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Antifungal Activity of the Extracts of
Zanthoxylum Schinifolium Sieb. et Zucc.
against Dermatophytes |

Kyeong-Heui Min "’

ABSTRACT

The antifungal activity of methanol extracts against dermatophytes was the highest at root-bark
methanol extract, and the highest inhibitory effect was revealed in petroleum ether fraction of root-
bark methanol extract. Compound I and compound[l with significant antifingal activity were isolated
from the fractions by silica gel column chromatography. As a result of the instrumental analyses,
compound [ and compoundIl were already known alkaloids. Compound I was identified as 4-metho-
xyfuro[2,3-6]quinoline ( dictamnine ; C;HsNO,) and compoundIl was identified as 4-methoxy-1-
methyl-2(1H)-quinolinone ( C;;HyNO; ) . The MIC of compound I against 7. mentagrophytes and T.
rubrum was 40ug/m¢ and the MIC of compound Il against the same fungi was 800ug/ml.

Keywords : Zanthoxylum schinifolium, antifungal activity, alkaloid, 4-methoxyfuro[2,3-6]quinoline,
dictamnine, 4-methoxy-1-methyl-2(1H)-quinolinone
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& (phytoncide ) ©lgtx sl RE Ao F4F

EMREEHR ( biological active substances) ©l@ < % 0% A=/ ¥F g4& JMda @o. 4
dutkoz AR AY 2R ol AE EE E3EE89 gagAol AP, flavonoid 54 phenol
ElE Ex i B 715 kR B gdE 9n A B4, A% 59 terpencid, alkaloid, 134 ol
#rh, oFs HBEHEAFT AEFEE] U4AE 7% AL ofwl & 43A vt (7, 194 ; ¢,
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1984 ; & %, 1973) . 284 28¢ 28 B3
E fFEAEC FHHLE wEA AL ¥ Ay
7 gon B3 £84 Hede of wud 43
oy, B B 79 A4 EQ MEUFT scopa-
rone, anisic aldehyde, berberine, bergaptene,
skimmianines ¥ 4EWo] WY HEHE
o dig P FH dFHRIE FJH urt
gl

E 29 A 42U ( Zanthoxylum schini-
folium) & %8 4et #9499 E3 1,000m ©]3e
Aopdll A I £Foe dus HEF
A4, o8 7Hx zvEE AMREY FARE By
Hols 7179 FEFHEE o]&HAT. EF WLk
HeME 71E4& WA 37 48 AdE 9 B8
dor 5FH 3 AA dvf FAE o8P
el E F9U BYE A9, A = FHE
A8 AMgggn s (o], 1995 ; K, 1985).
AxURe} e $¥g7g 27 ugd FRASA
Fz Agste 2AUT (Z piperitum) £ AAZ
Agte Aoy s en BAFe) AR B
o olgslm Qrkx Bk (o] §, 1976) .

ughd B dFe AdAde] faelg & uy
o2 $£Eo FEFAEE o|&ddE FHAAM 42
UR zt podz QAWMEE EHESEd o
FFgAee FYsn FHH9EE Bdtd 72
€ 38l nxt o

2. Mz ¥ Uy

2.1 AENE

2.1.1 BARZE

199419 3€ 259 A7 HEFEYUN AxF
( Zanthoxylum schinifolium) 231%& A#Egch
E2E AdSa iR, WE, WK, 87, 9o 7
W3l A E BEEd 4 H98 2489 A
22 AHg3tgc

2.1.2 BNTZF

ABBEES S8 E#ol ¥4 (tinea pedis) &
do7l= 739 #FE FHEAY & FHFTEIAT
oA Bguto} ALg-EHHTh ,

@ Trichophyton mentagrophytes (KCTC 6077)

@ Trichophyton rubrum (ATCC 44766)

® Trichophyton tonsurans (ATCC 9085)

@ Trichophyton violaceum (ATCC 8376)

® Epidermophyton floccosum (KCTC 1246)

® Microsporum canis (ATCC 18615)

@ Candida albicans (ATCC 14053)

2.2 MHu

221 FEYE
A - dzE Ag9 Z 2918 0meshe H¥E

[

1

| MeOH Sol. | [ Residue
|
| Crude Ext. |
— : i
[ Petroleum ether soluble layer ] ' I Petroleumn ether insoluble layer I
I - I ;
) Petroleum ether Fr. | ] Water layer ]
[
[ l
‘ Diethyl ether soluble layer J [ Water layer ]
I

