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138 = RPEEH Tioconazole O EIER A 5 = X A

T RE-okH O EF - Un
MRREEFBERERE L v & —

(FRfn 60 4£9 A 18 BZfH)

BT ETHARMEERNE LTERLI R A ¢ £V — A tioconazole (TCZ) D
VERA A= X2 FKHTHZ EXERL, HBHEA 3 4V — LRS- Candida albicans
TIMM 0144 #E7-2RBEE LTHY, A7 e —ASBIEEERS L O ERMMREEE R
sz, B x OIS G BGRICRIE TS L OF¢ THE L1z, TCZ 12 TIMM 0144 123 LT&%
D X5 EFENES 2R L

(1) HFMMRCKF S5 -2 7H, RNA, DNA, HlfaBEsls, &IEH &\ - e EBEHRK
B DERE, TCZ OREHIEE (240 pg/mD) HRMEEKD SFELITEBIE L, Th X h{EVEE
B s bHENE LI TL2REBHIESDR Y R TEARE 2RI LB AT, TORECEKE
UTHIRAR D D &Rk~ e BIECHE I W, ZOh TRVEVCERRE  TRERMBEH, R
SHONIDIIRIEERS DERTH > 1o

(2) TCZ 1% DRI LTH LM 50 K 55 TOEE Y v (P ORE & {ZHE L
7o K B X0 Pl oFE RO, ThEh25 pg/ml 35 X0 240 pg/ml OFEFATEME 10 &
MILIPICO 242 S h, 80 pg/ml OEFFET T1L, HMIBPICELET S22 b0ORS DIIEL RN
i,

(3) =Z5pg/ml TCZ 0FELET T, WILMMRFER M pH ITEEIZER L, WTho
S pH D EFIERRMBERD THELICE S D, 20, 40, 80 pg/ml DIEATEMNE 1 HRILL
Mo 4pH X, Th*¥h=0.1, =20.5 =Z1.0 OFfE%/R L1

(4) HAo@ED TCZ FET THEE LRV LIEEXHE L, A7 e - EAROSVEIT
Lo kR, IEWMICH > TIEAT r— A DKEH K HH B ergosterol 2z LA EHAL, b
- T 24-methylene-dihydrolanosterol 7¢ & @ ergosterol £ & KDOFHRE LcD £ FL{LAT - —
LS EEENEDONT, TDAZ— v DAT v — VEKOEL, <0.08 pg/ml L5 fHT
EEEOERTLHFHF O ERISh, TCZHHEAT v — A EREK LD C-4,14 i 4 = 1{L58
BERHRINC LI IBD THEGCIAET 2 2 Larmbhrs,

(5) TIMM 0144 %k L, ThL 0FELRZI > THEELICAT v — A ERRCEEY
Lo R AV, Bk oM T TCZ BREM A Lic, TRk TS TCZ 0 IC,, fEI1xH
BHoFRIDLHERLER LT A, ICh (MIC) ffilt 2~4 {50 LR YR BITBE A 7
EEE (240 ug/ml) OIEFNZ LB K* BUB DT 7 D UM LAY R o LT, BREH
PRZESUEDECIEREE R LIS,

L BRGNS, TCZ 1 xOEBEECE UTAT » — L GRIAE S X O EENIER SN
EEEL W) ZTMER 2 7= X2 %B L, EREBCEOCTIZAT 2 - AERAFICX » TRE
S HEREDNREY, PEEBEHICR G TIII UGB OAEEEE i - TELETHE 8
B B A, TEEBERCHs TR SRR L R, Thth
BT AL D EHEZ R,

EE 7 7 4 ¥ —&EBFFRATIC L A & huic tioconazo- EMZET AR T TORBERNHTE»S, Eht in
le (TCZ) iz, 1-{2, 4-dichloro-B-[ (2-chloro-3-thienyl) vitro 72 HUNT in vivo FEEENE @M S 7Y, sk
oxy] phenethyl} imidazole D/LZEZIZTFRE L B X5 DA I FY - AFRHER LB L TRENHELEL
W7 23 F AL S ES - VFBEDO—DTH B, ZD1L WCEMNEEBTE AT ERTWAYY, TCZ o4t HEAIILA
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18, Bl» vy 5iE, BRIEETRTOEELRENK
MHEEEQEMCH L TEHERLYY, REbMIET
b EHERERNCEBI ATV,

— e g I F Y —FNE, D &b Candida
albicans kW TiX, (1) A7 m— AL ERMEER LV
(2) mlaEoEEN GERBAM) KE, & v H Enk
B LIEZ2o0REBEA A =X akd2Z 240
h—ck\éls.lﬂo

C.albicans » LAY LI-EHARZ XA W CHEAT
B — L AR T AEEY R L 7o Marriorr!® (%,
TCZ »% econazole (nitrate), clotrimazole, ketocona-
zole, miconazole (nitrate), 7c&fhd A4 I £V — A Fl
LR, C-14 B » # VERIE X EEBE (<1077 M)
TEENCEETH > L2PELMT Lk, ERJIIBLY
i3, C.albicans 7= + 75 A PV THRENERE 40
pg/ml o TCZ iz vo<r7H, 260 nm-RIRHHEIB X O
K wgier et~z es s b R L, &
bz, o TCZ o K* pHREHRX, B UEZA
B @ miconazole nitrate % clotrimazole X b % BAZE
Tph, TCZ oMlaBEEEFRAOM A T LRREL
79,

bhbhIBCRENSRLEHmET S TCZ oK
BIERACESE T A h =X axPBorcT5Z ¥ BN
r LT, Calbicans #RBE L LTHY, Exofl
BECRETEEYRI L, FFERER A2 =X
ALBEEIRTWAATr - A AKEZEFERS LU HR
BEenTsEENEEN S0 XS TCZ o EEkR
b TubhtW)MBCESYGbE, A7 7 —
ALERERYEEI R CEEKEYAVTT O H R A
oo

