T8 A7 5 3

BIREREECco 7 I VvERBRERNINEE
SR IEAY S It~ D & 5 FEAfl &
%Fgmu H&T{E” Iggﬁ_%ﬁﬁg%



5 e iii
FI R vttt ettt 1
FBIE 77 VERBRIINEER DG %558 L 7 YRR SIS 4
BB LT B oot 4
28 EEMELES X FEBRTTIE o 5
[-2-i BB L OFERMEL oo 5
I-2-ii  Benzydamine O FACEEAREMEDHIE & ARBNETEMD R oo 6
BB BB A e 8
[-3-i KBS TO FMO DO&FL % E[E L 72 WAL OGS o 8

I-3-ii t MHF benzydamine N-fEft 35 & U8 N-fit 2 FAACICHF G T 2 RS FREOHEE 15

B A BT B ettt b bt et re et et eae b aeeaeeae e 18
g (TR N SO 21
BUE AbAYEEHRYEEICE S FMO EEFY P L Z DOFEFE oo 22
B L HIT S oottt aee 22
B 2 BT 0 ettt et a e bt b e b ae b b eaeeaeene s 22
BB HIT A ettt 24
-3 FEEHRYMEIEICEED < FMO FEEEZ T o, 24
I-3-ii BRMABEEEICEED < FMO &5 Pl D FEERAIREL ... 31
A BT BB bbbt 35
B ST e 38
B ettt ettt et e et s e s et et ettt s et et st et s e e s s e e s st e s st es et esaraesanaeranees 39
IRERSCPIZE D FEEFETZ oot 42






1-ABT
CYP
DMSO
FAD
FDA
FMO
Km

LC
LC-MS/MS
NADPH
P450
pH

pKa

SD

Vmax

I-aminobenzotriazole

individual form of cytochrome P450

dimethyl sulfoxide

flavin adenine dinucleotide

Food and Drug Administration

flavin-containing monooxygenase (EC 1.14.13.8)
Michaelis constant

liquid chromatography

liquid chromatography-tandem mass spectrometry
nicotinamide adenine dinucleotide phosphate hydrate
general term for cytochrome P450 (EC.1.14.14.1)
power of hydrogen

acidity constant

standard deviation

maximum velocity



r%‘

p={1118
R

EEMFEFEICE T, ZoRBSICEE T 2 BYRHEROFEIZEECTH 5,
KET 2002 FFICHLTT T 7z BA7 200 B35 O GHEEE 2 F0 8 L 7245 3. cytochrome
P450 (iFfi % P40, ffAIr 7% CYP Ladd) ic X REHE I N3 EEFOEG
Db % b o 7= (Williams et al., 2004), 2015 4FE2> 5 2020 41K E &5 E3E R
(Food and Drug Administration, FDA) I X Y 72 ICH&GR & 7z B3 OftEl (Bhutani
etal,2021) ICHBWTDH, P450 i & RFARHK I N 2 RIS DOEIA MR KD H\ C
RIEMARHNICBE G S 2R & L ClE. uridine 5-

diphosphate - 7' v 7 v VIEIUGEER, TR T 7 —¥B XUV 7 7 € v ERMRBINER

PR

EDBRE T NS, P450 ITRWT

S

(FMO) 72 &38R X LT\ % (Williams et al., 2004; Bhutani et al., 2021),

HADEASEE S 2018 F 7 HICHE L 72 [EHEFIR L@ E 2RI D 720
o ¥ ¥ MW H F W #» 4 F 7 4 v ]
(https://www.mhlw.go.jp/hourei/doc/tsuchi/T18072410150.pdf. LAF Y EAER 74 F
74 v ERT) Tk, BERMBHFRIC BT 2 YA OFHIIC B 72 ) . B
ICBWTREMICZ Y TH 2 — R Zaat O FIEA TR T Tw b, KE FDA F X
OBRJN European Medicines Agency ICEWTHEEDO A XV AB L UHA F T4 v
B, ZNZh 202 F 1 HB XU 2012 F£ 6 HcXHEEhTw b
(https://www.fda.gov/media/134582/download .
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-drug-
interactions_en.pdf), WINDH A XV ZABH 2V IIHA F 74 vicBwTd, KT S
RIS DR S D FICB D 2 EYREBER OFE I ESTRI N Wb, ThE
NG 2 BB L 3 5%  oRYHEEE S L 0% oy TRESEFRNICHE I h, 2h
EFNOMROWHRENI~DFGEDOREY 2k b Twv b, BEtofER, N5
DIHED 25% LA L% 5 REHRSEET 256, % OREER 2 HE 3 2 B3
L DY AR 2 Wl 3 2 R RO Eis B R a5, Lzs- T, L&Y


https://www.mhlw.go.jp/hourei/doc/tsuchi/T180724I0150.pdf
https://www.fda.gov/media/134582/download
https://www.ema.europa.eu/en/%20documents/scientific-guideline/guideline-investigation-drug-interactions_en.pdf
https://www.ema.europa.eu/en/%20documents/scientific-guideline/guideline-investigation-drug-interactions_en.pdf

Wi icBlb 2 BACHTEERE D5 RIICHH S 20 C T 5 2 & 1k, EHR ST O IR
Bt EIcEETH 5, X Hic, FAAA Xy 2k, RHfERERBREMC S /-
D, EERRDOBENIAL 722 70— 7 HE DM AAADBHERE S T 325, BRI 72
FLEUE 0, REEERIC X 0 A3 2 AW R 75 2 5613, BRREER Y 2 7€
BT 2L CHEOHFSPHEERETH 2 28, B 2 R#EEE S F—REP LK I
BIG-3 256, invitro EERTOHGOFHGI S HE L 72 5, FMO AB95-3 % B
KJSIE. FMO HSh ot n 2554 H 2 2, RIS P450 233753 2 MEH b %
V> (Nakamaru et al., 2014a; Yamazaki et al., 2014), FERMEIC X ) Fil0EM 1T R
5725, A7) ==V 27 TD invitro DEBFEFHFOFREIFEEICITIHELRD 5
(Williams et al., 2004), RS & L Tied WEHIH %\ P450 ICBI L CTid, EERIETE
ICRIT T AR O E & B EBREN 2 RE T 2 720 OMERFEICBE S 2 M A
BEBERE TN T2 28 (Hickman et al., 1998), FEAM k233l ic it < h T

R WEPCHEER b %o,

FMO (EC 1.14.13.8) (3% &, Wi#E. V v E/idv L VETZ2 & TILHPOKE~T
1 Ji T~ NADPH fKFHVIC 73 TIRIE R %2 NN 3 2 SOG % il 3 2 W3R )R T IR
TdH % (Krueger and Williams, 2005; Cashman and Zhang, 2006; Phillips and Shephard,
2020), & FIZHBWTIE FMOI-FMOS5 701377 L (Hernandez et al., 2004). FMOI
IR R DRFlE (Koukouritaki et al., 2002) ¥ X VA O B (Yeung et al., 2000) THIR
LTw3, FMO3 & XU FMOS 1ZAMFIED /NMEAERICHEL TEHH . FMO3 Dt
M CORBEE IR, ERLRBIC- 2D 2 EYRBEEE L L TRIMEDOS
CYP3A4 ICVEitd % (Koukouritaki and Hines, 2005; Shimizu etal., 2011), L 2> L. FMO
5 % /9 2 iR © 0 SR A AE R 134 72 v (Cashman, 2008), & 51T, P450 &
IXHEIIC IR RAE 2 Z T I Vv FMO BERORHIIE~ DG 2 & 2212 L | All3E
WCHEH T 2 2 &k, BEESOBFRICE > THIERIEH & 72 5 (Krueger and Williams,
2005; Cashman, 2008), L 2> L 727255, P450 It FMO DFRAIE K <. BAFEHERI

7 5 TR ~DOFGICLAM TR WAL E I NS (Liuetal, 2018),



—RICEZEFZDOANA AN =Ty PRF#R 7 V) —= v 7RG R T Ry + &
I L. BRGSO E~OBSME IR D %\ P4A50 23Uk 3 2 R KB 1T iR
WAL L 72 OGS Ic B S T\ 3 (Williams et al., 2004; Wienkers and Heath, 2005),
BB ERAIIMAYBER 2R L 5 < O RO ES L ARAECH % dimethyl
sulfoxide (DMSO) THAHI L, fRE . L T\ 2 (Bowesetal,2006), L2 L7235,
P450 (T Hadfl & N7 RERSACHBAS DMSO 7x &28 FMO BERIEMEICE XIg T
BT REMNIC IR S T e v, il & LT e WA T T o TR R E R
DEMEIL, FMO BEEOF 52 E L AR falgltkr s 2,

LLEDE RO RIS IEERACH YR ~D FMO F5 2 H#ES 2 in vitro X
HEFSM B XL MEAEY ORGE BRI ICE D < in silico FMO FEE %Y T HlERR
e HIE L7, B 1 BTk FMO BERORHEZ IS 20 L, RERIE~D FMO ¥
KU P450 ZNZENOTFEERKEXLCHEETE B in vitro FEERGAFOFE Z1T o 72,
X oo, HEYRBBERFEICET 2 3 BA4 &£y R TREED FMO 23UHH 7
59 2 54 OBHENIBLEYIER & LT benzydamine % #ESE S 2 MR 21572, —.
IS O RBBRH R 7 U — = v 7RI, P450 1< il 72 5 1 TR L S E R
T E % %25\ &5 5 (Wienkers and Heath, 2005), FMO 2MU#H ICBI 5 4% |]
REME &2 FEfE I IS 2 L DSR2 FHFE b Tw 5, 2 2 TR IETIE FMO
RO RF~ DTG0 VT, HIEHEWHE AT insilico 1 X Y #EET 2 /7 k% R
L7z, (L EWEE O EIEE 2 8 H L, pKa(base)8.4 ML EZ#IEEL + 3 2 & T, FMO
WSRO AL~ D F 52 R T & ZATREMEZ AU L 72, FMO FH5HEED 720 D
fSifE 72 invitro FEERFR % T insilico T D241 % FERIYICHREE L | in silico pKa
(base) fEZ 2% Z & T FMO DRI OF G FHIAEETH 5 2 & ZEAEL
7zo LAE. FMO BEZR2ED 2 UM OG5 % IEfEICH T 2 EBgtbosE L %
DFEEZRGHEN LAY ZIREL, V7 P Y 2 7T I X 2 HATTFHIEOEH b &0 7z E
A2 ) —= v JRICE T 5 FMO BMEOHFEFREZ HIY & L 2 #RFIEZ A

