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A Study of Antimicrobial Activity of Herbal Extracts on Clostridium difficile
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Objectives This study was conducted to confirm the possibility of Clostridium difficile
infection (CDI) treatment through natural herbal medicines.

Methods After screening a total of 77 herbal medicines through the paper disc agar
diffusion method, we selected the herbal medicines that showed a effectiveness
compared to the positive control vancomycin. Afterwards, drugs that showed in—
hibitory effects compared to C. difficile without inhibition of Bifidobacterium bifidum

RECEIVED October 29, 2020
REVISED November 5, 2020
ACCEPTED November 11, 2020
method.
CORRESPONDING TO

Hojun Kim, Department of
Rehabilitation Medicine of Korean
Medicine, Dongguk University llsan
Oriental Hospital, College of Korean
Medicine, Dongguk University, 27
Dongguk-ro, llsandong—gu, Goyang
10326, Korea

TEL (031) 961-9111
FAX  (031) 961-9009
E-mail kimklar@dongguk.ac.kr

Copyright © 2021 The Society of
Korean Medicine Rehabilitation

}\1 %» »»

o,

JHEA, TAAE, B8 @781 Clostridium
difficile> <72 ] P& $do] B =W 543
7kt A5 2ARE T oAl ThekgE
23713 FAE X1, Clostridium d'ﬁ"cile in-
fection (CDI) Y& A X8, A < Z2E
HEA A Foll olaf S7lst=tP, g ?‘H%«]QT’]‘QI

and Lactobacillus plantarum, known as beneficial bacteria, were selected and minimal
inhibitory concentration (MIC) was confirmed by applying the Broth microdilution

Results The Coptidis Rhizoma, well known for its antimicrobial effect, was found to
have antimicrobial effects on C. difficile, but also had inhibitory effects on the benefi-
cial bacterium B. bifidum. 30% ethanol extraction Crataegi fructus, Corni fructus and
Mume fructus had antimicrobial effects on C. difficile without inhibiting the beneficial
bacteria B. bifidum and L. plantarum. The MIC values of 30% ethanol extraction Crataegi
fructus, Corni fructus and Mume fructus were found to be 10 mg/mL, 20 mg/mL and
5 mg/mL, respectively.

Conclusions Crataegi fructus, Corni fructus and Mume fructus were identified as can—
didate medicines for C. difficile. Further researchs will need to be done in vivo, and to
find an optimal extraction method accompanied by economic evaluation. (J Korean
Med Rehabil 2021;31(1):47-57)
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o7 71EA 51 Y= FAlolH o9} tlEo] ZAZ
ek EERE 2008 2407 ZEfellA 20111 1,5807 2
2 A sVke AgS Bola P, AZHFEE ¢
af YU FAE o= 3 o] AFellA= CDI &
2] A& 7|3to] sofytom, AEA T A& A7t H]
Zraaoll Hlsl &3z olx] Zvkal Harskiod.
CDI®| gk X]E 2= metronidazole, vancomycin, fi-
daxomicin 52] YA 9, thH ME o]2)(fecal mi-
crobial transplantation, FMT) “5°| ZH =i AT}, &}
Ak gAA 9F #HAS MEL Bl Ul 7 29
C. difficile] g AH7FA L] 1ol SA. FMT9
735 FAA} Aol AE, 9 BE F E2FEsid
ITREZY JAY, M Fo] fAaEolof & EA=

A=A AT,

CDIC| gk HAG=X5 Bd AT= Tolshz] o
gl Bo g M4l QPYF 5o, B SFEEE
FAFEER g, S5, 29 v & R =
Y 2, AFFEE, B, & 5] ARy A
O 7 thgE= o] B AT o] FE3E A o)

£ 53 CDI X 59 7FeAS

Aol AR #5= AEALAIE|(Jeongeup, Korea)
C. difficile KCTC 5009, Bacteroides fra-
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gilis KCTC 3688, #n}o] 2 8l(Kimpo, Korea)oll Al &
Q-2 Lactobacillus plantarum, Bifidobacterium bifidum
< o] &3 Tth ASHAIZ C. difficile, Bacteroides fra-
gilis2 reinforced clostridial medium agar (RCM agar;
BD Difco 218081)<, B. bifidum< MRS-cysteine (MRS
supplemented with cysteine 0.5 g/L) agar (1.5%)<, L.
plantarum-& MRS agar (1.5%)< ©]-83}e] v sttt

