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CHEMOTHERAPY

Itraconazole D & &M SN %Y hydroxy-itraconazole DEKS MK IZXS T 5
in vitro M BEIEN

=Lt BH-RR BB AT
FERAENEMED R L > 5 —*

(PRL5 410 A 18 BRAT - PR 5 F 12 A 14 HRH)

FLOMNY 7Y=L RFEEHF itraconazole(ITZ) DESHREHARBEY TH 5 hydroxy-
itraconazole (ITZ-OH) @ 16 BiMMDMKI MR T 2 in vitro IREEEZ ITZ L 8
WONEIEHN & DL TR LT, 4 MO LAV MBRGEFRETHLRL &R, »F
NOEEINLTY ITZ-OH & ITZ £ oM iz, BEECEZBBHSNLh o7z, MICHIC
BXiZTigtoREr RN U ER, Aspergillus fumigatus T2 ITZ-OH BLX U ITZ D¢
HUCBWT b, brain heart infusion (BHI) #31T{Ew MIC{%ZRL, RiZ “synthetic am-
ino acid medium-fungal” (SAAMF) ##ThH -z, L L Candida albicans Tit BHI %
o MICHOYENEEL 5 T2 —H, 1% 7 V32— A &F yeast nitrogen base (YNBG)
¥ Tix, BHI ® SAAMF ##ic bR T { A MICHSE K k2 EABBEB IS L,
ITZ-OH 13, C. albicans 8 & U Cryptococcus neoformans =¥t L Tix, 8 MONEIER & H&
L7g8&, A7V —VHRDKCZ LRZEDEV MIC %R LT, A. fumigatus izt L T,
ketoconazole (KCZ) &b b3 <, BHEWMICEETR LU BSEMRRE L Tk, MR
¥ #| T » 5 amphotericin B (AMPH-B) , bifonazole (BFZ), clotrimazole (CTZ),
fluconazole (FLCZ), griseofulvin (GRF), KCZ, miconazole (MCZ) & iXi2E#D MIC
EERLT,

Key words: H1E&#l, itraconazole, &M HEY, hydroxy-itraconazole, MIC f#i, in vitro
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TV -NVROGEERIZ, EMEBECHT 248K
L T clotrimazole (CTZ) »#1% T¥A SN TLUX, &
EMEBECAYZERLEH T, TN E Teconazole
(ECZ) % miconazole (MCZ) 3%, ¥ /:&:ET i3 bifona-
zole (BFZ) % fluconazole (FLCZ) #% ¥ MSEEHKEY iz
BwusohT&7,

Itraconazole (ITZ) B¥ > #ick->CHRant:
M) 7YV —VROGHBFIT, <L OREEOEE L
TV in vitro TEERRT T EBREISIhTWV3,
g7, ITZ i3, EBRANCIY, Aspergillus fumigatus\z & %
RBRFEI L THRICENSRERIET 5 2 LB 705K
ELTHESNT?, FPzBVLT Y, BELEHENT,
ITZ DEAARIR, HEMRERS THEVTRAFo—1
DERDEETH DY, w3 EBI (ergosterol biosyn-
thesis inhibitor) (/@3 %%, LU ITZ ik, BEEMLE
WwZeps, LMY 7Y -V ROEHTH2 FLCZZ
DBAMEOBOCTABR L B2 - - & RNBIES L 2 2+

BRI TBY, BEICRY, ITZ DEEARATOREE
BLAPLIF BSOSz EhTEL"Y, Th5DOHAET,
ITZOEBARATOERJBEM T, EH®E2EFT5ITZ-0H
(Fig. 1) 2%, %2 D EHRBRCEELRRAL BT
RHEhTER"Y, EBFETI3, ITZ-OH OHiEEREEY
ITZ BXUEXHIcBO TEKCAVLSh T2 8§ EOH
KB #H) amphotericin B (AMPH-B), bifonazole (BFZ),
CTZ, FLCZ, flucytosine (5-FC), griseofulvin (GRF),
ketoconazole (KCZ) ¥ & U MCZ & OB TREL 1O
THRET 5,

