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Antibacterial activities of Dalbergiae Odoriferae Lignum extracts
against oral bacteria

Nam-Hui Yim, Jin Yeul Ma"

Korea Institute of Oriental Medicine, KM Application Center

Abstract

Dalbergiae Odoriferaec Lignum has long been used to treat for dissipating blood stasis, regulating
blood flow, and relieving pain as traditional herbal medicine. In this study, the extracts of Dalbergiae
Odoriferae Lignum and nerolidol, a major volatile oil of Dalbergia odorifera, were evaluated for
antibacterial activity against four common oral bacteria. Hot-water extract of Dalbergiae Odoriferae
Lignum (DOW), 70% ethanol extract of Dalbergiaec Odoriferae Lignum (DOE), and nerolidol were
tested for the growth inhibition against Enterococcus faecalis, Actinomyces viscosus, Streptococcus
mutans, and Streptococcus sanguis by broth microdilution assay in brain heart infusion (BHI)-broth
and by dot-blot assay in BHI-agar, used to determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC), respectively. The activity of Glucosyltransferase
(GTase) from S. mutans was determined with glucan formation. To confirm the safety of Dalbergiae
Odoriferae Lignum, DOW was tested the acute toxicity by administering orally to ICR mice. In
the present study, DOW, DOE, and nerolidol showed significant antibacterial activities at high
concentrations against the four types of pathogenic oral bacteria, especially showed strong antibacterial
activities at S. mutans in a dose-dependent manner. Additionally, DOW and DOE decreased the
synthesis of water-insoluble glucans by inhibiting the GTase activity, while nerolidol did not work.

Further, DOW determined the LDs, values over 5,000 mg/kg in mice and proved DOW’s safety.
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These results suggest that Dalbergiae Odoriferac Lignum, including DOW and DOE, and nerolidol

proven antibacterial activities may be useful for treating dental diseases.

Keywords:  Dalbergiae Odoriferae Lignum, nerolidol, antibacterial activity, oral bacteria, Streptococcus mu-
tans, glucosyltransferase
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1. Algery

D Mg B AG

1) AFEwFE P HRA]

ROFRA]l W JMRFS QUENT|= ARl Enferococcus faecalis (E. faecalis, KCTC3206),
Actinomyces viscosus (A. viscosus, KCTC15382), Streptococcus mutans (S. mutans, KTCT3065)=
St LS MEXRFIMIE] (Korea Collection for Type Cultures, KCTC)ZEE Eokdto} A1)
oll AFESIH O, Streptococcus sanguis (S, sanguis)= ASTstnl RatstolA] Eergtol Alg]of
AMESHRITE 4 9] 432 Brain Heart Infusion H&HIAI(BHI-broth, BD Difco™, USA)Q} 1AHY
Al (BHI-agar, BD Difco™, USA)Ol Athuiksto] Aol AFE3ICT.

2) orord & et
2 Aol ArgE 42 St=ttolstel T S8 8AIE Q] Tl B SHorRIA etolHez]of
A HE] SO SRR (#184) 8 FESH0] Mﬁo}‘ﬁﬁﬂi SHoist ofstoist wf71et wsoll Slsh

AT} 248k U SFHEQ! nerolidol IF T2 ET)A W gEEQ] farnesol, acacetin, apigenin,
chrysin, galangin ¥ rutin hydrate & Sigma-Aldrich AHSt. Louis, MO, USA)@} Chemfaces A}
(Wuhan, Chin)Z2FH Fisto] Aglo] AMEsIT.

2) FEE AX

(1) B d=FEE0O0OW) AR

AZE B8 50 gol E7F 1 LE B7keto] 1ARE BX] &= GE70IA 3AIRE 718 FESIRIC
=z 5 oq m; olalst F R AA=E7](N-1000, EYELA, Japan)S 0]8610] &3t & S4AX

2) Zg oegE FE=(DOE) Az
5

AZE 88 50 gofl 0% OJEtE 05 LE F7F6lo] 1 AR gA] € 281} F&E8 s F
= Ol = ofilieh 7 AR SFTIE 0185t sFT & SEAXSIACHESE 10.22%, w/w)

