6.5
34 50 2.9
35 10 3.8
36 50 6.4
37 10 29
38 50 3.8
39 50 8.6
40 50 55
41 20 21
42 10 6.6
43 50 15
44 20 21
45 50 24
46 50 44

Each date represent mean of duplicate experiment
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Table 7. Polar Surface Area (PSA) of tested compounds

Compounds [M+H]+ PSA (A  NPSA (A?) TSA (A}
KCH-716 378 100.2 6223 7225
KCH-728 497 1831 6725 865.6
KCH-730 512 1144 798.7 913.1
KCH-732 452 110.0 725.1 835.1
KCH-743 380 167.0 584.2 751.1
KCH-746 40 1103 7220 8323
KCH-747 368 9.1 601.1 7002
KCH-748 362 1228 6311 7539
KCH-760 437 2313 6319 863.1
KCH-761 45 1220 740.7 862.7
KCH-762 452 108.7 7483 857.1
KCH-764 392 9.2 635.4 7316
KCH-766 437 1117 6875 799.2
KCH-1058 466 1098 7383 8481
KCH-1059 412 95.4 658.2 753.5
KCH-1081 40 73.0 7236 79.6
KCH-1109 454 684 7424 810.9
KCH-1110 400 72.8 6705 7433

silenafil 475 135.1 657.8 7929
KJH-1002 491 1446 656.4 8010
KJH-1043 521 155.8 686.7 7425
KJH-1045 505 1444 679.0 8334
KJH-1047 535 155.6 7166 8722
KJH-1061 477 146.0 6384 784.4
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Permeability vs Log P
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Figure 6. Relationship between in Caco-2 permeability and Log P

Permeability vs PSA
High permeability Low permeability
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Figure 7. Relationship between Caco-2 permeability and polar surface area
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Table 8. Experimental Papp value and calculated Papp value for compounds

PAS Experimetal Predicted
Compounds Residual
(AY Papp(x10° cm/s) Papp(x10°cm/s)

KCH-716 1002 21.0 21.42 042
KCH-728 1831 1.05 1.06 -0.01
KCH-746 1103 12.00 13.73 -1.73
KCH-761 1220 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 95.4 24.00 23.75 0.25
silenafil 135.1 1.80 171 0.09
KJH-1002 144.6 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
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Al 2 A P-glycoprotein modulator &] screening W 7%

4% §58 AZ50A4 S BHAOE in vivo, in vitolX I 4B F5 4Fo] AL WY

At ol AT EXHL drugol F S I F4 € & Se HE, F active transporto|L}
passive transporto]\}g BA3}e, drugo] active transportE 3 o|Fd HEQ A¢ NEAL FF
AZE HQ A+ Ayx 23 HJL ( Burton, PS et al. 1993, Karlsson, J. et al 1993, Takanaga, H.
et al 1994), 53] Caco-2 cellg %3] d7H UIFEQ active transporte  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 19%) ¥ AEYo] LEHJTE FolX & Caco2 cells o3t &% FF&
Hryshe systemE FPAIZ vk Sioh o] A2HE o]&3td 3 DA o Yot FF F2 F WAL
P-glycoprotein-mediate transportol] 3k ?ﬂ-?% 5}9it}. P-glycoprotein (P-gp)2 9/3HoZE F8% o
g 7HA B SGEBEY F4, BE vjA 5o HE¢S Fuh Pgp & ATP-dependent multi-drug efflux
transporter24] 170 kDa®] B} ©heldo]ny, AlgolAl= MDRI geneo] W35 o] Qich P-gp & UA o
2 7FA 23 Bxstn ledl ZHliver), A4 (kidney), Gastrointestinal tract(Gl tract), ¥#>73d
(blood-brain barrier) 5o F& HX|gth. FHTIME TFFA WA (Multiple Drug Resistance)S
YeERA T o8 F40) 9loIA P-gp 7 FR2E o]t AA WolA efflux pumpE #H-§317] wj ol
oujgt FEo] 402 EgE W 8 F& drugd AA ) EF(xeniobiotics) 2 WolEo|B 2 Al
3] ®oj7jFd Ytk 2 F P-gp & druge AA e &S 39 drugd & Hog A efflux
N7A HER O vF 48 U oA He Rolth 18ZE old P-gpE WAR s o
9] 7% verapamil 3} Zo] Z 4# 7 P-gp JAA (inhibitor) &} A Fo 1A =W P-gp efflux 2}
of JAHA Hol AAHLZ target drug®] FF&o] F7FHA He Aotk oW A7 FH 23
caco-2 cello] YoM ) 742 HHAE(natural products) 5 P-gp modulatorE screening 3l 1
P-gp o] A& Q3 (inhibitory effect)S F= HAEE Fohlle Zojtt. e A F AR 4
£ M Hed, 94 BAY HIEE JHA I screnning S e WHES W #¥HE F 1 dgoE
Caco-2 cell monolayeroll A} transport studiesE 53] &4 9} wjdS FAlo 2AHgeEH ZARFHo=R
ohEo] F4E WM Btk wA B 9 FES screeningdhst QlojAME P-gp substratez Z
U7 Rhodamine-123(RH-123)& ©]&3}] ©]Z test compoundsE &7 A 92 9 cell YZ
RHAZ ¥k} 270 HExg $of Pgp o AAAZN 98¢ & 4 YA Foh 2o positive
control & 0] Nicardipine (100%) o 3t % inhibition ©2 Yehdch [Dirtmar Schwab et al.

tlo
A
o2l

7

O

—

i1

oo

ot ofN

o
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2

°l,
o} transport H¥L IJJYE

basolateral | 4 apical

003] olA A

APt

2

A9A=
7}. Chemicals

Table 1. Natural products list

Qo) #8%0)3 F2 oj2AL

FEOZY FIE
X P-gp substrated] Digoxing, positive control 2% P-gp AAA2

S

screening 3+ compound F A
Deoxyschzandrin, a-Naphthoflavoneg 7}A| 11 Ithe A8S Adsle] Wit ¢ ¥ £3& 747t Y
AHor desiginh
b 2re] apicalo|A] basolateral FEC0Z9] EH}E F(absorption)E,

Al st o7
ZUH 7 Verapamils AME-3he

) A (excretion) 2 A @3lal 1 Ao]<} Papps

d%Fol A uehd Diosmin,

o]o]A Caco-2 cell monolayer& ©]%

5,7-Dihydroxy-4’-methoxyisoflavone ~ Ginsenoside Rb2 Octopamine
Aloin Ginsenoside Rc Paeoniflorin
a-Naphthoflavone Ginsenoside Rd Paeonol
Apigenin Ginsenoside Re Puerarin
Astragaloside Ginsenoside Rgl Quercetin
Caffeic acid Glycyrrhizin Rhein
(#)-Catechin Hesperetin Rutaecarpine
Chrysin Hesperidin Rutin
Deoxyschizandrin Honokiol Salidroside
Diosmin Icariin Silibinin
EGCG Isorhamnetin Silybin
Emodin Kaempfero Synephrine
Esculin Luteolin (#)Taxifolin
Evodiae Magnolol Tetrahydropalmatine
Ferulic acid Morin Theobromine
Fisetin Myricetin Theophylline
Galangin (t)-Naringenin Tyramine
Ginsenoside Rbl Naringin

Vinblastine, Rhodamine-123, Nicardipine, Digoxin, Verapamil.(Sigma)

1}, 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),
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HEPES (Sigma-aldrich), BIOCOAT poly-D-lysin-coated 96-well black/clear plates (BD,
Franklin Lakes. NJ), transwell (Corning Costar Corp)

pS

o},

_’

_\L

7)

S
& Rh-123 22 %ol = Florescence multiwell plate reader (excitation 450 nm, emission 530

r-{m

oBL

mlo

nm)E SA3HT. 2 9 compound o} AMEE EA 71712 HPLC (Shimadzu, kyoto, Japan)$}
Applied Biosystems API 2000 triple-quadrupole mass spectrometryE 9238l £ttt Column &
CAPCELL PAK C18 (20%150 mm, 5um)S AH2-3t5ith

323 ¥y
7h AE g
A4 RH-123 screenig assayE 934 Human intestinal colon cacer cell 91 Caco-2 cell& 10 % FBSE
¥ 33t DMEM media o 2F 4~597 37 C, 5 % CO, incubatoro| A wjotalgith. dHY AUE A
X ¥ 20 nM viblastineS A st thA] wjg3ich vinblastined HEdle olfe Ao SlolA P-gp
3 9] variabilityE Z0|3 sensitivityS Z7} A17]7] YsiAolth wRFEQ cell o] flask o 80-90% %
JEZ A2, 2-311 pre-warmed PBSE washing &4 vinblastine 33| A AAZTh 20 cell&
count 3t BIOCOAT poly-D-lysin-coated 96-well black/clear plates o 200 ul ® Fug EFg1
(30000 cells/well) 37 C, 5 % CO, incubatoro| A ¢F 4-5 YUzt wjF3ict,
Transport assayZ 8}7) H3HE L3 WP o2 Caco-2 cellE 10% FBSES ¥ 338l= DMEMo) vj%k
& & cello] flasko] 80%-90% HH=2 A2hd, cell countE 344 12 transwell (pore size 0.4 um,
insert growth area 1 cm’)] apical chamber®] polycarbonate membraned)] 5 x 10%cells/cm’Z seeding
3t} Transwell®] apical®} basalateral F5-of Z+z 05 ml, 1.5 mi9] mediag |9 cello] &S F
T8 4947 37T, 5 % CO; incubatoro] Al wj3lH T (Caco-2 celle] E4 4 platet} membraned]
attachdl=d] Q& A|7to] A g HT}). 4U7te] vj%olF apical membraned)] A2}&-L cellS 41714
AT 25EA o|Be) Y A okl 152087 WL