MABHO7 v €4 AL LT3, okt o4R
TEV MICE®TT I LasigshTokns, 20ff
NYSERTHE R EOBEBT, ThiThxYALLGNE
T k%, o7z “Synthetic amino acid medium-fungal”
(SAAMPF)"S&E iz wT b, BRI hd LIk
27DT, KWL TIX, AL % .z, Sabouraud
dextrose broth (SAB), brain heart infusion broth
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R=H: Itraconazole
R=0H: Hydroxy-itraconazole (R63373)

Fig. 1. Structures of itraconazole and hydroxy-
itraconazole.

(BHI) BLU1% 7V 3 —AWM®D yeast nitrogen base
(YNBG) 1 F v THEBRN LD TEDOKRICOWL
TOhbETHRET 5,

I. ¥ & K&

1. BERE%

TERFABMEYHR L v § —(LERESFICE
WTREINR T ABEKRI ML S, A. fumigatus,
Candida albicans, Candida glabrata, Candida guillier-
Candida tropicalis, Candida parapsilosis,
Candida krusei, Cryptococcus neoformans, Epider-
mophyton flocossum, Microsporum canis, Micros-
porum gypseum, Trichosporon cutaneum, Trichop-

mondii,

hyton mentagrophytes, Trichophyton rubrum, Trichop-

hyton violaceum, Sporothrix schenckii D 16 B S
INFNAKRT ORIV LIGRATHER L, &4
B X Potato dextrose agar (PDA) tT, BERHRE
BIZ3HM3TC, RRBEX7H»S 14 BE 27°Ck /2
RITCTIHEL I, BEREBIEBEREKCES
Lz, £72%RETI1X0.02% tween 80 & 10%
7V v vEMOLEAEATRTFERERR RTFEE
BEELALEBONRZOERICOVTIE, FZ7AEAD
HARECHELENEERRE) 2ERL, 77A74 0
¥— (No.3) »#—¥Tm@%kc, ZhZ iz
B 1~10X10'B/mlic 2 % & 5 WEBREKRTH
BeRBLL, £, BERBEIETIRATS - T,
CFU 2k T, RAEOEHICHE L HBREREL
TRWw,

2. BERZER

AMPH-B (BA X 274 7), BFZ (/x4 = VE
#), CTZ (FMk#ti%k), FLCZ (7 7 1 ¥ —HEK),
5-FC (AXu v a), MCZ (IFHMZE), GRF (fIk
#i%€), ITZ, ITZ-OH (Janssen Pharmaceutica Co.,
Ltd, Belgium) ®DFX % fAv>7:, AMPH-B, BFZ,
CTZ, FLCZ, GRF, ITZ, ITZ-OH 8 X U MCZ i
dimethylsulfoxide (DMSO) i A%, T & O

methanol 2/MAWE L, % D% DMSO OB ME
BIBUTICR D & ICEBRBAKTRERL 7o

3. MICEDHIZE

MIC 296 RD<A4 7 Fv—F (FR~R—2775
1 MY 2RVAMEBEERECL > TITo 7,
Thbb, 2 EMECEMTHIRL 2EHRTE 100
U BTETINCIA T, X &I H DM EER %
50 ul fOX 7z, #EH1i1Z SAB(Difco), YNBG (Difco)
r, SAAMF (H&4&¥# e 4 —) 8 & U BHI
(Difco) 0 2 fSMEIRE AW,

MIC [HD¥|E 1}, AR ERLBESEOLL,
DT LEHBEBBED SN THR->TLEIHEE L L
L, ERERMONMEEE (+4) ICH~REASLICHE
BBEPLTWEEER+2, onBEICHL, #57
BESEYLTVEEEE+FIDAIT—E LYY,
AMPH T30 %#, 5-FC £ GRF Ti&, +10UT%,
CTZ, BFZ, 1TZ, 1TZ-OH, FCZ, MCZ% T},
+2 AT % MICHOHERMEL LT, HEX C. albi-
cans T3 37°C, 18~24 Bs[ T, D Candida B B
& U Cryptococcus® Tix 48 BRI T, % 7z Aspergillus
BECR2~IHMEBERICITo o EMARRET
2I°CTHEE%, THETHEL