2ol ot 7+d4+ 48 A &de Slst] f1sto] ARSI AHIA] EH (broth microdilution as-
say)& THOIAUTE wFE BHI-broth o FEcto] Atheid = UV/VIS spectrophotometer
(U-2900, Hitachi, Japan)i 550 nm OflA] FZEF0] 0.1 0] HE=s 7
BHI-broth ol & £ 96-well microplate 0] 200 uL A £Z=31C}.
of H7oto] 20 Al SO HIZAIY] & §EEE SHot0] Medrls
E2S F71510] it HIZH S BHI-agar ol 2 uL & FE310] 20 AIZF SO 27} v H(dot-blot as-
say) & 747 g olstalrt

= gAlEk BlA0] 1%E
& &, DOW ¢+ DOE & well
sloI5L} wat, ek =5
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o
=)
=
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4) GTase 9] Glucan M4 Adlls &3

S mutans wFE BHI-broth o F&Eoko] 37°C 7104l 24 AlZE BiSE =
(Combi-51412, Hanil, Korea)& 0|30 4°CollA] 3900xg 0] 30 B3t YAEZ|5t0] 4EHNE Fot
ATh 0.2 ym FAPIE EHZ ASAS ofilst &, Amicon Ultra Centrifugal Filter (MWCO 30kDa,
Cat. No. UFC903008, Millipore)E AM23t0] GTase 7} E8HE TEANE AFSIATE

S Algdof 718 89 [sucrose 12.5 g, NaNs 0.25 g/0.0625 M potassium phosphate buffer (pH
6.5) 1 L] 800 pL, 2849 20 uL ¥ ZeF F== 180 pL & FUleio] 25 €20 1 mL7 IS
ST SHNEROTE ZRA 180 L 2 AV AIFTS 30° AR AAKIA 510] 37°C Hek
7104l 30 AlZH HESAIZCE BHE = FAED st A4FAGS Bg]al 4 mL 9] SFFE 7olo] 10 81t

=21} X 316}04 AL A= FEIIS BARIFHLE BAF A= UV/VIS spectrophotometer 2 550

AZ9| GTase ofl tiet Kall&E at7] Alof Qs Al4tatirt

27 M8 A€ (%) = [{(control — control blank) - (sample — sample blank)} / (control —
control blank)] x 100

D) AEsE 2 AISEHE

28 Z2E2E9 Y0 tist ASE AtAsh| floto] ©3F0 SgAEE s HElFY
54 A AlZOoREONEE 1Al Al 2005-60 & QJoKE 59 SHAIEEHO] “HIYMAIE HEI7
720059 10€ 25 Y)ol Wt &= ICR NRAE 0|&510] eIt S5+ & ¢ 15:Y
S 2 23+3°C, AUFE 50+10%, VI8l AIRTE 12~16 3], &H 12 Al HAF7[(JE 07:00,
A5 19:00), £% 150~300 Lx Q1 Als eFdstoA]l A 2 FSAIZIHA Qs |t0Z HAKSH
= A=dQlol mE RELH ooto] s 22 o 2elE AAIGHATHS mice/cage). AlRRF 22
AAF ARoH, AlgE ASEEE NHEANE(PMI nutrition, USA)E ZFSIALCE B Age ot
stolstlTel SEAE 2Ul9Hs]9l %Cﬂ% dro} ZHSHATHE M S:11-056).

o] 8&& 5,000 mg/kgs ]é

3 g+ FEE9) OF ZH] 05 & 2,500 mg/kg B 1,250 mg/kg
(Mouse, BW)9| 37| 8&oz AFsion, FHRIQ1 dejilgdsa 212to] Fo] e E slAs)
o] Algof AFESIRILE Fo] A2 BTF0H Olﬁo} o, sEE o2 FAAR & BFE

T 6 AIZE S AR HEEIF O,

& EHQ FAREE 018510 ZTFFOI5INL B Fol =
1% 149 5019 13], gt HJEfo] M3} 8 254, @, Aeild 59 dWEdi AFSARIE
WEBIACE MBS L5 Al & A EAFEEE 5o =1, 3,7, 14 Dol 42 SHBIRATE Ads
ES gM5] A 18 Al HAAZ] Z Zoletil 50 (Virbac S.A, France)1} AFUEHR SIEZE2T0]
T (Xylazine Hydrochloride, HFO] FE|0} FAIGAL A7 E)E AFEE}0]
u s x

