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£ BMOMMWE DKM L L THW STV 3 amphotericin B (AMPH-B), flucytosine (5-FC),
fluconazole (FLCZ), miconazole (MCZ) ® X Uf itraconazole (ITCZ) (233 2 Bfifhis & UEARR
KB OMMEMROBADERIIOVT, KSOMELILERTL —F 2EHL TR L 2. EOKR, 5-
FCTIRBHNLAFEALYrOHET, 192563 K OMA TR 2@ S, L, AMPH-B Tk
HFRL-LTRLOEET L REERSES ko, 7Y —VROXFITIZ MCZ, ITCZ 8 XU FLCZ
wBOTAWEREOH T, Candida krusei, Candida pavapsilosis 8 & Uf Candida glabrata THIT
BELHMERSEE SR, X51c8\ibis Trichophyton mentagrophytes T RIELARLIHEE S h
tro L LEEFREIZ b - & SR8 L 2 2 Candida albicans, Cryptococcus neoformans 13 & Uf Aspergillus

Sfumigatus TIXBREBEI iz -7,
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FMES L2 RER R H 5 BOTEAIC BT, EFOR
BRI ORI MEECHEEEROHRIELH TER
ZEETH D, F-BED AIDS BEDHRBIC BT HTHEY
A NVABOHBOMELE X T w5, —F, 1980 ERFPEHE
¥ COLEMEBETRZOBEESRIEMICB I ECHrn
bo TR I E VMBI > T, ZOFELE
HIRINSDHRBEECHT 2EBMEINETRY VRO
amphotericin B (AMPH-B) T D, ZOMEHEIZIZEA
YHBRLEWI kL3 bDEBDbNE, —/, EVIY Y
FOHEBEH TH 3 flucytosine (5-FC) T3itEsE HH v
R L ahTwiss, BIRMICiE AMPH-B E0ffBIC &
D ZOHBEIZ A ARBE SR TW3Y, EEHEER O
AEFCLFLOLEFIBEL L BEFLTVEH, T0FHLIRT
V- VRERTH DY, 7TV VREFOESRERL <,
fluconazole (FLCZ) DM A, HEMEDLETEDIEFIC
BIBT7TYV—NVREROBEEFDT, 5T TARLVF
WV ASEICER) % itraconazole (ITCZ)*DH/AIC L DHELZ 2
OEFEMIIHEL, BER7 V/—VREFOLERREVW-ST
b B\, FLCZ*? 2% OENT: in vivo EHE L BVEIEA
Diewiz, FLOABECRECRHMKSINTEY, &
W AIDS BEICBIFB 7V S bay 7 RERH VS IETIIR
R OMEIcb Y &Esh, ZTOGER, XER2H.LCH
BEBREYVENE IS K> TE, —F, I—oy
¥thic FLCZ 3 FpitgicRVwo B LS5k, ERE
LT Candida albicans LAV Candida krusei X Candida gla-
brata ED FLCZ iz b L b LFERRMTH 2 BERABEIE
TRARMICHBL, MELZ->Tw3, L, %
NODHEEIRL L b L FLCZ itHERZHETHY, LHTLY
R E L TRBBREN TRV, B2 BEFLB LU 1

ETn AIDS BEHBRKIZOWVT, BEROMEEZLTER
B T hETDEIARELLERSBEKICBLT,
FLCZ #8t: 7V —NVEFERIcH T 2R IEBETEd
>1ze LdL, ZHSHNEFID in vitro RIESZBEBRRIC
SBTKRE LR, C. albicans AN OBERBHAE, i
C. krusei THMUHOBBEB ARSI 2 RVIELED
T, SSTEQHOEEOVTH, HUKOIBOERIC
DLTHRE LD TRONIRRERET 5,
I. ¥ & H &

1. GEFEK

LB v sy —LERELFREINTHLAIHELNLS
Aspergillus fumigatus Tsukuba, C. albicans ATCC
90028, C. kruset IFM 40118, C. glabrata ATCC
90030, Candida parapsilosts ATCC 90018, Cryptococcus
neoformans ATCC 90112, Trichophyton mentagro-
phytes IFM 40369 > 7 EE % FAv>7-, #ME I Potato
dextrose agar (PDA Difco) tT, BEEHREEIX 37TC
T3HM, BRHAEI30C, 7TH»S 14 HREKZEL
72