II. ® i

(1) C. albicans 8B LU A. fumigatus O 4 BDIEH
TD MIC DL

U ®IZ, ITZ-OH @ C. albicans & A. fumigatus
i2xt3 5 MIC fE3, BEIDBWIZE>TEDLI R
E@#E T i OB PR WTRHN Lz (Table
1), #D&ER, C. albicans cxtL T, ITZ-OH 8
L WITZ Tix, BHI B X U SAB it ¢ MIC {ED
HE, TobbiiROHEERED+2TH 3 end
point DEIEHEL <, MIC EDOKIEHIF L A ERT]
BEThHo T, ZOERRMDOT YV —LVROEHTHR
5h, %2 KCZ Tk, MICEHORENEEL »»- 72,
—7%, SAAMF 820 T3 ITZ-OH BX U ITZ 1%, fih
DEFIcH~R, BOMICHEZRL . B ITZ-
OH B8 X ITZ ® SAAMF 8211 T D ¥ 0 MIC &
12, #FNFh0.03ug/mlBLV0.02ug/mliz¥T,
WNEEX LD, 5ZECMICETH- 2, FALE
B O YNBG T, ITZ8 & FITZ-OH &t &
SAAMF ##1D3F& & D 12 EREESH O MIC (&
NEEENh, LL, 5-FCTiE, YNBG 2z
s L € SAAMF 8530 T MICEX & < & 2 L8
EFRxNniz, ITZ-OH & ITZ 2 & L 72384, MIC
EOBBRIOTHT, WTFHOEMTHLIZIZAZEDE
HERTIEPHES»ITR ST
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A. fumigatus =33 BEMZHE L 72%¥E& (Table
1), C. albicans DFE& L R% > 7T, BHI B U SAB
EHOWTFRICBWTYH, end point DHELER T
b0, TRITZOHBLIVITZOWTFhHIZBWT
b, BHI & SABE#iT{E W MIC HEBEHE XL,
BHI 8 X U SAB £5#t1C o ITZ-OH @ MIC i, %
NENO0.08ug/ml B X U0.11ug/mlTH Y, BHI
#g#TI1E, YNBG ® SAAMF it = b L T, 1%
DO2EBEEVWVMICHESBHEINL, — A,
BFZ, CTZ, KCZ, MCZ T, BHIt & b, fih
OEMT L D {EW MIC HSBRE I I, MREAO
iz, AMPH-B, CTZ 8 X * MCZ T{&\» MIC
BB Ih, KO TKCZ THo 1, 5-FC i C. al-
bicans DBE L Fkic, YNBGEHTH - &£ b {EW
MIC s EHE sz, AMPH-BizWi¥hogihT
b, Btk MICfE %/~ L 7-2%, SAB, BHIT& b
Ev MIC %2R ERSBEE I NI,

RiZ, REKEHM % SAAMF BEL T, ITZ-OH
BIUITZOMOREEE T 2EME L2 8EOH
HEF L& L7z (Table2),

BREERE L LTk C glabrata, C. guillermondii,
C. krusei, C. parapsilosis, C. tropicalis, C. neoformans
BXUT. cutaneum, KRB TH 2 T. menta-
grophytes, T. rubrum. T. violaceum, M. canis, M.
gypseum, & 512 E. floccosum % T MIC 5%, Xt
HEEH & DB TRET L 72 (Table 2),

ITZ-OH 8 XU ITZ ix C. glabrata, C. guillier-
mondii, C. tropicalis, FDBERREE XL Tk, »f
B& L CTHwWwIRBFZ, CTZ, KCZ, MCZ B & U
AMPH-B Lt A& Z A TOMICER TR LTz, %
1z T. mentagrophytes, T. rubrum, T. violaceum FD
REARRE L Tk, MEBETHS AMPH-B,
BFZ, CTZ, GRF, KCZ 8 X U* MCZ & iZIZRIF D
EEERLY, ITZ-OH BX FITZHETE, WTh
DEETLZOEHREZREILACRDONE LS
T