I. ¥ & A%

(1) Wtk ELLZ VR Y, TXToRRIC
C. albicans TIMM 0144 %#{fH L7z, Z DEEKL, TCZ
FofoA 1 £ — AKICR LT B RS AR
610 x i —HoEENCT TIMM 0144 12hnz ¢,
O D ABBNTHEE LI Y T Y — LSRG A
vibunazole (BAY n7133) MHEZE RERO & A\ 7,

(2) #¥AGBHOFE : ABFE 7 » 1 v — AL X
Wb xht: TCZ BBBEREM T A FLAL KRS Y
} (DMSO) i L, 8mg/ml (w/v) DEW A FE L
foo ZhE —20°C (IfffF L, FEBRZERA TR L, 3
FINGERCEM LT VAT ExRER LI, Fike LT
B Lic, BRBHEYHFRT 5% 212 DMSO A
W, RISHCHRNT 258 CILEE®ED 1/50 & 7ch
LEBEBEORHKBIEDL 2% (Vv) Zisd X5 gL
too Efo, FEFIEE NG O RICH <2 DMSO %[

71 Uiz, Amphotericin B methyl ester (A 2 7 1
TH I vHE) LFEEC DMSO iiEf LTRRITH L
1o

(3) HEEWBLHEELTHIHNEGEHORE:
PYG 7mr A (RYRF+ v 1%, BfF=*+ % 0.5%, 7
nwa—2 2%, pH |IEE) i\ PYG SERESHIANE
ORI L BRI L, 37°C TIREEELT
Lo too 18 ByfEIEF#L, “hiFfic PYG 7 r A TE
KLU, MmERGHER A AT 108 fifa/ml DR E IR L
fet, 10ml Fo L AR WC/HTE Lic, fil TEFE
W E 712t DMSO o 0.2ml ¥Rin L, 37°C THUER
BB Lo, 24 BRI, £RREIOLABEHINL,
PYG 7 m» A THAEFRL, PYG EREWFHIZEHKL
foo &FM % 37°C T 72 B ¥ THEEE LK, EF=
B —WERREE» D EDBEFEFICEERICERN
BEE LI, ek —f0ERICEVTL, HhORs
HEER D ALZERHORIGH T 60 o1 v¥ 2 -
b LIt AEBRIERTE -

(4) EEBEXIRELTHANEEEONE « itk
DT L » T PYG 7 = b 2~3x 105 ifa/ml
DEFETIL B X 5 iR LicMilaiZiEk % 10ml 5L
BABECHEL, KT 0.2ml DOEABERKE ICIE
DL EIRM L, 37°C T 24 RERIREES & LIcK, &
ABRE» LARZEIL, 2B EC LY 530 nm §
BRI 5BEXIE Lico

(5) HEHSHEEEOR b & & @ G2 )N
7o C. albicans {lQiFHRABE, ICHRE LORHY
BEZREY, RGO REfEhcimm LicE « o B o TCZ
DHETFTTO Mz v 7B ~0 FHlrA vy,
RNA 3 X0 DNA Z@/Hp~n BH]7 5=V, =vr
VES R XUT AN ) REBTEE S ~D [HC]7/ 12
— 2, BIUCKRBEHEE > ~D [MCIEBE D T h Zh ol
DikI % 60 S ERRFEANICIIE Lico

(6) WBEBMERSIVHFAZr= 57 4 =04
HANT 1 Ryoer ef al. ®® PIEEHR L7c i c#H LT
C. albicans %8 X » IEMRILIEEXME L, 7 A 7m =t
Y57 —HVikfTlot, BEEELAB Y £ T
15% KOH % X100 0.1% ¥rse— 1 %41y 50% =4
J = AR T2 E R T Iea il Lic, 280
KEdmUic, TRftlsE (NSL) #hAl=—71T
40~60°C, 3@ Lic, Bbhi-hi=—7 L ik
BK T, MAKHERS ~ Y v A BT, R THA
iFleotct, n—2) —=Fr—x -1 X HEEL
too O NSL #xFLz—FVITHEMRL, AR
N5 T4 —wITIR 5T, ThITIL 1% silicone OV-1
BB LIcH 7 AWA T4 (2mx3¢) HEHELICHL
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Table 1 Effect of tioconazole on synthesis of major cellular components by growing cells of

Candida albicans TIMM 0144

Radioactive % Inhibition by tioconazole at levels of (ug/ml)
Cellular components substrate

incorporated 0.63 |1.25| 2.5 5 10 20 40 80
Protein [T] leucine 0 0 6 17 29 88 | 100 | 100
RNA [T] adenine 0 0 0 0 0 23 | 100 | 100
DNA [1] adenine 0 0 12 35 39 82 100 100
Mannan [C 14) glucose 0 0 0 19 44 100 | 100 | 100
B-Glucan + Chitin Cc 14 glucose 0 0 0 20 51 98 | 100 | 100
Total lipid [C 14] acetate 20 22 30 34 41 91 100 | 100