4}. Rhodamine-123 screening assay

FHE Caco-2 cell& pre-warmed @ PBS & 2¥ washing ¥ 5% FBS 7} ¥3d DMEMo.E ulio|

. 28 $EL AEFT 1I0mME 3ol DMSOd =13, 50uME medialsdr] Fu3lQc) test

GEEL well o) HF3lx 37T, 5 % CO; o)A 15 E3t pre-incubaion AJ7Ith 28 ohg HFEE7}
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lug/ml (26 uM) %5 RH-123& # 3t} 4 A7 & ice-cold PBS 2 2% washing 31 RH-123 ¢
%S 73k Florescence multiwell plate reader® A}&3ta} 450 nme] excitation wavelength, 530

nm emission wavelength 2 scan gt} ZA3t= % of inhibition® g YelH, P-gp 9] positive control
1 Nicardipine & 100 % inhibition ojg}x B3 Ajak3ich

t}. Transport assay
(1) Monolayerol th3t 7%

ttlo
e

Transepithelial electrical resistance (TEER =33, AESF AREA Atenolodt 1FSF ATEA
2l Metoprolo& ©]-&3)] transport A&g A33}r}t. TEERS epithelial cell monolayer®] resistanceE
Z43t9 monolayer?] Aej$} cell confluence 7}E538lAl &t factorg o] &-HH Millicell®-ERS
voltohmmeter (Millipore corp)Z &4 & 4 AU 5 x 10* cells/cmzz% apical monolayerd] seeding
st 2047 WFEtEA ZA% TEERY AREAY] 448 vwsted 43 7h5d Ao 288 7
15199tk TEERS] Y& voltohmmeterZ 243} 2+< surface area(cm)2 VR Q/em’Z Jehgich

2) fEFEN

frn
&
i
rlo
b
o

L1

o

mME %30] DMSOY| =931, ©]& 05%% transport assay buffer o} 5
A 50uME 5] A8L £3yegt. o] BE AFL 5% CO2 incubatord| A $8E 93, transwell
< shakingd}zl &tth P-gp substrate 2 Digoxing AM-3l 2, P-gp AAAE 2 <27 Varapamil
2 Agstel Hmadn.

2z

(3) transport assay
U E Transwelld] ¥jAE AA & %, pre-warm HBSSZ transwell®] apical, basolateral £ A
W AE % transport assay bufferS 39 37 C, 5 % CO, incubators]A 20%7} incubationd}$,
incubatione] ¥4 % TEERE Z7A3}%ch TEER 24L& 2% F Hog E4g 49 A& An ¢

c

% 3439tk 971 Wty TEERS WE &8 34+sled Caco-2 cell monolayero] &4 A&, oF
0] monolayere] ®|X|= cytotoxicity2 +F3 gtk Cell monolayerE ©]-83 drug permeability 28

lo

< apical-to-basolateral(¥4%) L} basolateral-to-apical(¥j )2} F oz AL 348 & ot <
EE AT FES donordl 3t ofBo] AY @ FL receptorgty 31, 2kEo] x8¥ F(donor)E
sl donorol= ¢HE-S, receptorol = transport assay bufferZ FE3 Ruz xzlslgch HA test
+&<] Diosmin¥} Deoxyshizandring A2]8}x 1587 37 C, 5 % CO, oA pre-incubation A|Zt}. 1
¥ o P-gp substrateq) Digoxin® H3%% 50 uM 2 Agldla 7PE7A shaking 3ok 2 AFojA
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AHE  transwelld] A% apical ¥2o] 05ml, basolateral F¥o] 15ml&  H3Ah
apical-to-basolateral (§4°)¢] 7% apical #%o] °FE-Z 0.5ml, basolateral ¥2] 1.5 mle] HBSSE A
9127 51, basolateral-to-apical (¥]4)& 1 whjolth. X3t B Wt A7 AL EEI 7
22 A3t 20, 40, 60, 0RO Z 3Py HAx FEL X stal 2080] BHA 3 I receptor chamber

oA 50 ule] AIRE A3 HO}ﬁi, 71 receptor chamberdl] A 2$- transport assay bufferg 50ul 3
7Vt 40, 60, 0% A3 Folx ol} 2 woz TR A W AR AAE FYHIT AE A

A7} ¢ & A 3 cell monolayer’d Bl S mHots}ly] $18) TEERS A3 th

429 Z% HPLCE ol§3) ¥Asdth 53] LO/MSE ol§3 24 $UF ¥4 2N 24
9t oy 7 ARE BHe 24 ¢ 4 g

oN

Fo] st} AN EE EAAEE solvent (A) 5
mM ammonium formate (pH 6.0), solvent (B) 90 % acetonitrile in 5 mM ammonium formate (pH
6.0} mobile phase & ©]£3}%t} Column & CAPCELL PAK C18 (20%150 mm, 5m)S A&t
02 ml/min ¢ &2 EHOW, oven & 40 TE FA359t LC (Shimadzu, kyoto, Japan)$}
Applied Biosystems API 2000 triple-quadrupole mass spectrometry& <¢1Z3sl EAN3i¥ch 4 %
Analyst 1.3 softwareE ©]£3} data analysisE 3t}
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4 9% 2% 2 2%
7}. P-gp modulator screening system (Rhodamine-123 assay) 3 &

£ A7A P-gp modulatorE 2143] screening 317] $13 W 39 87}x2 Rhodamine-123 saasy
E AYsAT} ol P-gp substrate o)z} A AL 71Ao] B& A EFsHE model drugo 2 9]
X1 Rhodamime-123& AME-3E24 test compound o that P-gp inhibitory effect® & AR E 7}%]
T 7 sareening T 4 TR FAE JHAT: WA old A2dy §EAE A9 AR Ausic

$27k A8 mediar} chemical So] FHL EPsdl SHY P FEAY R gy,

=

test compoundE A3}Ax %& control o} B3} Positive control ¢ Nicardipine °] F%

incubation A|7tol we} o]BA BHEEH=XE AJGs] Bgkth 1 A nicardipine & 50 uMe] HA F

B9 & 5 0L, =RIAG vP7IAE incubation AJZHE 4 AlZko] HPRHE & 4 AdSiT ofH
z10% A29S WY 4 A%l [Dirtmar Schwab et al. 2003] (Figure 1) 53709} FHES 7}A)
L RH-123 assay & Al93 2 2078¢] E4o] P-gpoll AH g% BAD 2] U] P& T3t

3% nicardipine ©] BlwEHE W 50% o4 AAF FFE K< Diosmin, Deoxyschzandrin, a
-Naphthoflavone & A¥isld oz AFs| Uzith (Table 2, Figure 2) A EZ9 Fxo w&
W 2T ARANE SE 27 me} AR o] FABoRA FEd dEAde ¢ 4 9
it} (Table 3, Figure 3)

5000

Rhodamine intensity

* RH : Rhodamine-123, Nicar : Nicardipine

Figure 1. Rhodamine assay system test
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Table 2. Inhibitory effect of P-gp in RH-123 screening assay

RH-123 assay
Compound R
Caco-2 % inhibition
Aloin 53
a-Naphthoflavone 64.9
Caffeic acid 20
Deoxyschizandrin 55.8
Diosmin 729
EGCG 43
Gensenoside Rb2 55
Gensenoside Rc 53
Gensenoside Rd 4.5
Gensenoside Re 038
Kaempferol 14.0
Nicardipine 100.0
Paeoniflorin 42
Paeonol 48
Puerarin 57
Rutaecarpine 15.5
Salidroside 33
Synephrine 94
Tetrahydropalmatine 153
Theophylline 35
100

80
60
40
20

Figure 2. Inhibitory effect of P-gp in RH-123 screening assay
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Table 3. Concentration-dependent inhibition of rhodamine-123 accumulation in Caco-2

cells by natural products.

Conc. (uM) Diosmin a-naphthoflavone  Deoxyschizandrin
10 6.6 £ 0.3 15.6 +3.0 59 + 0.6
20 20.5 2.0 26.1 £1.7 195 + 14
50 750 =+ 5.1 473 + 35 459 + 4.0
100 107.8 +2.4 62.6 +1.5 634 + 2.7

Each date represent mean of triplicate experiment

Diosmin
120 r
100 |
® 80 |
ey
S 60 t
=
£ 40
=
20
O —
0 10 20 50 100
Conc {uM)
Deoxy schizandrin a-Naphthoflavone
100 r 100 -
80 r 80 |
e 60 r ‘—C’ 680 |
L o
2 40 ¢ 5 40 |
£ £
20 r 20 r
0 0
0 10 20 50 100 0 10 20 50 100
Conc. (uM) Conc. (UM)

Figure 3. Concentration-dependent inhibition of rhodamine-123 accumulation in Caco-2

cells by natural products.
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1}. Transport assay in Caco-2 monolayer

o]3 ¥ RH-1232.& screening 3§+ 53784 A AE 3ol Diosmin, Deoxyschzandrin, a-Naphthoflavone A
71X BAL wgo g 20 QA 2FHE 9] 98t the A3 transcellular transport studiesS 2]
g3l Btk o] AFMe A3 LC/MS AHe £t Papp valueE ¥ojof 5t= 2 P-gp substrate
2 Z 9433 Digoxing F3te] A¥sYoh[Shuzhong Zhang et al. 2003] Caco-2 cello| A& brush
borderE sty A7t vl 7 tight junctionE & =} {FAFSHA AHgtt}. Caco-2 cell monolayer
9] apicalol A basolateral #9029 318 F<4(absorption, A-to-B)Z, basolaterale| A apical & 2.
29 EHE ujA(excretion, B-to-A)Z AHsIL I 2}o]9} PappE ®INEJTh Positive control Z&
P-gp AdAAZ & &HA VerapamilE AH&38le] 2P} test compoundE A 2]d}A &-& control
3 A AE)sh welle Hlw3le] Z+2+9] Papp valueE 3l 1 & 7FA3 A-to-BS} B-to-A o T3
%2 Efflux ratio(A-to-B/B-to-A ratio) 2 YERAITE &5 EW P-gp efflux pumpd] &S A
o} control o] ¥|3}e] test compoundE A A3 Fol] F47 TVHES € 4 3, vRERHAE WA
X% controlo] M5} test compoundE 7 AE|3F Fo] wjAdo] A Ho] MA|FHOoZ digoxing
ZF F5EE I/MASE € 4 t)(Figure 4) Efflux ratio(A-to-B/B-to-A ratio) control ratio 5.1
3} vlw¥ W, Diosmin, Deoxyschzandrin, a-Naphthoflavone, Verapamil & 7}z 2.0, 24, 24, 1.9 ratio
At (Table 4) ZEAHoZ, e o A¥e ZAFAE Diosmin, Deoxyschzandrin, a
-Naphthoflavone & Caco-2 cellol A2} P-gp-mediated efflux® A AL & & Ut}

|

Table 4. Effects of test compounds on the absorption and excretion of Digoxin in

Caco-2 cells.

