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The purpose of this study was to verify the antifungal properties of various herbal medicines belonging
to the Ranunculaceae family and to find an extraction method effective in inhibiting fungal growth.
When antifungal activity was measured in a liquid medium with extracts obtained by either hot water
extraction or organic solvent extraction of the herbal medicines Clematis apiifolia, Coptis chinensis,
and Pusatilla chinensis, effective results were obtained from the chloroform extract. In addition, fungal
growth inhibition experiments were performed on unicellular fungi, Candida albicans, Candida tropica-
lis, and Candida lusitaniae, and on filamentous fungi, such as Pythium ultimum, Aspergillus fumigatus,
and Fusarium oxysporum, using disk diffusion experiments on solid media. It was confirmed that
P. chinensis extract has excellent antifungal properties against Candida spp. and C. apiifolia extract
against filamentous mold. Finally, GC-MS analysis was performed to explore the useful antifungal
substances present in the extract. As a result of the study, thurbergenone from C. apiifolia and
16-hydroxycleroda-3, 13(14)-dien-15, 16-olide (16-HCDO) from C. chinensis were confirmed as anti-
fungal candidates. In conclusion, it was confirmed that C. apiifolia, C. chinensis, and P. chinensis
have antifungal activity against various fungi, and in GC-MS analysis, all herbal medicines were
confirmed to have different antifungal candidates. These results indicate that the Ranunculaceae family
has evolved in several directions for fungal resistance traits.
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FEE M=
L E L AL AW (Clematis apiifolia), W 732 &u|Z
(Pusatilla chinensis Regel), 12| 3 322 34 (Coptis chi-
nensis)®] el E 247t Az A7l Aot o] 52 T
T AR B35l FFo AE3IH T

A4 FES 98] 22kl AR 20 g& SFS 200 mioll
E3dstTh o] & 30% FF ti1E F, oF 80T lA 14
It 7YE 3 F filter paper® BEEES AY 12 FEES
At ol & A EF71E ARSI wE5E Y &
Dimethyl sulfoxide (DMSO) 20 miol| =%t

718 F2=S ASH7] f8] b A RS R
&2 AA F23 T4, o] F= Al f71 g = &

A HAR detE &5 A8 kA 20 g

il
o

w2

1=}
200 mlel] 22X E 200 ml

W $E Candida T 3% (Candida albicans, Candida
tropicalis, Candida lusitaniae)®] 28 SDAA A 5 ml
ol AEg & euYr|E o]83t 30T, 180 pm =71
o A overnight 7 Wl %3}t

AR FsBol 3% Pythium ultimum KACC 40705, As-
pergillus fumigatus, Fusarium oxysporum<- E A€l -8
271 #13l 25Col A 1092 o] AR ol v F3F A

e H& Nofl £H
Candida albicans ¥ 378 #13 =
test tubeoll SDHIA] 5 mIZ Y1 A w3l & 20 s HF
SR o5 FES 2T F
g AATES ALY, Oz A7 =5 30C, 180
pme] Z7olA & it FF =Y
P2

(rt
i

Disc diffuison &8
gekA FE2EY FRFAH AFRE dotir] Y3l Kim
51419 disc diffusion F @l wet 33t Disc dif-
fusion A FE& 93l FEE ASRE LFEZE A 4
223E AFSA Y. 23 += 6 mm 3719 filter papers
7tz 30 AR

=
St AR 3F(Candida albicans, Candida tropi-
calis, Candida lusitaniae)™ A’¢73 F38°] 35 (Pythium ul-
timum KACC 40705, Aspergillus fumigatus, Fusarium oxy-
sporum)= SDHI X ol 1004 345 F 324 SDH]A](20 ml)
of =gt & A AFE 23 E FIHE o] 91A
Az FH AFHe]H30T)oll A Higsiy wd WstE &
Zstant.