Incubation was at 37°C for 40 minutes with aeration.
HAzswm= /57 263-80 BAH\t, F+ VY —7
AL~V 7 4 (23 ml/min) T, % 6°C, 235~280°C »
BEBIZT v 75 L BETE LT,

(7) K" B XUEHY vB (P ORHEEOHE :
PYG 7' m AdaT 37°C, 18 BIREHE#E L THE LR
faa @ OEE L, 3EOFEOEREELER DR Lighi bRy
BeA RIS THR A Lictk, BB A + v KiCFiE
L, #7 10° #ifa/ml O@EELCFHE Lic,  OMFRTEER
10ml Fox LBRBRETHEL, 0.2ml OEFEK Y
T L, EHic 37°C TIRBRELEL, 2.5 505 15
% E TORICRERINC &SR L ERIR Lico SBGRHT
EHioH 5 ABHETEH. (GF/C, Whatmann) %38 LTH

f@ﬁbto BohERT b bfilaMgo—Bx &

, BRI ek, K XKL D,
itPi&ké&aibﬁELtOMﬁ%m&ﬁm,ﬁ
ICBREAETI DM D H D 5% A BEZEEBMEY D
e DE&ER 100% & UTHE L1,

(8) fERastm pH {EOMFEITE « £ i MAaTE
WKO—EZBEMEDEHICHE L, 37°C ORIET T B
Ligaib 2D 1/50 BOEFIBH XML, pH 2 —2
— (Hi-#@% M-7 3, 6028 MHEAEBEEL) <X b

AT E pH X EEANCHE, 8L, T,
AR E LT RZFRE 80 pg/ml » TCZ FEygdisho pH
B FERICBIE Lo

(9) HR¥E: ko #sHHELEHIT v T Radio-
chemical Center (ZtE) DOHS T H %, [3, 4, 5-*H]
L-r 4+~ (120 Ci/mmol), (8-H] 75 =+ (25Ci/
mmol), [U-“C]D-7 i+ =2 — A (240 mCi/mmol), [2-
UCIEEER > + V » 4 # (60 mCi/mmol), [1-*H}2-5#
*-D-7 12 — & (240 Ci/mmol), ZDftho—gR3E I,
HH LR T2 ¥ 7o e ORGSR (EM Ui,

II. £ & # R

1. FEMBERRD DL I TS

C. albicans A X R THEGR T THWHETHD X
v 27 H, RNA X0 DNA, HIlBESMERH D~ v

FURBIV B-rh v, KHECWIBEDOWTh DA
BRI LT TCZ Ai—RONIERT A REM O F
|ARAT B0, FROS~OKEHEEE DR DA%
DINERENAFNZ L » TEORERES R 30 % IE
L7z, Table 1 12, KICBAtAN S 40 Nk OPEEE 4 ¥
EDILDTHD, WTHOMBEESCRT BE D A&
b, FEAERINOS & TIIEENICHET L, fods, =
DRICFIZE T, RIGHAE 40 25 B OB S TEBER
TE L B TiTle > 7o ZDFER, TCZ 0~20 pg/ml
REF T, OB & BB L THE R EE ORI
BB LRI 1A, 40 F5 L 80 ug/ml > TCZ %%
U RIGHAT 3 W T A BT 1/100 LUF el 35
ZENBBEIRT,

Table 1 IZ/REN 3 X 52 =40 pg/ml T 7> HGH
HIBEED TCZ %M LISBE T, TNTOEERKIL
BHICEREIL T 51T\ fe ot 20 pg/ml o TCZ 115
TTE #2vAr7BR XV DNA O&FIL80% LIED
FREx, i, MIEEELMES XONBEOARIL 90% LA
LOPREERZ G oo —7, T OWRETO RNA 4EE
1387 20% LBETH -7 WThoOMBRS O &5
EEE S FEABEIMEL feb 2R TH 4 L, 2.5pg/ml
D TCZ X » TXEGE S THHE LML OS5 K
B EAERERZ T e ol L L, IBEEH DA
EBED TCZ OFET, BEARNOEERIEEYS
I, Bixi¥ 0.63 pg/ml o TCZ 11 20% DIAEKE AR L

L DORHEIN D, EEMBHERK S D4 EBFRIT
ThHERBEEKF L TREXZIT 525, IEEER
HLEVCERTERICHEINRS Z &, FHRENSE
HRTERE TIL TN ToOMERS O&RNRIETLI
BT 5 EBdLI, BEOMNIIERIRMIEHRK
FRE R R AR 3 5 HiER R E R AT 5 7
BEMEAVRIE X MIcD T, g TCZ iz X b g =
D ERIENBNEMICOVT, HIBRESFHE K
BIOERY) volthELRbcchicffl L TR 5
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Fig.1 Release of K* (A) and inorganic phosphate (B) induced by
tioconazole from cells of Candida albicans TIMM 0144
A Tioconazole(ug/ml) B Tioconazole(ug mm
100F 8 100+ %0
80+ 80r
S S |
9] | T 60F
e 3" |
B L J0F
2 10 10 =
20 10
20 v 20
OJ 0 < Aiz(h(J
00 2.5 5 7.5 10 2.5 5 7.5 10
Minutes Minutes
LFEI N BN pH OB HEE L LTHRF % Fig.2 pH changes produced by tioconazole in a
1The» 70 cell suspension of Candida albicans TIMM
o M K* 3 X OEEE Y LB (P DR IE 0.144. The drug was :%dded to.thfe cell suspen-
7 sion at the time-point as indicated by an

