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Z—vk R LI L L, KBIEBESBIZ 5 LT, tolnaftate & RRE O HREHMCHERELYT
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1aphthyl) thiocarbamate (£F& 343.46) » b2
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Fig. 1 Chemical structures of tolnaftate and
naphtiomate-N
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Naphtiomate-N
VEEAOERABIFCHTIAERE LR LALERED
Vo R IV TR EHIC LB AR Z O &\~ Sporo-
thrix schenckii OBRYARYELHRBREL L TH
\», tolnaftate % X U° naphtiomate-N o I{EEH C—
REZBAET 5 ERABIELYRET 5 2 ¥R AT

I. 8 & 5 %

FHIEH DA

Tolnaftate, naphtiomate-N 3¢ X7 miconazole ni-
trate (T vPThd 100% ¥ 2 F A xkF ¥ F(DMSO)
WML, 8mg/ml(w/v) DRECTE LiRHR R
Lo ThEEFEHKE LT —20°C TRFEL, LEREL
TR LI FRCHL o BERO FRC & 47
DMSO # L, T XTORKRECHE VW THE
(DMSO) D@E 1% (v[v) 12igs X 5 i Lic,
¥ 1o RFER I RO RISRITIL B0 L & RIKRE
1% wis? X 52 Lico

S

BRI TR X7 tolciclate FRSZWE S. schenckii B
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Ffa R DR
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FCRBEM R EE D DRI LTc S. schenckii #EifE=
2 0.5%, Zn=a—2 1% #inxic BHI Wkt 1
BeFEEE, 37°C, MARRERSE L, K1 ER
FHRah Ois 5B LBl Thiy— B LB
Wil x D, Bl NEP0aER (pH % 6.8 1
HE) TEROUH Lk RUARSHMcHEREL M
s & B Lo

REEK OHEEEOWE
AEH, BEXCIERERYIBEL L, Biivg
Ba% 530 um T D HE (ODsg) 2 0.15 (f-’ﬂleO"ﬂ
fa/ml i) it 2 RECHR L TARS I E,
L, EFIBERERI L%, 37°C TIREEEY fii.
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B THERR L, ERC-> T PYG £Xithy
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DRI N2 — AREBREUICEM) T2 L, ODgy i
1275 X5 RBE (W 9Img - BRER/ml Yk
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[BH]-m A v v OB+ ) 7 v — LEEEE (TCA) Fhl
BENNDOIR D AREIREL LTE v 7 BARR®=
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BIEAWE ML 7o BRI RO 107 (W)
TCA ®MMi CRIG# 1D, 90°C T 15 SHm#LL
%, TEEWESY » 5 AR (Whatman, GF/A)L
DI, Tk 5%TCA THis L, BRI
(2) 7572vv
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7 UV RTRI Lo BRI =4 L, —HRiER?
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4 (RNA+DNA) % ¥ 5 A RS bic bl
DRBHC 3% E D N-KOH %% L, 60°C, 2 BHEK
SRR 1T 75 o Totfic. HCL Crhfl Lico KR
B 5% icich & 5ok TCA %k, —#% 0CKE
B Lo 4 UAR%4 (DNA) %7 5 ABRENELE
Do
(3) Zrz2—=x
1ml b [MC]-#L2—2 0,02 uCi (2 pmo) ¥8
BRI BN Lico SRIBUHC 28 0 X 10510
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HVESERE TRTHhEY S ABHIER L gD,
(4) EfEEFbFY DA
RIGHK/ml %4 b [MCI-BEEE + M YV ¥ & 0.04 xCi
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Co MBS~ D K* 3 X0 Pi Htii Bz, O ByRs (GE#HI
LEED) o#fifax 5% & TCA THHE LTELh3Fh
hOMRAS BT 5 IR TED L,
((2) fMEEE pH EoEFRAE
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(2) RNA #) £5—-¥RIER
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3,000rpm, 10 A0 L, REFEMIES X O HIEER
DOWERBR oo BORIcEERIL BEO)EA
L7z 10,000 xg, 30 2500 EiE% X 512 100, 000 x
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XV FVEREBRRIS, B-Ih v ERBERRIES O
*F Vv ERERRIGE TR Fh Besrens LD HHE,
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AT v — LDy HTEE

