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Pathways of phenytoin metabolism in human
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WL, PHT XA V=T o F ke P9 o/ Ry
OHEMEE R TR L Tw54V8 D A HEE
MtF % BWT 5720 pHPPH o Bk A E T 5
VB S -7z, 2, Hik$ 55 PHT K#EHIZHST 3
cytochrome P 450 (Cyt P450) EIE$ 2720128 pHPPH
FHFRMEREERL ZITRIE LT, LALEds,
LIRS E N7z pHPPH ORF SR A el w72 2
&, FHLFIOERBEEHFTEI iz LR, LTI
pHPPH M 8E iz v Til~ND,

1. p-HPPH OXESEBEERE

1. B-Cyclodextrin % ¥/ L 1=k oHERE

¥, EEMEEEREA 7 LBV HPLCIZ LY, p-
HPPHEHSMERELBREL 2%, Lo Lad s, KIS
HEEMS ZLR3BMTHDI L, FMHREL T
LizBaligligszeetFo—t En<—2 71w
AEEE LY, TEMIC1 - 22T 55
72, & ZTHEENLS B-Cyclodextrin (8-CyD) #i#imL 72
WAHR A F A% M5 HPLC #8542, 8-CyD %
FUHL 2o esemiil X U Cit, 8-CyDBIEEA 74+
W /2 mephenytoin % & v { DA DS B Ry 2R 4y
AT L 225, 8.CyD & i BT R B HHER
HPLC i%iZ & V) mephenytoin, barbiturates & & v iz
Norgestrel DNRFEGEEE T - 2HEDH - L2978 | pn
LonbDHEEREGRERWEETH - T L AN
BHTREVEY, HEWEIHBHRENME T 06
EREEPoRFESEERE L TR LA YERLS

PB
]
pHPPH piSHPFH
$
A
MPE PHT
As MPE PHT
a RS
UV range:: 0.06 Lu.ls.
- L . r L L i L
a 1 Fol k] 40 Lo L] o 10 20 30 0 50
retanrtion Bme, min wtandon dme, min
Fig. 2

Chiral separation of p-HPPH and MP8 enantiomers on a 50mm

QDS cartridge column via B-CyC inclusion complexes

(A) : Chromatogram of methanalic soiution of the compounds.

{B} : Chromatogram of serum sample taken from a patient at 2 hours after
the administration of each 50mg of PB, MP8 and PHT.
HPLC conditions : column ; LiChreCART Superspher AP-18e(4x50mm,
E.Merek}, eluent; 11.2mM B-CyD in 1/30M KM:POy/methanol(94:6, viv),
flow rate : 0.8ml/min. UV range : 0.05a.uf.s.

hRiwird oz, 72 4-CyD £Hv:5 p-HPPH o)
THRNBER T, o7, 22T, BELSMFEREHL
e®, ATLRIOEUIEEOODS AT LER T
ME Lz, 2%, 2725318 L BIFII RS
SGRETE 2T, EE50mm ) ODS A3 4 (LiChroCART
Superspher RP-18e, E. Merck) 2 B\ T&HETL 72, 72,
B-CyD & AT 2 FHEE L LT methanol, ethanol
H & i acetonitrile ZH 72 & £ p-HPPH o3 3
MARO TR & B L3S L2, 2945 %, methanol
> acetonitrile> ethanol DBz K & WS EEE 5 Ll
A, TR A-CyD OB BRI N T EBEEOZIZL2
LOLBbnd, LY LENHEEBEEEACTLESS0
min 07 5 4T ar e S BEE A R L N2 0T, methanol %
BysReHMicr), PHT 2RO TAS»A BEIC
BT 20is p-HPPH o4 B E it & A4 -, Fig,
2iciiRBEEbNIaHEEF BT 7T
L&Y, p-HPPH O EFEIITLETH Y, FHP D

