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In this study, the antioxidant and antibacterial activities of Sophora japonica extracts were investigated
to determine the potential of S. japonica as a functional food and medicinal materials. S. japonica
was divided into flowers, fruits, and branches, and ethanol extraction was used. The total polyphenol
and flavonoid contents were significantly higher in the flower and fruit extracts than in the branch
extracts, but the ABTS and DPPH radical scavenging activity and ORAC value were higher in the
branch extracts. Among the ethanol extracts of S. japonica, branch extracts showed strong antibacterial
activity against Porphyromonas gingivalis, and the MIC was 0.2 mg/ml. Branch extracts showed bacter-
iostatic activity against P. gingivalis at a concentration of 0.4 mg/ml or less and bactericidal activity
at a concentration of 0.6 mg/ml or more. Biofilm biomass production and cell growth of P. gingivalis
in the culture medium treated with the branch extract at a concentration of 0.2-2.0 mg/ml were sig-
nificantly decreased in a concentration-dependent manner. In addition, the mRNA expression of fimA
and mfal associated with fimbriae formation in these cultures was suppressed in a concentration-
dependent manner. Based on these results, S. japonica branch extracts can be used as functional food
and medicinal materials, as demonstrated by their antioxidant and antibacterial activities against P.
gingivalis and the inhibition of biofilm formation resulting from P. gingivalis.
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st =de] B2k &

ol Zpol7F Q17] W&ol
3|slLIR F&89| Oxygen radical absorbance
capacity (ORAC)
ORAC A& Al ETo) &5
gen species)2] & %5S =43t
= WH O F ORAC FA|7} 3
74 4

& Brs

o
3 &5 AR =
W7 W= B3 ol loiA ol o] &=l ATH30].
T FZFE2 ORAC A4+ Trolox equivalents
(TEs)Z T3t em, I A& Fig 49 2o} 13}, 37,
A 9] ORAC A g+ 747} 4523+2.5 uM TEs/extract g,
69.55+1.7 uM TEs/extract g, 89.32+1.9 uM TEs/extract g
2, 93}, 42 0E A2 ORAC A7t B =4 e
st S2de 250 Fakst G4 BF Lee[24] 59
By oatH F2He} FFE] ORAC AFE 6239+
7.15 uM TEs/extract g4 2™, 3 %] FZEE 2] ORAC A
7h 222t =7 YeEt. AA FE=L SYds
FFolyt Eetiizole &2 3, I o] Hls wA|
Tk, DPPH 2} 23} ABTS 2tH| 2 427 &4, ORAC A<
ol 7] W&o A F2EL F43 Aol e 7
A AogFFaAE AHEE F e AcE ddEn
33T FEE9| gy
P. gingivalis, S. epidermidis, S. anginosus, S. criceti, S.
downei, S. gordonii, S. mutans, S. sanguinis, S. sobrinus©|
3t BT FE2E PSS ST AIE Table
13 2t} Aget A7t F2E tEAQ A+ A+
Ql P. gingivalis®| A ARE FHFEAH S YEFAI I, A
FE 52 P gingivalis, S. epidermidis, S. anginosus, S. criceti,

S. downei, S. gordonii, S. sanguinis, S. sobrinus®| T3] 3

Fig. 3. ABTS radical scavenging activity of etha-
nol extracts from flowers, fruits, and
branches of S. japonica L. Values are ex-
pressed as mean £ SD (n=5), values with
different superscript letters are signifi-
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Concentration (ug/ml)

cantly different at p<0.05 by Duncan’s

800 1000 multiple range test.



798 BB UWSPIX] 2022, Vol. 32. No. 10

100

80 +

60 -

40

Trolox equivalents (uM TEs/g )

20 +

Fig. 4. Oxygen radical absorbance capacity of
ethanol extracts from flowers, fruits, and
branches of S. japonica L. Values are
expressed as mean = SD (n=5), values
with different superscript letters are sig-
nificantly different at p<0.05 by Dun-
can’s multiple range test.