FERIMGA A+ v K iFE W Lic C. albicans fifgic i@« o
BED TCZ #EMLT 37C TA v.~—1+ L, 4
TR0 K'Y X0 Pi oBEKINCEIE LICHA Y
Fig. 1 @iR¥o HAURABIMOB AL, 10 R DEERRE
RIPCIAIRER D S AR~ D Kb F 7ol Pl ofiiid
BEAERDONEN»Te ZOFRETIREWT, =5
rg/ml OFEFIETEM LIH AL, RMER»SH L)
72 K* Hb (B2 B Hh, T E e b 0Tt v~
LIRS EHloEEEL b EA L (Figl
A), TCZ 80 pg/ml OFFFET TiZ, 10 SHILAMICHEZA
K* 1303 100% HH & hic, ERIEEDS 40 pg/ml ©
BT 35% © Ky & h, 512 5 pg/ml iz
ETXRIBETY 20% AL OBE»RD SRl

—7%, TCZ i+ Pi ofifastikit b5l Lic (Fig.
1B), Pi feiT52051x KT illesF 5D L%
DRI o T, <20 pg/mlDIRAIEET Tix 10% LA
T O LD bhieds - tchs, 40 pg/mlTixHkan
Pi 480 50% LIS T 2E BHS i 5
2, TCZ % 80 pg/ml TEbiBa iy, Miare
B2y EES Pi BriArE»bEREh, 0%
FERE TN 7 — VSEET S Pl 0oxie b, A
BlRoBEY) VEILERO—Er oML TETLK Pi b
W Eh D EHEEh 5,

3. #uRast¥e pH OZ%fL

ERoRgeREh X5, MRARS I K i
YD HF A v ARE S hE, Thicis LT
H* ofiass» SHEA~OBIH R Blcdic, K

arrow to final concentrations of (ug/ml):
A, 0 (solvent alone) ; B, 5;C, 10; D, 20;
E, 40;and F, 80. In F, the cell suspension

used in A~F was

replaced by the

same

volume of deionized water and the drug was
added to a final concentration of 80 pg/ml.

10

=

2 min
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Table 2 Sterol composition of cells of Candida albicans TIMM 0144 after incubation with tioconazole

Sterol Untreated Treated with tioconazole
(% total sterols) control 0.08 xz/ml 1.25 ug ml 20 pg/ml
93.8 0.7 0.3 4.5
Ergosterol
HO i
<0.1 <0.1 <0.1 <01
A*7H2 — Ergostadien "%
HO
1.9 0.3 1.8 76.6
Dihydrolanosterol
HO
\[/\/\(
l 2.0 7.3 12.2 3.2
Lanosterol
HO ‘
2.3 91.2 85.2 15.8
24-Methylene -
dihvdrolanosterol
HO
% Growth* 100 34.5 19.8 3.6

* Expressed on the basis of cellular dry weight (mg/ml culture)

i pH X ERATHIITTHB, LichioT, TOD
pH Z{bd ¥ MREEE £ LI & R BT 5—
ODEL LTHIATHZ &M TE D, AT, pH #ll
Eir K 2 PIEBEHRTEBDTELTTRD Z &
MTE, LbERET, RICBMARE S HMHEa /e il
E, DEMNTEELEEWD FlEkdo, 2T, C albi-
cans R IRBWA A VK TFEHE L, BAORE D
TCZ %7 LB osEF D pH BB L,
Fig.2 wwstffie pH B0~ 2 — v IR T, MK
Azt BOMIEERIT IV TE, 10 R o JIERH
HWTIEE >t /MK pH OF{b%x FBdied »1c (R
Ao —7, EHBEHTTOREIWKEL T\ pH B
FE Lte FRIIA 3 £V — v &l TCZ pidEt
WEThHIcHEEZLDONB, LvL, EFBECLS
pH LB OESIL, THIZEHEENLDL O Tk, 80
pg/ml OEBETY 4pH 12 0.1 BEWC T & ho e
(B4 G)o MR TCZ ML e Baw3, %
DEEWE UK pH B0 LAY R » 7o (R B~

F)opH LR DMEE & v~ E5E TR KL,
5~80 pg/ml DFFF DO T OEE 2\ T4, 4pH %
HIET HURE DA BB NS5 pH LROBRE S
BI 50z k@l 5 Ty, 80 3 X U8 40 ug/ml © TCZ %
B LISBEE i pH @R kR LT 1 5BEURA
BEVvSLIZEL, ThXh o 4dpH 12 Z1.0 s XU
20.5 DEEHRR Lo TN 3 5 FEFIBELEL £ 5
&, dpH L xhicft-> TE T L 7225 20 pg/ml TH
=20.1 DfEEB LRI,

4. AT e - VHRCRIETRE

Table 1 iz RENBEFAD S, TCZ (2EEE TR T
LB IEE AR LTS TEVEENDR 2R ET
BT EDHIBGNB, Licdi- T, K#FIH C. albicans 1=
BT HAT R — VERERIRINCIEE S 5 T REME L BE
Shated, ThuWRTHHM»S TCZ FET T
3% L7 C. albicans {ilad 27 v — LEARZ 5 Lic,
Table 2 X DR R T FAET BRI
T3, HMfaAT e —rDKES (94%;) # ergosterol Hi
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Fig.3 Effect of tioconazole (——) and amphotericin B methyl
ester (eeeee ) on growth of the wild-type strain (TIMM
0144) and two vibunazole-resistant mutant strains (azor-1
and azor-4) of Candida albicans grown on PYG broth

e.0: TIMM 0144
1004 —ee g ----o 4+8:qzor-1
\ =0 qzor-4
’é‘ 801
v
a
S 60
E
]
2 40t
NN
20+
0