A-to-B/B-to-A
Compound .

ratio
Control 5.1
with diosmin 20
with a-naphthoflavone 24
with deoxyshizandrin 24
with verapamil 19

Each date represent mean of duplicate experiment
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- Control

ZZJ with Diosmin

T with a-naphthoflavene
[ with Deoxyshizandrin
m with Verapamil

Absorption 507 Excretion

Figure 4. Effects of test compounds on the absorption and excretion of Digoxin in
Caco-2 cells.
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A3 A Co-culture system ©]&3 In vitro BBB 344 37} 71 7t

1. A&
CNS-$£7 SF2E 3 %% ol4e] k5o BBBY| )3 W& §48 WEol 37 2dwA¢] Bl
Stk o Aol @A Ak Aol Yol FE EAZ vehtn ok [Pardridge, WM 2001, 2002] ©lo)

HZ A 2 A3zt BeAEL in vivo BBB 488 2AHE 4 & in vitro model S Frol gttt o
7FA In vitro culture system Eo] AL o} ka1, thokdt Cell lined o]-&3t9 A EHolA ok F
7HA 5759 cell & co-culture &7 YA E In vivo 4] BBB A F2¢ 1 I disf ¢ 2
7b itk BA| In vivool X BBB & A Eobd, AZRzAdE B EFE0] FROZRE SoPte
AS B 9T A (bamier)o] EAA Hoh oI FAY FHS 6z FEAYY
(blood-brain barrier, BBB, H&##E)o|g}a &h= Rolt}. d& o] Edto]y £7 (trypan blue)S A
W] FARGE & #AEYE o] AR ' U BE M ZAb| T UeUAR, FFAGA(CNS)ol 2

HehA] gt o]AF o8 T/ $EF daEde] oF H¥ARY S FoaA Rt 2EHA
bkl

junction, H3w, zonula occludens)©.2 Aztet}. o] HHYFHoZ A3 F# FFHo] tS RFolAA
9ok o] FHE A%G AAAE AT FLA 2L do] M2 HDHA R}EE ol ZHY
5] oL F2 Utk o)A oL K¢ 0 2 PClycoprotein (P-gp)2l 288 & & ok AA
sH4 B NA Eoh¥ P-gpe BBBAA 71 83 HE-2WHA) (transpoter)o|th uistd HolA 3
o2 o] EojZ o P-gp = efflux transport 2] 202 3 ¢togo] k2] XS A3}7]
Folt}. [Tsuji, A. et al. 1992, Schinkel, AH. et al. 1994, Kusuhara, H. et al 1997] $&l& In vitro
BBB co-culture modelS 950} In vivo BBB 9} §AISE 2AL o]ZFEE o ERAHY E4& &%
a2 gtk Co- cultureE 3t cell lineol= WA Grail cello)= C6 cell#} endothelial cello]=
Human umbilical vein endothelial cell ¢} HUVEC cell& AF&3}o] monolayergE HAA#HTh (Figure
1) Cell 7F9] tight junction 2 Transepithelial electrical resistance (TEER) value®] £A3& B3 & &
1t} TEER valuew endothelial cell monolayer?] resistance® 2335t 2he] 389} cell confluence 7}
53574 3l factor2 o]€91 Millicell®-ERS voltohmmeter (Millipore corp)2 3% & F AU
Co-culture modeloj|A] paraceltular markerg! sucrose 9} transcellular marker <1 propranolol & o] 23§

transport A¥-S MYt
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v

Blood

Endothelial cells (HUVEC)

v

Glial cells (C6)

Figure 1. In vitro model of Blood-brain barrier

2 4YAR 2 B
7k YA g
(1). Chemicals

[“Clsucrose, ["Hpropranolol (Amersham international plc.), Rhodamine-123, Naringenin, Hesperatin

(2). Culture medium

Ham’s F12 medium, L-glutamine , sodium bicarbonate, Endothelial cell growth supplement (ECGS)
Fetal bovine serum (FBS), Dulbecco’s modified Eagle medium (DMEM), HEPES (Sigma-aldrich),
Bovine serum albumin (BSA), Cellagen™ filter discs (ICN Biomedical)
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AHEE EA 717125 HPLC  (Shimadzu, kyoto, Japan)$} Applied Biosystems APl 2000
triple-quadrupole mass spectrometryE 3239 B4351%4t} Column & CAPCELL PAK CI8 (2.0%150
mm, 5m)E AHESFETE AR ZE EF (RI labled)?] ¥4 liquid scintillation counter (Packard

Instrument)& o] &3}H T

v A8

(1). AzEupet

Cell line2 ATCC ofjA] oF wrol njor 3ldth Grail cell ¢ C6 cell} Human umbilical vein
endothelial cell ¢1 HUVEC cell& 10% FBSE %35t Ham's F12 mediumol wjokdict, sjudkE<l cell
o] flaske]l 80-90 % WA E Aetd, M C6 cell$ harvest 3t cellagen discsE o] 1 ol o]
5x10* cells/cm® 2 seeding @tk ¢k 5 hr & discs® UAHZ Sk TA] 24 hr ¥ apical MW
HUVEC cell & 5x10* cells/cm’ seeding 3t} Transwell 9} apical ¥} basolateral ¥l Zt7}+ 0.25 ml,
1.0 ml 9] media® A9 cell o] A ZE= 37 C, 5 % CO, incubatorol] A co-culture 3} th.(Figure
2) Apical membrane?] 9|23} o}gjZd| 2z] FL cellE £ TIA FEE FY3IHA o]Eof A
A& Zoprby o 797 vttt widste S F3tel cell el ER1S 98] TEER values

Z\Hoz 2R3,
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C6 cells

Il

HUVEC cells

Figure 2. Step of In vitro Blood-brain barrier model

(2). Transport assay
@ Monolayerd] tgt #Z

Transepithelial electrical resistance (TEER)-& =743}, paracellular markerq) sucrose 9} transcellular
marker ¢ propranolol & ©]-83) transport A4¥g X34t TEERS epithelial cell monolayere]
resistanceE 43} monolayer?] e} cell confluence 7153 3t factor2 o] &% 0] Millicell®
-ERS voltohmmeter (Millipore corp)Z &4 & 4 Ak 5 x 10* cells/cm*S apical monolayero]
seeding otof 7UZt wjet@AM £ TEERF sucrose, propranolold] &F4&& uHlwsted 49 7k
Ao 27¢ Hoteidt. TEERS 99E voltohmmeterZ ZA 3 ZHS surface area(cm’)E JF Q
Jem’2 JERRSich

@ F=EH
EE GBS HEEE 10 mMZ TFo] DMSOd| %R, o]F 05%0]H9] organic ©] HEE

transport assay buffer (Table 1) A 50 uMZ2 THEo] A¥L 433}y Rhodamine-1238 20
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uM& 7Heo] =308t} Sucrose ¢ propranolol & ©]$-3 transport AP dv] APL T3 A2
o=, & 002 G/mlg A3t gTh o] RE AHL 5% CO, incubatord] A FH A1, transwell S
shaking&}zl i)

Table 1. Composition of transport assay buffer

Component Concentration
Na+ pyruvate 110 mg/L
Dulbecco’s modified HEPES 25 mM
Eagle medium L-glutamine 286 mg/L
Glucose 4,500 mg/L
Sodium bicarbonate 350 mg/L
HEPES 25 mM
BSA * 01 %

* BSA included to stabilize membrane and tight junction

@ Transport assay

Transwell®] WA & ZA2HA AA & F, transport assay buffer 2 transwell®] apical, basolateral
FES transport assay buffer2 A ™ A3 % transport assay buffer& ¢ 37 C, 5 % CO;
incubatorol] A} 207} incubationd}$l 1, incubationo] £ & TEERE =A3&gch TEER 24 2%
FHeR EF4E A% AR A Bd ¥ 2F8GS 9714 WsE TEERS #HEEE $itsio] BBB
monolayere] €48 AL &, ¢kEo] monolayero] WX|&E cytotoxicity2 ZFHEEIHTh GES A &

< donorg} &1 ¢FEo] ALY E F& receptorghi dla, GEo] A2 FH(donor)E A3t donordlE

12

£-&, receptoro] = transport assay buffer R8st 232 M)yt £ AFA AHEE transwell
7% apical 3329 0.25 ml, basolateral ¥20] 1.0 mi& A sJck A3 FEo e A8 2FH