LTIRRCTELDT, IO DAL ZLUTICEERT 5,
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Y RHEERFEICT 2 KBS KUCHRYFERAAT 2454 F 74 vH b0k
HA XY ZANICE LT, FMO 13Et 2 23 2 UGS & L THRE I L Tw 5, FMO
IZPURESR tozasertib (Catucci et al., 2012) % dipeptidyl peptidase-IV (DPP-1V) BH 2 #l
teneligliptin (Nakamaru et al., 2014a) 7% & OEIEMRHICEH G 32 2 L AE I T
%, LA L. FMO ¥ P450 & Hik3 2 & 2 oFHEIK . EEMBILIC~DF
S owlgetET oMmat I i WA DIE S L5 (Barbier et al., 2015), FMO (355 %
voR 71T NADPH MG 35281k, 2oL A4 7 epbltm I in, EFEMS

X3 2 B 3D Km fER V. b DRI 25, FMO 238853 2 BiRSEYIHE A
TERESE Vv & TN T w3 (Krueger and Williams, 2005; Cashman, 2008), — /.
P450 & IIXTBRIICEERFE L Z T I v FMO OfR#~0F G22It 5 L
. EEGKOMAEEE X OHREOMHGEEZRET 5 ETHERERE %D

(Krueger and Williams, 2005; Cashman, 2008),

—f%ic, EEEEBHFEIC BT 2 YR FIE O AT P450 ICEZ 2BV T
TR PRE TN TV BAD %\ (Wienkers and Heath, 2005), P450 I HE{L &
72T T FMO BEROWEEICO W T, T eI nTE ST, BREN
AR AR AR OB I T 2 EROFEREMAIHL 2L o T W
(Grothusen et al., 1996; Yeung et al., 2000), FMO IZ & - TH#Y] T3 7 WEES Tt
AT 8 [ BB D Mt L BRIFE R 3 oo B THEHEE % 38 o 7o flam 10 8 < R 03k
7= 5%,

JERT a4 FEPIRIESE benzydamine DCHNICIZ. N-F&L & NWEA F AL Ol
{L#E#& 235 % (Stormer et al., 2000; Yeung et al., 2000) (Fig. I-1), % Z T, # [ E T,

FiIce PMFI 7y -2 b ICELRFHIEEZ e b FMO EE X e + P450 [#



FZ M, FMO B XU P450 iGtEDTEEE & L T benzydamine fAFH % FEEE ICHEHERY I
BEt L. BRANREEZ O 2T L7z,

o) NS
T N N

N\
7/
N
Benzydamine \—Q
N- Oxygenatlor/ \ N-Demethylation

~
.\//\,/\N\ O\//\/ ~
) g
N : N :
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Fig. I-1. Benzydamine N-oxygenation and /N-demethylation pathways mediated by liver

microsomes.

FH28 FEM B X UK %

[-2-i EE X CEBRMR

Benzydamine hydrochloride. benzydamine N-oxide. 1-aminobenzotriazol. methimazole
¥ X TF quinidine hydrochloride monohydrate %, Sigma-Aldrich (St. Louis. MO) 25 A
F: L 7z, Demethylbenzydamine hydrochloride ¥ X UF benzydamine-d6 N-oxide (737 PIAE
HEW)'E ) X Toronto Research Chemicals (North York. ON. Canada) 7> 5 A L .
ketoconazole ¥ X U dimethyl sulfoxide (DMSO. #1/E 100.0%) IX&E 7 4 v LHIEGH
(KR »S8EA L 72, Iff Sprague-Dawley 7 v b, i —27 VK, =27 4%
VMBI MFIZ7eY =24 (200 FF—D7 =), e P EIZ7uy—24 (8 FF—



» 7 —)v) ¥ SEKISUI XenoTech (Lenexa, KS. USA) 2»HHEA L 72, KEEEFER%R
7y . FABITE F FMOL B XU FMO3 B3R 13, BHRIZERLR A3 B e~ 5T
FX YRV, v b P450 FEHUREEF (X Human CYP Bactosome (Cypex.

Scotland,UK) % L 7z, Z Ofth ORI Ik ORE 7L — F O b D% MH L 72,

[-2-ii  Benzydamine DER{LEEZRIEMEDHIE & ARENEMEME O & H

Benzydamine LS5 IEEH (Uno et al., 2013; Yamazaki et al., 2014) % —&RcR L
T25AFCEME L 72, AN ARBERLIGIE, 0.1 mol/L YV v IEREE (pH 7.4) DIREIR
&b, 2 7u ) — A2V o87HIT 005 - 02mg/mL, KIGEFH FMO %D 2\ (3
P450 3R 13 0.6 — 20 nmol T THfE L. flif#5k & LT NADPH ‘ERGR 2 7z,
NADPH A% X, RAZEE 1.3 mmol/LNADP+, 3.3 mmol/L glucose-6-phosphate., 3.3
mmol/L MgCl,, ¥ X U 0.4 U/mL glucose-6-phosphate li/KHEfEFE L L7z, AR
JGix 5 ML 37°C TFLA vFax—va v L%, BE (0-1000 pmol/L) % ANl
LChta L, 37°C T 6-30 2RIRIGE €7z, BRETNEIC X ) —ERIIES 7L 4 v
Fan—va VRREEEL 72, KISRICH WS 2 87 8E L URICHFEIZ DWW T
X, BEPIREICN LRGSR O REL 2T ENZENDORICE T, RGO ERRED
H 5Tz,

BULBLOET, 0.05-02mg/mL D278y —L& v 82 8% NADPH A RIE
FAER, 45°C T 0. 1, 3. 5 E£721F 10 S TET 2 5 CHRET L 72, BWLERTE,
BaWz 15 pEK EcmilL 7z, Z D%, NADPH AERGRZHRML. 5 20fE 37°C
TV A vFax—vavlitk, HE Gumol/L) ZHHL CRICZFMEL. 37°C
T 6 o (Zyr, 4X) HB0IF 30 77 (. v b)) BRICKIEZEIEL 7,
In vitro EERCHIH S N2 GHAEE S X O P450 & FMO IZxd 2 ZFHEH 0 &
RT3 5720, DMSO (AR 0.1% F721F 0.5%. 14 mM 721k 70 mM),

methanol (0.5%). acetonitrile (0.5%). 1-aminobenzotriazole (1-ABT. 7> FfEIEFFE Y P450

6



PHEHE, 1-2mM). quinidine (CYP2D6 FHESE, 1.0 uM). ketoconazole (CYP3A FHE
#.0.5uM) I X U methimazole (FMO FHEFAI, 200 uM) % FH 72 (Hucker et al., 1967;
Mori et al., 1985; Otton et al., 1988; Guo et al., 1997; Hamman et al., 2000), >33 I
WD 2 fERDAZ ) —AERML CRISEFEIEL 72, RIGEAY)IC NEREREYE &
L T benzydamine-ds N-oxide AR % Ml 2 7214, O BEIC X 0 2 v X7 EH R X

2, bEZBK I u~ 77 4 — (LC) M LI-HEDMEBCER L 72,

Benzydamine N-oxide 3 X ' demethylbenzydamine (Jii X /v benzydamine) @ 2 1
~ F 2777 4 —45EflE. Waters Acquity UPLC ¥ A7 4 (HAR, B, HAY + —%
— Xtk &4k) ITHE#E L 72 Acquity UPLC BEH C18 # 7 4 (1.7 pm. 2.1 %50 mm)
TiT o 7z, HEIFHICIE 10 mM ammonium acetate 35 & U8 acetonitrile Z 7z, {L&
YIDE & X Waters Quattro Premier Tandem Quadrupole Mass Spectrometer % F\ > C[5
A 4 v — F I, multiple reaction monitor i% T4 L 7z, Benzydamine N-oxide (m/z
326—102), it X /v benzydamine (m/z296—72), ¥ X U benzydamine-d6 N-oxide (m/z
332~ 108) D & c# it % 4T o 7z, Benzydamine N-oxide ¥ X Ui X F v
benzydamine DE &L, NIEEHEYIE benzydamine-d6 N-oxide 1ZXT3 2 EHEY)EH o v
— 7 1Rt & F L 3 -3000 nmol/L DHRFEHIPACER T 2 T & & IR, EitiE,
FLOERRADOEEOIEEECHERE L 72,

BB & 0 B L 7 REPIREE & KOG (min) & X OCRICICHW I 71y

— LRME (mgprotein/mL) & % W IIFEHREEFEE (nmoL/mL) TERL. ZNZ ok
WY OEPGERE A FEH L7z, —HOERICEVWTIZ, ZhZthoxa (0) 5550
Za v be— RO EEEE 100% & L, EWERAE (%) 2HEL 7%,



13- PERERSTO FMO D% 5% FRE L 7= YL ARG G5

Fy b, AX, PrBLXPe FIFI 28 Y — 4% HWT benzydamine N-i{t 5 X O
N-JiE A FACTEM: 2 HE L 72 (Fig.1-2), & PBX I IR A XE Ty PDOFF S
7 v — LD benzydamine N-BE{LiEME ISl %~ L7z (Fig. 1-2A). WGt L 7z 4 Bi)fd
FTRCOMF I 7 v Y — LT benzydamine N-fii # F WALIEED D b7z (Fig. 1-2 B),
fF 32 m Y —24d benzydamine N-fE{t 35 X U8 N-fit X F NMACTEME D I KIERE (Vinax)
BIXUOIATY ZEH Kn) % Table I-1 I & D72, KEBYHEOIF I 70y — 41T
B D NWEAFAMIEED Vi /K EIXIZIEFEEFTH o 7228, N-BRALEMEZ, S
BLUe Mgk~ v b2 10 U E. 4 XicHBWTE 100 A EEC, VB
EHEICIIEZE 2RO H 72 (Table I-1),

N-Oxigenation
(nmol/min/mg protein)
N-Demethylation
(nmol/min/mg protein)

0 500 10(I)0
Benzydamine(uM) Benzydamine(pM)

Fig. I-2. Benzydamine N-oxygenation (A) and /N-demethylation (B) by liver microsomes
from rats, dogs, monkeys and humans.