2. EREAEB L UMICHORIE

AMPH-B (H&ZX 274 7, lot. no. 9468), FLCZ
(7 74 % —%3, lot. no. 3A0762) , miconazole
(MCZ, FrH#®I3E, lot. no. 426868), ITCZ (Janssen
Pharmaceutica Co., Ltd, Belgium, lot. no. PUA
281) BXU5-FC (H&uy v a, lot. no. A 339243)
DEXREZRVT, 5-FC RBEREK, 200
A 1 dimethylsulfoxide (DMSO) &L, 0
%, FROXY /7—NVEMXATEREL, BRKBIIT
DMSOBIUAY /—NVEBEBN1IBUTIIES L3512
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SHEAEAKTERL 2. MIC OHIEIZ 96 RD?A 7 1
Zv—bF (ERR—=754 b, MS-8096 F) % Fv>7z8%
BBARBRECIOTo 0k, $-REAKME LTI}
brain heart infusion (BHI, Difco) ##ith% FEic v 7z
%, 5-FC O#lE iz glucose #@AML 7= yeast nitrogen
base 3%#; (G-YNB #%i, Difco) % 7=k
REEIT & - TITo 'Y, EREBWOENRATEICRL T
fTo7™9, - BREE O MIC EO¥E XT T
|EL N NCCLS DAt L, X512 MTT assay &
ERVTIT o 729, &RE O MIC i O3 %2 13 AT 4R
WKL TITo 1,

3. MHEEOEX

P E OEMIZ, 5-FC T yeast morphology agar
(YMA, Difco) 3% fhd3A|T i1 BHI 51 % A7z,
EHOSF7S Ty PERR, BUDICLug/mliciz 3
LOCBBMOEAME LI 8~10ml 23FEL T
A# 7V — b 2D, RICEFRFINEHEREIEL
T, BRI 79x 7 PR EERL 2. ITCZ OB
HECNT R 779 b v — b OBEIR, S5K
HEBEEE2ZED /10 BB L THW, Bl L EEE,
1BM3TCTHEREL, bot bBVWEFBETCEET
330=——%ROVFRBET I Ltk DiToN. &
EML LREERCO VTR, AVSFFxy s®
(Prorvt) CIoTHOEREITo>THs, BB
Awiz,

. #& - 3

Fig. 11z C. albicans ATCC 90028 ¥ XX *2H
T AT 1AM RIS E L 225k MIC [HO KB
2RLT, 5-FC 8HETHRAL 284, WIRBT
BRI TR OF B SR L L, S5 5REOKkT
F100BLAEDO MICIEE 2> TWwWiz, LHL, o
HTRE o MEBROBERIER TE R o T2,

Fig. 2z C. glabrata ATCC 90030 #k® FLCZ, AMPH,
MCZ, ITCZ 8 X U 5-FCHET COMEEDELE R
L7 ZOER, 5-FC Tk 3B T¥ Ciciekss
HLTwh, —#, FLCZ, ITCZBXUMCZ 2 ¥®
7V —VROERTHTERSEHEREL, wiIFhogs&T
b 3I~4 BOFFRY, Thbb 50 EEE MICED L
arg|ganli, L»L, AMPH-B Cix% o MIC {&
DERZ2fETHY, MELORRIZIIZLEAERVDD
EBbhiz,

Fig. 312ix C. parapsilosis ATCCC 90018 Bk TD#
BERLK, 5-FC T3k 1 KB TR mER &
hize 7Y —NVERDITCZ TR 5KEB»5, £/
MCZ b 5RKH» S, &5 FLCZ THmMrENFHEE
ANBZIEBHELMCR o7, FLCZ TlkitEskDTHEHE
IZEEPEITH > 2o MCZ 8 X U FLCZ TD MIC D
ERIZ16~32fETH - 7248, ITCZizxtd 23 MIC D
Z{bi3 100 fELA ETH o7 AMPH-B Tz - 72K i
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Fig. 1. Changes in MIC values of Candida albicans
ATCC 90028 strain after successive passages on
plates containing individual drugs.
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Fig. 2. Changes in MIC values of Candida glabrate
ATCC 90030 strain after successive passages on
plates containing individual drugs.