7re EE3 ASLE AYsta 20, 40, 6020F Yk Az GBS AYstn 2080 BAF 3 &

(2

>
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receptor chamberdl|A] 50 ule] AR5 &3] 3}, T receptor chambero] A Z$- transport assay
bufferg 50 ul H7}etH ). 40, 60% A3} Fojx oje} g wpow wE 4 WMo Ag AHE £
At AR AH7F F F $ gA] @ cell monolayer AElE #Hetalr] 98 TEER valueE =438}t

@ AE #4
[“C] sucrose, [H] propranolol WA AX EFRI labled)?] #4& liquid scintillation counter
(Packard Instrument)& o} &-3tHth. Ztzhe] BX8 A8 50 ulE 5 ml9 scintillation cocktail solution?]
vt FE3] 4e & 2F3YY. %2 wt Rhodamine-123 & Florescence multiwell plate
reader (excitation 450 nm, emission 530 nm)Z Z=A3}Ych YukAQ YirE FAH 29 AL
HPLC & o] &3] E4stqlth 53] LC/MSE o83 ¥4 FY3 £4 2o E4He o8 714
o ANEE el B4 & 4 e Aol Atk Flavonoids #|E¢) naringenin 3} hesperetin 9]

rlo

M

HAIE€ solvent (A) 5 mM ammonium formate (pH 6.0), solvent (B) 90 % acetonitrile in 5 mM
ammonium formate (pH 6.0)9] mobile phase & ©]-&3}9jch Column & CAPCELL PAK Cl18 (20
150 mm, 5um)e AHEEFHI, 02 mi/min & f&02 EHPow, oven & 40 TE FA8IYT LC
(Shimadzu, kyoto, Japan)$} Applied Biosystems API 2000 triple-quadrupole mass spectrometryE 72
gt} A3 £4 ¥ Analyst 1.3 softwareE o]€3}e] data analysisZ s}t

© Papp (apparent permeability coefficient) calculation
B A3 A o] ¥ 10° cm/sec T Lo} Tr)EAT PappE +#317] 913 4L o3 2ok

Papp =(V/AG) - (0Q/AY)

AQ/At= steady-state flux (uM/sec)o]31, V= receptor chamber®] 3] (ml)o]il, AE insert membrane
9] apical membrane area (cm’)]X, G H&ldhs B 27)%% (uM)o]t}.

50 ul¥ AHT Az Hd) FEE T WA Holo) AP A vER M A F BrrE
BFAT oA %3 =5 ol&d Azt i FE9 F/HEFES Tt R labeling®
chemical®] 7344, 9} AA -4 B T &9 ¢l ‘uM A ‘cpm/ml'S o] &3ttt

™,

349 249 2 »3
7). %% BBB co-culture system 3%
In vitro permeability AHS 4343}7] Y8 AAT C6 & HUVEC cell& membrane Aol AA|7t o)
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FZ W tight junctiong o]Fo] HA BBBY} FARSIA widBTh A% Wa Zo] transwelld] apical
membrane o} ZE 1 JEHA HFHF cell & seedingdte] & 7YUZF co-culture 313, ©]FA )
D systemS ©|8F AP HHo 21 wl™sy] As 4 TEERgE st Hlastit
(Figure 3) . 27 23} TEER & 7U2be) wjed7|2k 5 7P S7hske AL 828 £ A

B3 23 TEER gol 1000) W& well o) A& A2 W} Agaolel 43 A9FE ¢ 4 ANk
o714 TEERS PANE QFUT0] cell o Hehg shotg

o e AT 5 YE Q20D B FYsHe Zol BasiT BBB FoE APl 5

4
%9,
rir
ko
b
9,
K
3.
P
fo
=
o)
:
,‘g.
3

paracellular marker 91 [“C] sucrose permeability’= 14 x 10° - 42 x 10%(cm/sec) °}5}2} sgx
[Eddy et al, 1997], ©] 99 & AFAEL o] AEQ permeabilityE 7|2 Z2HoE 3 Stk
Transcellular marker ¢ [H] propranolole  [“C] sucrose permeabilityo] I3} 28 x 10° - 50 x
10°(cm/sec)®] © #& 3t& 7bATh(Table 2) Al7to] w2 Papp valueE 2 A3} 60min (3600sec)3E]
= 11 %ol Holx7] AIZSIEZ 60 min 74A|9] dataZ AHEEGTh (Figure 4) ©] § 7} compound
o Papp #& A A3 BAFoZH systeme HFI] AT 4+ Utk
Rhodamine-123-& 2.9 x 10%(cm/sec) ¢] Papp @< 7bdth Rhodamine-13& %<
9% W 49 2o =294 GES 9 FA A3 Agaleler B 4o
black plate of ®F3] FFEE =gt &  Flavonoids A|¥2] compound ¢! Naringenind}
Hesperetin & ztz} 2.9 x 10°(cm/sec), 27 x 10°(cm/sec)e] AHE Bl (Table 3) £ A HolAE Co
¢} HUVEC cell& co-culture &t} 79 wj%3t & TEER k2 £33t 100 o] well gtog2 Ald-&
+AaR

Test compound?!
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Figure 3. TEER of co-culture system by incubation time

Table 2. Papp values of control compounds in BBB co-culture system.

% drop in the TEER

Compound Papp (x 10°cm/sec) )
for 60 min
[*C] sucrose 25 + 04 <20
[’H] propranolol 32 £ 01 <20

Each date represent mean of triplicate experiment
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[Q] sucrose permeability

[*H] propranolol permeability

4 4
o3 o ¢ o
& o
& Iy
a1 a‘:’ 1

0e— L 1 0 . 1 ;

0 2000 4000 6000 8000 0 2000 4000 6000 8000
Time (sec)

Figure 4. Trend of Papp by incubation time in BBB co-culture system

Table 3. Papp values of test compounds in BBB co-culture system.

Compound Papp (x 10%cm /sec) % drop in the' TEER
for 60 min
Rhodamine-123 29 <20
Naringenin 29 <20
Hesperetin 27 <20

Each date represent mean of duplicate experiment

Minimum concentration of calibration : 0.1 uM
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A 1A : In vitro data®} PBPK modelS ©]-8-3 AWFH oY sl

Aeke] BAn AR 271GANA A TFsAAE GBS Aetr] A8, in silico £2 in vitro data

g o]gdtd A TR EZo FEFHNAQ] (PKpharmacokinetic: PK) 752 d5317] A% A7)

itk 209k /g BAA AAd BAX Y AW ATl BF FRE JPANE

298 criteria7t Hth AGS5e] AokEn 2ol A

AolA F2EHA 2oz st AYE 7H54

o] YE FUESS YA vlg 1T 4 e 239 Aol Bl & £ A
k=

719A ol ADME (Absoption, distribution, metabolism and

2 H
b
rk
ot
37
d
Dy
rx
o,
T o

excretion) 977} pharmacological tests$} &7 g = ofo} 519, o]8§ HZ& g PK properties
£ Ze Ewe vlg ddsie Agatna e 5Foth ojHd A7E st AY AMEL =
7|9AN A 414381A PK propertiese] #3 HRE AT & Sl ITEE (High throughput)e) in vitro
methods& A}&-3}1 glom, ol&dt in vitro JRE 7|22 39 AU FHE 23t 3= AEE
o] Bo] A= gt 1 FAMNT AT GE&EE 2 (Physiologically based pharmacokinetic
models: PBPK model) & o] &3 o5 242 Fdujjo] oFE 55 ¥ opgt 2H X FEF A €57}
Sthe 234¢ A9, PBPK modelo| M F8 22 3710449 7%, A7 2 A 55, in vivo Ptp
drug concentration of tissue:plasma ratio)E 0|83t 2|7+ ¥glo|] & 2 A3} A7) Abo] o) FE ] o]F
Hatna} 3y, olo) W £:81AQ RS ARt o 2 A o5 o] &3] thekd W) Ae]dtH wigle] wE
SHE o 25 AY £E & FE FoA THE $E FolAReA e BHE 452 & 3l
AfMe 2dE S ol AFAA 712 grHe EAAEE o833 e, PBK &
g9 7|23z Pouling 2L wet AYSPYY. £ 2de 23 EI P in vito data®
lipophilicity (log P, pKa)$} plasma protein binding dataE ©]-8-3}<] in vivo Pyp (drug concentration of
tissue: plasma ratio)& FHg F 2t 229 FF} FIg ol&3td 7 2R FEXAEE 55k
S Aol in vitro metabolic data® hepatocytel} microsomeo] <] intrinsic clearanceE A}-3}¢] hepatic
metabolism& 5% & PBPK modeld] wte} A4€ 48 £39] BZ £A0 B3 vl W4 E &
A AEae B 4 2FAXY AW FHE G55zt et

PBPK 29& rat (250g)9+ man (70 kg)oll thate] @st9om AA9 in vivo 4F datas} vimate] 3
AL B35 9ch hepatic clearance®] =W O F protein bindingg 13 H4-9} 1A @Fe

S nlw3lgon, kB9 acidityo] WE prediction o= HZt1 A} 3 Th
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7}, PBPK Rd¢] 1A
PBPK model®] frameworke figure 1 3 o] FASIHTE ¥ubAQl #4249 12 compartments
(blood, adipose, bone, brain, gut, heart, liver, lung, kidney, muscle, skin and spleen)& A3} 0.,

oFE-9} clearance siteZ & liver?g 7HA3IH T B A2 E ANES (intravenous)7He 1123kt
QLung ) Lung QLun}I
Y
Bolus _J QAdigose AdipOSe QAdipose
doses
QBonde Bone QBomie
L=
- QBmin . QBmin
-8 < Brain -8
Q < Qﬂgart H ea rt QHeart _O_
0 , : O
N < Qthngy Kl d n ey QKuInev _
= 0 0 ©
O [« Musde—  Myscle Muscle L
S |
q) Spl een QS leen |
= 0 0 0 <
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Figure 1. Conceptional representation of the PBPK model framework.