Benzydamine (0-1000 uM) was incubated with liver microsomes (0.050 mg protein/mL) from
dogs (squares) and rats (diamonds) for 6 min and liver microsomes (0.20 mg protein/mL) from
monkeys (triangles), and humans (circles) for 30 min, respectively, in the presence of an
NADPH-generating system at 37°C. Data points represent means = SD of triplicate
determinations. Kinetic parameters were calculated by non-linear regression and are shown in
Table I-1.



Table I-1. Kinetic parameters for N-oxygenation and /N-demethylation activities of
benzydamine mediated by liver microsomes from rats, dogs, monkeys, and humans.

N-Oxygenation N-Demethylation
Km Vimax Vinax/Km Km Vmax Vinax/Km
Rat 22 6.1 280 26 1.4 55
Dog 6.2 10 1700 140 5.0 36
Monkey 710 7.7 11 95 2.5 26
Human 45 0.42 9.2 63 0.41 6.5

Km, UM; Viax, nmol/min/mg protein; Vmax/Km, pL/min/mg protein.

KEEFRBEZ v b, ¥ XL0e  FMOl 5 XU FMO3 BHR 2 H W T
benzydamine N-f#{t. 35 & O° N-Wit 2 F AL 2 HI7E L 720 N-Bt X F A ARIE 3 X TR
FR¥LAK N (< 0.01 nmol/mg protein/min) T&H Y, FMO E£3:72% benzydamine N-fit X 5L
fLICBE5 L 722> o 7z (datanotshown) . f3 O 417z benzydamin N-fZ{LiEtE% Fig. 1-3 &
XU Tablel-2 IC/R"F, 7 v FICHWTIE FMOL, ¥ Vit Tk FMO3 &2

DRI 78y =240 Ky {HAEZR L 72 (Table I-1. Table I-2),



-~ Rat FMO1
200- -= Rat FMO3
-+ Monkey FMO1
g 1504 -+ Monkey FMO3
S —- Human FMO1
T O -©- Human FMO3
S g 1004
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> =
=20 ]
€
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0 T 7
0 500 1000

Benzydamine(uM)

Fig. 1I-3. Benzydamine N-oxygenation by recombinant FMO1 or FMO3 from rats,
monkeys, and humans.

Benzydamine (0-1000 M) was incubated with bacterial membranes expressing enzymes from
rat, monkey and human FMO1 or 3 (2 nmol/mL) for 10min, in the presence of an NADPH-
generating system at 37°C. Data points represent means of duplicate determinations. Kinetic
parameters were calculated by non-linear regression and are shown in Table I-2.

Table I-2. Kinetic parameters of benzydamine /N-oxygenation in recombinant FMO1

and FMO3.
Species Km (UM) Vmax (nmol/min/nmol FMO)
Rat FMOI1 6.96 29.7
FMO3 >1000 -
Monkey FMOI1 115 8.81
FMO3 708 26.9
Human FMO1 32.7 96.4
FMO3 71.1 189

10



Zv b, AX, BT MFI 78 Y — L% HWT benzydamine N-f#{k ¥ L O
N A FMACEE~ OB D EE A G L7z, 7y P BIXUOAXFI /vy —20
benzydamine N-Fg{t 1%, FFI 7w/ — L% 45°C © 3 RIFET 2212k D 80%
LEET L7z (Fig.1-4A), ¥ B L Ue FMFI 27 v Y — LD benzydamine N-BE LG
X, 45°C T 5 EIOBYLIRIC X V) 70% (KT L7 (Fig. 1-4A), T NLOBPHEIC
B TH, FMO EIEIZHIEZR NADPH FEFFTE T 45°C oBMLEIC X 0 & L { &
% T Tee —H. RET LT XRCOBYEDOR I 7 v V' — LD benzydamine N-iit X 5
METEMET 45°C, 3-5 BB T 70% LA EMER: L. P450 iG1EIZEELZ T IC

{ #»» 7z (Fig. -4 B),

— B
~ A g
R —6—rat z
=100 —B-dog 2 100
o @
'..‘_.—“ —A— monkey =
% —®—human %
j=2]
2 5
Q K
= 50 - < 50 -
[=2) (@]
c c
£ £
£ =
£ E
[ 0]
v 0 € o 0 I 1
0 5 10 0 5 10
Preheating time(min) Preheating time(min)

Fig. 1-4. Effects on benzydamine N-oxygenation (A) and N-demethylation (B) of
preheating liver microsomes at 45°C.
Liver microsomes from rats (diamonds), dogs (squares), monkeys (triangles), and humans
(circles) were preheated at 45°C for 0—10 min without an NADPH-generating system. Then the
percentage of remaining benzydamine N-oxygenation (A) and N-demethylation (B) activities
were determined at a substrate concentration of 5.0 uM. Control (100%) N-oxygenation
activities of liver microsomes from rats, dogs, monkeys, and humans were 2.3, 6.2, 0.097, and
0.062 nmol/min/mg protein and control N-demethylation activities were 0.27, 0.82, 0.19, and
0.056 nmol/min/mg protein, respectively. Data points represent means = SD of triplicate
determinations. Other details are the same as those in Fig. I-2.

11



Ty b, AX, FABLOE MFI 28 Y — 40T P450 S TREJERFEVIAEA T H
% 1-ABT (Emoto et al., 2003) Z N L. benzydamine N-FZ{LiE 4 35 X OF N-Jlii £ 1AL
iM% HIE L 72, Benzydamine N-FE{LiEME X, MET L 72 4 BT _RCOFI 7 m Y
—LIZHWT 1-ABT DER 1T L A Y% T RD > 722 (Fig. I-5 A). benzydamine N-
Bt A F A ALIEEE X 1 mmol/L @ 1-ABT DRI TTRTOFETI0 % U, & M2
vy — LB WTIE 95% LALFHE X7z (Fig 1-5 B),

A _ B
) R
s =
o
S 100 g~ 2 100
® =
s £
()]
g =
o ]
Nt 3
2 0 1 e i 50 4
i —B-dog £
g —&—monkey g
& —&—human &
0 . | 0 =
0 1 2 0 1 )

1-Aminobenzotriazole(mM) 1-Aminobenzotriazole(mM)

Fig. I-5. Effects on benzydamine N-oxygenation (A) and N-demethylation (B) of
preincubation of liver microsomes with 1-aminobenzotriazole, a general P450 inhibitor,
at 37°C.

Liver microsomes from rats (diamonds), dogs (squares), monkeys (triangles), and humans
(circles) were pretreated with 1-aminobenzotriazole at 37°C for 30 min in the presence of an
NADPH-generating system. Then the remaining benzydamine N-oxygenation (A) and N-
demethylation (B) activities of liver microsomes were determined at a substrate concentration
of 5.0 uM. Control (100%) N-oxygenation activities of liver microsomes from rats, dogs,
monkeys, and humans were 2.1, 5.4, 0.067, and 0.044 nmol/min/mg protein and control N-
demethylation activities were 0.12, 0.56, 0.12, and 0.024 nmol/min/mg protein, respectively.

Data points represent means + SD of triplicate determinations. Other details are the same as
those in Fig. I-2.

HHEEFHYE LR FIFI 7 v Y — 4D benzydamine BE{LIHM:IC KIF T 2L B X

N 1-ABT ORIMOEE ZEHLY L TCWwWiEZ b, bbb fiie FVFI 2wy —
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LB XUt FFIKRICHEE I 2 FMO3 #H#: 2 B2 (Koukouritaki and Hines, 2005;
Shimizu et al., 2011) ICHE /M Z Y CTTHEIEL 72, In vitro FEERIC I HEH T 2 A%
W (Hickman et al., 1998; Busby etal., 1999) @ benzydamine BE{LIEE~DHE %, ¢
FFI 7 vy —o2HCTHEE L7 (Fig 1-6), Bats 2 BRI, B3R5 O iR
{LEVDORGERE E L CHH IS DMSO &, in vitro EERTHW 515 methanol
F X U acetonitrile %\ >7z, DMSO (0.1%% £ U8 0.5%) | benzydamine N-FE{tiE
HEMKFMICHEEL, 05% 2B TIiE 50% U EoiE#HEL 72 (Fig. 1-6 A),

Methanol 3 X U acetonitrile 1352E% RIT X h o7z, [FERICE ' FMO3 FILREE
FEHCTHRET LR, e FIFL 278 Y — L4 LFEBRIC, DMSO € X » TiEMESET
THZLHL Lo (Fig 1-6 C) —J7. BT L7 3 HOAEBEIL, KR
£ 0.5% FCOREHEICE T, & MFI 278V — LD benzydamine N-fii X 5 L1t

W ICEE R RIE X b o 72 (Fig. 1-6 B),

40 4 40 1

30 A

Benzydamine N-oxygenation
(pmol/min/mg protein)
b4
Benzydamine N-demethylation
(pmol/min/mg protein)
8
Benzydamine N-oxygenation
(nmol/min/nmol FMO3)

Fig. I-6. Effects of common organic solvents on benzydamine N-oxygenation (A, C) and
N-demethylation (B) activities of human liver microsomes (A, B) and recombinant human
FMO3 (C).