0.08 01

10 40

Tioconazole or amphotericin B methyl ester(ug/ml)

g, ThLFHTI ergosterol A AR DTTE A & LTHI
i A 24-methylene-dihydrolanosterol, lanosterol 35
X 0 dihydrolanosterol 2l Fh i, 2% BESET R T
BT THAB, et LT, MR BEHIEDRZR
3 0.08~1.25 pg/ml OREHIFAD TCZ FFE T TH#
Ltz C.albicans fifgiz B\ T, £ATe—1dD
ergosterol OEN&IE 1% LT EEMmICIET T 5, Ergo-
sterol 2N EAEFELRL 72 o e DT 5T 24-
methylene-dihydrolanosterol @ {3 A% 90~85% Lk
LTEMCRIBREEAT v —A 7D, RUT lanoste-
rol 3 7~12% HEHdb 5 X 51Tl s, BHKIZTELIT
(95% LIE) FHIEF % 20 pg/ml D@EED TCZ REML
THEFR L7 ATy, ergosterol Tz b i\ BT BR f& T
%% 24-methylene-dihydrolanosterol <% D g B fig D
lanosterol D ILRIEREREALE D HELH ML -
THA L, f3>- T dihydrolanosterol DA ZE L <
BRI 5,

U ko b, TCZ 3MomFEBEHIEZE Lr R
SRR T ergosterol AR IAEL, ergo-
sterol I LA EEERWMANELDHT EARER
bo %1, TCZ offsly, FELTAT v —AHHK
£ o> 24-methylene-dihydrolanosterol M x + v
ICRIEDEE T H B Z EARBEEN D,

5. Vibunazole MifthkZ RERiTxt 3 2%

Vibunazole (BAY n7133) (%, GV EHEAR 7 b
AELDLY TV —AFRE Tk TH 52, C. albicans
TIMM 0144 (3 vibunazole 1Z%f LT 4 HlzHIE\ &%
MwRT—7, T O k2 5 N-methyl-N'-nitro-N-
nitrosoguanidine LI X » T A 7 ANZHLE I et

BT REDOMIIAT e — L ORRIEE % L b,
ergosterol FILNE LLET LIRE AT » — LK%
LOLONRAHINDEY, ZoxAT7DOERBKELT
azor-1 % X U azor-4 O 2 Bk %80, MBI (TIMM
0144) L of]T TCZ 1w AILEITE D X 5 TeifEn
ZHNBEBERFANDZ LITX - T, AFOHEEECE
FHAT e — A ERBECEEZBOMTT B LER
Hiz,

Fig.3 13, ¥k JUMMELERK 2% PYG 7' = 2
THEEFRLIEE, BETED & b RKE % amphoteri-
cin B methyl ester (AMPH) % X0 TCZ M & 0BE
FAET A0 %R LIS DTH D, azor-1 1 XUV azor-4
WTFhOZREL AMPH 123 LTiE ICs 35 X U8 ICin
(MIC) &b ww@bkL v d 20~30 fEE\MER IR Lic, K
12, TCZ @ ICso 35 X U8 IC 00 % itk & it %5 RAR T
HET 5L, BRERTHT S 1Cs fEiX 0.02 pg/ml 256
>3pg/ml N L 150 5L B ER LTWB o @ xt L,
ICio0 flil% 2.5 pg/ml 725 10 pg/ml N & 4 ERELERL
TTBECh T,

TCZ ot 2RI x AEATHE LIcL A, #
BRI B oNREEHIE 2 R TRERR T /cbhy S5
pg/ml o\ T Fig.3 ORIc—% LTERKL?2
BRELBEIDVIBED REHBELI»ZT L2 &
mEnte (Fig.d), L L, ZEBEFEE T LD
azor-1 ¥ L O azor-4 =X LTHFRFR =10, =20 pgl
ml ST AEEEEC ST, TCZ oREHE
BHRERLDOERK T YV BECER I, ZREN
BBERD TCZ wwxt LTHEEKL BT IEE 2RI
L, KY filast R0 ST B bhte, Figs
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Fig.4 Effect of tioconazole on viable counts of cultures of the
wild-type strain (TIMM 0144, [J) and two vibunazole-
resistant mutant strains (azor-1, Ed; and azor-4, VD)
of Candida albicans grown on PYG broth

100000 [
= 10000 F
e
z
g
=1000 -
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®
= 100 I n"ﬁ -
£ J
2
o
o 10
=
lk
01t L L
1 1 L 1 1 | 1 il 1
0 063 1.5 25 5 10 20 40 80

Tioconazole_ concentration

Fig.5 Comparison between the wild-type
strain (TIMM 0144, [J) and two
vibunazole-resistant mutant strains
(azor-1, [E3; and azor-4, @B) of
Candida albicans of the response to
K*-releasing activity of tioconazole

—

o

t=3
T

@
=]
T

K* release (% total cellular content)

Tioconazole concentration (ug/ml)

TRENRB X5, BREIZE VL TIX 220 pg/ml ©
TCZ vk » Tk B0 LRAFEE TR LD
K* feasEie s his
II1. # =