HO ? o ?H\IL,OH

CHaCH,
m-HPPH Ethatoin Hexcbarbital
o H\rs OéH—COOCHa
HaC=HCHC: M S
HyCHoCHCHE
Ch,
Thiamylal {¢)-Methylphenidate

o Cl
O . /Nj f\ N./(Nj
oY ba: 0

Cibenzoline Zopiclone

§
(\N/C\-EOD
N N\)
HyCO. \[/ o
HyCOr N
NH,

Doxazosin

Fig. 3

Structures of chiral compounds optically resoived on reversed-phase
HPLC via §-CyD inclusion complaxes

* Asymmetc carbon atom
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mephobarbital (1T A # A3, MPB) L R4 E T
ETBMERNWIETH -2, &2 AHTH HPLC 78t
2 &0, p-HPPH + MPB @tic $, PHT ¢ minor %1%

BT H % 5-(m-hydroxyphenyl)-5-phenylhydantoin (-

HPPH), b5 b4 R TAHAETH 2 mephenytoin
* ethotoin, SN YL — F REEHTH B hexobarbital 3
LU thiamylal, £/ 2 HEFHCL RS M TH
% methylphenidate, f#RE5HED zopiclone, IFEIR
# cibenzoline, $ LU B IME EEES doxazosin % &
LSOOI TETH - 7 (Fig. 3 icBEREHRT)?,
2. MTAPAEL SV ICERBDOREZERE
B-CyDEEWALHEIZLN pHPPH R ¥ D HEER
FIAHEE & - 2d, PHT BIUMEOEE S v Car-

. bamazepine (T A % A, CBZ) R A2 N7

4847, 1205 & K& Wizeh, L—F L RFERICIT
TBRENERSH -1, &E 25m & A P4 (LiChro-
CART Superspher RP-18¢, E. Merck) #HT%, CBZ
B L CBRZ-dicl (CBZ O ) D HicHT0mEE
L7z, 22 CIOMBERRT 5000, £ E25mo ODS
B T7 L2 ELEERBIE N T EE L ATLRAS
wF T AT L EEL 2 (Fig 4),

column-A

Injoctor column-B

elsant-A @
]
switching valve D
detector-B
pump-8

efuent-8

dotacltor-A

Fig. 4 Schematic diagram of column-switching system
eluent-A : methanal / 20mM KH2PO4 containing B-CyD (5 : 95, viv)
eluent-B : acetonitrile ,~” 20mM KHzPO4(16 : 84, vA)
cofumn-A and B : 25mm fength ODS column
detector-A and B : UV detection at 210nm

FBHANTICE N 2R 2m (H7 L AL T LB)
gL (T B TEBRTRT), A-CyD gt
¥ (eluent-A) # §it ¥, Phenobarbital (PB), zonisamide,
I S. (allobarbital} & &2 p-HPPH & MPB @ & 1%
KA 7L APLESIDBEHRENY ZLBICRALIZL
HHEE (123) I 7 2D 5 (ERTETR).
i X N A2 4 A acetonitrile — KH2PO4 B & 5 BT
{(eluent-B) TEH S L, #T7LMIZHF T v+iz CBZ-diol
& CBZ-epoxide (CBZ MEEMEHCHY), | Hi PHT
B L CBZ ¥EHE I, detector-B THRHEE LS, —77,

A7 L BT B-CyD 25 E L7z eluent-A 25| B fi &
WAT Bz, p-HPPHO SE & L ¥ 58N ERL,
detector-A {2 & % PB, zonisamide & & LicmB3I N5,
Fig 5 ICA L AT AL OB BNy 7ot 7
FhHERT, ERFEELRIFTHY, CBZEHAL T
ZBREMHIZEVTLH255 T p-HPPH @ 4 B
XM E L -/, CBZE#RAL Twaibiid, o4rs
L2073 IR T#T § 20 CEREMNIC L ERN L EEE
i oz, ol A SAHEBOMBIE XA L
— b # 7.4 (E. Merck) # Bve7zds, 8% CTHE THEN
B WA RETH - 2210,

; 8
> A B
9
3 5
4
1
67
L 10
s 0 5 ™ 2% ® 6§ W15 % ®
retaotion e, min HLOnDoN TN, Min
Fig. 5