Benzydamine N-oxygenation and/or N-demethylation by human liver microsomes and
recombinant human FMO3 were determined at a substrate concentration of 5.0 uM. Data
represent means + SD of triplicate determinations.
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EMFI 7z ey —am M, invitro ERERIF O NADPH EHE ORMIED
BICOWTHE L7, & FIFS 28V — LD benzydamine N-F&{LiE M 1. NADPH JE
FETT 37°C. 5 2B 20T 10 pEO T L4 vFdFa—vavickh), Tht
N 30% B L 50% {KF L7225 NADPH 7#7E F CIZZ{L L 72> 7= (Fig. I-7A).
—77. NADPH D#MIE/F L benzydamine N-fit X F WALIEHICE L 22> > 72 (Fig.
[-7B) 2D Z &H 5, FMO FEROIEWZHERF 3 2 7201, BRI NADPH % &

WCHF XL FNERERLETH D BRI N,

60.0 - 60.0 -

30.0 4

Benzydamine N-oxygenation
(pmol/min/mg protein)
S
o
Benzydamine N-demethylation
(pmol/min/mg protein)

0.0 0.0

5 10 5 10
Preincubation time (min) Preincubation time (min)

Fig. I-7. Effects of NADPH in the preincubation mixtures on benzydamine N-oxygenation
(A) and N-demethylation (B) catalyzed by human liver microsomes.

Human liver microsomes were pretreated at 37°C for 5 or 10 min in the absence (filled bars)
and presence (open bars) of an NADPH-generating system. Then benzydamine N-oxygenation
and N-demethylation activities by human liver microsomes were determined at a substrate
concentration of 5.0 uM for 30 min. Data represent means + SD of triplicate determinations.
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[-3-ii b FHF benzydamine N-E&{b 3 X O N-it XA F AL ICH G T % Bk 0 FREOHE
iE

L MFB LB I zn Y -4, KBEHRBE L b FMOl 3 XU FMO3 L T3
P450 REHEZECTH 5 CYPIA2. CYP2C19. CYP2D6 & X U CYP3A4 D KIGHFEH
R %\, &ZEERE D benzydamine N-fEfL s X O N-EA FAAL~DFHE ZMRETL 72
(TableI-3), & P& I 27 v Y — LD benzydamine N-BE{LiEM: X, FF 3 7 v V' — 2T bLig
LT, WInoiEWD pH 8.4 O CHEMES XV EEZ R L7, M R %
75 Clt. benzydamine N-FZ{LiG 413 FMO1 & X O° FMO3 CTHRfEZTR L. %
NZ 1, 9.2 nmol/min/nmol ¥ X ' 1.9 nmol/min/nmol %7/~ L 7z, CYP2D6 IZE T H
WETEDEE® B4, 1.5 nmol/min/nmol T - 7z, FMO1 ¥ X U¥ FMO3 @ benzydamine
N-FEALIETE X pH7.4 Seth & R L € pH8.4 ST 2-24 fEER L=, 20D
P450 s> FFEDIEPEIX 0.1 —-0.4 nmol/min/nmol & {&Aii % 7R L 7z, Benzydamine N-flii X 5
MEEEIRE 2 78 Yy — o2 ciiE S e (<0.01nmol/min/mg protein), AF I 7 v /' —
LT TR T 7z, AH 2 BESR &2 W 72888 T U, benzydamine N-Fii X 7 11Lix FMO
25 ClIERIRRM (< 0.1 nmol/min/nmol) T& Y, CYP2D6 ICHB W Tk d EiH%
N L7z, FEROMFETOFRIE (Rodrigues, 1999) #E[E L. #1E L 72 45 8.
benzydamine N-FZ{LiG1:1E FMO3 OF G2 bM<, pH 84 £ TTL Y mfEZ R
L 72 —J7. benzydamine N-ii # F M LIEPEIX CYP2D6 & CYP3A4 DFH 5 A& D -
7z (Fig. 1-8),

Benzydamine N-FZ{UiEG 1 1Z FMO DOFHEFEAITH 5 methimazole 1 X b 80% LA I
fHE X, CYP2D6 DFHEAI quinidine % CYP3A4 [HEHA| ketoconazole TIIFHE X
N7h o7 (Fig. 1-9A), —H . benzydamine N-iii # F L ALiEH: 12 CYP2D6 FHEA]TH
% quinidine € X o THJ) 50% PHE XN 72 (Fig.-9B) 25, B HEXK e IclE

INd T LFhdo7,
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Table 1-3. Benzydamine N-oxygenation and /N-demethylation activities of recombinant
enzymes and human liver and kidney microsomes.

Enzyme source pH 7.4 pH 8.4
N-Oxygenation  N-Demethylation N-Oxygenation N-Demethylation
nmol/min/ mg protein nmol/min/ mg protein
Liver 0.02 0.03 0.05 0.06
microsomes
Kidney 0.39 <0.01 0.90 <0.01
microsomes
nmol/min/ nmol P450 or FMO nmol/min/ nmol P450 or FMO
CYP1A2 0.4 0.9 0.5 1.3
CYP2C19 0.3 1.1 0.5 2.5
CYP2D6 1.5 11 2.1 7.2
CYP3A4 0.1 0.5 0.1 1.1
FMOI 9.2 <0.1 18 <0.1
FMO3 1.9 <0.1 4.6 <0.1

Benzydamine (5.0 pM) was incubated with human liver or kidney microsomes (0.10 mg/mL)
or recombinant enzymes (2.5-25 pmol equivalent/mL) for 10 min in the presence of an
NADPH-generating system at 37°C.

Data represent means of triplicate determinations.
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Fig. I-8. Benzydamine N-oxygenation and /N-demethylation activities of human liver
microsomal P450 or FMO enzymes.

The activities of recombinant enzymes shown in Table I-3 were modified and expressed with
reported expression levels (Rodrigues, 1999) in human liver microsomes.
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Control

Quinidine

Ketoconazole

Methimazole

Methimazole

Ketoconazole and
Ketoconazole and

Fig. I-9. Effects of typical P450 or FMO inhibitors on benzydamine N-oxygenation (A)
and N-demethylation (B) by human liver microsomes.

Benzydamine N-oxygenation and N-demethylation by human liver microsomes were
determined at a substrate concentration of 5.0 uM in the presence or absence of quinidine (a
CYP2D6 inhibitor, 1 uM), ketoconazole (a CYP3A inhibitor, 0.5 uM), methimazole (a FMO
inhibitor, 200 pM), or both ketoconazole and methimazole. Control N-oxygenation and N-
demethylation activities of human liver microsomes were 0.19 and 0.04 nmol/min/mg protein,
respectively. Data represent means = SD of triplicate determinations.
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S

FHA &

FMO s FEOBIYIER O 7 I 7 BHEEMEIZ &S EBH ST 38, Z Ofifd
DI K E 2D DH 5 (Fagerberg et al., 2014; Yu et al., 2014; Yue et al., 2014), B3
A D in vivo EERICHEINDE T v F B XA XTI FMOL 28, b X
Ut MZHEWTIE FMO3 28FEICHKIRL TH Y, 2 OMZENPEHEMFIFOBICHE
%550 H 5, FMO HrERECHEALSHE ., B X v {LEY ol
FERRKE SRR DGEDRDH D (Zhou et al, 2011), FMO D BH5- 1 &N 29 #E3ER 1<
3 2 B 0B & Wil - 72356, o kBEAS LT ¥ 72 R

BRSO MER T WS EEI NS,

AW TlE. benzydamine % H\»C. KEME O T N-LiEtEds L 8 Nt
AFMEEEICOWTHREI L7z 7Y P A X FABLUL L MFI 20 Y =20
benzydamine N-FE{LIEMEICIZBIMIEERRO b, 4 X, Zv b, ¥, & FDJHIC
mfE% 7~ L7z (Fig.I-2A. TableI-1). —/7. benzydamine N-fit X 5 L ALIEM: DFEAE 13/]\
& H o7z (Fig. 2B, TableI-1), 7 v F, HLEBL e D FMO KGR REHER %
w72 5T O #8558, benzydamine N-iii X F AL iEH: 3B & U4, benzydamine N-FE1L
WD A & 7z (Fig. 1-3. Table I-2), FEHIER &I 7 v v — L O GmN fEHT
WREPE LA, Zy MFI 70y =240 Km fHiIZ7 v b FMO1 #ffs 2 [#5R
D Km {8 &EBIL 72 (Tablel-1, 1-2), — /5, ¥ rBL e MFIZ7 vy —20D Km fH
IV ArBLXUPe F O FMO3 fHEEZFER D Km fHISELIL 72 (TableI-1, 1-2), A ED
ZehH I 8v Y — LD benzydamine N-l#{t % 1H 5 T EFR 1. 7 v I+ Z FMOL,

HAEBB LU Pl FMO3 &¢#Ez2 b7z,

bt MFI 278w Y — LD benzydamine N-IE{LIEMEIX. 45°C, 5 B IC X Y [HE
I (Fig. -4 A). P450 0 FHEIERFEAHEA] 1-ABT (Emoto et al., 2003) DRZE % 1%
A EZIT D57 (Fig. I-5A), X 51T, FMO [HFEAITH % methimazole (Nace etal.,

1997; Hamman et al., 2000) iC X b 80% LA RFHEH 7z (Fig. -9 A), —77 . benzydamine
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N-Fit 2 F ALTEMEIE 45°C, 5 o BVILEIC X 0 22 % 32173 (Fig. I-4 B). 1 mmol/L
D P450 o TFREIERFEIAER 1-ABT I X D IITFHERICHEWDHE X - (Fig. 1-
5B) TDZ &b, benzydamine N-FEILIETE X FMO 1€ X V. N-i X F AALiEE X
P450 IC X W fHbNT W3 2 LRSI Nz, FEkIC, REEEZHVCZRBKICE
LU coBEORBELERL2HE D, & FMFIET benzydamine N-FE1L 1%
FMO3 T, benzydamine N-flii X 5 WALIZHEEL D P450 43 FHE. FIT CYP2D6 & LU
CYP3A4 - TWB T 2T L7z, 2D L5, benzydamine #HEH & L. N-
LG TE S L O° N-E A F 2 ALIERE 2 RIRRICHIE 32 2 L IZ.FMO 3 X U° P450 51
ZAIFICE=Z —CTE3RWIEIELE 5 Z LRI NI,