II1. * =3

ITZo&HENTOERBEEEY TH 5 ITZ-OH
Z2WT, in vitro EEEBEERMICHVWSNA TS 8
FRLoEBIcBO TR L 2. ZORER, ITZ-OH
REBEDCHEEE L LTH-o L bEER A. fumigatus
® C. albicans B X U C. neoformans <L T, ITZ
ERIBEIZER Y in vitro IEME R T I BSOS IR -
T2 BRIC A. fumigatus =X L Tix, 8 MHEEEA & A~
THHES LIREVWEEEEL TV,

Ko fetih ¢, ITZ-OH 8 L U ITZ o MIC f#

NEDRE, TBIT 20 EMALIKR, A4
WOEMOD T, A fumigatus izx L Tid BHI s5#h
HEVMIC %2R L #e28, C. albicans T MIC {H
DHIE, T%bb end point DBEA & D HSFEH 1 KR
THYH, BHIEMIZ C.  albicans \ZfR-> TH A,
MIC HORZB I ZTFMETH oI,

Lal, ORI, C. albicans #Fk\>T BHI #
Wi ITZ @ in vitro FEHEDOREIZ B TEW MIC {E
2RTEES Cutsem HF"ODHEETHTH20DT
Hotze —F, SAAMF 8211 C. albicans i2 BT
bMICHH, ¥4bb, EAOMMOHEERTHS
end point (+2) DFAL OMBBEHTHY, D
7V =L FDOFEEN BT b HEHEY MIC %2R
L, MR TRAEMIZ7 V- VREEEFIOEED
msge LC, dh#@iseBbhs, LrL, 5-
FC ® AMPH-B Tix, SAAMF 1T 7% MIC
EBELS R, ThETED, BREEZEMIBR-TE X
¥, 5-FCT I YNBG #, AMPH-B T i BHI ®
SABEMHI2EI LD BYLBb S, £7-
SAAMF i i3 C, RFEShTE D, R
FMORET, SERZFONHOMBESKRBRINL T
I E»s, $TIKHEL 2 YNBG # MOPS /~
7 7 —%TpH 2E X I-3E#%, KE (NCCLS Do-
cuments M 27-P, vol 12, No.25) THEHAEh T
LIS ERA DM TH S RPMI-1640 Fi2 DT
b, XHHBRNTILELD D,

ITZ &GN TEZNICRFE2Z T THEIL S
ZEDREEN, TS DEBARBEDEL T,
ITZ @ piperazine B dioxolane 3, & & i triazo-
lone BHOSMILAICBIR L - BHEY, £7-%L D
MLTCON-JR7 Vv F bR O-B7 vV E LS TR
HEPBRE SN TV, 2nsDPTRBED 2 F
VUBBEENTITZ-OH 23b - & gL iEM LR
DEENTWVWBEY, 22 T45E, Z0ORBMEHMERVT
EHERTLUIER, ITZ-OH R ITZ L iZIZEIZED
EMEETLILEHAOLICT AL TER, Zh
ETCOMETIE, ITZ-OHBITZHE®RD 55%E4T
TITZULEDFWIIFRECRZ L bHEVSH
THYH, %0 ITZ-OH OEERRNTORE DM
Wik, SS5EBNLITZHEEEORERIC O S
AJRERE L H 5,

A. fumigatus, C. albicans, C. neoformans LASFIZ,
ITZRE-BOBETHERREECHLTCEbY
TEMTHEILBHLLIER>TWVE, #2T
GRF t DB T R, ITZOHD AL & F
ITZ-OH  F L KRB LT, GRF &b %
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B\ in vitro I/EER R LT, EhIh o DML
TITZ-OH L ITZ cEZRBEDH N o T,