2. Bt
1) Paper disc agar diffusion method

Vancomycin 3 HeFA|| o] 3+t €42 paper disc agar
diffusion method< ©]-&3to] ERISIATE Vancomycin
2] 749~ CDI® metronidazole®} 34 718 Bo] A8
= AR FdzTo g AU, C dificile
9] - 10° CFU/mLZE, Bacteroides fiagilis, L. planta-
rum, B. bifidum®] 73-%- 2x10° CFU/mLZE Z}z+e] a4
agar Wi Aol 2~3%E HE3AH ©]F F5 2.5 mgmL,
1.25 mg/mL, 0.63 mg/mL, 0.32 mg/mL, 0.16 mg/mL,
0.08 mg/mL, 0.04 mg/mL2] vancomycin®} 10 mg/mL2]
FEFEEES 30 pLY E531e] 37°CollA] 24435
ok HiGFRE 3 ASA AT IRIEATE FEFE RS
THE7] 918k 20 mg®] °FE F=ES 18 uL dimethyl
sulfoxide (DMSO)<} 42 pL phosphate buffered saline (PBS)
£ FUkt EalAFTh ke =<1 8ol gk JF
< Yolr7] 9% tZ2T 22 30% DMSOE ARSI

2) 2T SE 4=2 30% AIEE F=

FRTSkE QPR U U AL
Z

g< Baste] 1000%Fe] 30% e

rpmOl A 1A AARElsk= A S 33 1
B3 & 2ol 343l 40°CoA] HE=8ke] 393
FAAZA AT

3) C. difficile D&

(1) Genomic DNA =&
RCM agar plate| Xl W= C. difficile, Bacteroides
fragilis?} MRS agar plate®ll Al Wi L. plantarum, B.

bifidum colony 1715 Zt7+e] vljeFel] 5 mLol| &3 &
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37°CollA] 24A17FE<E viFstit 2 mid=

et el AAT & Y3 759
pelletoll 4] QIAamp fast DNA stool mini kit (51604;
QIAGEN, Hilden, Germany)S ©]-83}o] A| 2] A3
o] w2} genomic DNAE FE3I%t

(2) Polymerase chain reaction (PCR)

PCR ¥ primer= C. difficile?l| Al 7198 toxin A%}
toxin BE &Rleh= WS 0|83 o] A& Farst
Fom2) PCRA| ARE-E primerE-2 Table 10 YER]
ATk PCR< template genomic DNA 1 uL (50 ng), pri-
mer= forward®} reverse Z+Z} 1 pL (10 pmole), distilled
water 17 pLE 419] reaction volume 20 pL= 335}
t}. PCRoll A3k kiti= AccuPower PCR PreMix kit
(K-2016; Bioneer, Daejeon, Korea)Z A|ZALS] 2| Z ol
w2} PCR< 33831 TE PCR AHE2
of #elst 100 VoA 3&, 50 VollA 2+
& UV illumination (LAS-3000; Fuji Photo Film, Tokyo,
Japan)S ARE3St WMES SIsRITh

S AR

1.5% agarose gel
71953

4) Z|AX3HsE(minimal inhibitory concentration,
MIC) &4

FHE TR k=] MIC %42 21380 Broth microdilution
method & -&-&3IATH2. WA C. difficile>- 5 mL RCM
HjZ] ol A 18~24A1%F vl YFatal, 650 nme] S4=7} 0.3
o] FA HjFA-E g 5 96 well plateol] 100 pL2 &
F3Ath FE9] FEE 20 mgmLE AFOE Slo
serial dilution .2 284 3435} 10 mg/mL, 5 mg/mL,
2.5 mg/mL, 1.25 mg/mL, 0.63 mg/mL, 0.32 mg/mL,
0.16 mg/mL, 0.08 mg/mL, 0.04 mg/mL F=7}4] &4
g % 100 pL¥ 53T o] F 2441 v’k # C
difficile®] 20l PIX&= F&E 650 nmollA4 ELISA
reader2 ©]-&3t] ZA3IA T