Gas chromatography - mass spectrometry (GC-MS)
=4

NNAZZvtEDHI-AFEA 7] (5977B  System,
Agilent, Santa Clara, USA)E AR8-3te] A4S JP3H o
W AZuE 1Y columnZE ¥ =4 column & 3HH<]
HP-ultra2 (25 m x 0.20 mm LD, 0.11 pm)S AH&-3TH 22
ntE ey Ad 248 80ColA A Zste] sEni o
A3HA =7t 7kt HF 210CE Alse] 257 5
7t E AA YT F 518 5 SAEI I o5 A
2]o] 7} He (99.999%)= AM23lo ™ 65.2 kPao] &4
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< FAh MS2] solvent cut time- 4.3%-°]™ scan modeZ 08
EEERES 07
GC-MS ©]Z o FZE sample©] TMS (TriMethyl Silya- 06
tion)E Eole F=ASE Y5t AFE o] &olst 05
A stAnh AH FREY BAL AN A & Lo e
A B0l AU 2 dldotAHolE &5 H 03 =i Chloroform
ZEEIE Z2ZE9] GC-MSQ A3} HolEE vlw &4 0.2 =8—Ethyl acetate
slol, FRFPA 0l & F2BIA FriHoE B = o
A FdEs FAJsA, T Sd=s AAste] g3 0" : : ‘
74 SEEARE A3t ofr 3hrlncubation(hr)6hr Shr
_ Fig. 1. Antifungal activities of various solvent extracts of Cle-
2 A ¥ matis apiifolia. Each solvent extract was added to me-
dia inoculated with Candida albicans and incubated
F=ZE0| Qs Fl MA Aol for 24 hr at 30°C. @, control; A, chloroform; m, D.W.;
s gulE Agelel 5 9HA F2EL A9 e, cthylacetate.
on], FAFBAL ol FEE AT A7 A A
AEE 4%t FAPhFig 1). B F2E2XE 7] W&ol =3I clearing zone©] FZH T T FFA 0]
FEEL VEAHOR & AR vl&) FFE7 = Holdr= I A7]= A yebd . M58 Candida
gttt ol SR2XF E8Ed 239 {780 &3l spp.©ll thet %‘ﬁﬁ%}“% 7H Ao 2 BRI 53] o
W Ak Quo) ol Ao BuHch Tak MopAzk OB ERHE DW FEEo| $49 FaBA
o] we} tETol Hla) B A7 ARS o= Ae Uk o= b}e}%} ST A B gl ol Thah A
S2ere pozd AL XRNL oua & FAFWHe) gAY 1 Tk uE @ Ao ek
o} W g2 2223 o Yol o]E BIE Az h(Table 1). ¥1B8Ae] BE FEF=2 Candida spp.©l 3t
WA Y22 GA A0 Rol FUFBAHo]  FATFEALS Zrou} 1 A mHF Ao nejy
e Row o =@ A Bl UE FUFHHE FRELE
MEe U T 2o Yos 255 oo @A BHBOIAT UEEon RE ALY Fgoldl BE 3
e AESNe W AP vieA f718W F= Ad B4 & 7= 2E FAYTH(Table 1).
EoA &Ao] =A isioh g9 FEFE2 Candida spp.&t A3 =20l i
Fdo] AT diE SEEELE B EARE
Disc diffusion A0l 2/t SZI7 &N B3l ow Candida spp.ol WX A —ir%%—‘:h F
Disc diffusion 8-S 53] FE2&E AFEC] 0¥ A Fde 7H A2 HofZItK(Table 1). =3 FH A 9
2o U3 FAFTAHS FA =2 Bl 2= 9T} clearing zone> 3 A7HA = o= A% F7|7F FAHA
X—]aH 37} E taa FHole AFF7 AekA e W olF I AT dashe @S BRI ol e

Table 1. Antifungal activities of various solvent extracts of Pusatilla chinensis, Clematis apiifolia, Coptis chinensis on plate

media
Strain . Lo o . )

Extract C. albicans C. tropicalis  C. lusitaniae  A. fumigatus  P. ultimum F. oxysporum
CHCls ++ ++ ++ + + -

P. chinensis D.W. +++ ++ + - - -
EtOAc +++ ++ + - - -
CHCl3 + + + 4+ + +

C. apiifolia D.W. + + + - - -
EtOAc + + - - - -
CHCls + + ++ - - -

C. chinensis D.W. - - + - - -
EtOAc - - - - - -

CHCI; stands for chloroform; D.W., distilled water; EtOAc, ethylacetate
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ek o] FEEAE T8 FFE Hole Aot e
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gt AQJAA A7 AFEE 7HAA HaA B sk
AAAE F7HQ1 AFol Hasith

deletd W39 DW. 9 o"oHEClE FEE,
gz BN FEe FEEXE BRISAN FAF
ZAdo] FAHAJT. AT, ™A 1 FHe g
gk Xl diste] FXFEE Hole AR gjlst
Hom 53] WEg FEELS Candida spp.oll, FHHL
AVEA Fgeld dsiA E FXFEAES 7HA AL 9
= Aos g g g Az o] 4
Al A=E vlwstd WF3>Fa>9 g4l olnh ¥k
A A ARl dig AdAEe el 22 A%
A>Fh>wFg otk

GC-MS/MS 1t

AR FAFAE =dE A8 —'4
°l F74 W2 olHotAH ol E 8=
=9 GC-MS9| 23} HolHE Hlul&
2ol =2 T E0NA oz =4 =
< sk, AT st A skl &
22 At