B4 D FEANBET T 37°C, 24 FRIREIETE L ot
iz, flasdEs, 15%K0H £ 0.1% ¥rye—A%hs
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feoteo ThIZ2BEOKEME, Tr VLEEEYG#H=
—7UT3EME Lice 0 e %% EELL
B =FN=—TVREMRE BIMFAIZr<F 57
4+ — (H1L263-80) 2R LTUTOLRETHH T
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min, KEXA F VLBRNBER,

s DEH
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Fig. 2 Effect of tolnaftate on the growth and viability of S.schenckii

B C
1.0 8
0
0.5
= =T
z ~ E
oS - = ~
\omz 0.25 \E‘ ¥
N & =
Ead e v -
Z £°
< <=
< o S
— 0.1 ‘s o
g : = 1.25
& & = 5r 25
0.05
0.05+
“ L 4r
0T 1 1 0T | Il 0‘ | 1
0 24 48 0 247 48 0 24 48
Incubation time (hr) Incubation time (hr) Incubation time (hr)
* . Concentration of tolnaftate (yg’ml)
Fig. 3 Effect of naphtiomate-N on the growth and viability of S.schenckii
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BER I Lo ETF L. 1.25 pg/ml Ty 809, 2.5 ugfml Chy I
. £ 8 K & QETHA Lie (Fig.24), %7, chboioHW
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Fig. 4 Effect of tolnaftate on synthesis of major cellular constituents in S.schenckii cells
as measured by incorporation of specific radioactive compounds for 2hr (CJ) and

4hr (7)-

Incorporation of : A, [%H] leucine into protein ; B, [3H] adenosine into

RNA ; C, [°H] adenosine into DNA ; D, ["C] glucose into alkali-insoluble polysac-
charides ; E, [%#C] glucose into alkali-soluble polysaccharides (rhamnomannan) ; and

F, [¥#C] acetate into total lipids.
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ILIERICE VT, RINERE bICEBROET A
D, 54 BRE% TINR N #99% LT EfE
R L7 (Fig.2C), —7%, naphtiomate-N Ti}, 2.5
/ml DPPET tolnaftate & FAREICTRIEE HICEBEK
ET24RE D, 54 BRE% TR, #99% U
DEME#R 75 LcA%, 1.25 pg/ml OEEE T3 MBI
# 90% B LI=D&RTH -t (Fig.3C),

naphtio-

2. FEMBEERES OERCRIFTEE

Fig. 4 1Z;RX N5 X 51z, tolnaftate | S. schenckii &
BHf 3 1 5 B MRERES O KD 5 b,
RNA SEE I x v 27 BEBCH LTI, 2.5 pg/ml
DPETH 10% DOFEE%R /R Lich, DNA Ak X
VHIRaEE S E (TAN VAR IV v+F 87/ =V T
V) AR, XHIBRIEEARBICR LTI, 2.5 ng/ml D
EETH) 30% FHE Lic, i, BECHEIR O
RIEEAR TS v, 0.16~2.5pg/ml O BEFHE T
25~35% OFEEEWE LT,

—%, Fig.5 c&xbh b X 512, naphtiomate-N % ¥
REELERBREOHENELYR Lo RNA Sk X
V& v 2 BEBIET LTI 2.5 pg/ml OEEETHI0Y
DFAE, DNA ARk L OHREELEARIC LT, W
10~30% DFAE %R L, tolnaftate (2 te-NTHE I35
WA DRAE 2 — v i bhtc, L L, DNA &
B, HIRIEESREAR R X ORIBEAR O TR O BH
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Fig.5 Effect of naphtiomate-N on synthesis of major cellular constituents in S. schenckii
cells as measured by incorporation of specific radioactive compounds for 2hr ()

and 4 hr (@)
into RNA ; C,

Incorporation of : A, [3H] leucine into  protein; B, [*HJ] -adenosine
[®H] adenosine into DNA ; D,

[*C] glucose into alkali-insoluble

polysaccharides ; E, [14C] glucose into alkali-soluble polysaccharides (rhamnomannan) ;

and F, [MC] acetate into total lipids.
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3. WRIEHCRIETHE

Tolnaftate 3 X OF naphtiomate-N (% ~20 pg/ml D
BRI VTh, ARFRERRMOBECH 2 HD
3, S.schenckii BERIUMIMAD WERIER S ¥ - 1o fHE
Lishotc (F— %48,