-
3 _L]-»»»

1. C. difficile tH| &=

li)I'

B AFE I8t C difficile TP 3+ A9E B
O 2 dAEE TR oFE 7758 A3 T Table 10).
dolZz7 o2 AgH vancomycin®] C. difficile TH]
TAIE AldY & SR 2| Eclear zone)©] 22 mmZE 20
mmE Z34¢ 0.63 mgmLe A FTEZ 23Tt
(Table III). Paper disc agar diffusion method& &3+ C.
diffcle o) AR A, 1= A%, AnA, B
3, o, wes, 2
W, A, A
T<, 33, ]é A
+ (8~12 mm) 3] BFAA TS FA kA C. difficile
o] & B3} Qe A o2 SRIE ST Table 1V, Fig. 1).

o2 il
<

oot

7 2
]
- H,
TE QW Y 52589 oF=ol

2. St A 7t CHH

o

rigk=aL,

Y& A A8kl + (8~12 mm) OS2 C. difficile T
H] g+ 397 gRlE 259 oFES tIde R 3ty
IR Bacteroides fragilis R 2151 B. bifidum, L.
plantarum HA FAANPE ABSIATE Bacteroides
fragilis©ol FEE W 2T 7= A%, B F
23} 5 19%°] EJAHAOH, B bifidumol| FEHES
Bl FERE o, A, &%, onf T 6F0] &<
A}, L plantarum®] 8-S B 5 X 15
og ﬂ?lﬁ?iq'

ol wet ol glo] i}O]% Hol= oFEo]

& OIQ AT s, Sk, 5 =
=3 S = T R ol digd
S C. difficile A St EF7}F ASAAZE + (8~12 mm)

Table L Sequences of the Nested Polymerase Chain Reaction Primers

Division Primer
Toxin A CD TedA (NK 1)-F

CD TedA (NK 2)-R
Toxin B CD TedB 3-R

CD TcdB 1-F

CD TedB 2-R

Sequence (5'-3")
GGACATGGTAAAGATGAATTC
CCCAATAGAAGATTCAATATTAAGCTT
GCTTCT TCA ATC CTT TCC TC
GTGGCCCTGAAGCATATG
TCC TCT CTC TGA ACT TCT TGC
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Table IL List of Herbal Extracts for Antimicrobial Test

Pharmaceutical name Extract Pharmaceutical name Extract
Puerariae Radix 95.0% EtOH Bupleuri Radix 95.0% EtOH
Chrysanthemi Flos 95.0% EtOH Bupleuri Radix DW
Angelicae koreanae Radix 95.0% EtOH Ligustri Fructus 95.0% EtOH
Zingiberis Rhizoma 95.0% EtOH Ligustri Fructus DW
Zingiberis Rhizoma DW Forsythiae Fructus 95.0% EtOH
Cassiae Semen 95.0% EtOH Forsythiae Fructus DW
Cinnamomi Cortex 95.0% EtOH Nelumbinis Semen 95.0% EtOH
Sophorae Radix 95.0% EtOH Mume Fructus 95.0% EtOH
Pogostemonis Herba 95.0% EtOH Evodiae Fructus 95.0% EtOH
Lycii Fructus 95.0% EtOH Euodiae Fructus DW
Lonicerae Flos 95.0% EtOH Achuranthis Radix 95.0% EtOH
Aloe 95.0% EtOH Polygalae Radix 95.0% EtOH
Angelicae Sinensis Radix 95.0% EtOH Polygalae Radix DW

Arecae Pericarpium 95.0% EtOH Myristicae Semen DW

Arecae Pericarpium DwW Coicis Semen 95.0% EtOH
Rhei Rhizoma 95.0% EtOH Coicis Semen DW

Rhei Rhizoma DW Ginseng Radix 95.0% EtOH
lllicii Veri Fructus DwW Santalini Lignum Rubrum DW
Eucomiae Cortex 95.0% EtOH Perillae Herba DW

