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In this study, we investigated the antibacterial effect of 69 oriental medicinal herbs (OMHs) on
Actinomyces viscocus, Streptococcus sobrinus, and two strains of Streptococcus mutans as oral bacteria.
Methanol extracts of OMHs were used in the first antibacterial test, and then boiled water, ethanol,
methanol, and ethyl acetate extracts of C. japonica, C. sappan, P. mume, and S. chinensis were used
in the second test. Boiled water extract of C. japonica was shown to have the most superior effect on
oral bacteria. The extract yield of boiled water extract of C. japonica was 22%, and the growth of
oral bacteria was almost inhibited at over a 180 mg/ml concentration. Antibacterial effect compound
analyzed by UPLC method was identified as berberine, and the content was 25.54%. In addition, the
extract appeared to be stable at 121°C for 15 min.
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1.

SAZE Y B

SHokA| Y] FAtaAsS ZAR) 98k S. sobrinus KCCM
11898, A. viscocus KCCM 12074, S. mutans KCCM 40105
9 S. mutans KCCM 410325 S=m|AEREAHZRE 2
& ol ARESIATH

FATFL] HiS $151] Brain Heart Infusion (0.77% calf
brains, 0.98% beef heart, 1.0% proteose peptone, 0.2% dextrose,
0.5% sodium chloride, 0.25% disodium phosphate, pH 7.4;
Becton Dickinson, USA)S AF&3IHTL AT 37°CollA

Table 1. List of oriental medicinal herbs for this study
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AR Akl e S, mutans KCCM 41032¢] 7% 37°C,
10% CO, Z719] vj}7|(Hera cell®, Thermo, USA)®llA] vk
st AES SEiA FAIETE aAEIA ] HEst] ek
g 4°ColA] BASPHA ARSIl en g Sl & WY A
o wikste] AE 243 oAl Ald) st 12 Edsiazl
T A3

FE29| M=

paotg ulEo 2 U 950 Db B AT
JEE 208 FE97] 93 SuE B, olwg, g 2
NPoLAHOIES ST ke, HEE 2 ook
o|ES olg FEZe] AL gekilol 10v]2e] Suls 7}
Stal 2ol A 100 rpm, 24A17F wHE AlZ] 3 o] INFilter
paper No. 2, Whatman, Japan)$t & 3 3] 5%7|(Rotary
evaporator, Buchi, Switzerland)Z 739} w53t Zzte] &)
2 A dEsk & 0.2 um filter (Minisart RC 25, Sartorius,
Germany) = Altste] FHISIITE Qe §ofjol] &gk 3+t a st
7F Uebe 7 Il ® ARoA FaAoR 307 ol dx

Species name (Part, recovery rate)

Species name (Part, recovery rate)

Areca catechu (Seed, 7)

Artemisia apiacea (Aerial part, 9)
Artemisia capillaries (Aerial part, 12)
Artemisia princeps (Leaf, Stem, 11)
Caesalpina sappan (Stem, 8)
Capsicum annuum (Fruit, green, 46)
Capsicum annuum (Fruit, red, 59)
Carthamus tinctorius (Flower, 6)
Chaenomeles sinensis (Fruit, 85)
Chelidonium majus (Aerial part, 11)
Chrysanthemum indicum (Flower, 49)
Cinnamomum cassia (Stem, 6)
Cirsium japonicum (All, 13)

Citrus unshiu (Fruit, 64)

Citrus unshiu pericarpium (Fruit, 35)
Clematis mandshurica (Root, 18)
Cnidium monieri (Fruit, 7)
Commelina communis (Aerial part, 6)
Coptis japonica (Root, 12)

Cornus officinalis (Fruit, 123)
Corydalis ternate (Stem, 2)
Crataegus pinnatifida (Fruit, 129)
Curcuma longa radix (Root, 29)
Curcuma longa Rhizoma (Root, 14)
Curcuma zedoaria (Root, 7)
Dianthus chinensis (Aerial part, 21)
Eclipta prostrate (All, 21)

Elsholtzia ciliate (All, 15)
Foeniculum vulgare (Fruit, 7)
Forsythia viridissima (Fruit, 31)
Gardenia jasminoides (Fruit, 44)
Gentiana scabra (Root, 52)

Isatis tinctoria (Root, 27)

Leonurus sibiricus (Aerial part, 9)
Ligustrum lucidum (Fruit, 26)