F8AQ 292 simulation program¢] ModelMaker 3.04 (Cherwell Scintific Inc. Oxford)E AH&-3te
A4592 7, Runge KuttaGill method® A3t} $34¥50} 2t 22us) $=2 simulation 35
t}. Schematic diagram figure 20 ¥ &3} ch
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plasma binding (fu,) In vitro data on CL’,,

Tissue composition-based equation Scaling factors

Invivo P,;’s predicted E, in vivo predicted

!

Mass balance differential equation

|

PBPK model framework in Figure 1

Figure 2. Schematic representation of the procedures used for developing PBPK models

Figure 1& 7122 38l9 4343 mass balance equation o]} & 7}A3lo] dHv|EIAAOE |
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Mass balance differential equation

* For non-eliminating tissue:
dCy/dt =Qi* (Ca-Ctr)/ Vi Co=Cy/ (Pip/B:P)

* For eliminating tissue (hepatic):
dGr/ dt=[(On-Qg-Qu)*CapH(Qs*Cobg PQ*Cobst-Qu*Cutoh) ] / Vin
'[((Ql’Qg‘Qsl)*Cab+(Qg*cvbg+Qsl* vbsl))*Eh]/ Vh

* For lung :
dC}/ dt _'Qc ( vb'CVbl)/ Vl

* For arterial blood:
dCop/dt = Qc * (Ciorr-Cab)/ Vv

* For mixed venous blood and plasma

dCa/ dt=2(Q*Coor-Q*Cuv) / Vi Gp=Caw/B:P
Parameters Subscribes
Q : blood flow C: concentration t: tissue h:liver g gut
V: volume E:extractionratio  sl:spleen I:lung c: cardiac output
Py : tissue:plastma ratio ab : arterial blood vb : mixed venous blood
B:P: blood : plasma ratio vbt : venous blood leaving tissue

dC/dt: concentration of drug per unit of time vp: mixed venous plasma

). Species-specific parameter2] 98 (tissue distribution data)

B A2IA data (F, @FS 23R )= FAA AR E 7|22 sho] ALR-3190H, rat & mane] djs}
o rat& 250g, mane 70 kg 7|2 02 A3lgch (Table1,.2)’.
in vivo PtpE homogenous3t 2HE 9] dlstrlbuhonO] passive diffusion®] ¢J8lejnt dojds 7148},

247+ 2A 3} plasmaE lipidse} water, protein® 8 FAH EYEZ F3ld oFF9 BE Aol lipid
o} water Alo]9] drug partitioning (nonspecific binding)3} plasmas$} tissue Alojol &3l proteino]
3t reversible bindingdl ojste} APAcky 7AstATE 4 ()3 (2o st 2 229} in vivo Pp
g d33on, 4 229 23 2AEEL Table 129 Yehjdd”

Table 1. Species-specific input parameters used in Rat PBPK models

Physiological Data Tissue Composition Data
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Blood Flow Rates (Q) Volumes (V) Water (V)  Neutral Lipids (V) Phospholipids (Vph)

[fraction of cardiac [fraction of total [fraction of wet [fraction of wet [fraction of wet
Tissues output in L/min]  body volume] tissue weight] tissue weight] tissue weight]
Adipose 0.07 0.076 012 0.853 0.002
Bone 0122 0.04148 0446 0.0273 0.0027
Brain 0.02 0.0057 0.788 0.0392 0.0533
Gut 0.131 0.027 0.749 0.0292 0.0138
Heart 0.049 ‘ 0.0033 0.779 0.014 0.0118
Kidney 0.141 0.0073 0771 0.123 0.0284
Liver 0.175 0.0366 0.705 0.0138 0.0303
Lung & 0.005 0.79 0.0219 0.014
Muscle 0.278 0.404 0.756 0.01 0.009
Skin 0.058 0.19 0.651 0.0239 0.018
Spleen 0.02 0.002 0.771 0.0077 0.0136
Arterial blood - 0.0272 0.96 0.00147 0.00083
Venous blood - 0.0544 0.96 0.00147 0.00083

* Total cardiac output in L/min was calculated with an allometric equation (0.235*body weight'”)’

Table 2. Species-specific input parameters used in Human PBPK models

Physiological Data Tissue Composition Data
Blood Flow Rates (Q) Volumes (Vy) Water (Vi)  Neutral Lipids (Vu) Phospholipids (Vin)

[fraction of cardiac [fraction of total [fraction of wet  [fraction of wet [fraction of wet
Tissues output in L/min]  body volume] tissue weight] tissue weight] tissue weight]
Adipose 0.05 0.11957 018 0.79 0.002
Bone 0.05 0.085629 0439 0.074 0.0011
Brain 0.12 0.02 0.77 0.051 0.0565
Gut 017 0.0171 0.718 0.0487 0.0163
Heart 0.04 0.0047 0.758 0.0115 0.0166
Kidney 0.19 0.0044 0.783 0.0207 0.0162
Liver 0.25 0.026 0.751 0.0348 0.0252
Lung & 0.0076 0.811 0.003 0.009
Muscle 0.17 04 0.76 0.0238 0.0072
Skin 0.05 0.0371 0.718 0.0284 0.0111
Spleen 0.02 0.0026 0.788 0.0201 0.0198
Arterial blood - 0.0257 0.945 ‘ 0.0035 0.00225
Venous blood - 0.0514 0.945 0.0035 0.00225

* Based on cardiac output in humans of 65 L/min
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Tissue composition-based equation

P ] — [PO w (ant+0 3V, ht)] [ ( +0 7Vht)]

| . 1
t:p non— adipose [P (anp__l_o 3Vhp)] [ ( ut+0 TV p)] fut ( )

P ; — [Dw a ( zlt+ 0. 3 ht)} [1 X (V11t+ 0.7V hf)]
t: adipose
! " [D'LO w ( nlp + 0. 3 php )] [ (pr—}— 0. 7 php )]

1
==y 05

fu=unbound fraction
Pow=n-octanol-buffer partition coefficient (PC) of the non-ionized species at pH 4.0

Dyow =olive oil:buffer PC of both the non-ionized and iinized species at pH 4.0

t}. Drug-specific parameter?] ¢J3 (hepatic metabolism data)

Hepatic extraction ratio(Ex)= hepatocytest} microsome$ AM&-3te] AXbE £849] CLiwE AHESlY
Tatg.on, well-stirred liver modelS 7}A54 . microsomeo]y} hepatocytesE A&t} Folzl in
vitro CL'iE 7FA 2L 45 mg microsome/g liver, 109%10° cells/g livert liver weight, body weight
& ¥3& scaling factor® JF8t in vivo CLinE AASAT in vivo Cliw 9)3A] plasma protein

binding& 723}7] & 2d (4)¢ bindingdt model (5)o] il =S vlwsiY ek

. Q< CL'_,
m o CL,, = pr——F7— 4
m CL,int+ Qh ( )
@y fu, - CL,
in vivo CL, , = T, ! fC’L’mt—i- Q;: (5)

A8 drug-specific input datat: Table 3.0 I #3at.
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2

Table 3. Drug-specific input data®*

Rat
logP pKa fup B:P Cl'int (ml/min/kg)

Clozapine 3.6 83 0.26 1.0 218

Diazepam 299 35 0.14 1.04 82.8

Epiroprim 2.89 6.96 0.1 1.0 10.3

Propranolol 32 9.5 0.23 0.8 997

Human
logP pKa fup, B:P Cl'int (ml/min/kg)

Base

Diltiazem 284 7.7 022 1.0 87

diphenylhydramine 327 9.0 022 0.65 21

epiroprim 2.89 6.96 011 1.0 17

propafenone 3.37 9.86 0.04 1.0 166

propranolol 32 95 023 08 66

verapamil 3.79 849 0.12 0.85 122
Neutral

Alprazolam 299 - 032 0.78 1.6

Diazepam 299 3.5 0.02 0.58 23

midazolam 295 5.82 0.02 0.05 160
Acid

Diclofenac 3.03 3.9 0.005 0.55 189

Ibuprofen 3.68 431 0.01 0.55 88

2t PBPK model Simulation

229 PBPK modelsd) ¢]3+ simulation data$} in vive APL Esly 4L dolHE wimsga. 4z
9 AEd g in vivo AY EloJHE T3 HoHE AHEstH 2w, diazepam#} propranold] -
tissue distribution® B3l Uz FEL plasma concentrationd BlW3IHTh F A wlmA
05-20% Atelojd 5 Ayl & A (fitting) 3ok #A3Hth PK parameters= WinNonlin program

2 o]4844] nonliner fitting2 &} Tagon], Zzte] k2o tistd AUC, CL, VssE HlmEATH
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7}. Rato] ojgt PBPK model& ©]-&3 plasma concentration simulation

459 5o st rato] tig PBPK modeld] 213} simulationg 283tHct. (Figure 3). i wvivo CL
AILHA protein bindingg 128l o =3 HolE{et 1H3A] e Ho|HE vl rat PBPK model
of A CL d&2y-S ddstnA sty 4714 FE 259 thste] protein bindings 112{8}#] 2
o] actual datag O # &3 Ao e O, protein bmdlng 1#H3 7S overestimating
dhe A4%E JeRilth £3], protein bindingo] 2 diazepam (fup=0.14)3} epiroprim (fu,=0.10)¢] 7
+ actual data®}9] Zol7} of & Aoz yehdtth o] A= liphophilic basic drug®] 73-% protein
binding& 1#3 7 $-9 actual datac] )3} predicted clearance?] HEAlo] ZaHTe £ ZHs}
dxehe 4TS BEY” F wHo] 95}e] o= plasma concentrationg 7}A 3 PK parametersE
& ¥ actual ¥x9 PK parameters} H|:3lY-& WX protein bindingS IHIA RS AL
simulation data$} actual data’} 2 ¥ ©)5}2 & dZEH= RoZ e protein bindings 112

A%E 4Ho ARl B2FL FAT 4 YT (Table 3).

o
L.

i)

10000 - 1000 +—
Clozapine : 5 mg/kg *  Actual Diazepam : 1.2 mg/kg *  Actual
No binding i No binding
= Binding —_ Binding
E E 100 -
21000 | <)
s c
8 S
< =
8 100 | 8
Q 5 ]
o 8 1
10 ; . ; . ‘ 0.1 , ;
00 05 10 15 20 25 30 35 ] 2 4 6 8 10
1000 1000
Epiroprim : 1 mg/kg o Actual Propanoioi : 1.5 mg/kg e Actual
. No binding No binding
P indi —_ -~ Bindin,
§ Binding E 9
2 2100
< c
9 3
b 100 - ;§
< 2
g g 10
9 5
Qo . 3
10 ; . . , — 1 . . —
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (hr) Time (hr)

Figure 3. Comparison of PBPK model simulations (lines) with experimental data determined in vivo
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(circles) on concentration-time profiles of plasma following an intravenous bolus administration of
clozapine, diazepam, epiroprim and propranolol to male rats. The mean experimental data on

concentration-time profiles were taken from the literature'.