I
[ I

[ Diethyl ether Fr. | |

Ethyl acetate soluble layer

1 1 Residue l

I
‘ Ethyl acetate Fr. ]

Scheme 1. A flow diagram of extraction and fractionation of the samples.
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¥ methanol2 423831 93Y F&48 52
B YIEFFEE YUY 4 Y9 @B
scheme 1% Z¢] petroleum ether, diethyl ether,
ethyl acetate® X2 718l Y- R
fopd F@EE AU

2.2.2 gnE44Ee B2

7 2oy RYFEFEC Y SFFIANY F 7}
% g7¥Eo| FEgn ARHE 2NYALFEEY
petroleum ether #8#& liquid chroma- toaphy
g dNEq EZ¢ Belsnd. o] #UEE ben-
zeneol $#A1A silica gel ( Wakogel C-200)01 &
#FANZ F A28 silica gel colurnn (4 6cmX37cm)
Wel #U#A ¥ oL benzene : ethyl acetate
(50:1, 40:1, 30:1, v/v), ethyl acetate,
ethanol & MEMEC Z3ld HMisth BiBmE 100
nY B BFE TLC (Kieselgel 60 Fosy, Merck) 2
A5l 13719 #YE (F1~FI3)& 2%t

2.2.3. #RR44ES Y-

1371¢] £Y8(F1~F13)% For F%o] ¢as=d
A flask Wulete] Y4 FERMpRol WA 28 oA
£ FolUle} n-hexanel2 Ao Burg dQx
3 ethyl acetate M Ag 4T Hupstd ¢4
23L& Y ¥ n-hexaneo® AHdd ZHA
(CompoundI :CI)& ¥Utk. E# ethanol $&
291 Fi13944 ¥2(Compoundll : CII)& A%

o £u¥ EHEL T 2L /JEY o
o EN3a A}

44 (m.p) € Digital Melting Point Z%7]
(Model IA 9200, Electrothermalrl, 9=) %
ME-18552 Melting Point Tube { MettlerA}, 2$
2)8 AH834er, UV spectrum? 8452A Diode
Array Spectrophotometer ( Hewlett PackardAl, W)
%) & A8l 2484k IR spectrum? FT-IR
& Magma-IR 750 seriesql (NicoletA}, ¥|%) &
A3t KBr 3AMeg £33t 'H-NMR3}
BC-NMR spectrum® 300Mz FT-NMRZ Varian
Unity 300 (VarianAl, ¥=) & AMRstith. FE
Aol VG Quattro (VG BiotechAl, 93 ) 8 A&
Lig: 4=

CIl: @84 ¥¢ m.p;132~133C (n|83),
UVA &% nm ;262 298 IRyiorem; 3119, 3002,

1624, 1580, 1507, 1370, 1208, 1180, 982, 757. EI-MS
mz;19 (M'). 'H-NMR (300 - CDCly | ppm
4.44(3H, s, OCHs-4), 7.07 (1H, d, J=2.TH,
H-10), 7.45 (1H, m, H-7), 7.62 (1H, d, J=2.7
Hz, H-9), 7.68 (1H, m, H-6), 7.99 (1H, dd, ],
=8.4Hz, J>=0.9Hz, H-8),:8.25 (1H, dd, J,=8.4
Hz, J»=0.9Hz, H-5). “C-NMR (CDCL) ;ppm

'58.98 (4-OCH3 ), 103.42 (C-4a), 104.69 (C-10),

118.69 (C-3), 122.33(C-5), 123.69 (C-6),
127.80 (C-8), 129.855(C-7), 143.51(C-9),
145.65 (C-8a), 156.80 (C-4), 163.82 (C-2). _

COH:¥¢ x4 ¥¥ m.p;64.5~65.5C (7|
84). UVA ma nm;262, 300. Rymaen”;
3088, 2940, 2887, 1653, 1624, 1588, 1503, 139,
1325, 1237, 1122, 930, 819, 766. EI-MS m/z ; 189
(M"). 'H-NMR (300, CDCls) ; ppm 3.65(3H,
s, N-CHs), 3.83(3H, s, ~-OCH3), 6.02(1H, s,
H-3), 7.21 (1H, m, H-7), 7.31 (1H, d, J=8.4
Hz, H-6), 7.54 (1H, m, H-8), 7.94(1H, dd, Ji

=0.9Hz, /»=0.9Hz, H-5). “C-NMR (CDCk) ;

ppm 28.95(N-CHs), 55.71(-OCHs), 96.33(C-3),
113.94(C-8), 116.39(C-4a), 121.55(C-6), 123.24
(C-5), 131.11(C-7), 139.61(C-8a), 162.59(C-4),
163.76(C-2).