Chromatograms of antiepileptic drugs and the metabolites obtained by
(A}detector-A and (B)detector-B with the column-switching system

(A} 1:PB, 2:zonisamide, 3:5-HPPH, 4:R-HPPH, 51.8., 6:R-MPB, 7:5-MPB.
(B) 8:082-dinl, 9:CBZ-epoxide, 10:PHT, 11:CBZ

Fig. 6 it PHT, CBZ, PB 8 & " MPB #fitHL T 5% T
ADPABEOLHE TCELNZ o b Fx—THAE,
Fig. A EWT, R-HPPH X 1.S. oz BT 52—
3RS R TH 5, Fig. 6Bz BT CBZ-epoxide
FPHT oMl — 27 (| ©F5), CBZ #RAL Tw
ABEMBNACHIAT LS CBZ S E A3
Aizeh, Mo CBZ S E iR L 129, #4
F 2 CBZ BB ERE o, TOFRME—7
2w, BICEELH CBZ DRI TEL S 9-
hydroxymethyl-10-carbamoylacridan {2k 2 LD TH 5
ZEEREL W,

25T, CBZ-diold & EEAMY TH 24, 8-
CyD # R L 255 i CBZ-diol »FEEFHILERT
E i o2, CBZ-diol DRFEED 3-CyD BEICEKR
L&drafzZl i b, 8-CyD 2 CBZ-diol ¥ B2 i
WihRFSEASTEL LD B bIAE, &8 CBZ-diol
DI X T NA T LAV TERTE R,
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Fig. 6

Chromatograms of the extract of & serum sample taken from an
epilaptic patient administered 200mg of CBZ and 100mg each
of PB, MPB and PHT

Chromatograms{A) and (B) were obtained by detector-A and detector-8
with the column-switching system, respectively.

The serum sample was drawn 2 hour after dosing,

The following concentrations were oblained ; PB ; 34.61ug/ml,
S-HPPH : 2.4pg/ml, R-HPPH : 0.01ug/mf, A-MPB : 0.48ug/ml,

S-MPB : 1.92ug/ml, CBZ-dicl.: 1.689pg/ml,

CBZ-epoxide : 2.13pg/ml, PHT : 6.85ug/ml and CBZ : 2.98ug/ml.

3. PHTIERAEELIRFRIZE T3 p-HPPH #3554
FOEER
BIRE LA TLA4 vF v AF A%, PHTH
WS CPHT M b REFEFREGEL T3 TAS
A B 1414 0) SHPPH & R-HPPH i % & # H%EL,
HonzS/REW0~0FRLAEF T, S0LUTTT8
%E LD, o TRENSBERIT RHPPH # i
B TFRELUT (0.020g/ml) TH Y, R-HPPH $6fET7H R
HTREWEEZLRS, e
INHDBBEFEERN5 6% TH -2, Fritz 513, R
IZBEE S 47 p HPPH @ /R B iZ, S-mephenytoin @
poor metabolizer™ I23\ T 75/11C#H L extensive me-
tabolizer T3 19/1 & 1), mephenytoin & &% & %z
KET B2 L #T L 722, Ssmephenytoin ¢ poor metabo-
lizer DT P T MBS IFZI2~18% & EN T2,
FiERLZ LG RHPPH L M E S E S TR TO
*1) extensive metabolizer: B#fC# A& Bk V5, iz
FCBHAE D) 59/ & WIBHRIE poor metabolizer & I 5,

g
3
g
20 40 80 80 100 120 140 160 180 200 <=
SR ratio
Fig. 7

Frequeney distribution of /A ratio of serum p-HPPH enantiomers levels
21 steady-state in epileptic patients receving PHT monotherapy
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Total p -HPPH{ & o/mi}

Fig. 8

Variation of 5/F ratio and totaf concentration of serum p-HPPH during the long
period of PHT administration in six epiteptic patients