- fLE T clotrimazole, miconazole (nitrate), keto-
conazole 7 EAH DA I F YV — AFRHEBHANOWT,
x & LT C. albicans % REH & T A ERERF OB
PhPh2ED TEIPDOREI/ NV —TIZX D iTiebh
Txt, FRLOEECINE, &A1 XV —AFNLE
PEEZIEA— D A # = A2 X » TH Candida FEik%

(ng/ml)

FHE L, MIC Ll ko ey JEAI B L L E 2 89 7c
faE GRSy, FRUTOREVEER (MIC o 1/
1,000 UTFeRkS) TREEEKRAT = — L ERFEENR
BTRERFET,

T oRFAL I E S —AFEEKETHD TCZ OIEFLE
FiohE TR ESNLEL DL s 24— 1K, o7
= FFAA I F YV —LEEECE T A miconazole (nit-
rate) /& CHLUTAAREMIIESITEIRL LA T
HhHo L, o TCZ xis e LiERERFOT
BT ML BRI e NS C. albicans
7a t 75 A TR WTAR 40 pg/ml OFEME, Ki
D K* 260 nm-RRYEIB LV & v 7 EAECHIT A
Jast~BEhB 2 s, L 20 KY i {(EERN R
13E UCEREE o miconazole (nitrate) % clotrimazole
Ih LI ERBE LTV, SEbbhiuivTi
DA F = AF LT s W B b 0
C. albicans TIMM 0144 ofkiEffa%x v TEEDE
B fTie - o, TCZ 10 pgjml Fich LRAHOWE
ST TELNRD MIC KHMTHREID D 2~4 {5
BUVCEEOHFET T, Mlaf~AELEO KT offttic
Mz T, BT LOHERIT LB EEL bR DMRIMET
oo pH ERLBZEINI, Thbolf, TCZ
b A 3 4V — L LREE A ERE TRINS v
Bz, C.albicans fifaiicxt L CEENREE 5
2B ERTET D, —7, RA— C. albicans FHERIZKS
LTAFORENEY FZF CRBI N D DL 240 pg/
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ml DPJETHD, LIchi»T, Z RUTOMENEE
kW Thigk TCZ »EERMREREFER LR T
EERRET 2, 2% hBREOMRBEREE I RENC
{Ests o EDTRIEE D,

bhbhIEx DA 3 8V — LK O HI e R 2= /E F i
FEAF UL TRETHIDIZ, VEY -2 ATHE=E
FARRCTHRE LR, BEFIELEY vIFE LD
EEASHEEERC L > THERBI 2ED 52 ¥R
Licy 1 3 2 = A #Fh KY e & oflaRR S i
TEDDIII DD LEELL N B, Fi, BV VIEE
L OB, BEHEEMEITET 5 E B (3, miconazole
(nitrate), econazole (nitrate), isoconazole (nitrate) 7g
ED7 2% F0A 3 XV — VEEEETECHRE &R
IR, A7 2% F44 2 8V - L RLEWTBT
5 TCZ 3 3% 6 AEEOBFIC X » T MilalEkES
HOERITLDOLHEIND,

Table 1 ORFTREND XD, AGESITWHES
L OMIRIBE L BER Dy DAEARIL, BREMRECHEYS TS
=40 pg/ml © TCZ 1T X » T2zl L, HHEAEE
(5~20 pg/ml) DIEHNT X » THIHRMEE SHZ I
EIhs, TCZ BEWKET 5 ZEEEMINS OW
WEREEDET L, HEDREBROEINLAT, #
ABDOAT - VERAECHRTARAODRE L IZE L
#<, LA ERoBE#EN cAREEZCERT S L7
MIRETHH Y, BLEOLEHENRED TCZ 13, &
S THELHICEEMBRECT TN EEL 52, £0
R, TRNToOMRESRFEYTLCHET S ORED
T, K k& T s H AL & X 2 laissE
DHLdL I > T HIRATERBEL LHEZI R B, —7,
HHEMIEE D TCZ = X 5 MREEE LM R EC
EEED, FHRESOEERIIHHIBEDHERYZT
5L00, MECIEST, BCREFEECIRT
HEMETXOERITIGAE /LW EELON D, L
L, ZoBEOMREEEOA TELECEREN LTS
IR TH Do

COSTER Lk hdie b oy, &~ offiaik
DOEEENVTHhY TCZ itk »THHEI R D VY
Th, TRZhOHEERIZE LI EL>TWHILETH
Do MABERMELZTT-ORBEARTHY, B
MHIBEEEL R > % - 7o R&7evy £0.63 pg/ml &
WHEEED TCZ 12X » THLMTHEI W, EE
DN TEAT R —LDEERIBERANCAEEZI NS Z
&2, TCZ F#4EF TH:#& Lic C. albicans fifRiz A S h
BAT R —NMABRDOSTERNOHETH Do MAMIFE
BIHERRE LR EEEIRED TCZ 7 L e
HTh, HRREBEAT v — L ORTE D ELD 5 N &

ergosterol (LT 5ELRHEEL, Thicflb-»T 24-
methylene-dihydrolanosterol 7g & DR B A KBEICE
HIhD LW RERAT v — A ERMPRDOND, &
DAL, TCZ piMfhogom DA 3 £V — AH|TH B§
IhicLRAEERE, HEAT R — LS FRK ED ergoste-
rol o B ER{&Th 5 dimethylsterols ¥ =11 trimethyl-
sterols 0> C-4, 14-Jji 2 # M LBEAAET 5 = & &<
RET B, = OHEERIE, Marriorr'® 25 C. albicans o4
MR A AT » R ERBEE BB R L e
=T 5,