12.2.4 $RRYNY
2.2.4.1 ANYTFS Wig % Fde =4
BRMks INTFY ZAE YolNA WP

- BHHL 0.75% agardel] ¥-fA1A ¥45te Table

13} 22 Sabouraud dextrose agar { SDA ) @]
A Aol kst S

PEWEES FATFE SDA BuuAA W
@ & FUE FRFIRS BNA  Bdee L
RZiHS EIME 10%pores/nt7t B 8- M
& TE AR ‘

Table 1. Formula of SDA medium

Constituent Amount
Dextrose 40 g
Peptone 10 g
Agar 15 g
Distilled water 1000 m¢
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2.2.4.2 $aRAAY ,

YA EE T3] TRy o o]FoiH
ot ¢ag3e&8s 39 SDAWA mF lng 2mg 3
g, dng EHE BAWA S 2 TFe HME JE 5
mE punching’' 3% ¥ 26T1CH incubators]A
35wl g7 Fefel v

Z 249 Bofd 889 Fgde log/mts 5
=2 34d.

1370 EHEe] VA YL loy/me FEE
‘micro plate {24 flat-bottom well, ¢15mmX150m)
g Agdld Algsixich oln whEe] ¥ AEHE
Aol 2w HF well TUN HF3AG 26+1CH
incubatorsl Al 5U gt HEEAE A=
gto @ gz vwdty F78 B

2.2.4.3 $7EAA4EY MIC (minimumn inhibi-
tory concentration) 23
CI3 CI®) MIC® micro plate® A3t 800
pg/nt, 600ug/ml, 400ue/n, 200u8/nd, 100ue/né, 80pg
/nd, 60ug/m, 40pg/mt, 20pe/mee] FEE A YAt
FAERY $RE {oz wARAG FAHLS
dAE FEE HYEY MICLZ 3th

3. €0 3 nH

3.1 g EYYEe &Y

3.1.1 Compound i (C1)

Cle AzxUR Z9EIAEFEEY petroleum
ether 2YEANN Fag FE9] =z HA9 £
2492 egEHnd. $3E 12~13THeH,
EI-MS spectrum¢] £4Z23 £l sia (M)
7} m/z 1999 UV spectrum@l A - Amax 268¢]
s BAFZF AR EA7 AAHA
t. 'H-NMR spectrumol 4.44ppm (3H) 9
singlet®] signal® W= methoxyl”] (-OCHs) °l
&3t} =3 HAAFE9 7.07ppm (1H, d, J=2.7
Hz) & 7.62ppm (1H, d, J=2.THz) 9 2749
doublet®  furoquinoline H&T=Ze EFHQ
signal2 10913 99 protono] #FET. = 7.
45ppm (1H, m) 2 7.68ppm (1H, m) & 2744
multiplet®] signal® A3 WAY protond 7]
olg}, “C-NMR spectrumdlAE  AHARFES
143.51ppm ¥ 104.69ppm$ signal® furoquinoline

FEFEe 9W 9 1089 carbonol & PHY,
103.42ppm ¥ 145.65ppm9] signald WAHe 4a
3 8a9 carbondl ¥y zEte] 122.33ppm,
123.69ppm, 127.80ppm, 129.55ppm$) signal® A
HAA WA FASE carbono2 4z 5,
6, 8¢, 7 HFE

oldel A3} CI2 akaloid® 7]A183¢] 4-metho-
xyfuro[2,3-6]quinoline ( dictamnine ; C12HeNQ; ) £
2 #$AHAY% o Y¥EL Dictamnus albus
Linn., Skimmia repens Nakai, Aegle marmelos
Correa, Zanthoxylum alatum Roxb. <9 ¥elolA
E2 =%t (The Merck index. 10th Ed. 3074) .

4-methoxyfuro[2,3-6]quinoline(dictamnine)

Figure 1. Structure of compound I .