BEFEERDE.6%TH - 7295, S-mephenytoin poor
metabolizer DREFAETH - 72,

FiZ S/R HoEENZES S L O PHT #5880 L 2
Lok et Lz, Fig 813, PHT & $#5| CEMHES o
bENDTA»ABEIZBITS p-HPPH MABED S/R
& e pHPPHBE ML C7oy b L2, BIEE
DBRFHLT1~6 5 B4 ~1004T -7, S/RIL
100 LI T o Bgid, S/R O ZEENIW % LT & &b T
S, S/R I:E.ii’flO(_) Ll kB, RHPPH Mmrhilpe
ERBTRI DBE L L 20 TESHHIREL 505, 20
BURDERIZHE -2, Zad i, BEEHED S/R
g b ik, S/RIL - ET 2 BENERD
FHEERETZ2L0DE W25,

— .12 -
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O. HEeHa

EEH LItk bZoFHikL, PHT ORIERSR : p-HPPH
S B S/R I OB DREINCERS b4 L,
Z{ OMMIERIC BV TLBES N TWEY, HEo L
AU 200 o0 0 HE AR R BRI I C T A S
EWTEN, FO8RED—2k L T, PHT HEIERERR
HEZENS5.6%I2B T RHPPHILH BEMIER TR
(0.020g/m) BLFE VI F—FoHLL, ZALNE
¢ R-HPPH M8 M ERm 4 > Fonii D & L #]
BB TLWIIERTRUT T4, R-HPPH 4 gkft
DE LD TREWESH B vIE R-HPPH )18 S 8k it b
B EFHELI D REWT LAREE N, Fritz 5 R-
HPPH R 8k i 4 mephenytoin BGH{E % R & AR
BHBZEEFREL TS, fERIBLL S/RIES.6
% O BB IE, mephenytoin AT ¥ 7 Al BT % poor
metabolizer Oy 12~18%I2 6~ 2 L 451/2 LR\
L7, Ssmephenytoin @) poor metabolizer D T HEHEHH
%, Goldstein &1 S-mephenytoin B2{LAI{LBH- CYP2-
C19*? »"Bi&5 L Twbd Z & 2L, CYP2CY D%
EMERE LA L7219, F72, Bajpai &2 PHT @ p-HPPH
~OEACRBHCIE CYP2COE 2C19 B 5 LT 1,
R-HPPH #:1%i2 13 CYP2C19, S-HPPH #iciz CYP2-
CONHFHARI NI LR L Cyt PHORBF I 72
— 2 FRRO LA EMELS E D L 22T, SRS O BRI
EN, PHT & b R-HPPH ~ Ry Lz CYP2C19
RS L TR LB 50 THY, i p-HPPH i
FrFFe—D SRILIEBCYP2CI9N 72/ 74
2 DA e AR B 0, W, Morais & 11 S-
mephenytoin DHRHEE W FHFET S5 CYP2C19ickiT 2
exon5 LD T =2 (G)>T 7= (A) 28 (m) &,
exond bE BBHND I T2 (G)>TFTF = (A)EE (m2)
DIERRERERPRAL, ml/ml, mlfm2BI 0 me
m2 Tk CYP2CL9 @ EELRIE L <51, S-mephenytoin
&) po'or metabolizer & % A Z & HA L 2B Zn i 9
RHE L BEE 2 U, Wil p-HPPH o S/R iz & 5
H% CYPRCLY D7 = 2 9 4 &2 S~ OERI TR
20T, BARET— 7 2HRPTHS,

*2) CYP2C19: #HNMIC IS § 5 Cyt P450 isoform N—2Th
5, FHHC Y Cyt P450 isoform & LT CYPLA2, CYP-
209, CYP2C19, CYP2D6 #5 & UF CYP3A4 #7816 AT 3, BA4E,
HHE S AR E T3 D1 CYP2CI9 & CYP2D6 Th 3,
*3) Tx/F ALY EEEE Y poor B & extensive T A B
w3 intermediate (FPRIED 2 HIT 3 2 ¥, M FREEY
FIlEN R ERE BT AL R S FA S TG,
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