FV—=VREC IV 7YV -V ROEHR T MIC Hic
b T in vitro YEMEDS in vivo WEME R KL 2R
FELEF & LTHREYMV ST E R, BH, EX
EREZTR, HortBWMICHESEB N, 7V
—VROEH TR, MICEZ®RET 2 :H0end
point DHE L AR TR, ERE W MIC s/ 5
24 ZEns, BRHCHEWMICHENTTILED C
EVHS RS TWA, AR OTMEROENYE
RIECAwsh 2 EEER T, &\ MICHBTT
(BZELMEEINTWVWE, LIEMN>TT7 YV —ILVHRD
EHOBHEOREIC L, FHOLIKR S I ko35
ENT&h, TRHHDZ Lo REBROSFTR
in vivo X in vitro COBWEBMLSREBEINE T v
A %ERDT, BXEBBACRENTERLY,
ZOERHBRAIEME L THD, BHEHFEDS MIC
HEOHERMEFTH - 1z, SEIFELX LAV MIC &
DREETIRFIENICE S > T, MICHEDHE B
T, HEBE 2 4B CHI T MICHOKEER*
W EELL, SO EBEERLDOZLLT,
MICHDO¥ER L ODEBK LI, 7Y —1LVROD
EHNoxrt3 2 MIC fEOHELERIZEE L W C. albicans
TRAEKMEE L2 eky, sHMn{fHt%:
BRELI-ZEICED, ITZ-OHDARZSTITZIZB
W, in vivo RETDIHBTE B in vitro HHEH
Booht, LrLihdns, KMLrKRETCIE, T
mentagrophytes® S.  schenckii D—EFDEHK % B>
T, W—2RFROEMBES T, 4370 bR
WY OH—LEERE%5T, MICEOEE % LT
LISRER L 72, L3> T IO DEBETIE, LHI
RFOEBEEEZED 501, MICHORIEIZIZEE
LRERETH 5,

MIC fEnEBM TR CML Tk, B2 IBA,
SAAMF & & U YNBG $5#thic MTT Rk 2 A
Bb¥szlicky, HEMNEERNIC, MICHE%E
BT DHERRE LY, 185 BETIEMTT
BRI ORFOMBES LEE, XTT 2 MTS? 553
FENTBY, HLEBEFO in vitro 7 vy 4 KICH,
IVEBRHNCHETE L HFEORFTMIEILE>TW
5,
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In vitro antifungal activities of hydroxy-itraconazole,
an active metabolite of itraconazole

Yuzuru Mikami, Katsukiyo Yazawa and Kazuko Nishimura
Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University,
1-8-1, Inohana, Chuo-ku, Chiba 260, Japan

The in vitro antifungal activity of hydroxy-itraconazole (ITZ-OH), an active metabolite of
itraconazole (ITZ) was determined by a liquid microdilution assay method using four different
media: Sabouraud dextrose broth (SAB), synthetic amino acid medium-fungal (SAAMF), yeast
nitrogen base with 1% glucose (YNBG) and brain heart infusion broth (BHI). ITZ-OH showed
almost the same antifungal activity as ITZ against all tested filamentous and yeast-like fungi. When
the activities of ITZ-OH and ITZ were compared with those of 8 reference antifungals, 1. e,
amphotericin B, bifonazole, clotrimazole, fluconazole, flucytosine, griseofulvin, ketoconazole and
miconazole, both drugs were found to have much higher activities against Aspergillus fumigatus and
Candida albicans. However, the MIC values of ITZ-OH and ITZ against dermatophytes, including
Trichophyton mentagrophytes and Trichophyton rubrum were similar to those of reference antifungals.
The MIC values of ITZ-OH and ITZ fluctuated depending on the medium used. The lowest MIC
value was observed with A. fumigatusin BHI medium. However, the MIC end point of ITZ-OH and
ITZ against C. albicans was difficult to determine in the medium. SAAMF medium was considered a
good choice for MIC determination in C. albicans.