3.1.2 Compoundll (CIl)

CO¥ #4°] 64.5~65.5CRon €& =@
gz ga=Edn. - EI-MS spectrumelde #3
ol HaA (M) m/z 1892 Yeigrh Clig
'H-NMR spectrumol| 4] 213%¢] 3.65ppm (3H,
s, N-CHs) 9} singlet methyi7] (-CHs) o £3%}
o 3.93ppm (3H, s, -OCHs) 9 singlet ¥7t20]
Tt e EAXHQ signal®  methoxyl”?]
protonol A Faigh £¢ AAFZFS] 7.21ppm(1H,
m), 7.30ppm(1H, m), 7.54ppm(1H, m) %
7.94ppm(1H, dd, J1=0.9Hz, J2=0.9Hz) 9 47
signal® A8A¢ 12 A& WA protons] &
2 uedtk,  BC-NMR spectrum®] nA3Z% )
28.95ppm % 55.71ppme] signal® &7 quino-
linone #2729 methyl’] (N-CHs) ¥ methoxyl
71 (-OCH3)¢l &2 £gich. 183 163.76ppm
o] signal® A¥=AQ carbonyl?) (-CO) & &l
A $#dss AoZ o)RE IR spectrum® 1623cn™
ol Eule 42 BAY £ AUk

olde]l Az CHE 7|1AEHZA alkaloid?]
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4-methoxy~1-methyl-2(1H)-quinolinone
(CuHpuNOg) 2.2 # =%t

ol 2YE& Hesperethusa crenulata, Fagara
boninensis, Hortia longifolia, Myrtopsis sellingii,
Zanthoxylum decaryi, Adiscanthus fuscifloruss}
o8 8a ABoA  #eEFH3icHDictionary of
Natural Products, 1994, Vol. 7, 3867).

CH,
4-methoxy-1-methyl-2(1H)-quinolinone

Figure 2. Structure of compoundll.

3.2 YRHENY

3.2.1 4AFFEEES FTWHYMY

AxUR 2 4H&53EEY ¥TEEL 13 7Y
7o Ao dd gl v dd€o w9
1 ¢33 T mentagrophytes 58 A¥sd 3
Aztgich,

7t 32y ujAoA A% Feje] FHo| AT
9l SDA #iXdA 2@ Fele) A7)¢ vlmsle #

Hel AAo) Y, ojatoz Fewgo] A AR
O3 B § gl B$E +rer, o~Y02 g7 o
AB ASE +++, Y~ AR 9" A¢
£+, s 082 Bel A4AIE AeE 4+ AY B
F83] R3] A3 dAE FHE -2 FAEY
t},

Table 204} Zo] Z} £9 4ALEEE9 &
FYe SHY>FA>EA>EFA>LY 42 B8
o, ZHLIEFEEY HF$ FE 2m/milA
FAPLEo] gHs JAHJE o)A Table 39
Ast go] ZE ABZEEA &% T menta-
grophytesS] HAEEAA T vE (7 F, 1969 ;
o], 1968;°] %, 1976; & %, 1980 ; %, 1966) #
Hoe o HEA @2 FEA FAPESRo] oAE
AL¢ ¢ 4 Y

3.2.2 2YEe HFEHAMH

7 BYPA q% FHYAFY AKFAAAAL
FHLRLFEEY FYEAM AeA depdew,
Z ¢383&E89 petroleum ether FYENA &
a8o] /14 EA JebdI diethyl ether, ethyl
acetate #2.2 FFYo| HolF} o|AL YTE
A Zg AHo| petroleum ether 8o 2 FZ o]3
Hvl gEes B,

3.2.3 #ej4d&e STHAAMH

F1~F139] $@84L F1& A4 iz £8
E (F2~F13) EFHA FFd i 28 F29
o] JFHA.

Table 2. Mycelial growth at various concentrations of the each alcohol extracts against T. mentagrophytes

Concentration of crude extracts(mg/mé)

Extracts Control ( add(e:c(lmlcl‘SOH) " > 3 ]
Stem-bark ext. e o + + + +
Root-bark ext. -+ -+ +
Pericarp ext. -+ 4 o + + +

Seed ext. I et -t - +++ +++

Leaf ext. -+ -+ -+ -+ 4+ -+

a : Number of + indicates relative degree of mycelial growth

- : No growth
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Table 3. Comparison of the minimum inhibitory concentration of several plant extracts against

T. mentagrophytes

Plant material

Concentration - (mg/mé )

Alcohol extract of seed from Zamthoxylum piperitum
Fennel oil of Foeniculum vulgare