FMO BEOFRMEZFE L, EXRMR 7 ) —= v 7 RERSMATcD FMO &1
DWLTHET L 72, RAKIRE 0.5% @ DMSO., methanol 3 X UF acetonitrile (¥ P450 i
PEICH L CTiE 10% UNOEETH Y, K2 B %R eh o7, FMO iGtEiE
0.1% DMSO D& Y 5082, mikiRE 0.5% TlE 50% LA EiEEMET L 7=
(Fig. I-6), —J7. methanol ¥ X ' acetonitrile 13 0.5% DIEEICEH VT FMO iEHHEIC
W RIZ X o072, DMSO [FEEESM O KB R 7 Y — = v 7 DL EYEIE
WL LTl INWHI N GRIAETH 555 (Bowes et al., 2006). HiRfE (4%) Ik
W DMSO 3 P450 ik #HET 2 2 LR HE I N TV D (Mori et al., 1985;
Hickman et al., 1998; Busby et al., 1999), % [HDHF5EIZ. FMO (£ P450 ([ZH~EH=
(0.1% BL 0.5%) »HHEFRDHND L ZHL T L7, DMSO IHIRIAE
TER 7 £ OIRIRIEFR A & 3L (Stewart et al., 1967). B EITBEHER DRSS L L T
KA S N7=RERH 5, & MICKEOKRS L. DMSO 28l & 17z dimethyl
sulfone 23RAFICHRGEDOK 15% HEt I N5 2 & 238G SN T 5 (Hucker et al.,
1967), 2D Z &6, DMSO 13 FMO BERICHE & L Calak s . RRIGRAT
Al b Ao RB 2 FHAMICHEL Cw2 LRI, SRR LVIMEL TH
B35 L, DMSO KB 0.01%(14mM) FTERTFXEZREDTRELETH B
EEZLNT,
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& 5, G R ORERE SR DI % 5T L 72, #iE%5% NADPH % IEiRMD 5%
hC. ISR RS RHEIN D — i) 72 SOGBHAERTINR (7L 4 v F 2= 3 V) (37°C.
5-10 77) %2175 &, FMO EMEIEE L <IKF L. P450 FEPEIZZE(L L 7 d > 72 (Fig. I-
7)o —7Ji. NADPH Z&H L2 TT LA v ¥ ar—v a v i{To5E13 FMO
EHEDE T IZRD o d o7, FMO BRI, &ML FIE L LT flavin
adenine dinucleotide (FAD) #&7%H L CT\»%, FAD | NADPH L EH&EWREZKT 5 C
L CREALCERILT 22 ERMONT WS Z &b (Eswaramoorthy et al.,
2006). FMO f#FZ D% E(LIc NADPH IZEEARKFTH % LRI Nz, 2D L Hh
5. FMO FESEG T 2 REFERIZ. L1 v Fax—2 a v NADPH 2 &F
IETHLULDPEETH Y, RIGCEZEERMA X =TT 2R EDLRBLETD
5 2 EHRBEI NIz, AEERIT. ARABOEES LU T LA v Fax—va VKD
WEEROFE, WIhd FMO IHHICKECEERZ T 2ERTH Y, FffickoTid
FMO DR~ DH G %/ Nl 3 2 vlRetE 2 H 2 2 L R L 7z,

BIPEQORKER 7 ) —= v 7%, FicuRy M odEe HvCERZT S 25,
Z DERP NG EE O RED & | 8 OWERYIE RN ClE 7 < | #lif#3E NADPH #Nic
TG Z4T 5 T & 2T H % (Wienkers and Heath, 2005), L 2> L. #lil##5
NADPH FEHFET TR, LA vFax—va vyfic, FMO EEME T35 2 &2
5. FMO [##EJR & NADPH % #ICHfE & &, BEEMRER RFF T 2 FIEKE B LE T
HBHIERRKRINS, oI, R2 Y —= v 7 TCRERAWERWE IR . IARE
B LU EFEEOB A2 S DMSO CTHE L, RIAMRE L C&MEFEFRICHER T 2 23,
FMO i1l DMSO D@ X v #F L A 8% J 7z, EHEMERLEY O —ikEy
R 7 ) —= v 7% (Wienkers and Heath, 2005) Tlx. DMSO D#iN<eHlifE5
DIRME A I v 7 X o TR SRILEY) OEYFELSIGICN 32 FMO %5 %
NI 5 2 & AR I T,

EYIRL)CICEE S35 FMO BEsE o/ NeHiix, &I & o Tid, P450 7x & D
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TE D REYMRHIEER o TR O B CFEME L 28R 2 @RI L. LR o
TEER»T EERAEL Z 8 o 2 REMELH 5, BRINHE~DFTFEH 25%
Kimi DBER % 25% U ERe BiRo56. EVHARGI N4 X v 2icfie ) =oic, K
RAETH ZERABRZ EiA KOO N2 FE LRV E, Lol Lab, AR
F12 T FMO ASERALAYARENC B S-3 2 SR 0 5 % € B I ICFHT 3 2 B 1.
AL CRET 2 BEMRICARI 2 RBRFcoF5HEEEMm EE & R X

ni-,

5T NE

b FFI 28 Y — LD benzydamine N-FEfL & N-Bii X F{bix, ZnEnF i
FMO3. CYP2D6 ¥ X UF CYP3A4 IC X b filliX 7z, DMSO HhI° vk v b oridtk
T2 R BEER 7 ) — = v Gl FEYRRL)G~D FMO BEE D%
&Nl 2 2 L BN L7z, 2072, FMO BERARBICES T 2 E3SoR
AR OTF G HET 2B, EYI R GERER AR L, MilERoRnz 4 v r%
BHT 2L, BEIRELRVZDDRESMETHSE Z %Lk, FMO &
O P450 DX 3 il 3 2 L G % —FE TR CTZ 2 2 & b, 3 MIEALE
FAMRET A & v A3 HELE 3 2 IHERY G PEXT BR3E & L € benzydamine O &k % #ELE 3
%,
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FINE ALAYREdRRYMEEIC S < FMO AAEFY Tl & £ DEELE

FH1ET AEE

FMO #3345, i, Vvt VETF2ETAHFEOKE~T v {75
e R#ET 25 LTHISNTEH Y (Cashman, 2008; Fu and Lin, 2017). FMO %1
M ORFRED F BRI, KGO TFORKE X LTIRTH 5 Z L IREX
NT\» % (Poulsen and Ziegler, 1995), KIZHED K Z X DE 2 FMO1 HEH O FHl[A
T CHLAREEZRB T 25D H S (Kim and Ziegler, 2000), L 2> L7225, FMO
RO % ERN A OBEICTFEIT 2 HFEE oI hToniay, F1E
TRL7z&dic, ERMREA 2 Y —= v 7 EERIZ. FMO BEE D5 % i/ NF
TRAREME A D B 2 & 225, insilico T FMO BEEDONRHZHG % Till4 2 ik 0RE
X, BEESFHFEOVIARIE CIEFIcEHTH %,

FH N ETIE, (LAYORENXD O BEREFEOIEEIEE pKa (base) ZalH L. B
LR ~o FMO BFo#HF 5% FHlT 2 2 L2 HINE LTz, In silico FMO #F5F
T pKa (base) HEEMEDOIEH ZIRE L. AFAREL2E PFI 7y — L2
FEERCARZAARDHERKICX Y 27 VT 7 v AEEBAHETH 572 11 {LEWD pH 7.4
BXU pH84 (FMO Zi#igft) cov MFI 7 vy — o RMEBREZITV, LAY
D pH84 & pH74 TORHZ V77 v 2D EZHHE L. pH OFEEL X FMO @
HHITOWTHEE# 1T > 72 (Shimizu et al., 2015), T b % F & ®, FMO #E 1 pH
8.4 DEMT T EBICKRB 2 YT 7 v 22 L, FMO BEABRLAREHC 5+
LoBRrOTHERY S BFEEIRIBET 5,

B 12 HICEELZZe PIFI 7 v Y — A4S 05 mgmL BRI L L, filER
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NADPH % &V VIBRER (pH7.4 » %\ pH84, 0.1 mol/L) % &4 KGR
# I T benzydamine /Il X . trimethylamine, clomipramine, imipramine. olopatadine.

vandetanib, diphenhydramine. tamoxifen. ranitidine. itropride. loxapine. xanomeline.
tozasertib, dasatinib, moclobemide. olanzapine. clozapine 3 X U} voriconazole (Sigma-
Aldrich) 7z & TNIC chlorpromazine 3 X U8 midazolam (&E+£ 7 4 Vv L HDEHIZE) D5
20 fLEPIO v F TN R 2 Kl L 72, SEYIRR(LSOG 1T, BER (Unoetal., 2013;
Yamazaki et al., 2014) Z —HcXR L. ROGERER%Z 5 47fd. 37°C T7L A4 v F 2 X —
va v Lk, HEE (1.0 umol/L) Z@in L CEILAICZ B L. 37°C T 3. 64

12, 24 B X 48 ERIC—HERERIN L SOGZAFIE L 720 SOGHE IR I EEEY E
indomethacin (F+ 7 4 V2 HIHIEE) 2 E&H T2 2 [FEOEHIEE (methanol /
acetonitrile (1:1)) Z M\, 2N b D LorEiR D RiGE D Z ofridet e Lz, &th
VIO HESHTIE, B 12 BICRR 725 E L, BEIHIE 0.1% formic acid 3 XU
acetonitrile, & % \>(Z 10 mM ammonium acetate 35 X ¥ acetonitrile % FH\»THT o 7z,
FALEY DT IZ, WERHEYIE TN 3 2 1R HEYE © v — 7 g &2 v Waters
TQD Tandem Quadrupole Mass Spectrometer % W TG4 A v E—FH 2 0 itfEA 4+

v & — F . multiple reaction monitor mode T/ L 7z,

Invitro & FFREBNEK 2V 7 7 v 2, (LEWENZ O KIGHIRE 7 RS D
LEVIREZ 100% & L. FREOERFE (%) OEUE & SIGKHE % v TR
IROHT & 0 B L 72, SRR pH &MF2 A S B LA D invitro G2V 7
7 v ZMEDZEALFE & ACD /Percepta ¥ 7 + 7 = 7 (Advanced Chemistry Development,
Toronto, ON, Canada) @ pKa Classic Module # W CTHEHH L 7=&{L&EMD EXKEH
REots X O EREEE R D BIf% 1. Prism (GraphPad Prism. LalJolla, CA) % T
ATl L 72,
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=i~

CER]-( ToE S

I-3-1  fpddskRYPEE IS < FMO HERL S T

Invitro fAHIFEER T, FMO R OGO F IO W CTRET X T (LAY % STk
KL A, 38 {LEY» M I NIz, ZDHITIZ, FMO HEDFHG 2R L 72
boo, BGBREEYbEE LTV, Z05b, EREGEEEELET 25 30 LE
MiconwTy 7 by =27 2T EFRERED pKa (base) ZalH L7, pH 8.4 #*
FMO RO ZREFRGETH L L0, LAEYNDOED E\ pKa flH2S 8.4 LA LE%IR
THLEW% Table II-1 12, 84 AT Z/RI{LEY % Table 12 1Z/R L, FICCHRICED
ENTV AR AR L 72, BLAEYMDOEREHF D pKa (base) fHIC D\ T Fig.