Table 3. PK parameters and ratios of predicted plasma concentration data and actual data in rats

AUC (ng.min/mi) C (ml/min/kg) Vss (L/kg)

Actual No binding  binding Actual No binding  binding Actual No binding binding

value value ratio value ratio  value value ratio value ratio value value ratio value ratio

Clozapine® 44102 43389 10 51900 12 8 80 10 61 07 54 60 11 54 10
Diazepam™ 15800 20059 13 40119 25 75 59 08 28 04 50 52 10 44 09
Epiroprim® 21032 31668 15 67354 32 £ 27 06 5 01 42 33 08 29 07

Propranolol® 16530 18787 11 20868 13 8 74 09 66 08 59 57 10 55 09

1}, Ratol] o3k PBPK model-g ©]£-3} tissue distribution simulation

Plasma concentraion®] &% Z3} o] we} protein bindingg 13 3A] %2 rat PBPK model & 7} 31
g AW Exvt doht d3HeAE FUstaA s}tk 15 mg/kgé propranolol 12
mg/kge] diazepam< male rat (250g)e] AW £& Z3}e] simulation data$} in vivo 2E do|E
£ figure 49} 59 UehfiSich. & Azt XY S ARE in vivo AE ZHAE Ur § 23 w §
T& o] 0520 ool Eoj7ke AE Qs gt (Table 5). Propranolol®] 739 plasma, heart,
kidney, muscle®] 7%+ actual FX 9 simulation F%E9] X}o]7} 28] o|dtoflA & dZo] HJOY
lung®] 73%& actual Fxo] Wdte] ¥A =59t o] propranolol® Z2 cationic-amphiphilic
drug®] 7% in vivo conditionso) A} lung© £ 2] accumulationo] #A3] F7}etthe A 7iQlslelel A
zaY Diazepam®] 74-9¢-% 7 tissue (adipose, heart, kidney, liver, lung, muscle, skin)#} plasma$] 73
2= actual ¥E9} simulation FE9] o]z} 28] o]t A F ¢)Zo] HYOL} braind gutd] A$E
actual Fxo| BIsld =A ==t} in vive conditiono]X diazepam¥ Z& benzodiazepinF
blood-brain barrier®] W2 E3Ao g 5t} brain® £9] uptaker} Wty H3Ho] Sl=d Hlghd,
B TN rapid diffusiond 7} 3HE o) braindl] A 9] actual 59 simulation FX9] o)z} 719l

dokn AaE®
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Figure 4. Comparison of PBPK model simulations (lines) with experimental data determined in vivo
(circles) on concentration-time profiles of plasma, brain, heart, kidney, liver, lung and muscle
following an intravenous bolus administration of 1.5 mg/kg of propranolol to male rats. The mean
experimental data on concentration-time profiles of the racemic mixture were taken from the

literature™.
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Figure 5. Comparison of PBPK model simulations (lines) with experimental data determined in vivo
(circles) on concentration-time profiles of plasma, adipose, brain, gut, heart, kidney, liver, lung,
muscle and skin following an intravenous bolus administration of 1.2 mg/kg of diazepam to male

rats. The mean experimental data on concentration-time profiles were taken from the literature *.

Table 5. Ratios of predicted tissue distribution data and actual data

tissues propranolol diazepam
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plasma 13 1.6

Brain 18 72
lung 013 15
Heart 09 12
Liver 07 08
Kidney 1.1 16
Gut - 37
Muscle 20 17
Skin - 15
Adipose - 13

t}. Humanoj o3t PBPK modelg ©]-8-3} plasma concentration simulation

6% 9] basic drugs® 3% 9| neutral drug, 2 £9] acidic druge] ™ate] humanef] tdt PBPK modeld]
93 simulationg A3sle] FEo| acidityo] whe} & PBPK modelo] actual concentrationg - o33}
TAE YolruA 3Tk (Figure 6,7). Basic drug®] 7% protein bindingg I1#stA &1 TEE
o Z5H9-E W oJ= AL actual plasma concentrationg }Z3h= A8 HolA|¥t neutral drugse]u}
acidic drug®] 7J$-+ actual data®} simulation data Alo}o] & x}o]E Holes AL Z YEMKTL Basic
drug®] 7% protein bindingg T3} && A% J=Ho] ¢ ¥L& AL rat PBPK model®] 734
¢} Y59, neutral drugolu} acidic druge] 72§ oJZ3o] HojzE A& human microsomeo]t}
hepatocytesE A3+ in vitro systemo] in vivo hepatic clearanceE & o Zsjjz] E3l= Ao 71g
ttx Abs " (Table 6). basic drugdl X% diphenylhydramine®] 7% in vitro CLY) oZFke] actual
valueH T} 41} oA} A& Zro] ®do] AL o] simulation data®] A-$% actual valued] HI3}
overestimate 5o UEl= AL T 4 itk

Table 6. Average fold errors of predicted clearance to actual clearance’

Basic compounds (n=6) Neutral and acidic compounds (n=5)
No binding Considered 13 26
Binding Considered 41 27
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actual

' 2 log Z)redut:’d )

average fold error = 10

Zyzye] el osle} o] ZH plasma concentrationd 7}A i PK parameters® T3 & actual FE9
PK parameter$} M 3l¥S W protein bindingg IHEA L basic druge AS$eE
diphenylhydramines #| 9|8} simulation data®} actual data7} 2 v} o|3t2 & 2=+ Zog U
E}5t o} protein bindingS 13 A9 AUFHoE d&Ho] 7A¥e HAY £ Jon, acdic
drug¥ neutral drug®] 7-¢- protein bindingg 123t 7-$-7} protein bindingS 1 3A & A¢H
o} plasma W2 drug concentration] %A Yo+ Ao F st} PK parametere] ofZZo] )3
08 EopXe AAY Koy, actual valuest= 2oz} ZA YehdS B8 4= 919l (Table 7).

2}. Humano) t3t PBPK model& ©]-£3} tissue distribution simulation
Simulation data”} actual plasma concentrationg # o &3}d k&<l dilitiazem} varapamilo] tfj5}e]
human PBPK model 7}A1 oHEeo] zAue] BRI E o)Zsle] Bttt 20 mge) dilitiazems} 25 mg

o} verapamil human (70 kg)2] He} Fejsh A%e] TS compartmentel ] Az BE oFF
o] Fx W3S simulationd}Et} (Figure. 8).
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Figure 6. Comparison of PBPK model simulations (lines) with experimental data determined in vivo
(circles) on concentration-time profiles of plasma following an intravenous bolus administration of 6

basic drugs to humans. The mean experimental data on concentration-time profiles were taken from

: 15,19-23
the literature .
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Figure 7. Comparison of PBPK model simulations (lines) with experimental data determined in vivo
(circles) on concentration-time profiles of plasma following an intravenous bolus administration of 3

netural and 2 acidic drugs to humans. The mean experimental data on concentration-time profiles

were taken from the literature **%.

Table 7. PK parameters and ratios of predicted plasma concentration data and actual data in humans
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AUC (pgmin/mi) Q (ml/min/kg) Vss (L/kg)

Actual No binding  Binding Actual No binding  Binding Actual No binding  Binding

value value ratio value ratio value value ratio value ratio value value ratio value ratio

Basic
Diltiazem" 173 278 16 509 29 138 91 07 34 02 47 28 06 26 06

Diphenylhydra
w 499 1800 36 2391 48 114 20 02 07 01 45 25 06 24 05
mine

Epiroprim15 1350 1743 13 2135 16 38 18 05 04 01 3229 09 27 09
Propafenonen 1022 486 05 1023 10 180 314 17 113 06 12 43 36 27 22
Propranolol22 23 52 22 107 46 400 181 05 71 02 66 24 04 22 03

Verapamﬂz” 246 147 06 271 11 135 23 17 104 08 32 56 18 46 14

Neutral
Alprazolam® 158 38 02 46 03 08 20 25 12 15 08 55 71 53 68
Diazepam'™ 2026 409 02 1039 05 04 22 48 01 01 08 43 56 41 54

Midazolam®™ 242 53 02 98 04 60 245 41 110 18 07 51 70 40 56

Acidic
Diclofenac® 1943 20 01 606 03 37 22 72 51 14 01 43 393 27 246

Ibuprofen27 67876 4889 01 7669 0.1 08 78 98 24 31 01 33 282 31 21
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Figure 8. Simulated distribution in man of an intravenous injection of dilitiazem (20 mg) and

varapail (25 mg) in various compartment over time.