HH, HBRITk T, ergosterol [XIF S Sl
TTEEINTHROEEAT v — L THHHP, F}
U CHERABLIC AR AE L2, B 72O OB OfE & s
DHEFFICEE L REERE LT3,

—7, C. albicans XY = HAEWERMEKR D X 5
iz, ergosterol ARERIC/KRIANHAHIDIIDAT r—
AERIBEALEE LWL Db LT, BOHES
EFREYLOERKLREIh TV 22, LiL, T4
BRIZ DWW TV 21, ergosterol 4k - 7oBAFHMARIIRE
AR DZ ENRE IR TV A, I T, ALE=
FAERRAGICERM D, ergosterol AEDRE X L HET)
EHLTWBZEND L LTEADAT v —LDEA
FRRBRC L > THERA A v, B4 v ke
BB OBEEEENNE LSBT D & &3 2REEh
TWbo ThL DRI RERT B7cb1E, TCZ pEHEMN
BEEEEERA LR E -7 e, X W ERERCI\WTA
7 e — VA ERR DL TH LR EEE 2 EET
BLLIMBEAER VI EZATHY, SEIDbIADL
NOEBBHD LD T OHERITBTFHEI D, BLH
SAROERHEMIEDOEEAT » — L Th % ergosterol
DRZ LIEFMMWALAL%Y & 5 ergosterol A DT BR 4
EIBAT e —LDEHREIHE - TERET Y VE
B-~27 e —AEOHEERY BECELIE, Zog
R BB REINTRAHE EEHEEZE L b A
bo TOREEML, Y VIREL AT Rr—An LR
FAEROCTERBINGERINTLE®, 2D X 5K
TCZ (XHEBE To EENIERB MR EE R M
2T, IV EBETORAT m—ASBHEEYN LTZK
B RKEEEFR 222 LRI R B,

TDZODRIHBEFIC L - TRET 5 MbalEEE
TCZ OHEWIEA, TiobhbERE T % RERIER,
Fh X O EEE TOMENER, 3 X0 sub-MIC #T
DATZEEBHRIEFAOThZhicE DX 5 5 LT
WADTHAD D b BRED TCZ R Rl a2
TR, MLORMRENT D &7 BT
EHEMLERCL->TOERIENBE L1, BHY 0
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BENPOLHALLTH D, MB LD DI, AFIOIER
BOERBHEILRCERYE UAIERABF TH D, &
DEIITERNSDESD D 14 1 £V —AFhieoWT
I N TE T, Sup & Femncoun®® (3, @M RIEES
f#TH 5 Saccharomyces cerevisiae 7 ketoconazole 5%
FZHEYITN R L OFREREESFET 37 b ergoste-
rol B BABE LRI SIRVIBE & THEL, i
ETHOLMICRERZIMIMET T2 L2 R L, 2O
BOLESIEA L £ - A FOERBEBRCRT A FEER
1EZhER DS ergosterol FREHEICE S LR Lo L
Lish b, IRV, (1) By vIEEOMK
BBERECHABMNZEIL, Xh 1 &Yy —rKHAMED
EVCEMMORRAEE BT L9, (2) EHAEM
BB EERT b W B cimm L Tuw 52, &
CRIRARREERIL A ¢ &V — AFRCK LTE BV ER 2R
T, BREDHERERTH L, HOOEERI
DT UL FZHE D LT,

—BHIC\ - T, HBONEERABFE EEI R T
2%, TOVWThXHEERC—KINCESLTVw5
MEE B 1o b T3, RREZVWRKRY SEHEE R A FE
L, Wk HfaR] TIRBHEE O 58 b o fEE & HeBiRET
TAHEHEHRD UL LEERTH %o RyLEY ef al.*V i3,
1BPERIE RS 7 v o KIERED D ketoconazole [ifPED
C. albicans % 2 B HE LTco Zh B OBV <AL T
o ergosterol ZRAE TR LCIIMHETH - 7225, M
BRTIMEYRE T, 207 ¢ 7 BRVAKREECKY
LT THB—K, D FRORAZEE KT
fol a4, Lichv» ¢, Z ol MRREEE, 4
AT B — A BRRORE, OB X BT,
MRS b AR OEIZ L D EE X bR b,
bhbizlliiX b C.albicans L4 3 £/ =0
Floxt LTt 2 T ARG ALNCHFLETHZ &2
RATERD, TEEAITENE S Lb BELERKEK
Bohiehotc, &2 A, BEMCHREREESERZ
REATR—AGHBMEEHAOZEZLD Y 7V — LH]
vibunazole =k T AMHZE Rk E DBET 2AAK O &%
B3 Ltz BORIERKDIEMNT, AT 8 — VAR
PEEE & h, ergosterol HIENE LRV DA DR
R X2, &5 LGROH Ehic vibunazole Tiffk
BRKD, AT r—AERERCRERZLOZ LT, Th
5 DEkAS ergosterol & 4 RANTHA(FA % E s ampho-
tericin B 1o LTHBECHHEILLTVDHT b Y
\ohThs (Fig.3), BATRIBK LML Rk 2 the
FIWT TCZ o TAREFH O B T 21T/~ cfl
B, RO LS ol THRKBCHSEELZ L2 TE
too (1) BEHFRBERIEEEL UTHE LIS & i
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MTB TCZ @ ICy, flix, Bk~ THERL LA
L, TCZ % vibunazole & DOfSIITE] & AT itk &
MTHZ ERIR LI, LavL, IC, (MIC) {BTHET
B, MHEED LRI 2~4 FRECABE T, TCZ ki
TAMUELERKDOIEDH TR D EHTRE LT
%o (2) MHEZRKEERED TCZ 17 X 2 fifalikis
b EEMIFRCK LTREk EREr izt h
DECEVRERZSE LR LI, ZhiZAT e — VEBROE
b Liciigt 28 ek o Al g B Bikk o £ v te~T TCZ
DB L) —RBZIFLTIe>TWBZ ERTRET D
HDTHD, Pesti et al.*? |3 C. albicans o ergosterol
RIBE FEk% 20 pg/ml @ miconazole T LI A,
BRLIDLFLUVWHEE L EZT A L2 E LT W
%o (2) OFE#ENHIL, TCZ BB BT 5 EE
RS & RN R S B R RER Y LD LA
HHIDTERFI D,