Alcohol extract of root from Berberis koreara
Water extract of Castanea crenata

Alcohol extract of root from Rumex japonicus

Alcohol extract of root-bark from Zamthoxylum schinifolium

2 ng
2 mg
1 mg
20 mg
4 mg
<2 mg

Table 4. The MIC of 2 compounds against T. mentagrophytes and T. rubrum by agar dilution method

Concentration { ug/mf )

Compound Dermatophytes

800 600 400 200 100 8 60 40 20  Control
T. mentagrophytes - - - . - - - * "

Compound I
T. rubrum - - - - - - - * i+
T. mentagrophytes - * R s = e = s T = o e = = +++

Compound [
T. rubrum - * + ot A e +++

— No growth

* ! traces

a : Number of + indicates relative degree of mycelial growth

3.2.4 gTWYYES MIC

Table 4914 2ol C19 7% ¥ 40ug/midl
A 5 FY #AEEE AY B & e, =@
pe/mANME Fde] FF EFo| 2F ol A
& 8 FALEE AY B F 2t COHE ¥
800ug/meot A F o FAEEE B & fldeH
600pg/mol N e Td HF EHo| ofF ZF Hof
AN B FAY AFe FFE £ f(UY wehA
Cl& cOud 208 o)4e 7% g#do] ULE
& F 9k

Cl# CHe MICE Table 5944 Veratrum
AEdA Ba§ alkaloidE (§ F, 1973) 3 dvlu
3 Btg o CIo A% 18.5u/m Bolhe thd =
gtAEt YAl alkaloidE Roe Rt Chs
800ug/me2 CI Kt AT Veratrums: Ao
A B 4%9] alkaloide MICS! 1,000ug/mé B.T}
'Y F9H

EAA HBEAFS] ol ASHR Sl ¥AF

A2 glyceofulvin® immidazoleA A Fo| Uth
oy EAel Zdn RFEo] @ol A A
£¢ T¥ FAFANL Qu (" F, 1993; #5F,
1984). 23 dictamnined] % thro| MEEA
o F(Ahsan %, 1995 ; Gozler ¥, 1996 ; Mizuta %,
1985 ; Pfyffer %, 1982;Schimmer %, 1990;
Towers 5, 1980) £€ & o o] 3gge 43
Ae fad E 5 slog, ety Syt i
2UE 2o B CIE Hagd] dg ¢
MICE 2 of HAFFxdozA FARFAZ Mg
g F & M4l vz wgEd, 28ln Cl
£ Clxg MICE o4 %24 2(1H)-quinolinone
A AFEEN g FEFAe) dx=He] a9l
I(Uno %, 1995) & 2He] HAFS(¥ F, 1984)
3 ulzs] ¥ w CHOY 4-methoxy-1-methyl-
2(1H)-quinolinone® @5 Ei: #HAd 9% ¥
Az AL + 7HeAdel 83 tkx A
S¥oh

=
=
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Table 5. Comparison of the MIC of several alkaloids
against T mentagrophytes

Compound MIC(ug/mi)
Jervine from veratrum 72
Veratrobasine from veratrum 72
Veratramine from veratrum 72
Isorubijervine from veratrum 120
Pseudojervine from veratrum 18.5
Germine from wveratrum >1000
Germbudine from veratrum >1000
Isogermbudine from veratrum >1000
Protoveratrine from veratrum >1000
Compound I from Z. schiniforium <40
Compound T from Z. schiniforium <800

4. 5 2

AEUE 7 2oy LB EY BRAAR
HE Y784 29 3894 MR B4 degg
on, 7 fud ENPY ¥yFPHL 2939
petroleum ether £84AM 714 &A e ¥
TRIEE 2287 9 7o) 7% A U
Bl 29 YAEFEE petroleum ether $HEL
silica gel column chromatography®& AAl8tglon,
FEPAHEY CI1% CcOvl 28 CIa
CI8 MICE 23% @3 CI9 MICS 40u/ms
o 0w FRAdME #H49 HEFEH] XF
Hol g ¥ A AL FAY S A% =
3 CHY MICS 800pg/miom, 600ug/me] B&
AT Fde] HFEH 23 AT B UE ¥
ZMAY FAY AR BIYE F AU 71
A A3 CI3 COe BEme alkaloid SMFEE
FA=4

¥ E M

1994. SEFEHES ABEH RF
(Review ) . #=EF&¥A 22(1) : 5~10

2. A9 99 1993, JARNTE: 1 pp
76~79, 81~114, 325~336
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