W% 8.0 DW,

r_{

FEE %2 JdE O}AﬂEﬂO]_ EYE4
GAZ ZFFol el £ A S B THTable
1). DW. FE2Edd = 1-Acet0xymdole, 3,3'-Methylenebis(2-
phenyl-1H-pyrrolo[2,3-b]pyridine) ] (Fig. 2), °ll & o}A €l o]
E R Eof= 1-Acetoxyindole, lysergic acid ZL2] 1L 6,6'-
(1,4-Butane  diyl)bis(5,7,8-trimethyl-1,2,3,4-tetrahydronaph-

RT 26.07
20900 00 1-Acetoxyindole

9.0
8.09
7.04
6.04
5.0
4.04
3.0x

2.04

1.0

FE o] AMTHFig. 3). FPIFAE F F==
= l-Acetoxyindoleol #BZE o o] &

A& For FAHAT. odolAE|oE &3
W zhsgolol o) A4tE = gAl B 14ke] A
ook A El"}«] ofr| =91 A 224F Holldo}
U =(LSD)= 9oFE ¥ F74AZE del AgHTh

ABAe] FREZE EYEE
tidine, 9-acridinol 10-oxide ~L&]3L thurberogenone©] X3
Hof I s stE FolA Aol AF5H &
Z 2 thurberogenone®] $1o™ 3g A= YHAL] &3
74 SREH] o gt N2 7te S RAFET
= A&l Terminalia carpentariae
9 Terminalia grandiflora®l F&EN A A 2™ Caco-
2 9 Hela $ AlZFo] gt 52 E4ES Yl E
e 2 ol= Set=2 SRl 2]

3o FREEXE B8 E+= 4-(3-hydroxybuthyl)-2.5.5-
trimehyl-2-cyclohexen-1-one, 16-hcdo 18] 11 D:A-friedoo-
lean-18-ene©] EATE &AATHFig. 5). ©] F clerodane-
type diterpenoids] 16-HCDOE &zl +Ado]l HEH Ahd
T7F EAS]0l Fde] FFEA FREZZA 16-HCDO
& ATk ol= Polyalthia longifolia®] M&-& FE2EE

71882 FE3st] ERIHAN o B =gl EvtE A
9 13 BAHE doT|e Fgold I BPE He
= ZAeE BRIFHAGS].

5-oxo-L-prolyl-L-his-

(Fig. 4). Thurberogenone

AEH S E GC-MS HlolHE &A% A3 Al ghekA|
EF Y FREAS /X JAT O TR 4
g5t ol& ZH7he] miug oAl AEALY ] XHEF
of gk Agde] EAo] oAe] WFo g 3s}sto] thA

RT 45.96
Bo=
Methylenebis(2-
phenyl-1H-pyrrolo
[2,3-b] pyridine)

\

\

T L e L B B B
50 15 l[) 0 125 150 175 200 225

L L B B L B N B
275 300 325 350 375 400 425 45.0

Fig. 2. Total ion chromatogram of the D.W. extracts of Pusatilla chinensis by GC-MS. Chemicals marked with arrows are

potential antifungal substances.
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on e
o N
N RT 45.16
,4 6,6'-(1,4-
o N Butanediyl)bis(5,7,
N ¥ NH 8-trimethyl-
1.2:3.4=
Y RT 44,625 tetrahydronaphthal
lysergic acid ene)
(gponon AT 26.07 \
9.0 1-Acetoxyindole) \
8.04
7.0
6.04
5.04
40
3.071
2.0
104
L e e e e e e A p
5.0 75 100 125 150 175 20.0 225 250 275 300 325 350 375 400 425 45.0

Fig. 3. Total ion chromatogram of the ethylacetate fractions of Pusatilla chinensis by GC-MS. Chemicals marked with arrows

are potential antifungal substances.

Lo

RT 15.49 RT 45.3 RT 45.3
(gmomon 5-Oxo-L-prolyl- 9-acridinol 10- Thurberogenone
114 L histidine oxuje
1.04
099
084
0.74
067
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0.4
0.3
0.2
0.1
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Fig. 4. Total ion chromatogram of the chloroform fractions of Clematis apiifolia by GC-MS. Chemicals marked with arrows

are potential antifungal substances.

RT 46.56 RT 47.93
16-hcdo D:A-Friedoolean-1

-, N

RT 38.91
4-(3-hydroxy
buthyl)-2.5.5-trim
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L
101
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0.54
0.4
0.3 |
0.24
014

-1-one

\

™~

100 125 150

D

175 200 225 250

275 300 325

350 375 400 425 450 475 500

Fig. 5. Total ion chromatogram of the chloroform fractions of Coptis chinensis by GC-MS.
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