Liriopis Tuber 95.0% EtOH Erycibae Caulis 95.0% EtOH
Liriopis Tuber DwW Erycibae Caulis DW
Chaenomelis Fructus 95.0% EtOH Caryophylli Flos DW
PaeoniaSuffruticosa 95.0% EtOH Aurantii Fructus DW
PaeoniaSuffruticosa DwW Ponciri Fructus 95.0% EtOH
Saussureae Radix 95.0% EtOH Ponciri Fructus DW
Saussureae Radix DW Gentianae Macrophyllae Radix 95.0% EtOH
Myrrha 95.0% EtOH Gentianae Macrophyllae Radix DW
Pinelliae Tuber 95.0% EtOH Aurantii Nobilis Pericarpium 95.0% EtOH
Ledebouriellae Radix 95.0% EtOH Plantaginis Semen DW
Ledebouriellae Radix DwW Xanthii Fructus DW
Pulsatillae Radix 95.0% EtOH Meliae Fructus DW
Dictamni Radicis Cortex 95.0% EtOH Gastrodiae Rhizoma 95.0% EtOH
Dictamni Radicis Cortex DwW Gentianae Scabrae Radix 95.0% EtOH
Paeoniae Radix alba 95.0% EtOH Gentianae Scabrae Radix DW
Paeoniae Radix alba DW Alismatis Rhizoma DW
Atractylodis Rhizoma alba 95.0% EtOH Smilacis Rhizoma 95.0% EtOH
Atractylodis Rhizoma alba DW Machili Thunbergi Cortex DW
Dolichoris Semen 95.0% EtOH Tetrapanacis Medulla 95.0% EtOH
Dolichoris Semen DwW Tetrapanacis Medulla DW
Cynanchi Wilfordii Radix 95.0% EtOH Fritillariae Bulbus DW
Cynanchi Wilfordii Radix DW Taraxaci Herba 95.0% EtOH
Hoelen 95.0% EtOH Kalopanacis Cortex 95.0% EtOH

50 ] Korean Med Rehabil 2021:31(1):47-57.
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Table II. Continued

Pharmaceutical name Extract
Hoelen DW

Rubi Fructus 95.0% EtOH
Rubi Fructus DW

Amomi Semen 95.0% EtOH
Amomi Semen DwW

Crataegi Fructus 95.0% EtOH
Crataegi Fructus DW

Corni Fructus 95.0% EtOH
Dioscoreae Rhizoma DW

95.0% EtOH
95.0% EtOH
95.0% EtOH
95.0% EtOH

Mori Radicis Cortex
Acori Graminei Rhizoma
Asiasari Radix

Perillae Folium

Pharmaceutical name Extract
Cyperi Rhizoma 95.0% EtOH
Cyperi Rhizoma DW
Scrophulariae Radix 95.0% EtOH
Scrophulariae Radix DW
Nepetae Spica 95.0% EtOH
Nepetae Spica DW
Scutellariae Radix 95.0% EtOH
Scutellariae Radix DW
Coptidis Rhizoma 95.0% EtOH
Coptidis Rhizoma DW
Phellodendri Cortex 95.0% EtOH
Phellodendri Cortex DW
Polygonati Rhizoma DW

DW: distilled water, 95.0% EtOH: 95% concentration ethylalcohol.

Table IIl Antimicrobial Effect of Vancomycin on Clostridium

difficile

Vancomycin Size of Clostridium
concentration clear zone difficile
(mg/mL) (mm) (KCTC 5009)
2.5 25 -+
1.25 23 -+
0.63 22 -+
0.32 20 -+
0.16 18.5 -+
0.08 1.5 ++
0.04 1.2 +

+: 8~12 mm, ++: 12~16 mm, +++: 16~20 mm, ++++: larger
than 20 mm.