LiEo &t TCZ oiphiE & (ER R OB R
ZDOWTE 2 B7ebiY, C.albicans TIMM 0144 235\
T, @IEBES (240 pg/ml) TOREWIZDRILEE D
BEMHREREE DL, REERER (6~10 pg/mi~
<40 pg/ml) TOHEHHRT b bTELRFRIELR
BBREOEENHAREREL A 7 » — LVEREAERS
2, FhrthnX v ERER CORTELREEMESRILA
T u—VEREOLRIZ, ThEhERT S LEBRT5
DOHREMTHH S, —A $ #V —nFl, FV=v
WAME N E LB, B TRLVCTAT2ESHE
BB T /e b sub-MIC & o2 Lasbit T
B, THUIIA I XAV LEINRELBERE T AT R
—NEREBCBAET AL I ORI L » THY S
hio,

4 TCZ TREANKZEMIER 4 » = X oy, &k
#1213 bifonazole*¥, oxiconazole (nitrate)*®, 710674-
SO e LA 3 XS —AFITLEDLN TV D, Lk
L, TCZ oA wiy, = b OFEANT L~ THEEMMN
BEEIFCHETH D, BLHL I ORELAHIOM
W RO L > TV BHDTHA D,
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MECHANISM OF ANTIFUNGAL ACTION OF TIOCONAZOLE

Tamio Hiratani, Junko Nacata and Hipevo YamacucHr
Research Center for Medical Mycology, Teikyo University
School of Medicine

To explore the action mechanism of tioconazole (TCZ), a novel topical imidazole-antimycotic, by
which it inhibits the growth of or kills fungi, the biochemical effect of the drug on a sensitive parent
strain of Candida albicans (TIMM 0144), as well as resistant mutant strains induced therefrom, was
studied. The results are summarized as follows :

(1) AIll the syntheses of protein, RNA, DNA, cell wall homopolymers and total lipids that pro-
ceeded linearly in growing cells of C. albicans TIMM 0144 were instantly and completely arrested after
exposure to fungicidal concentrations (40 and 80 pg/ml) of TCZ. When the cells were treated with
lower levels of the drug, the initial rate of biosynthesis was decreased to different extents from one
cellular component to another. Biosynthesis of total lipids appeared to be most susceptible to the
relatively low concentrations of TCZ and was significantly inhibited by 1.25 pg/ml of the drug at
which it scarcely affected biosynthesis of any other major cellular components.

(2) TCZ markedly enhanced release of K* and inorganic phosphate from cells of C. albicans TIMM
0144 into the ambient medium. The rate and extent of release of these intracellular materials was
dependent on the drug concentrations in the medium ; significant amounts of K* and inorganic phos-
phate were released in the presence of =5 pg/ml and 40 pg/ml, respectively, of TCZ within 10 min
after addition of the drug and an almost complete release of the materials was induced by 80 zg/ml
of the drug.

(3) When =5pg/ml of TCZ was added to C.albicans TIMM 0144 cell suspensions in deionized
water, the pH value of the medium was rapidly increased. pH values of =0.1, =0.5 and =1.0 were
attained within 1 min after addition of 20, 40 and 80 gg/ml, respectively, of TCZ.

(4) Cellular lipids were extracted from cells of C.albicans TIMM 0144 grown with graded con-
centrations of TCZ for chromatographic analyses of sterol composition. Non-saponifiable lipids from
cells treated with 0.08 ug/ml or higher concentrations of TCZ were characterized by a marked decrease
in the content of ergosterol, the major sterol of this fungus, and an excessive amount of a-methy-
lated sterols as compared with those from untreated cells.

(5) Two mutant strains resistant to TCZ were induced by mutagenesis from C.albicans TIMM
0144 and their microbiological and biochemical responses to the drug were compared with those of
the parent strain. Whereas ICyyo (MIC) values of TCZ for both mutant strains increased only by
2- to 4-fold, ICs;, values of TCZ for the strains increased by 100-fold or above, as compared with
comparable values for the parent strain. However, the extent of K* release induced by relatively
high levels (40 and 80 #g/ml) of TCZ from cells of the mutant strains was equal to or greater than
that from cells of the parent strain. Both of the two mutant strains were shown to be defective in
ergosterol biosynthesis.

(6) All the results lead us to the postulation that TCZ may have a dual mechanism of antifungal
action ; TCZ appear to cause inhibition of sterol biosynthesis without effect on the fungal cell mem-
brane at sub-inhibitory drug levels, both inhibition of sterol biosynthesis and reversible membrane
damage at fungistatic levels, and irreversible membrane damage at fungicidal levels.