B AFMe B9 WE in vitro data®t F (species)ol] W tissue distribution datag PBPK model
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22 AHUTE Rat PBPK modelg o]&3}e] plasma concentrationd] efZgo] ¥& oHgo] thald]

oxl g 4
r—{rz

© = simulation data’} actual dataZ Z ¥rdEA] £él= A

tissue distribution data® simulation data$} actual dataS VW3 A hREY ZAgA F HolHY

o APAHL B 4 997, kA, & humano] 335t 2 basic drugell tha) tissue distribution

o thg simulationg FHE 4 YA} ol Zo] B AFA 4qF PK prediction 71E2 in vivo

APAd AFFHEDS HYsa optimization =t €4 ¢ & Zo¥, 4E9 human tissue
g5
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e

2 YA viwsud gy’ B89 FA4% B4 (principal component analysis: PCA)9| 2l5}
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model hepatotoxing] ANIT] Fo{A]9] metabolic trajectory®] W3}E 2D plote g visualizaiond}s]
ALdy A e A3 JEATE BQE & 91%en, hepatotoxin®] EF-o] WE metabolic
profile®} Wste] o9 TS FAF £ Utk hepatotoxine] td ZdE 73}y gt AFHY
¥4 (linear discriminant analysis : LDA)#} SIMCA-RD (soft independent modeling of class analogy
with residual distrnace)i& 283 g 29 4282 ¥ux Pk

ol gz Zol B AN LO/MS B4 7l 283 ohakdt fegly 248 o] fsta] Alokrhale
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607
632

B 7IC o101 rom Sample 7 (ANG-t) of ANIT-040207 wi (Tutbo Spray) Max 1.de8 g5
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vt 2- Reduction
Log 10 transformation
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gl.“ © 0 3.944066 0
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A 154 £371ts AR H AP ARSSIETE FE AMRALS 2k 2542T, Al 55-10%, O
2|3 12717k 7HA 9] light/dark cyded] IS FASIA: oleig Zo] Z4ZtY rate] 10 mi/kgd] &%F
0= 13 AFFHe & ANITY H$= 8 U5 (pre dose, 8 hr, 24 hr, 32 hr, 48 hr, 72 hr, 9 hr,

120 hr, 144 hr, 168 hr postdose), Y %] hepatotoxing T & 3248 A7 AWE 389t &
EF9 control group L ZE carrier vehicles?H rate] Fodte] BY7|7HEe AW FHFEY &
HE AW BAA7A 20TAA RAstdth & 89 G EZolg AAY] At & W

creatinine®] $£7} 1mMeo] HE2 54510 849 2 A28 LC/MSEZ BAsc,

Model hepatotoxin Toxicity mechanism’ Vehicle Dose

ANIT Bile duct damage Corn oil 100 mg/kg
CCl4 Fatty liver Corn oil 800 mg/kg
Acetaminophen Hepatocyte death 50% PEG 700 mg/kg
Diclofenac Immune response Saline 20 mg/kg

1. Liquid chromatography - mass spectrometry

A8 HPLC  system® Shimadzu LC system& Alg3slom Z7AOZE  ionizatione
APl-electrospray ionization®3S ©]-838l%.2 1 polarity mode negative modeE AHE-3}% T Column
& Capcell Pak C18 (250 pm X 2.0 mm LD,, 5 pm, Shiseido, Japan)& AM&3}91om o]F4 2= 5 mM
ammonium formate (pH 4.0) [A]Z} %0% acetonitrile in 5 mM ammonium formate (pH 4.0)[B]& A}-&

&t gradient systemol] A EA31F oy 24 tga 23 EAA7HE 20 mino] Yt

Time (min) A (%) B (%) Flow rate (ml/min)
0.0 100 0 0.20
8.0 65 35 0.20
170 5 95 0.20
171 100 0 0.20

Mass spectrometer] nebulizing gas, turbo gas, curtain gast nitrogen gas® ARE-3l1, 242+ 30, 75,
a3 40 (YAdees HAsYon nebulizerd] £5E 420TE 4A3Qth Q1 full scan modeE
o]-&-8ted m/z100-7009] thate] EA3 5Tk

T}, Datasete] 4
Ut LCMSel| oj3te] Poja chromatograme A2 o] A3} data sete] Fe|Z HEAF)7]
At} BEAE chromatogram® Y& scan spectraZ X3} text file2 conversion A)7]1 F SAS
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programs AME-3}] noiseZ FAE+= intensity 300000]3l= AHAIZF F FojF F 100 points®] mass
spectraf summing3le] 3 7HA 2] LC/MS spectra® F33ch Fog 429 tiatAZ} EAde 73
F€ 2o AP fractions AAY F g AT oF 2000749] peaks (HF)E AT 7 A
spectraZ mergedtd original dataset® g AMR-3IYch ¥ el W49} noise structure] o]FAHGe
F&E £0]314} log 10 transformationS F3PtHo v, W datasetS AHE-3} modified ZSTE
335t datasetZ normalizedt$ Tt Modified z score= Zb 21§ 9] control groups®] HH ¥} ZFHALE
o]-83le] AXIHTh log WEH datasets} log W3 F normalized® datasetS original dataset¥}

normalized dataset® & A}-£38}e] chiERE Mo o] &3lgith

T R4 & SASSE SIMCA-P software & AH-81ed S8l dck. MIASH 24 F48 248 $43
o LC/MS HoJHE 7122 2t A 8¢9 547} dataset Alo] ] A S 23} dataset W] A2 <] HE
ot £ EAS BAstnA st om, 9@ 2 W HAF Aol g

Al
2
< ENE ERUALS $USE ASH 4L ST ATH BHo2E JFHALY ((DA), 43¢

Obo
o
£

£ (LDA), SIMCA-RD 54 AH-3}1%].2.1, leaving-one out method & ©]-§-3F cross validation& A}H&-&

7+ £ ¢] modeling powerZ X112} 851 ch

7} 54 EQ 5o F A7t 12 urinary metabolic profile] ¥ 3}

AU Az o2 WEE 1Y) $131Y ratse] ANITE Fo3 & 79 59 &9 A8E 33
o] 11 metabolic profileS ¥4t 7z} time pointoﬂfﬂgl LC/MS spectra series® E3}] AJZhol] o
£ 24 A=ud Wel4 B9 AT WS BQY 5 YTk (Figure ). ANIT S0} F 24 3ol
A A hippuric acid®] %o] A3 FoJEBA FoF 2472 Azt F¢ bile acidse] FHl7} @A
A Ueldth ANITE A% Ho] Ay bile acids taurocholic acid isomers (m/z=514), glycocholic
acid  (m/z=464), cholic acid (m/z=407), tetrahydroxycholanoyl-taurine isomers (m/z=512)%}
glycomonohydroxycholic acid isomers (m/z=530)0]|™ +Z& LC/MS/MS Bz} bile acid standardsE
spikingsted <1381t} AW Al 2 9] metabolic profiling& predose 48] 2 3| B H A= AT Fo F7YU 73
}4] 9] spectrai= control group®] 2-& 717H5 <t} spectrash Bl wA] ol FAHEHS £ £ A
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Figure 2. Series of LC-MS spectra of urine samples obtained predose and various time points up to 168 h
(as indicated) following the administration of ANIT (100 mg/kg) to rats.

T4 & 4 original dataset (before normalization)oj] 433 3}&] PC1 % PC2 spaceZ X A 3t$I T 2} time
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point®] B HX|Z F A3 PCA metabolic trajectory plotsoll 4] Control group-2 0-8 hr A7}l A predose
origin} 7H¢ He] Golx glthrt Alzte] A'd 4% metabolic profiled] Wal7h AlebA dAHE AAHY
144-168 hr& o3I dte 08 Fo]A =™ ANIT treated group2 predose origino| A £3-3}e] 0-8 hr A] 714
A 2 2ol 7t AR T} 32-48 h pointel] A 7H & 2o| & B T AA 144-168 hr XM 0 2 71744 A A A
PCA 2] 9] 35} €1¢14].2 ANIT treatemnt”} metabolic profiled] 32-48 hr 7] 7o) A 7} A Q&S F= AL
U1, T8 metabolic profileo] predose origin 0.2 3] 78} A= G|+ A|7ko] A84=E control group 2.
Z 7S BojFol 798)dl & 3 EE S RS al Slth. (Figure 3-A). ANIT-treated group VFEb= 0-8
hrel| 4 metabolic profile®] #3}= control group = UYehe Ao g #datAd com oild] 93 Ao
Az, mEbA, A 5 oA toxinel] o3te} Fo]H 0 2 ehhe wMstE A8k} ghrhw vehicle &3}
£ 130t & Aotk £ AF A= o] 213t vehidle effectso} 7} 7§ A & spectrume] A YRt RS Al
A8}7] 93t modifed ZST W& ©]-8-38}4] dataset2 normalizationd}ed A}8-39th normalzied datasetol]
PCAE #&3l%42 W control sample®] mean point= normalizaiton®] 232 3 0.2 Zo|A =i ANIT
group2] metabolic trajectroy= 32-48 hrol A origind}t 7} A "ol glthr} Alzke] Aid =2 predose
origin® 2 7}7t A1 E A& &4 T 5 AN 2™ o] ZHH presode e ol A Fo 5 244 7ke] AE A7iAl=
ANIT®] Foj7} 2 A| F1¢) metabolited] FTHE AL 71X 2] Ft}r} 244 7to] A $HE 2ol & Ho
7] AZate] 32-48hrol| X H o] o] 23] Thr} 484 7ke] At FHE 3 E 5] A &Ete] 144-168hr 9] 7
predose “FE] 2 3] 58-S #9138 4= 9131t} original dataseto] A 9} 2] normalization datag ©]-8-3H PCA ¥
A2 ThE effectsE ¥} A 3F ANIT A 2] vtol| & 2|7t }E metabolic profiled] W3S B =2 & 5 Sl
At} (Figure 3-B).