Y3 2, Bacteroides fragilis ™A d E37}
H

R FEBME HAHA e wHA 95% ofehS

=

o Edy]e] A% 95% oS FE2ET S/
FZ=0A C difficile WA &+t A7} AFAAS +
(8~12 mm)Z FLEAY B bifidum3t BH3I F
F FEEAAME 7 23 ERIEA e vbd
95% oehE FEFoAE + (8~12 mm)E FRIF AT
Bx 9 3o A9 AT Bacteroides fragilis 2

S B. bifidum, L. plantarum D8] I+ EH7} 95%

Fig. 1. Paper disc agar method to identify antimicrobial effect
on Clostridium difficile. V 2.5: vancomycin 2.5 mg/mL, V 1.25:
vancomycin 1.25 mg/mL, V 0.63: vancomycin 0.63 mg/mL, V
0.32: vancomycin 0.32 mg/mL, V 0.16: vancomycin 0.16 mg/mL,
30% DMSO: 30% concentration dimethyl sulfoxide, 1, 2, 3:
candidate herbal medicine number 1, 2, 3.

=

NetE 25 2 FHT FEEINA T, C
difficile TN¥] & G397} 95% olghe FEE0| S/
ZE0] B3] O TS Ao E FIFKTable IV, Fig. 2).
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Table IV. Antimicrobial Effect of Herbal Extracts

Pharmaceutical name Clostridium Difficile Bacteroides fragilis Bifidobacterium Lactobacillus
(KCTC5009) (KCTC3688) bifidum plantarum

Chrysanthemi Flos + + R _
Zingiberis Rhizoma + + - _
Cassiae Semen + - - -
Pogostemonis Herba + ++ - -
Lonicerae Flos + ++ - -
Arecae Pericarpium ++ +++ - _
Rhei Rhizoma + ++ - _
Rhei Rhizoma + - - _
Liriopis Tuber + - - .
PaeoniaSuffiuticosa + - + _
PaeoniaSuffruticosa + - - _
Dictamni Radicis Cortex ++ - - -
Rubi Fructus + ++ - -
Crataegi Fructus -+ -+ - _
Corni Fructus e . ; }
Asiasari Radix + T + _
Perillae Folium + +++ + _
Ligustri Fructus ++ ++ - _
Forsythiae Fructus ++ -+ - _
Mume Fructus +++ - ++ R
Evodiae Fructus + ++ - _
Achuranthis Radix + ++ - _
Erycibae Caulis + + - _
Ponciri Fructus ++ +++ - _
Tetrapanacis Medulla - - -+ 4+
Tetrapanacis Medulla +H+ - -+ T+
Scrophulariae Radix + + - _
Coptidis Rhizoma +++ ++ -t R
Coptidis Rhizoma + ++ -+ -
Vancomycin (0.65 mg/mL) -+ + -+ R

+: 8~12 mm, ++: 12~16 mm, +++: 16~20 mm, ++++: larger than 20 mm.

(A)

Fig. 2. Paper disc agar method to identify antimicrobial effect on commensal and beneficial bacteria. (A) Paper disc agar method
applied to Bifidobacterium bifidum, (B) Paper disc agar method applied to Bacteroides fragilis, (C) Paper disc agar method
applied to Lactobacillus plantarum. 30% DMSO: 30% concentration dimethyl sulfoxide, V 0.63: vancomycin 0.63 mg/mL, 1,
2, 3: candidate herbal medicine number 1, 2, 3.

52 ] Korean Med Rehabil 2021:31(1):47-57.
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Table V. Antimicrobial Effect of 30% Ethanol Herbal Extracts

Pharmaceutical name Extract (KCTC5009)
Crataegi Fructus 30% EtOH +++
Corni Fructus 30% EtOH +H
Mume Fructus 30% EtOH -
Coptidis Rhizoma 30% EtOH ++
Vancomycin (2.5 mg/mL) -+
Vancomycin (1.25 mg/mL) -+
Vancomycin (0.63 mg/mL) -+

Clostridium Difficile

Bacteroides fragilis  Bifidobacterium Lactobacillus
(KCTC3688) bifidum plantarum

+H+ - -

+H+ - -

et - -

++ ++ -

+++ -+ -

et R -

++ et -

+: 8~12 mm, ++: 12~16 mm, +++: 16~20 mm, ++++: larger than 20 mm, 30% EtOH: 30% concentration ethylalcohol.