Lithospermum erythrorhizon (Root, 33)
Lonicera japonica (Flower, 45)
Lycium chinense (Fruit, 24)
Lycopus coreanus (Aerial part, 14)
Melia azedarach (Fruit, 21)
Mentha arvensis (Aerial part, 21)
Morus alba (Fruit, 64)

Nelumbo nucifera (Leaf, 12)
Oldenlandia diffusa (Leaf, 7)
Paeonia suffruticosa (Root, 22)
Perilla frutescens (Leaf, Stem, 21)
Persicaria tinctoria (Leaf, 2)
Phaseolus angularis (Seed, 0)
Phaseolus radiates (Seed, 0)
Phellodendron amurense (Bark, 26)
Polygonum aviculare (All, 10)
Poncirus trifoliate (Fruit, 32)
Prunus mume (Fruit, 73)
Rheumtanguticum (Root, 89)
Rubus coreanus (Fruit, 8)

Salvia miltiorrhiza (Root, 15)
Santalum album (Stem, 9)

Sasa japonica (Leaf, 11)

Saururus chinensis (Aerial part, 38)
Schisandra chinensis (Fruit, 99)
Schizonepeta tenuifolia (Flower, 5)
Scrophularia buergeriana(Root, 22)
Scutellaria baicalensis (Root, 25)
Sophora japonica (Flower, 24)
Spatholobus suberectus (Stem, 16)
Spirodela polyrhiza (Leaf, 16)
Taraxacum platycarpum (All, 18)
Thuja orientalis (Branch, 35)
Xanthium strumarium (Fruit, 5)
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Table 2. Operation conditions for UPLC analysis

Conditions

ACQUITY UPLC®BEN C18 Column
(2.1x100 mm)

0.1% formic acid in 100% ACN, 0.1%
formic acid in H,O

Parameter

Column

Solvent system

Flow rate 0.4 ml/min
Detector PDA 345 nm
Injector volume 2 u
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Table 3. Antibacterial effect of selected oriental medicinal herbs by different kinds of solvent extracts

Solvent Clear zone (mm)
Selected herb
(recovery rate) 11898 12074 40105 41032
C. sappan Water (9) 11.5 12.0 10.5 12.0
Ethanol (3) 16.0 15.0 14.0 17.0
Methanol (10) 16.0 17.0 15.5 19.0
Ethyl acetate (2) 10.0 8.5 9.0 10.5
P. mume Water (79) 14.0 10.5 14.0 15.5
Ethanol (21) 10.5 8.0 11.0 13.0
Methanol (70) 9.0 10.0 95 10.5
Ethyl acetate (4) - - - -
S. chinensis Water (112) 11.8 11.0 13.0 15.0
Ethanol (64) 7.0 - - 8.0
Methanol (110) 10.0 9.0 11.0 125
Ethyl acetate (6) - - - -
C. japonica Water (15) 22.0 22.0 20.0 18.0
Ethanol (1) 10.0 10.5 11.0 -
Methanol (10) 21.0 20.0 19.0 17.0
Ethyl acetate (0.1) - - - -
A AKS).

oo B A7AELS FE53 3w A4 FZE1A berberine
< FRI51] Y5te] UPLCE A% A7) 23F7 543 o
FE APl A (6%) peakE 1T = JAOH(Fig. 2) 1§
S 25.54% (25.54 mg/L)E A= ITE a3 A =
o] AlZellA] berberineel] o]t FtaTERL T AV]= ol

S. sobrinus KCCM 11898

S. mutans KCCM 40105

S. mutans KCCM 41032

Fig. 1. Antibacterial effect of different kinds of C. japonica extracts
on oral bacteria. (1) water extract, (2) ethanol extract, (3) methanol
extract, (4) ethylacetate extract
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Fig. 2. Chromatogram of water extract of C. japonica by UPLC.
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Fig. 3. Growth inhibition of different concentrations of C. japonica
water extract on oral bacteria. (®) S. sobrinus KCCM 11898, (o) A.
viscocus KCCM 12074, (v) S. mutans KCCM 40105, (V) S.
mutans KCCM 41032. Results are expressed as Means+SD (n=3).
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Fig. 4. Antibacterial effect of C. japonica water extract (4.4 mg/20 pl) C (untreated) and H (heat treated) on oral bacteria. (A) S. sobrinus
KCCM 11898, (B) A. viscocus KCCM 12074, (C) S. mutans KCCM 40105, (D) S. mutans KCCM 41032
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