-1 ITXR3 %,

Table II-1 1Z/~F 18 {L&W) trimethylamine (Shimizu et al., 2007). AZD328 (Zhou et
al.,2011). C-1305 (Fedejko-Kap etal.,2011). cevimeline (Washio etal.,2001). clomipramine
(Nielsen et al., 1994), imipramine (Rouer et al., 1987). chlorpromazine (Stevens et al., 1993).
benzydamine (Stormer et al., 2000; Shimizu et al., 2007). pyrazoloacridine (Reid et al., 2004).
N,N-Dimethylamphetamine (Lee et al., 2009). olopatadine (Kajita et al., 2002). darexaban
glucuronide (Shiraga et al., 2012). N-deacetyl ketoconazole (Rodriguez and Miranda, 2000).
vandetanib (Indra et al., 2020). diphenhydramine (Sharma and Hamelin, 2003). itopride
(Mushiroda et al., 2000), tamoxifen (Hodgson et al., 2000) 3 X U* ranitidine (Chung et al.,
2000)1% pKa (base) fEA 8.4-9.8 L aRWIGEEM: L HEE I, BRI TOTXTON
AP LIE FMO I X o T I N2 C LB IEINT W 5,

—77, TableII-2 1Z/~3 12 {L&Y) nomifensine (Yu et al., 2010). loxapine (Luo et al.,
2011). xanomeline (Ring et al., 1999). L-775,606 (Prueksaritanont et al., 2000), tozasertib
(Yamazaki et al., 2014). K11777 (Jacobsen et al., 2000). dasatinib (Christopher et al., 2008).
moclobemide (Polasek et al., 2006). olanzapine (Ring et al., 1996). clozapine (Pirmohamed

etal., 1995; Fang et al., 1998). voriconazole (Murayama et al., 2007; Yanni et al., 2008; Yanni
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etal., 2010) ¥ X ' T-1032 (Lietal., 2014)® pKa (base) DIzl (d 8.4 Kiii & HEE X
N7z, TH D pKa (base) A 2.7-7.9 @ 12 FED S5 b, 3 {LEY (xanomeline,
L-775,606 ¥ X O tozasertib) DA A FMO 1 X W HFEEIC N-BE{L X v, P450 IZF\»
T b fHI X 4172 (Ring et al., 1999; Prueksaritanont et al., 2000; Yamazaki et al., 2014), fti®
9 HE D N-E{LIZ., FMO DFHGIME DD 2 W IdF 505580 b e, P450 FEHRIC
Lo TR Tz, L-775,606 (Prueksaritanont et al., 2000) @ pKa (base) 3.9 D%
FEBAEIIEIC CYP3A4 I X W@ X4, pKa (base) 7.7 DEREHIETITEIC
FMO3 ICX W R I N2 L HEH I N TV B,T-1032 DEEESEHD pKa(base)4.8 13
FIT CYP3AS 23 L TH b, FMO EROBG 13/ & (Liet al,, 2014), P450 @
REMEE TH %5 Midazolam DEREHHE pKa (base) fHIX 6.0 & 1.0 TH o7,
INHDZ &R HMRBERRAD pKa (base) IC X > T FMO [#35 D R %24 Tl 23 Al BE
R I NI,
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Table II-1. Model drugs with the highest pKa (base) values of >8.4 and their reported
oxidative pathways for N-oxygenations.

Compound Structure Main Minor metabolic site | Highest
metabolic pKa
site (base)
pKa (base) | pKa pKa (acid)

(base)

Trimethylamine 9.8 9.8

(Shimizu et al., [by

2007) FMO3]

AZD328 (Zhou 9.6 3.4 9.6

etal., 2011) [by
FMOL1]

C-1305 V==V 9.5 -0.2 9.5

(Fedejko-Kap et N [by

al., 2011, o O O ‘ FMO3]

Shimizu et al., L 4

2007) s

Cevimeline s 9.5 [S- 9.5

(Washio et al., >\ [by oxidation

2001) © FMO1] by P450

N 2D6/3A4]

Clomipramine 9.5 0.6 9.5
(Nielsen et al., Q . O [by
1994) cl FMO3]
| J)
N

Imipramine 9.5 1.8 9.5
(Rouer et al., [by
1987) N FMO3]

-

-

—2Z
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Table I1-1. Continued

Compound Main Minor metabolic site | Highest
metabolic pKa
site (base)
pKa (base) | pKa pKa (acid)

(base)

Chlorpromazine 9.4 -1.3 9.4

(Stevens et al., [by

1993; Bhamre et FMO3]

al., 1995)

N Cl
T

Benzydamine 9.3 1.2 9.3

(Stormer et al., [by

2000; Shimizu et N FMO3]

al., 2007) [:::I:;% V-
demethyla
tion by
P450 2D6]

Pyrazoloacridine ~ 9.3 6.7 9.3

(Reid et al., [by

2004) FMO3]

N,N- 9.3 9.3

Dimethylamphet [by

amine (Lee et al., ~ FMO1]

2009)

Olopatadine 9.2 9.2

(Kajita et al., [by

2002; Lee et al., FMO1/3]

2009)

Darexaban 9.0 2.1 144 9.0

glucuronide N/ [by -3.2

(Shiraga et al., FMO1/3]

2012)




Table I1I-1. Continued

Compound Structure Main Minor metabolic site | Highest
metabolic pKa
site (base)
pKa (base) | pKa pKa (acid)

(base)

N-Deacetyl (NJ 9.0 4.2 9.0

ketoconazole TN ’O/OVCO \ [by 6.9

(Rodriguez and —/ 8 FMO1/3]

Miranda, 2000)

Vandetanib . *O " . |89 5.4 8.9

(Indraetal., ' OO—\<“ ) [by

2020) —/ FMO3
and P450
3A4]

Diphenhydramin | 8.8 8.8

e (Sharma and o/\/“;\ [by

Hamelin, 2003) O 0 FMO3]

Itopride . i 8.7 -1.5 14 8.7

(Mushiroda et - j@*ﬂ/\C\ | [by

al., 2000) o o> | FMO1/3]

Tamoxifen | 8.7 8.7

(Hodgson et al., o >N [by

2000) O ! FMO3]

0 AN O

Ranitidine i o |84 24 8.4

(Chung et al., T“QA WNH/AE* [by 2.6

2000) FMO3]

Arrows indicate the metabolic site for N-oxygenations.
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Table II-2. Model drugs with the highest pKa (base) values of <8.4 and their reported
oxidative pathways for N-oxygenations.

Compound Structure Metabolic Non-metabolic site | Highest
site pKa
pKa (base) | pKa pKa (base)

(base) (acid)

Nomifensine NH, 7.9 2.9 7.9

(Yuetal., O [by P450

2010) 3A4]

AN
i

L-775,606 y 7.7 3.9 [by 7.7

(Prueksaritan | / [by FMO3], | P450

ont et al., = ~ minor 3A4],

2000) N major

F 2.7

Loxapine v/ 7.3 3.9 7.3

(Luo et al., N [by P450

2011) ( ’) 3A4]

N
N—
cl
.

Xanomeline 7.3 -14 7.3

(Ring et al., /?‘ / [by FMO3]

1999) =

NN N Y

Tozasertib y 7.1 5.1 14.1 7.1

(Yamazaki et . (0 J [by FMO3 | 1.2

al., 2014) Ao ﬂ and P450

™ % . 3A4]
. P

K11777 7.0 4.3 12.4 7.0

(Jacobsen et <E y [by P450

al,2000) |1 1oy [ 3A4]

Dasatinib ”O\/\x/\ ] 6.8 7.3 0.0 7.3

(Christopher b D)Lj@ [by P450 2.5 10.9

etal., 2008) ? A o | 3A4]
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Table I1-2. Continued

Compound Structure Metabolic Non-metabolic site Highest
site pKa
pKa (base) | pKa pKa (base)

(base) (acid)

Moclobemide o ﬁo 6.5 23 14.3 6.5

(Polasek et D)I\N P [by P450

al., 2006) H ! 2C19]

Cl

Olanzapine V/ 6.0 7.8 7.8

(Ring et al., N [by P450 -2.9

1996) ( 1A2/2D6]

Clozapine 59 7.3 7.3

(Pirmohamed [by P450

et al., 1995; 1A2/3A4]

Fang et al.,

1998)

Voriconazole 0.6 2.7 2.7

(Murayama et [by P450

al., 2007; 2C19/3A4]

Yanni et al.,

2008; Yanni

etal., 2010)

T-1032 4.3 4.8 4.8

(Li et al., [by P450 -5.8

2014) 3A5]

Arrows indicate the metabolic site for N-oxygenations.
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Fig. II-1. Model drugs with highest pKa (base) values and their reported oxidative
pathways for N-oxygenations.