—_—

Flf‘

- 299 -



(A)

a: ANIT
C: Control

20

_________ —A7E
A*B"::::: ________________________
8 5
a
-10 4
.15
-20 4
25 : , , ' ' ‘
-60 -50 40 -30 20 10 0 10
(B) PC1
15
Ad]_
\\\\
10 4 ST~
~
~ -~
~ ~ -
54 ~. —~—— - A5
o ™ BRa e /,ose
01 AZ2 ~—~__ preth
< —
h A24
o
g7 AN A168
o N !
AN //
T N\
-10 . /
AN li
\ AY44
-15 4 N 2
h M0
Aog——~
-20 4
25 : : . ' r 1
-60 -50 -40 -30 .20 .10 0 10
PC1

Figure 3.PC maps of urine spectra from rats treated with ANIT (100 mg/kg). Mean value of

each time points were plotted. (A) Original dataset and (B) normalized dataset
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L}. Model hepatotoxin®]] m}-& urinary metabolic profile®] 3}

ANIT treatmento] 9]3te] 714 & x}o]E B9l AJ7ko] 3248 hr F¢Ho|$1 0.2 2, Z} hepatotoxindf] 23
metabolic profile®] W3} & ¥ 7] 93+ A ¥ o A= 3248 hr A| T HHE o] $31od 1 FTHE BA 5T} ANIT &
o 3 32-48 hr 5] AWA 5 9 LC/MS spectra® WA tiAE ] & RISHE Hol, 7 #9] 2 Al
o 7t daske A o2 BFAT LC/MS #A4 4 21 A 59 52 2287 Hst] 1 mM creatinine

ol

9] FEE JIAEE AW E 35 BEA8HA & ANITS 7= ANITS] F7} hypercreainineuriaE
Yo A AR creatinine?] FE7} ot A HEZ el A AHE9] 527} controld] Hlgte] YA o2
o WA BEEE A0 2 22907 713 2 Wil my/z 162, 194 (hydroxyhippuric acid), 218, 236, 2680] 85%
o|4 7+AE 11, bile acids7} AZEHH, m/z 1673 2695 E0]Z 0 & 400% °]4 715+ AL Yelyit.
(Table 1). CCL) B¢ m/z 3397} A3 76} (controldl] W&}a] oF 194)), m/z 178 (hippuric acid)<}
2780] Z7}8}al m/z 160, 207, 212, 2730] ) 279l Hl5}e] 70% o] 7+4-8F St} Acetaminophen A 2] ol A
£ acetaminophen®] thA}49) acetaminophen glucuronide$} acetaminophen sulfate7} th#F o2 HEH
dataset TTAAGA A wj A X 7] & dataset-S TA A TH WA EA Fo| 4= m/z 2079] control group (50%
PEG only treated group)ol] Bl3le] Z7}8}99.0.H, hippuric acid m/z 273% 43 A2 eyt
Diclofenac %] 9| A<= control group3} Bl mdle] BrlE xpo] & &7 e 4= ¢19]th control vehicles Afo}o]

2= LC/MS spectra 420 2 0 & = 2po| 3 o] WHAE #] ¢kslth (Figure. 4).
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Figure 4. LC-MS spectra of urine 3248 h post-administration of hepatotoxin and each vehicle: (A)
acetaminophen, (B) diclofenac and (C) ANIT and CCls,
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Table 1. Relative changes in major endogenous metabolite concentrations between hepatotoxin-treated

groups and each contro] group.

m/z RT (min) AC DI CC4 ANIT
160 104 74% |, 68% |
162 111 45% | 8% |
167 64 4% | 869 % 1
178 9.0 43% | 330% 1

189 98 59% | 66 % |
194 7.0 61% | 91% |
201 13.6 73% |
207 6.7 545% 1 71% | 81% |
212 109 40% 1 71% | 81% |
218 72 2% |
222 10.3 43% |, 5% |
223 6.5 76 % |
231 14.9 62% | 5% |
236 121 90% |
242 10.1 67 % |
245 13.5 55% |,

268 139 89% |
269 14.9 400 % 1
273 95 27% | 73% | 61% |
295 9.3 29% |, 62% |
339 87 1870% 1

343 133 75% 1
407 16.1 S

464 140 S

512¢ 131 5

514* 13.8 S

530* 134 S
* the largest peak of isomers.
** Specific in ANIT-treated group

Relative percentages were calculated in metabolites which had statistically significant differences for the relevant

control group (p<0.05).

W 7}A] hepatotoxino]] th3} original dataseto] PCA #2418 283 27 A HA 3 PCsE AHE-8 PC score
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plotol] A} ANIT, CCly, acetaminophen®] 7%+ 28]® #¥& #4817 diclofencac®] ¢+ 50% PEGE
2] 8 diclofenac®] control groups} ¥-2] €A €5k o ™, control groupdl 1014 2] 3t vehicleo] wz} PC3
9 gho] FEF FolE HoH 3 oz FHE e UL + A%ew, olv LO/MSE A
metabonomic study®] $10}4 %23 vehicleo] metabonomic profiledl] %3-S 713& ¢|v]gtt}. Diclofenac
A2l oA = original dataset-2- ©]-6-3F PCA ¥4 glof A ¥#) 3 PCsoll 2] 3} A= metabolic variations
o A3E 3A8 4 It} (Figure 5-A). wabA], vehidle effectsE A A37] $1381] modifed ZSTE 433t
normalized dataseto] F4E-& 213 23} WA A PC score plotso A& original dataseto] #]s}e] group
classificationo] Z7}1E2 221 4= 913l o ¥, diclofenac®] 7%= control groupd} 81112 7§ A Tho] X HA

Ad #27H BE ¢ 4 AU (Figure. 5-B).
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Figure 5. Plots of the first 3 PCs of 3248 hr urines for acetaminophen (), diclofenac
CCly ("), ANIT (4) and each control vehicles (@) A) Original dataset and (B) normalized

dataset.
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& AHR-3t] 31t original dataseto] FEIEE S e T Aoj7 FFE 2T = 5 classes?]

BZE B & Aoy, 97% AxY FFo07 aHYL ellipsoidal ciralced control group}

Mo

A

P

acetaminophen group©| overlap® o] L}e} 5t 2. ¥, 3 control 7§ A7} group} 2 acetaminophen 7§ A7} & 1§
B0 &t AL YEtt (Figure 6-A) o] A2 THE vehicle effectE R o] control group& 31142
802 Zowa B gEEe AR AE Ao 2 22tk CDAE noralized data2 38 ¢
£ PC setof] 28392 w+= o]z 3} vehicle effect7} 1o] AR A 5 classes7} ZHA} Fgio] HEld 2R o2
s AL B 10, ellipisodial circeled] 73-¢% &5 #2] 5 o] Yebytt} (Figure 6-B).

S TRE F e Bd S AAea, 1 439 1A st 2L A5V EF Jdo FEHE A
£ ZQs}t7] 98t 4 7HA) hepatotoxinol] thate] 4% FBEA(LDA) 7 SIMCA-RDE 44313t +HE
model 9] 822 leaving-one-out methodE ©]-8-3t] LERN Q1T original dataset2- ©]-8-8}f SIMCA-RD
3t 7 -9l = acetaminophen} diclofenace]] th 3 & o] A9 le A L2 Y=, o] 2= F
93 1o A7 CDASY] A9} YX|3h & 4 9t} PC plotsel A €] control group W& Aol Z
B 50 gl om, toxin-treated groups} H &3] &
3] control group Wl A A2 Uebdt) o|21gt original dataset®] 53¢ #E3H4o) HEd o
CDAS} v}2H7}A] 2 control groups 717hE 1§59 tatdre HAaste ZAog F5HTh o] Hlgtd

il
&
O%

oXx,

BC)
A

e gon, E.Eq}, diclofenac group®] 7-¢-dl= ¢

normalzied data2] 27} original datasete]] Hl8l 1 o &7 0] 34| F7}1= 0 H, &3] SIMCA-RDS] 7%
£AET 4814 F 24 §AAYe] LEFHE 02 Yeht 2 29 o] S Holg e $AY
4= %1tk (Table 2)

- 306 -



A)

Can3
) & Control
DIdOfenac s Acetaminophen
N # Didofenac
5 COl,
vvvvvv A& ANIT
e
Contrpl .
ccl S ANIT
: g 5

Acetami HM
Can1

Can2

B) Can3

Acetaminophen

. | CC|4

Control

Diclofepéc/

Cant

Can2

Figure 6. Plots of the first 3 canonical functions of 3248 hr urines for acetaminophen (),
diclofenac (), CCly ('), ANIT (4) and each control vehicles (@) A) Original dataset and
(B) normalized dataset. Ellipse showed 3 SD (ca. 99.7 %) boundary from the center of
each groups.

Table 2. Results of LDA and SIMCA-RD analysis
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Original dataset Normalized dataset

LDA SIMCA-RD LDA SIMCA-RD
Acetaminophen 5/6 3/6 4/6 6/6
Diclofenac 6/6 1/6 6/6 6/6
CCl4 3/6 6/6 4/6 5/6
ANIT 7/9 9/9 9/9 9/9
Control 21/21 21/21 21/21 21/1
Total (%) 822 733 86.7 9.7

Predictability of constructed models = number of correct classification / total number
LDA: Linear discriminant analysis
SIMCA-RD: Soft independent modeling of class analogy with residual distances.
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