Table VI. MIC of 30% Ethanol Herbal Extract in Clostridium difficile

Growth of various concentration (mg/mL)

Herbal extract

20 10 5 2.5 125 063 063 031 015 0.08 0.04 0 MIC
Crataegi fructus - + + + + + + + + + 10
Corni fructus - + + + + + + + + + + 20
Mume fiructus - - - + + + + + + T " 5
MIC: minimal inhibitory concentration, -: no growth, +: growth.
3. 2|32 MY 2 MIC &2l (&) ®

o] ASAA|ZE ++ (16~20 mm)
oo g SRIE AL Ak, 2, B&, 9ol TR
EAE ARHASL T2 A5 TR B, bifidum
L L plantarum HH] AASAAE +++ (16~20 mm)=
grteo] gRlE]o] THOA A 2|EFHATH Table V).

AL AbEA, 2, RS 30% ol FE3l 5
A3k AES vHESE Ad AL AR, e C o diffi-
cile Y] AS5AAZ ++ (16~20 mm) °©]/de] -5
S Bl vhd, 32 ASA A S ++ (12~16 mm)
o2 vwA okt FHEE BHYow, {2 B bifi-
dum THH] BSA A ++ (12~16 mm)e] 18-S 714
= 202 gRIFo] HF FHA A28 THTable V,
Fig. 3).

FHF THE AL A, e0lE A5k MIC testE
Algstact Al Ax, Z47Fe] MICE= AHAR= 10 mg/mL,
AR 20 mg/mL, 7= 5 mgmLE FRIE AT
(Table VI).

(D)

Fig. 3. Antimicrobial effect of 30% ethanol herbal extracts.
(A) Paper disc agar method applied to Clostridium difficile,
(B) Paper disc agar method applied to Bifidobacterium
bifidum, (C) Paper disc agar method applied to Bacteroides
fragilis, (D) Paper disc agar method applied to Lactobacillus
plantarum. V 2.5: vancomycin 2.5 mg/mL, V 1.25: vancomycin
1.25 mg/mL, V 0.63: vancomycin 0.63 mg/mL, 30% DMSO: 30%
concentration dimethyl sulfoxide, CR: Coptidis Rhizoma, MF:
Mume Fructus, CF1: Crataegi Fructus, CF2: Corni Fructus.
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C. difficile=>- 1978’3l #1213 Tl SEAfell A 2
HATL BaE do|tP). F2 Aks T w6
FARANA St FAES EHlskHT ol F
toxin AT /I M E 9] tight junctions =314 THE
o] toxin ART} 2F 1,0008) 71 S4do] && toxin B7}
A Z WE AYSt=E Fi1 23S EHATI=
FRS Yo, AGA5E 98l ddstke A
9 HEEY xS e E o Al s

& AAIS A3 oF 16%7) C. difficile ¥4 0.2 &
W CDI=
A¥rA o 7 FTtsh= FAo|t ), wheba] FHiA)
Zojgtael 9 A F ALE el e By
A7) A= A=Y B¢ C difficile®] 78 2 A
Tof Bo} ZpE% Fofrt E a6t

CDI A 5ol A7} 25202 o] g-gof wzt WA
<= 7R #57F 288 H30k 19783 5E 198337}
A9} clindamycin, 1983'd5-E 2003'37}4] cephalosporin
A€} fluoroquinolone A ] ARg-o] WA 59
S AAE] Aokar AAA I e, 2003 FH
20061 Atololl WF C. difficile &5 BI/NAP1/0277} &
AstAA WANE 2 934, AdE Fol ke
K57} AHYZ A oItP). Metronidazole T} vancomy-
cin®] 1970'dthF-E] CDI A Foll F50] Fo] AHEH L
R} o3 ApEe] 9ol EAgIT) o]9f ¥k
2011l 7148 T1EA vtElg]otel] thalshe fidax-
omicin®| = 2]3F-2]¢F=(Food and Drug Administration)
o] RIS ol ARREY] AR A BES 90%E
vancomycin¥} FARSI o™ AE0] 15%Z vancomy-
cin®] 25%%1 A3 Hlwste] BlwA wtont kA <
H& BUNAP1/027 dollAM = AdEC] 38%= &<l
%o, H]-8o] vancomycin 2T} HIMATH= Tho] &
Ajste] ofzds] ARgo] AFHE L AT,

ghA A vAEY EXPo R Qlst CDI7L A
= 23 #HE3I probioticsE ©F =A2] oIx]|7}
J o} SHHQIEHA AREE L ATP). Probioticst= U
BE B3 3 EA = AR 2 dHA der,
Ruminococcus gnavus™ 22 7 Uoll Alst= 54 v

e Aol slze o ATk dH oA gEAE

2

i

>~

Mt O o or
flo nit

X

Ir

o

3‘10

d
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2

=3t C. difficile®] 37-& AAISH= A O0E Ao
AT, B AFolAM = C. difficiles SAISH= THH, pro-