Flowers Fruits

AetA Ftgd-E deEP e, o] FAAE P gingiva-
lisol]l ek FFdgo] 7H 73 A Tt P gingivalis©l
)& x| F=ZE3 triclosan®] FFZAE B w3 A}
1 mg/mle] =X IS }F FEF-2 P. gingivalis ©|
gt triclosan® A G EA S YEF A TH(data not
shown). Triclosan2 A= 1l = FAAAAFANA F
HLASHA AFEE I e Fol2A Al F shtol A Hh
713 ARG Al Aot AdzZ o ZHAjo] k|1 W] ZbH
3} 7hs/do] RauE Q7] Wi ol & thAE A<
Wdto]l o AAolth9). wetA HA| FEF=FL P gin-
givalis ol 3l triclosan®} A A4S YERY 7]
ol Al 407 AYFaA=A AL 7}
A0 Aty AT

P. gingivalis KCTC535201 L&t |X| £&29| £|AH
ToIRl SE(MIC) X HAMFSE(MBC)

A FE2EL FAABE F P. gingivalis?l dal 5
Table 1. Antimicrobial activities of ethanol extracts (1 mg/ml)

from flowers, fruits, and branches of S. japonica L.
against Bacterium

Ethanol extracts of
S. japonica L. (1 mg/ml)

Conditions

Bacteria Branches Fruits Flowers

. mutans KCTC3065 - - -
. downei KCTC3634

. sanguinis KCTC3284

. anginosus KCTC33397
. gordonii KCTC3286

. criceti KCTC19642

. gingivalis KCTC5352 ++ + +

R R R R RS
+ o+ + + o+
1
1

"Growth inhibition size of clear zone: -, not detected; +, less
than 5 mm; ++, more than 5 mm.

Branches

A FEE A ©wE
gingivalis 2| 24 s ZMIC)= 0.2 mg/mlI$ il
P. gingivalisoll 3 I A FEE(0.2-2 mg/ml)e] FHFE4
2 FROEHOE FUtele AEFE b]'E]'lHOi‘:]' P. gln—
givalis®l] g I FE2EF] HALAZAAFTEE vte
2 H2AFEEMBOE Feld 734 HaA 10421 5
521 02 mgml 2 1 o] Fx | Fst= MIC SF
HjFY S A FEEo] HA7HEHA S DA A =2
sto] wjetat S o HAHEAAFES] 02- 0.4 mg/mlo]
FE0) A= 2x10° CFU/MmI ©174-9] colony”} 225 A 4k,
0.6 mg/ml ©]732] F=ol A= colony”} #2F A &7
w)&oll A FEEL 04 mgml 0]31e) 22 FEAM =
P. gingivalis®| T3] FH2ES 313 0.6 mg/ml ©]72
2 FRoA = P gingivalisd T3] AF28S k= A
2 AAHAK(Table 2).

o] A= P. gingivalisoll e LT FE259] I
24 9 npo]l 28 E ¥ gAo B3I old AF[16]%}
FARE Aitoln, QU £7] FEE-E 04 mgml ©]%
FEA P. gingivalis®| tHal B2-8&& JERRAA
Th 0.6 mg/ml ©]39] FEoA = A4+2HE-& e AT
et FE2E0 FATA =l ek Choi S[4]9] HirelA
kel FE2EL 1 mgml o732 F=oA] P. gingivalis2)]
AAHES YEA AL, 10 mg/ml ©]48] F=odA= &
&5 Uetith tebA AR FEE 28U

= dtet FE= vl w2

T o
% =
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(e}

G842 e
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x| FE20|
40| Ojxl= Fe

A FEEo| P gingivalis®] HF0] LB E Hlo] Qw2
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Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of ethanol extracts from flowers,
fruits, and branches of S. japonica L. against P. gingivalis ATCC33277

Concentration (mg/ml)

