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Abstract In this study, the ethanolic extracts of 40 species of traditional herbal medicines were examined for their
antimicrobial activities against Clostridium difficile. Among the 43 screened traditional herbal medicines, Achyranthes
Japonica Nakai (AJN), Siegesbeckia glabrescens Makino, and Phelloedendron amurense Ruprecht showed antimicrobial
activities greater than 90% at a concentration of 500 ppm. According to the minimum inhibitory concentration (MIC) test,
the ethyl acetate soluble fraction of the AJN ethanolic extracts (AJINEA) showed the highest growth inhibitory activity
against C. difficile, with a MIC of 625 pg/mL. In addition, the effect of AJNEA on the growth of lactic acid bacteria was
investigated. AINEA did not inhibit the growth of the tested Bifidobacterium spp. or Lactobacillus spp., with the exception
of B. longum, Streptococcus thermophilus, and L. helveticus. These results indicate that AJNEA can be utilized as a

potential antimicrobial agent against C. difficile related disease.
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Table 1. Screening of antimicrobial activity of herbal plant extracts against Clostridium difficile. Each ethanolic extracts of herbal
medicines was treated at 1,000 ppm in RCM broth as final concentration

Botanical origin Scientific name Family name Used part® Inhlbltczal))actlvny
Achyranthes radix Achyranthes japonica Nakai Amaranthaceae Ra 98.4+0.7
Aconitum koreanum Aconitum koreanum R. Raymond Ranunculaceae R -
Acorus gramineus Acorus gramineus Soland Araceae Rh 30178
Angelica gigantis radix Angelica gigas Nakai Umbelliferae Ra 279+28
Angelica koreanae radix Angelica koreana Max. Umbelliferae R -
Atractylodis rhizoma alba Atractylodes japonica Koidz Compositae Rh 36.2+6.0
Aurantii fructus Citrus aurantium L. Rutaceae Fe 66.9+9.1
Bupleurum falcatum Bupleurum falcatum L. Umbelliferae Ra 124+45
Celosiae semen Celosia arentea L. Amaranthaceae Se 13.9+9.1
Chaenomelis fructus Chaenomeles sinensis Koehn Rosaceae Fr 13.1+114
Clematidis radix Clematis mandshurica Rupr Ranunculaceae R -
Cnidium officinale Ligusticum chuanxiong Hort Umbelliferae Fr -
Coptidis rhizoma Coptis chinensis Franch Ranunculaceae R 274+£6.7
Corni fructus Corus officinalis Sieb. et Zucc Cornaceae Fr -
Crataegi fructus Crataegus pinnatifida Bunge Rosaceae Fr -
Cyperi thizoma Cyperus rotundus L Cyperaceae Se 154+6.7
Dictamni cortex Dictamnus dasycarpus Turcz Rutaceae Ra 158+95
Erycibeae caulis Erycibe obtusifolia Benth Convolvulaceae C 449+24.8
Eucommiae cortex Eucommia ulmoides Oliv Eucommiaceae C 10.7+£3.8
Gastrodia elata Gastrodia elata Blume Orchidaceae R 226+54
Gentianae radix Gentiana scabra Bunge Gentianaceae R 12.0£33
Ginseng radix Panax ginseng C.A. Meyer Araliaceae R -
Hoelen (Poria) Poria cocos Wolf Polyporaceae w 133+94
Kalopanacis cortex Kalopanax pictus Nakai Araliaceae C 424+74
Ledebouriellae radix Ledebouriella seseloides Wolff Umbelliferae R 59.5+9.6
Ligustri lucidirfructus Ligustrum lucidum Aiton Oleaceae Fr 18.1+9.0
Liriope platyphylla Liriope plathyphylla WANGET et TANG Liliaceae Fr 273+5.7
Lonicerae flos Lonicera japonica Thunberg Caprifoliaceae Fl -
Mori cortex Morus alba L Moraceae Sb -
Moutan radicis cortex Paeonia suffruticosa Andr Paeoniaceae C 17.0+0.6
Paeoniae radix alba Paeonia lactiflora Pall Paeoniaceae Ra -
Phellodendri cortex Phelloedendron amurense Ruprecht Rutaceae R 90.0+3.0
Platycodi radix Platycodon grandiflorum ADC Campanulaceae Ra 57.6+14.9
Polygoni multiflori caulis Polygonum multiflorum Thunb Polygonaceae Ra 10.8+3.6
Poncirus trifoliata Poncirus trifoliata RAFIN Rutaceae Ra 22.1+9.1
Puerariae radix Pueraria thunbergiona Benth Leguminosae R -
Rubi fructus Rubus coreanus Miq Rosaceae Fr 171+ 64
Schisandrae fructus Schisandra chinensis Baill Schisandraceae Fr -
Siegesbeckiae herba Stegesbeckia glabrescens Makino Compositae L 939+1.7
Smilacis glabrae rhizoma Smilax glabra Roxb Liliaceae Rh 124+6.7
Sophorae flavescentis radix Sophora flavescens Ait Leguminosae Ra 63+7.1
Taraxacum mongolicum hand Taraxacum platycarpum H Taraxacum St 28.5+164
Tetrapanacis medulla Tetrapanax papyriferus K. Koch Araliaceae St 17.7+10.9

*C: cortex, Fl: flower, Fc: fruit cortex, Fr: fruit, L: leaf, R: root, Ra: radix, Rh: rhizome, Sb: stem bark, Se: seed, St: stem, T: tuber, W: wolf.
Result was presented as meantS.D. (n=4).

°-: no inhibition.
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Fig. 1. Antimicrobial activity of each solvent fractionates from
Achyranthes japonica Nakai (AJN), Siegesbeckia glabrescens
Makino and Phelloedendron amurense Ruprecht ethanolic
extracts against Clostridium difficile. C. difficile (0.3 at O.D.
600 nm) was inoculated into 10 mL of RCM broth containing
500 ppm of each of the filtered fractions separated from AJN,

Siegesbeckiae herba and Phellodendri cortex was incubated at 37°C
for 12 h.

Table 2. Antimicrobial effect of ethyl acetate fractionates from
Achyranthes japonica Nakai ethanolic extracts (AJNEA) with
different concentrations against Clostridium difficile

Concentration Inhibition activity
(ppm) Growth inhibition (%)  Clear zone (mm)

AINEA 50 - 2
100 569+1.5 +b
200 11.13+ 13 +
300 2289+13 ++4°¢
400 6250+ 1.6 ++
500 96.80 + 1.2 o

Vancomycin 12.5 98.23+1.2 =+

: No antimicrobial activity, C.Z.(clear zone) of sample <10 mm.
: C.Z. of sample 10-13 mm.

: C.Z. of sample 13-16 mm.

: C.Z. of sample >16 mm.
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Fig. 2. Growth inhibitory effect of ethyl acetate fractionates from
Achyranthes japonica Nakai ethanolic extracts (AJNEA) against
Clostridium difficile. The control was inoculated C. difficile (0.3 at
0.D. 600 nm) without any treat and incubated at 37°C for 20 h.
Tested concentration of filtered supernatant from Lactobacillus spp.
was 100 ppm at the final concentration.
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Fig. 3. Growth effect of ethyl acetate fractionates from
Achyranthes japonica Nakai ethanolic extracts (AJNEA) on
Bifidobacterium spp. (A) and Lactobacillus spp. (B). These species
were inoculated into 10 mL of TPY broth or MRS broth (2 %, v/v)
with or without AINEA (500 ppm) and incubated at 37°C for 12 h.
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