4. MRECRIETHE

HBaRRIEEE R & b o/ A & LTH L I micona-
zole nitrate (80 pg/ml) (3, S.schenckii BRI MRRRERE
ZRWT, HIE 10 LR HElaR K X0 Pi %
30 100% M &€, ZHucxt LT, tolnaftate & X
¢ naphtiomate-N (X 2. 5~20 pg/ml OFEF DT XTD
BETEESRBREDRE RS Ieh ot e,
conazole nitrate (80 pg/ml) ¥ENEHEHL b E# s pH E
F (4pH, >0.3) @b bRt TRIKRLT, F47
AL VR 2FIE, 2.5~20 pg/ml OWERETE -

mi-

7o pH TV ERZ Xk ot (F— 24K,

5 BMABEBRRIGCRIZTEE

S. schenckii BRI\ T, tolnaftate 3 XU na
phtiomate-N (3 H#faR DNA AREAERRLRL
teoT (Fig.2, 3), & hi\Bia pHss o mcHss
—REERN T B 1dic, T TIRERROBILL
T\~ % S.cerevisiae H»HFB Li-EMaAREAVT
DNA #Y 2 5 —¥ KJids L0 RNA # Y 2 7 -4
xS B BRI, WEIL 20 pg/ml ORECEY
THLIRED 20D in vitro RIGHEE -1 BELE
Mot (F— 2588,

6. FEMMESEARBERRCCRETYE

Tolnaftate 35 X U° naphtiomate-N 7% S. schenckii &
BFRIFIC S\ TR Ui & MM RE 24 & U E AR
BR BCRT 5 — kBRI B h R4 B b, £0
e TR LI AR A BT & I TRE LT

Tablel 2258 Akt 5 iz, tolnaftate it Y
SN ERBRRIGY ¥ -1  HEe T 7T
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Table 1 Effects of tolnaftate and naphtiomate-N on some cell wall
synthetases from Sporothrix schenckii

% Inhibition by drugs at levels of (ug/ml) :

Drugs Enzymes
20 40 80 160 320
B-Glucan synthetase 0 0 0 0 0
Tolnaftate Mannan synthetase — — 10 — 16
Chitin synthetase 13 28 43 47 51
B-Glucan synthetase 0 0 0 — —
Naphtiomate-N | Mannan synthetase — — 12 — —
Chitin synthetase 23 31 43 — —

— I Not done.

Fig.6 Kinetics of inhibition by tolnaftate(A) and
naphtiomate-N(B) of the activity of chitin
synthetase from S. schenckii

A 3t B
(s1)
- o,
S
~—
X
—_
|
~— 14 (SZ)
6]
Ki=180uM Ki=54uM
I ! L L L 1 L L
0 100 200 30 0 50 100 150 200 250

(S1) and (S2) : Substrate concentrations used, 2.0 and 4.0 mM UDPAG, respectively.
 Incorporation of radioactive substrate into chitin (cpm/rcaction mixture).

FhT A/ <V Y) AREBERRIGERA 1074 BE
EEEWREE L, Tolnaftate iz X » TR LB BEEZ A
DRXFFVERBRERIGTSH Y, BV TToRk
PHEREL 50% L EwsE Lico

Naphtiomate-N DFAEL)E , tolnaftate DFh L[F
IOMEERR Lo B, 3)-7 07 vEARBRRIG % ¥
RSHERTY, =vry (FhiRs4/=vrV) &
BRRIGEBRAY 10% BEBECHEL *FvE&
BERRILEBAR 40% FAE L7z (Table 1),
WHC L 5%+ v AREZERIGOMERR LY X bIcH
WM LIk, Fig. 6 wiREh b & oic, mAIOMH
BRI, RIEEET Y, UDP-N-7 «F 1 7=
IVORERKEL ZOBRENEL BITORT,

FEERENETT5 L5 BRAMMEE 2 -v% R L,
Ki {#i3 tolnaftate T 180 #M, naphtiomate-N T 54
M k BHIhto