FLCZ (), AMPH-B (), MCZ (O), ITCZ (&),
5-FC )

HHROFBIBECEr o1,

Fig. 41 C. krusei IFM 40118 TORER ZRL 1208,
bEDLBEZODHEBER7Z Y —VROEHR], ¥z FLCZ i
MLTEWMICER2RT ZE»S, ZOMEEOEL
BEETC& o7, LLLITCZ Tk 32 EEED,
FMCZTRABEREOMEED LABBRESH, 7
V=N FROEF I L TR oSHB L Tz,

Fig. 52 C. neoformans ATCC 90112 BRI 1E
5 MIC {EDZEA b %R L1258, MIC HDHE S » 2 E{bs
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Fig. 3. Changes in MIC values of Candida parapsilo- Number of passages
sis ATCC 90018 strain after successive passages )
on plates containing individual drugs. Fig. 5. Changes in MIC values of Cryptococcus
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Fig. 4. Changes in MIC values of Candida krusei
IFM 40118 strain after successive passages on
plates containing individual drugs.

FLCZ (O), AMPH-B (), MCZ (O), ITCZ (»),
5-FC &)

BEsNIDIRS>-FCTho1:, ZTOMDEATIZ,
FLCZ C2~4 50 MICfED LEBBE Ih -2 3T
Holz,

Fig. 6 &2 T. mentagrophytes IFM 40369 B DRI
& 2 MICfEDZE L 2R LTz, ITCZEB LU MCZ T8~
16 50 MICED LR SBRE S h, HEROZESEHE
Xhitz, 5S-FC TR MICHHORELHEEL L, 2T,
FOERBETERL ST,

Fig. 7 A. fumigatus TSUKUBA tkD#Riz & 3

neoformans ATCC 90112 strain after successive
passages on plates containing individual drugs.
FLCZ (O), AMPH-B (O), MCZ (O), ITCZ (a),
5-FC @)
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Fig. 6. Changes in MIC values of Trichophyton

mentagrophytes IFM 40369 strain after successive
passages on plates containing individual drugs.
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MICHDOE L BMEL 2= RERE#RL 7288, WEHROSE
HUBEINDR5-FC KRN LTOAT, fOERT
R ORRZIFZ LA LBETE -T2,
. % 3

BRIV N T AMEABERICHT 2 in vitro T
HHROFRERETo . £OFER, AMPH-B ¢izw
ThOBHECHHHEIRE > L BETE v, L
» L, 5-FC T T. mentagrophytes B\ - B+ ~
TRBWT, BAGE V- 1 BIUIRMRT 2
ZrikyHESEONEI LWL, bS5l Ts
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Fig. 7. Changes in MIC values of Aspergillus fumiga-
tus TSUKUBA strain after successive passages on
plates containing individual drugs.

FLCZ (O0), AMPH-B (¢), MCZ (O), ITCZ (a),
5-FC @)

-FC 2Sip 8™ OB 2B ERL T LEKTHZ Z L8
BETE N, BEKMNICIZ5-FC OMEOHBRCNT 2
XKL LTz, AMPH-B OBIRNE S X 2 6 ¥k
»iTbh, T TCREOMERBRIN TR EHEI OGN
Tw3Y, Lerl, BRBELICY 4 ED AIDS BEH
5 DML I-EER R, i C. neoformans % 50 #
AuTRE LRSS, XEOBEKRIEBERORITE
B b 5-FCEsk0#I 0% DEA THE SN TS
D, B IX5-FCEBEOHBR OB IX, VX 28Rk
TETLWRWLWESKBRb:, SEIOERTRES N
7YY= NVEERACH L TCEFR I EEEE C
krusei B X U C. glabrata TH-o 7z T 5D Candida
Bbvbrbt, 7V-VEREH, i FLCZ i X R
T MIC i b EBME <, B5hi-tksH kT
HEIOEILERERT HDICR, EELOHEKIEE
Thb, ThSOHEKICODVWTR, MICEIzMT 37
— LB R, S5 HEALHESLETDH S,
¥7:SEOERTHHS LR LI, 7TV —VREHI
N3 LEEOMMEE IIRARTY 100 FEETHY,
bEbrtEbdTELWMICHE%Z2RTITCZ ® MCZ &
FCRMBECLERBICL > TR, ThiEEFW MIC
Bz oizv, Lizd-> THBEKRNCIX, -7V
—VRERICLBBET, Tbb FLCZMMERkI
ITCZ %> Z L F W XV IHMAIRERBEL DI bD L
Ezizohs,