3R Bacteroides fragilis® V1 X 9SS Solr il
A BFATD,

o] AFol|A 77F2] TH kR F 25%0| C difficile
oiH] -S4 A S + (8~12 mm) ©)/de] dt &35 Hol
= 2o = RIS o] F 4M} A, W, &
go] C difficile THP] ASAHAZE +++ (16~20 mm) ©|
Fo = Ef oFE thv] e A aFE B SHE
AAE AT B2 - 95% AerE& FE2E53 SF/HT
FEE Z5)A probiotics®! B. bifidum, L. plantarum
off thated BHA A& +++ (16~20 mm)e] <A A7}
FRlFo] HF FHOA Attt FHL 95% e
& FEEY THF FEE ZFAM fHF T B bifi-
dum®) th3te] AEA RS +++ (16~20 mm)2] JA] &
H7F FRIE o, Zpze] el digh Al art
vancomycin@} AR FE|E B O, 95% oehE 5
e SHT FEEO WE C dificile A &3}
zto|7} Bod ARAL Ak, Qufel TlEo] 30% of B
& FEEE ANFE WA A AL A, 207t
C. difficile 2 Bacteroides fragilis®l T3} A S22 &
+++ (16~20 mm) ©]32] A &35 Ho|= Zo=Z 3
A=At AL C difficile 2 Bacteroides fragilis®ll
thate] ASAAS +H (12~16 mm)Z FTHF o2 o
AA EAE HAow, F#l B bifidumol| Tk
S A| 8 ++ (12~16 mm)2] A &7} SAE ST
mwebA HE $TE ERE AL 4, LulE s
o] MIC Z78< Akl om, Z47e] MICE= 10 mg/mL,
20 mg/mL, 5 mgmLE A=A}

YAAP = STl fIslE HAasketA Aol A
Ae AAAY ol FtES vttt e
A7 Mlolu Xt Apdol] oj&Estal e, of
Qo= 21 E A 7]¥4gF phenolics, terpenoids, alkaloids,
lectins, polyacetylenes 52| &§=°] A+ 345 Kl
O 4R Qo). e T AlEd e
AR 2 e 2] HECFEEAP, berber-

ine, jatrorrhizine, palmatine, coptisine 5 & &= 7}



Clostridium difficile®]] Tt Tt SHFA &A1 AL

2 alkaloidsE Eglslar
lactiae, Staphylococcus aureus, Enterococcus faecium &
o] #FE AAIskE AR AR JYrP. AR £
ATNAM = C difficile QA 7} 4L, A, 2w
of Hlwste] JriFom wigtom, T2 van-
comyicn¥} FLg o2 [F-AHFA B. bifidum| T
A A G97} ERI=ElS] C difficile ¥ FEEH
THE Asle oEe AoE ATEAT

Abab= gRofstel ARl HALo = Al
oh&-uH, Bk 2Heol ol EhmitES X5k
ol AREEH7E P, ALY 9 RO E = cratae-
golic acid, malic acid, citric acid, vitamin C, tannin, sap-
onin®] $12™, ©] F tannin¥} saponin®| T FE-ES
she 2108 dEA AvP). AAPE C. difficileol] TR
FHE/dE BolA gUthE ol A% ESAshY,
AT E F53 B35 Hole Zo=E IRIFHU
 AMEE RO R ofY] %O HiMEHS K
ol=Hl 1 8 ¥ °=Z morroniside, loganin, cornin,
gallic acid, tartaric acid, malic acid”} TP, ol F
gallic acid= Staphylococcus aureus®l| & T35 Eo|
= AoE e om?), L FFE0| Escherichia
coli, Pseudomonas aeruginosa 52 3 ool I+
BHE BAte A7 SA/TPO. us LEgEE
EREH kel Aol KEAME A Sdh= A=
citric acid, sitosterol, oleanolic acid, kaemf.-7-glucoside
AEo 7 S Enterobacteria, E. coli,
Klebsiella pneumoniae "2 5%} st 1 a7}
B al Qopso. -?49} 7’*0] C. dﬁ"cileoﬂ Efiiﬂri