0 0.4 0.6 0.8 1.0 2.0
Minimum inhibitory concentration + +/-° L - - -
Minimum bactericidal concentration + + - - - -

*a, growth on test medium; b, no growth on test medium;

2.0 mg/ml =2 A 2

A Elgt & 48417 Bl ¥ & W, P. gingivalis2] ¥lo] L2 E
Hlo] o2 FAdo] AAFHE AE AT 4 AT 0.2,
0.4, 0.6, 0.8, 1.0, 2.0 mg/ml =9 F=Eo] AH ujk
AN A P. gingivalis 2] H}o]| LEE nlo]Quj 2~ A &L
Z+7} 88.54+0.56%, 58.81£0.99%, 54.82+0.66%, 51.13+0.24%,
49.85+0. 10%, 4747:0.15% 24 FE2E9 =71 Fofd

P. gingivalis @8-} o]

¢, slow growth on test medium.

AR FZEE0| P. gingivalis®] 3 EHH mRNA H& o
YEFL fimAS}t mfal FHAAE primerE ©] &%
qRT-PCRZ 13t o, 1 A3 Fig 63 2ot 3 A
FZEES 0220 mgmle| B=F A3 F P gingivalis
AR T2 fimASy mfal '&E HSHE QRT-PCRE <1
St A3} P gingivalis®] fimAS}y mfal AR DAL F&
£ w57t ol E JAHE AFS Ul
P. gingivalis= Streptococcus gordonii 52 Streptococcus
A TFEF coadhesione T3 X|olEHo] F25 o] o]

JH

TE Hlo] L EE Hlo]l o PFAFo] FEOYEHOE o & A & h(heterotypic biofilm)S FdTOZA 27] XH
A== A& i—.l'odﬁé T AUAL, P. gingivalis®] BFE F Azt PAoll o giet. Aol ol B-2H P gingivalis
59 5o o ZoEZH O Z A H= AL 8 EHol= FimA subunit® 2 T8 71 4 2.2} Mfal sub-
& = 9I9leHFig 5). o] ATHe P ginghalin] N 00 wnite.E AR Fe Hwk BAS Sler, 0 RS
U FE2E9 724 4 upo]odE A Ao A3 5313l fimd A streptococcal surfaceol] £A 8F
old RIA[16]9= IX st Ao, o] AFA 2 + glyceraldehyde-3-phosphate dehydrogenase®ll 233}k,
YUF 7HAFE2EL FE2E9 7571 Eold 5 1o e HAEE G53stE mfal FAAE 80-amino-acid
LIE nmlojoujx Aol wEoEAHO T AAHTU= binding epitopeE &3l streptococcal adhesins®ll A 3o
Btk webs AR FEZELS P gingivalis®] S-S 24 o]t A "l dRE dEdtets
AAY & e Wk o2} wlo| LBE Wl 2wl WA fimdS) mpal HAAE 27] ARAZY B4l AT o
T AT o 7] 2ol HAEFH Ao okF LA EA g FoH17]. webA A FEES AHEY wRol w
M 7Hsdeol dva ddEn fimASy mfal A7 T@o] At AL 27] AW

Ao WA AN AR FHo] FEelEA e

X FE2 M2|of| W2 P. gingivalis2l M2 (fimbriae) 2 A=At A deaL, ol@8EY F4do] A
2 mRNA 28 B3 HH AAldete] ddE ‘3171 ol JA FE=

100 1 Bacterial growth

71 Biofilm formation
80 -
8 o
E
£ 60 Lo
£
::é '''''' . Fig. 5. Bacterial growth and biofilm formation
% 40 o of P. gingivalis KCTC5352 in tryptic
s soy hemin menadione broth treated with
B 2 branches extract (0.2-2.0 mg/ml) of S.
& 20 4 japonica L. Growth and biofilm for-
o mation were measured under anaerobic
condition. All assays were performed in
0 - - ‘ . - triplicate, and mean values and standard
0 02 04 06 08 2

Concentration of extract (mg/ml)

deviations are shown.
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