I-3-ii MEMREERICEED < FMO %5 7l 0 S BRI EE

pH7.4 B XU pH84 DWW EFhh, H D ViFMisfFicsnwTR#Hz ) 77 v 2l
10 uL/min/mg protein i ® 8 {& (imipramine. olopatadine. ranitidine, vandetanib,
diphenhydramine, moclobemide, olanzapine ¥ X U' voriconazole) (X ARZ{LIADID T
DIEfER 7 VT 7 v AMEOFHIINECH 2 L ZEZARMA L b o7, 7V T 7 v AfH
HH2ARECTH o 72 11 iR (trimethylamine . benzydamine . clomipramine .
chlorpromazine, tamoxifen, itropride, loxapine, xanomeline. tozasertib, dasatinib ¥ X
* clozapine) @ pKa (base) iz Fig. 112 IR L7z, 11 {LEPID S B 6 {LEVID

pKa (base) 8.4 LA E%Z/R L. 5 (L&D 84 LN TH o7z,

REW LGV D pH 7.4 & pH 8.4 DIICSHT ORI UARDIERLHERS % 5 ~ 7=

feidt & L C., benzydamine & trimethylamine D% Fig. I1I-3 IC/R" 3, 11 {LEPIB X
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X P450 B TH % midazolam @ pH 7.4 B X pH 84 MLt T2 V77 v

ZAfli% Table II-3 IC/RT,

Trimethylamine, benzydamine ¥ X % itropride @ pH 8.4 TORGH# 27 V7 7 v R fH
(uL/min/mg protein) X, pH7.4 LKL T 2-4 f5E <. &LEWMED pHT4 it
R pH 84 IHBWTHRHZ VT 7 v AL 7z, SIRIIC, pH 8.4 T xR
midazolam DK 7 UV 7 7 v 213 pH 74 O TH o7z, pH ICL 27 VT
T VAREOEE KT 5720, TNETholbEYD pH84 ORHZ VT T v R
iz pH 7.4 OfR#H 27 V7 7 v Z{ETH L 72 (pH 8.4/pH 7.4) %#HH L 7z (Table II-
3), FMO 2 EICRBNCREE T2 L 5D H 2{LAWIE. pH 84 TEWRHZ VT 7
YV A% LTzo— ) P450 FH midazolam O Z VT 7 v Rk 056 TH o 7z,
72 ¥, chlorpromazine 2ME\27 V7 7 v Atha R L2 B IZ, BHFF AT S 2Tl
7\, InsilicopKa (base)?’ 8.4 Zi#z 2{LAWIL. pH84 FHETORBM I VT 7 v X
23 pH7.4 EHETICHEELTELSARY, 2V T 7 v R (pH84/pH7.4) & pKa (base)

fEIFERZICHEIL 72 (1=0.61. p<0.05. n=11) (Fig. II-4),
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Fig. 11-2. pKa (base) of the model drugs used for verification.

The highest pKa (base) values (open circles) of the selected model drugs are shown; those with
metabolic sites susceptible to N-oxygenations reportedly mediated by FMO3 are shown in black
and those reportedly mediated by P450s are shown in gray.

100 100

o pH7.4
' - pHB8.4
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24 48
Incubation time, min

24 48
Incubation time, min

Elimination of benzydamine in
liver microsomes, % remaining
Elimination of trimethylamine in

liver microsomes, % remaining

o
o

Fig. II-3. Representative pH-dependent metabolic clearances of benzydamine and
trimethylamine in substrate depletion assays mediated by FMO and P450 enzymes in
human liver microsomes at pH 7.4 (open circles) and pH 8.4 (solid circles). Intrinsic
clearance values were calculated from the slope —(k) determined by linear regression analyses
(5 time points); data points represent means of duplicate determinations.
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Table II-3. Metabolic clearance values of model drugs pH-dependently mediated by
pooled human liver microsomes.

Clearance, pL/min/mg protein Ratio of clearance

Determined at pH Determined at pH at pH 8.4 to that

7.4 8.4 at pH 7.4
Trimethylamine 26 96 3.7
Benzydamine 23 45 2.0
Clomipramine 16 30 1.9
Chlorpromazine 43 57 1.3
Tamoxifen 11 18 1.6
Itopride 11 34 3.1
Loxapine 31 43 1.4
Xanomeline 270 340 1.3
Tozasertib 64 67 1.1
Dasatinib 97 120 1.2
Clozapine 11 15 1.4
Midazolam (control) 670 380 0.56

The clearance values were calculated from the slope of the remaining substrate versus time
curve determined in human liver microsomes using linear regression analysis at five time points
for 348 min in duplicated experiments.
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Fig. 11-4. Relationship of ratio of clearance at pH 8.4 to that at pH 7.4 and in silico pKa
(base) values.

The calculated ratios of clearance values at pH 8.4 to those at pH 7.4 shown in Table 1 were
plotted against the substrate pKa (base) values. Model drugs with N-oxygenation sites
reportedly mediated by FMO3 (solid circles) and P450s (open circles) are indicated.

«.{

b

54 Hi B

FMO #3725 N-BE(L % H 5 FRBRERAL D pKa (base) fEIZ, FERB L 213~ 4 F—
AHEREER IV EEEZR L7 (Fig II-1), FMO &G .0 FAD 1. pH
XD B 5BRIRELZRL, pH 8.5 {1 TLJE 7 4 a-flavin hydroperoxide H[H{A
(Fig. II-5B) ZIEE$ 2 Z & 2SR5 XT3 (Poulsen and Ziegler, 1995), {L&#IDIE
fRBER (4 A LIBT3 <) (X FMO il 4 7 vic X Y Eemicigbans ok
%> (Jones and Ballou, 1986). pKa (base) 23=ifl. 3 7x4 % pKa(base)8.4 LA L%RT
L&Y FMO OFE & LTRGBS LT 5 L HER X iz, & OfE o BREM R
FEORIMAEDBMBETH 22, V7 by =TTk RS Nz LE YR E
DEHE MR O N-FRILICH 32 FMO BFROF G 2R T i h~—T—L 74 3
BRI NI,
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AFAEEDL AT O VT pHT7.4 B XU pH8.4 (FMO Zj#set:) o #EE 21T
- 7z (Shimizuetal.,2015), i pH Z&ffCHIERRIEETH - 72 11 {LEW B L T P450 K
B T®H % midazolam 1Z DWW THIRIREEL 72 & & A, insilico pKa (base) 7° 8.4 %z
2{tEYE. FMO @R (pH 8.4) S&fFic<. YLH pH7.4 &L RG22 Y
T I VABEEER Lz, —J7, FIC P450 TRE S N BLEY. BB\ iT P450 &
FMO M @ & 4 FMO BER 0T 5 3N b we Iha{bt&¥o s V7
7V ADEACIZ/NE 2o 72, B 72 P450 FEE TH % midazolam (% pH8.4 TIHK
W7 )T TV AEERR LT, ALEYID in silico pKa (base) fiH & % @ S 1F < D {H
70T v AHIZEE (1=0.61. p<0.05. n=11) IZHHBEL 7=, pH BREZICiKFL <, 1L
GYDA & VL (FREERD) & 2 Wik 8 GEREERD) oltRIxRA 2, 2D7ko,
FMO BFEDOHE & e 2{LAP)IZ. FMO BER DR pH ICH W T FRBHEINT %
ZLICEXOVRH 2V T T v AL 72 L 54X 5 (Eswaramoorthy et al., 2006),
NoHORERIZ, pHS4 & pH74 TORFZ VT 7 v ZED B 7z LKA N-fE L~
FMO D% 5% FHlT 2 DICERTH LT 2mMB L7z, 2D 25, insilico pKa
(base) % 2 2 & T, BLIREEIG~D FMO OF 508 FHIATRETH 3 L g X
N7z,

KBUERH R 7 V) —= v FRBOSGMN 2 EH T 2 Z L IZREETH 2 2 Lh b, B3
adER LAY O T & RS <, (LAY OBEEMEEER T Y 7 b v = TEHR T
Ko, FMO HE & 7 2[R TFHIZ TS C L 212K T 5, THlOME., EREHE
D in silico pKa (base) 23mfE%Z R L7 {LEPIE. FMO BRI XU P450 BEENTT %
RVAIC B IR S RN R ERR 2179 C L 2B T 2, ZOMEHE. FMO B
FoRH#~OBEGOFEZHIELTE, 2o, (LAVIDOHERICH G T 2 K REHEEZE O
THERBEICHETE 2 LRB I,

SRR < B o TR ORMIEEDOH G, 2 L CEMN IS 007
FMO BEROH 5 E T C & RAMTH 5. BKICE L TR ET E R L
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I WHEEZE T 5 LE S, BFse Lt o TG I B v CREANICE) < 508
» % (Nakamaru et al., 2014a; Nakamaru et al., 2014b), i b AJREM: DS B 2 5 38 5 ftali
L& DT, B Ic AT %% I vC FMO MR &S5 alRElE 2 REEd 5 < &
RS 2, AWFgEIX. ERMERILAY OB AIC FMO BRE2ES 3 2 2152
IR L, FHNCEY) 2 RHER R E O RS2 RETE 3 FIHE R L 72,
RBWEOFEZIEE X CHEIT 3 2 &, ERMBAFEIC I T 2 BREYH EER R
RO FEMESHINTICHIRS 2 b D L HIfF I N5,