BERL ZERIBED C. krusei BRE LAV TH
BOSZHEREHED T 548, EHRICBEFRZ S E1H
MINBZEEERLTVS, 206 DfERRICD

VT, TOMEDREMS LML T 208, BADOK
RERICL-TY, MEOELBROINTVLRYL, 7V
— VR DR ORIz OVLTIE, (i) HOER/MED
i, (i) 7/ =NV REFORIBMRTDH 3 cytochrome
P 450 OEFIcN T 2 RKEAMOEKL, S5k (i) ¥
DIRKIBROAREED I OMHL SN T VB, bo
ELTHEMDH 2 7V — VREF T T HIEmm e L
T, BREOT(i ) B S5hD, SE, BRI MBI
Lleiitskic BT, 7Y —VROEEIM TREmME
NRWEN TR, HEOMERMIEBELTWVLEHD
ERbh3, I TIhSOMEMMOME % BRICH
HESNVAT7 4=V FRIAKM AW TRitEclS T 258
EFOREEZED TS,

SEOEBEBL T, C. albicans, C. neoformans
BLUA. fumigatus TREWZT YV —LVitEkNE L
ZOHIZDOVTIR, THTHZ, TOEHELTR, &
Bl TOMEZATHY, ERAZAVELI L
&, 3512 C. albicans 32 B THEH L TERL
AW LEREFONBH, FRIZLTY, D&
JICH 2K TRBICEREBES 2V EICk
2 bAINEWw, Lrl, BEMWICIX C. albicans D7
V— VRO TV B Z L s, X 5ICHEMLTYE
BRI T IHARBLETHS, £72, C. neoformans
BIU A, fumigatus Ttttk BB sz WEHICD
WTHKRNE2FT2H R TH 5,

B2 386, FLCZ 2 ¥ D7V — VR HEEKK I
W|UTH S LIS BRERRROBEBRER IOV
T, HEORER L URAIBRZEDORERE2TTo T3
H, ZOREIELRIZ C. albicans UNDBEETHZ 2 L
B% L, C. krusei, C. glabarata X Trichosporon cuta-
neum THEHBFELEho T (KEEFT—5), Wingard
58 X FLCZ P 5 iz LiE LiE C. krusei DR
urB< 2k, &5 Johns Hopkins K CORITE
RTCIEHN 6 »HMDOFLCZDERETF DK 75% s C.
glabrata \Z X BZRHT, F7212.5%08 C. krusei = & 3
BETHIIEFEHEL TS,

B OBEOWAETREHRRKD C. krusei > St
U-—DFELHEALTBY (KRREXT—%), 7/—
NVROERIORPEEIC LD, 20X S itttk
WRIRS W 3HREMEYNH B, Lo L, ZEBRIIHET
YHEBAOERERTHD, BRI, 05 Rtk
FHINIDEI IR, SROMGEHFEL2SD T, BEE
BRNBETDH S, £/ InET7 V- LVROERICIE
BREMEEZ SN C. krusei B L U C. glabrata iz
WT, FLEOBEKRTOHERELZ O, & 5123
O=—DREZRDLEDFHFMERFTOLETH 2,
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In vitro emergence of resistant fungal strains after serial subculturing on
gradiently increasing concentrations of five different antifungal agents

Yuzuru Mikami, Katsukiyo Yazawa and Yasushi Tanaka
Division of Experimental Chemotherapy, Research Center for Pathogenic Fungi and
Microbial Toxicoses, Chiba University, 1-8-1, Inohana, Chuo-ku, Chiba 260, Japan

The in vitro resistance of Candida albicans, Candida krusei, Candida parapsilosis, Candida
glabrata, Cryptococcus neoformans, Aspergillus fumigatus and Trichophyton mentagrophytes to ampho-
tericin B (AMPH-B), flucytosine (5-FC), miconazole (MCZ), fluconazole (FLCZ) and itracona-
zole (ITCZ) was studied. None of the tested fungi became resistant to AMPH-B. However, all
tested fungi developed resistance to 5-FC after one or three serial transfers onto yeast morphology
agar. After serial subculturing of yeast-like fungi on brain heart infusion agar containing
gradiently increasing concentrations of three azole drugs, some resistant colonies appeared, and
interestingly, the development of resistant strains was limited to some yeast-like fungi such as C.
krusei, C. glabrata and C. parapstlosis. No resistant strains against the azoles were observed with
C. albicans, C. neoformans and A. fumigatus.