AN Streptococcus aga-

o o oot

[e]
= T8

FEARE BoRe BHIEH ALGEILE
B AMAH O FohA oldel AE 2ol B
2 AGSHE 297} Bor FF A3} Bl
23] AHgHES W) 1 s

7} 5748 4 o, B AAS C difficile DS}
o g+t B} lokal B 7 AL Ak, eElE X
ElEls irﬂrﬂﬁl e Ao HEEERS Fikste
HETGC) ZR1EANem® =35 CcDl # F7HHRI
AT } 193k Zloz AztE,

B AFolA ARAL AR, 2ull= CDI #F A5 3

AJAQ1 vancomycin®] ¥ B. bifidum®l 485
7= A vlwste] A+ B. bifidum 2 L. planta-
rum®l TIgE JA| glo] C. difficile TIH] JAEHE 7}
e Aoz A 3HATF vancomycind} FL 3}
Al 23] Bacteroides fragilis T8 A &35 71A|
= Aol #EFHJT. B vgE] o3 rHoe=w
C. difficile®] A &35 W|X|=A] o} A 1
| A] kol TR ofxjEo] Aol FEFE HIX|= Zlo]
RIH o] delAe axs IS = ok =3
AU P E ool ZAFAY B, 579 Wy &
7 5°] CDIY| B2 o g 2hg-at7] wiZol C. difficile
o A3 oA E3E Hol= AReE CpIol &7}
Atk gHlsh7leE "€tk mebA F5 ATe AA
Fof Alof] el a3l ik A7t FrhE oo &
Zlolth. mA|to 2 B AFoA SR, dgs T F
= 8o TF 2 & wxo & It 39| o)
7} AFE Q7] w ol AAE BrHE e HAo
S2E Fe A7 AldEojoF & Flojtt

difficile A v AIE Gotrr] 93 AT A=
o A
1. 77% A9 C difficile T 35 2AI%E A3}
e, A%, ARy, 233, 23] diEy], i,
s, STy, WAy, B2AL AL A Al
A, 2%, AR, A, e, e 95 BES,
A, T Ak B9 5 25T ofEo] ASAA
S A3t C difficile t¥] &<+ B3-S BT
2. C. difficile THH] % g AukRlo g Z=R7F =
R of|gE FEElA SAYA At E8hth
3. ARAL Ab, |, B&, ol C difficile TB]
AEA A2 +++ (16~20 mm) ©]d 2= vancomycin
(0.63 mg/mL)2] ++++ (larger than 20 mm)3} H] !
st % oA A5 Ktk
4. Tx°| 735 F< B. bifidum
B A A8 +++ (16~20 mm) o2 A F3}
7F FR1Eo] FHA A Qs

9 L. plantarum
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bifidum, L. plantarum®l g+ A Qlo] C. difficile
7 B35 BHlve AS g]lsigion F714 At
Bl C difficile N5 FH 22X &84 F IS
oz Amg,

o) 739 57 B. bifidumol &k AH-5A
A ++ (12~16 mm)e| A G377} SRlF o] 5
RojA A&tk

. 30% olRRE = AL A, Qe felit B
bifidum, L. plantarum®] D3+ A glo| C. difficile
o] &+t &35 By

. 30% oNehE = ARAL 4k, 289 C difficile
B MICE Z+2} 10 mg/mL, 20 mg/mL, 5 mg/mL
¢l Zlo® glatdTh

LB AT A C difficile TR S B3 71 4
AL AEE, Qs X3S Asr)A] T Ao
FEEEE G SR

olFe] A= Kol AL A, Quizt o+ B.

(
ot

DR
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