Fri b~ 7z X 50T, HiGIcitE s 3 ESMSD 5 B, P450 I X o TR#EI N B E
WA ORI L L T%\» (Bhutanietal.,2021), HbHH¥T P450 % /r§ 2 EHE LI
VIR EAE R BE 3 2 SCRRER A1) 0 TS 25, FMO 122 W Tid % O HI3 1318
B\, D DR, MR ORSICHEREIC RS 2 b D LIS, P450 D
fIEVE I, 55— & L TR RO IC X VIR X 1L (Fig. 1I-5A). % D,
P450 FEITEEHRIC X o THEPETO (Zfli~28k) ICEFAMmESI N, 7 FIREEE 234G
AL, fli~agkasiEd e n g 2 tic X WV BBLISA TS 2 (Sono et al., 1996),
2D, F—EETOREE D P450 12013 2 FIMIMEDE - HFRAL KOG 2R D H 2
FD Km EICKBLE NS 7z, LEHFASE L B—HEHR L OfSEICERB4 L, Y
BER»BEI &R END, —J7. FMO ¥ BE L v X7 H oW L FAD (<
NADPH 234%# L C FADH, & 72 % Z L 2 2kic, Z DLy 4 7 A 03Blladn s
(Fig. II-5B), 7> ARG OFGE 1Tkt & . HWHIEYI DG 5 72 0 EYMAL SIS D J 2
FD Km {EIZFE B AT 2 NADPH ICX VEI N -oEEE R L, #4
DY) DR & OBHEDE VAL Lic < < VAR % Z 312 < wikitic
H 5, P450 1T Z T FMO MR O BG % BmA IR SR Y oFAFE X, #idlic ki
5 EEOIEYMENER Y 2 7 % W3 2 L oHSRERE &2 /LS 5,
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(A) (B)

P450 EMO
ROH_~ Fe** _RH NADP*  (FAD) NADPH + H*
4 (1)\‘ / NADP*
3+ 3+ NADP+ < (6) 1)
Fe>*ROH Fe3* RH EADH
(FAD) (FADH,)
H,0 _ RO 5
+ |4 2 | e RN—O | (5) 2] o,
H
NADP* )
F62+—OéRH Fe2t RH FADHOH NADP
¢ ) (FADHO,H)
‘% (3) N—0 (4) )
e- . O, NADP* RsN
Fe™ -OaRH (FADHO,H)
RsN

Fig. I1-5. P450 (A) and FMO (B) catalytic cycles.

Ferrous P450 can bind substrate in the first step (1) but flavin hydroperoxide intermediate in
the third step (3) is capable of oxygenating substrates in the catalytic cycle (Ziegler, 2002).

555 i /N

FHINETIE, FMO B XU P450 BEREHNICBAS 3 2 {LaW % Cdad L. (Lé
Y oSSR & BB REHIC B T 2 FMO BEZox 5% Tl 2 Fikicow T
L7, HEEMHLEMOEL Y, EREAHROBEENELE L. ER5FK
D pKa(base) i 8.4 LAL%#JEEEL 3% & & T.FMO BRI H IS T 252
BHOFHNRTEL L ER L, BONEAREMRIET 5720, AFAHE» DAL
LR DI T AIRE T H - 72 11 {LAEWITOWT, pH 74 B X pH 84 DG5S
tETF @27 V77 v 2MEEEH L 72, InsilicopKa (base) 2% 8.4 %z 52L&,
FMO ZB#ZEW (pH 8.4) Sefic <, LA pH74 KLV @27V 77 v %
%R L7z, EHIT, WBRIIE D in silico pKa (base) fH & MiFEEH S COREH 2 )
77 vAK (pH8.4/pH 7.4) ZHEICHBL 72, (LAY D in silico pKa (base) &l
BEE 3 2 & T BLHRE R E~D FMO DS A THIATRETH % Z & % Eil
L7
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e

R mmBRAFE IR RBSUCICBE G 3 2 R FHREDEEITEE CTH 5, KERMELRE
fRIC X D KFR I N FTE S 2 R A L 2R R I X B & | cytochrome P450 (P450)
ICX D REBER SN EREMOE G IRD L WA, Z v s n VaGERESY 7 76 v
EHMBRRMER (FMO) D&FE b —HE ST 5, HXKER 3 o EYHE A AE
BEtH 4 & v 23, RRHED 25% DAEZE S SEEREAFE L. EAREYHAEE
B T2 2B 2R T 2 B AWHGT S T3, SLICRTA L v 2T, wih
b FEE R DY) 7 G IR O RRE ZHESE L T 2 23, B RS CHATE ZRFCH I 7 v
L7230 T ALEM O RENEFICEE D 2 BER T DT 5 % FHHIC DN & A 1
T3 Lt ERABHAROHKREEIE%E x 2 ETEETH 5, BIEAHIERH =
7 ) —=v 7 Clk b BEEMB~OBGME 2%\ P450 1CHH L 7B S 2%
REIZ2H8RVIRNTHE L LEEBIREFETH 3,

PLEDE RS, RFFRITBILRIEY KRB ~D FMO HF5 %2 #E T 2 @Y% in
vitro fRHHFEERSA B L ORBE P PEEIC 35 < insilico FMO %Y Tllik o iR
KEHMNE LT, 5100, 3 BHEAEMFERA A £ v RITKELEO FMO B X U P450 [
B 0 AHETATG IR 12 38 L 72 Bt B L & i O R 24T 5 72 2B T 2 in silico
FMO B 5%:Y Tl % {8 2> D HESE in vitro FFMTRICTRIE L 2R EEAG L UT
ICERIR 3 5,

BIETIZ.FMO & P450 DFH G % HE L 7= 3V A S 0k % SEIc i = 72
FERT a4 FRYIRIEZE benzydamine 1, EEOWELFEIE2H Y .FMO 5 X T° P450
W OGN IR 7 0 — 7L 70 2 A[REMEDYE 2 6 Tz, BER IR EVILIE 2 IR FHE A
BB D F % . benzydamine N-[E{L.25 FMO BERTGEME S X OF N-it 2 571k
25 P450 BERIEO ZNEFNRIFAIREL 25 2 & 2R L7z, B M¥EZDO Ry
DEREE 3 KBEEBM A7) —= v 7T, MESTHBESOMED S,

SRR NG I A il SR NADPH INIC CRER NGB 21T 5 2 & 25586
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Thb, Lo L, #lilEE NADPH FEFE T CiE, 37°C TD 5-10 4Rl 7 L4 v ¥ =
R—v a3 VHIZ FMO BHEEEMET T2 2 L %/R L., FMO E#JiE NADPH %
X ERTIEOREDSHETH 5 2 & Zm LTz, AISREBRE T, ARES X O
TEFEEOB S b, WREWRYERRE S A F VAL T 4+ F (DMSO) Tl
L, RRE LT 2, Lo L, BERIGROER DMSO I XY FMO F##E
IR L EERZ T 7, LA — R 2 7 ) —= v 7 & T, EYig
LRIG~D FMO D& G % #/NaHili 3~ 2 AlRetE 23R X v, FFIC FMO R o fefl
RGBS 2 a3 2 56, BVREME. Mil¥3R NADPH b X UHUSRWE sz &
7z —EOEEFIEEZRE L 72 Lco, V) inviro REESROBEHBHERE S iz,

5l ISR IO { FMO B %Y Tl & MGE % 246 L 72 FMO
BRI RHICBEE D 5 WiE—HHF 5T 2 LAaYE URFAE L. REMBEBHRLY
ACD/Labs (Advanced Chemistry Development, Toronto, ON, Canada) % Fi\», N FEo ik
PERE pKa(base) ZEtH L7z, FMO BERZHNHEICH G T 2LV ORH N Kl
FJERH N D pKa (base) B L UFIE FMO HE D N F& pKa (base) ZLtE L 7-& Z
5. FIT FMO FRIC X VR I 2{LEY T pKa(base) 8.4 UL EZRT N Bzl
BICH L CWiz, MEEHEERIESEE 2o, EREGHHD pKa(base)8.4 MU L% 51 L
T2LAEYD FMO FEE Al 3 2 AL o TRREZ R E L. in silico FMO %
5P oZ YA RIEL 72, EFAEEOEREMEAFHEL 72 30 L&Y > b, A
FHEE» D MFI 70V — AR BERF L L 72 REHHYE R KSR O R 2R A 3
FHWHETH o 7= 11 {LAYB L OHIEE LT, P450 #ARIYILE midazolam @ pH
8.4 (FMO EWLME) & —Mkiy7 pH7.4 TORF 2 V7 7 v 2R EHH L 7=, Insilico
pKa (base) 7% 8.4 %8z 2{LAWIZ. pH 84 LM FR# 2V 7 7 v 2{HiA pH 7.4
ST ICHE L CEfEiznm Ly 2 Y7 7Y AH (pHS.4/pH7.4) & pKa (base) fill 124H
BEL 72,

L E. FMO & X U P450 DL ~DZF G5 2 FEE X (HEE © % 2 LM%
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BOE L3 WA AAFRBGET AT A X v AH33%0E % #EAE 3 2 FER IS ISR & L <y
DRHFEEE % FF D benzydamine 237G CTE 2 2 ¢ L7z, X bic, #baYEiE
BWrOHRY 7 v 27 2HWEEREHIED in silico pKa (base) fiH ICFHD <
FMO HE Y FHRE 2T L, FMO FEBEAREE (pH 8.4) % N & 72 G & LBk
CCTFHlOEHEZRL 72,

RIFFEIC X 5T % ORIEMZEMNEH L T\ 2 AISEEHE C o — & sz 7 )
— = v iSRRI, BEREE DMSO oA R Ry P o dE W - iR
NADPH #IHIC & 2 KICHIEZFIC L Y FMO BMEOHF 5 Z#/NHliT 2 2 L 2R L
720 BIBEBIE COEMEMRHMA 7 ) —= v IR EH T 2 2 L 3B CldREETH
52 eh, EEMEMLEYD D 2R O NI T, insilico HRFAHEEE % 5T
HL., FMO DO#E L 2 [fetE 2 Tl d 2 2 L 2K T3, N HD in silico pKa
(base) A3 EMEZ R L 72ALEPIE. P450 5 X U FMO W5 O 5 % RFHICE W 72 A BR
F BN AERZ TV, IEERMBERO%G 5 % A o 72 ko, BRI AF
AR 0SB Cd 2 D 2 WY I 2 L 283 2,
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