7. AT R—VEBFRCRIETEE

Fig.4, 5 opflicrndhs Lo, KIEEED~D
[4C] BEER DER D A% IL 0.16 pg/ml 2\ 5 FED TEL
R D tolnaftate 35 X U naphtiomate-N {2 X - T HE
BEHEEYZ Tz b, BEAR AT -
SRR LTI RLDOWHFANED L IIERAT IR X
b PRI RES Lico

Table 2 1ZRT & 51T, MBI RELF S. schenckiiff
BHMROR Yy VLEEBOEERS X=ATAT v =L
THotohh, BEFR HMLUTEE L MgickswT
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Table 2 Squalene/ergosterol ratios in lipids from Sporothrix schenckii
cells treated for 24 hours with tolnaftate or naphtiomate-N

Drugs Conc. Growth Squalene/ergosterol ratio

ug: (ug/ml) (mg dry weight/ml) q &
None 0 8.5 0.047

0.16 3.1 16.2
0.63 3.0 16.4
Tolnaftate 2.50 2.3 25.2
10.0 1.0 .1
0.16 7.8 10.5
) 0.63 7.4 13.5
Naphtiomate-N 2.50 4.2 14.7
10.0 4.1 17.9

13, BRIBEI LU TREHEELYRIZFTH LI5S
LEBR=NTAT r—AVEEET L, Th LA
Z, EFHRIBIEEAEREBERKWNWA2Z2T7T LY D
SENEM LT, TR, talnaftate FE T TIX, A7
Tvv/zaa ATr— i, ¥ 50% REHILEE
(=0.16 pg/ml) TH 300 f5, # 90% FEFERHILT 5 10
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STUDIES ON THE MECHANISM OF ACTION OF TWO
THIOCARBAMATE ANTIMYCOTICS TOLNAFTATE AND
NAPHTIOMATE-N WITH YEAST-PHASE CELLS OF
A SENSITIVE DIMORPHIC FUNGUS
SPOROTHRIX SCHENCKII

Tamio Hiratans, Junko Nacata and Hipeyo Yamacuchr

Research Center for Medical Mycology, Teikyo University, School
of Medicine, Hachioji, Tokyo 192-03, Japan

The mode of antifungal action of a thiocarbamate antimycotic tolnaftate and a related compound
naphtiomate-N was studied using yeast-phase cells of a relatively sensitive fungus S.schenckii as the
test organism. The results are summarized as follow :

(1) As monitored by optical density, dry weight and viable counts of fungal cultures, the extent
of growth inhibition by tolnaftate and naphtiomate-N increased with increasing drug concentrations.
At appreciably high drug levels, tolnaftate showed a slight fungicidal activity, while the activity of
naphtiomate-N was only fungistatic.

(2) Tolnaftate and naphtiomate-N inhibited synthesis of DNA, cell wall polysaccharides and lipids
to greater extents than synthesis of other cellular components in growing fungal cultures. The
greatest was the inhibition by the two compounds of lipid synthesis, the extent of which appeared
to be comparable to that of their growth-inhibitory activity.

(8) No evidence was obtained which showed that both compounds had any effect on the cell mem-
brane function or the respiratory activity of S.schenckii cells.

(4) Both compounds caused no significant inhibition of in wvitro activities of DNA polymerases
and RNA polymerases, both of which were prepared from S. cerevisiae.

(5) Both compounds differently affected in witro synthesis of three major classes of cell wall poly-
saccharides, namely chitin, mannan and B(1,3)-glucan, by cell-free preparations from S.schencki
yeast-phase cells. The high concentrations of each compound substantially inhibited the chitin syn-
thetase activity and, to a lesser extent, the mannan synthetase activity, but they were without
effect on the B(1,3)-glucan synthetase activity. The inhibition by tolnaftate and naphtiomate-N of
the chitin synthetase was of competitive type, and exhibited Ki values of 180 pM and 54 ¢M, respec-
tively.

(6) Ergosterol synthesis in S. schenckii cells was potently inhibited by tolnaftate and naphtiomate-
N even at concentrations lower than MIC. These compounds induced significant reduction in ergosterol
content and accumulation of squalene, a biosynthetic precursor of sterol.

(7) All these results led us to the suggestion that inhibition by tolnaftate and related compound
naphtiomate-N of sterol synthesis through blocking the step of squalene epoxidation in a fungl
sterol biosynthetic pathway may be primarily involved in the antifungal action of the two thiocar
bamate compounds.
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