D -
; e, 4 H, A, AF, HigE AEsio] dejAgeol

HS 5 RQlO0R ZQ A9 HH
AR & BAZ =589
(3) gajsts] B4
BH IFWolA] AF S SRS FEAY] ADVIA2120i (Siemens, Germany)S 0]2510] WL
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(white blood cell, WBC), B&=(red blood cell, RBC), 2= (hemoglobin, HGB), SINIEIT|E
(hematocrit, HCT), Ba AT 4 (mean corpuscular hemoglobin, MCH), Bi&dT&%
(mean corpuscular volume, MCV), B AT A5 5% (mean corpuscular hemoglobin concen-
tration, MCHC), €4% (platelet, PLT), @57 (neutrophil, Neut), Z7(lymphocyte, Lymph) 2
oL (Monocyte, Mono)E &8I}

6) A Az

AIS14 1= GraphPad PRISMR (GraphPad PRISM software Inc., version 5.02, San Diego, CA,
USA)@} SPSS version 23 software (IBM SPSS Statistics for Windows, version 23.0, Armonk, NY,
UsA)g 0l83st] el EFEEXE 6t HolHe Hatgl Atolo] thst K282 one-way
ANOVA (analysis of variance)o] 2J5t0] p < 0.05 $Zo|A ASTIAICH

2. 43t
1) F2Z4ol thet 28 =EE Y nerolidol 9] &4

A 1504 [ E. faecalis ER Aviscosus E Smutans D S.sanguis 3 D.
i E. faecalis A.viscosus S.mutans S.sanguis

DOW (kg/ml)
2500

CFU (% of vehicle)

312

veniete

E. faecalis A.viscosus S.mutans S. sanguis

DOE (ug/mi)
2500
1250

vehicle

B. 150 ES E. faecalis ER Aviscosus B Smutans M S.sanguis

CFU (% of vehicle)

C 1504 [E2 E. faecalis B A.viscosus B S.mutans M S.sanguis
" E. faecalis A.viscosus S.mutans S.sanguis

Nerolidol (ng/mi)
: I I

vehicle

CFU (% of vehicle)

Figure 1. Antibacterial activities of DOW, DOE, and nerolidol against oral bacteria. Investigation of growth in—
hibition of oral bacteria by broth microdilution assay in BHI-broth (A, DOW; B, DOE; C, nerolidol)
and by dot-blot assay in BHI-agar (D). Significant differences from the control (untreated) are in—
dicated by *p < 0.05, **p < 0.01, and ***p < 0.001.

2 FEZ2(DOW, DOE) H 28 U SFeHEQ! nerolidol & 4 9] FZ+toll ZH2H &2l610] broth
microdilution assay & $3510] 47 AAlgsS SQ16HACHFIg 1A). DOW ¢ DOE 9] %11 & 2]
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ST 2500 pg/mL & Al Al BE #8479 dF0] RAFoz JREAL}. Eal S mutans @
S sanguis ol thall DOW @} DOE 9] & O|&A #AA O 52 It} Nerolidol € SE
SER oz 49 dae Aot JRIstASH, E3] nerolidol 156 pg/mL sEolA XOFRAISS
sets A 47 S mutans @) 0] F 56% AX|EIACE. HA HiLHRK]oA] DOW, DOE
9 nerolidol O 2J5l AZ0] AAEl &S dot-blot assay & 35t0] A U A+ @55 SQI5HY
CHFig. 1B). 1 23, 2129l DOW 9F DOE 2,500 pg/mL sE=0IA A&0] ARIE £ faecalis & A.
viscosus 7} BHI-agar OflA] F7Hl Al #A&0] SlEHS SQIIALE HHHON, S mutans O B
DOW 2 DOE 2,500 pg/mL OflA] B3t Awtgse OIstlCm 1,250 pg/mL oA = oFet &
O] LJEIL} A+t §50] YSS EQISIALYE. S sanguis =gt DOW @F DOE 2,500 pg/mL ol 23l
HQeH, 2,500 pg/mL 015t sEolk= SNt #48F 3150] UEtoL A8 o2 4ot
8§58 HYr} Nerolidol & HIWA WE =1 (312 ng/mL)OA S mutans & AdatROLY, S san-
guisOl oFst A+t G55 HACL

i ok
o A

M2

Table 1. MIC and MBC of the extracts and nerolidol from Dalbergiae Odoriferae Lignum against oral bacteria

E. faecalis A. viscosus S. mutans S. sanguis
Samples MIC MBC MIC MBC MIC MBC MIC MBC
(wg/mb)  (ug/mL)  (wg/mL) (ug/mL)  (ug/mL) (ug/mL)  (ug/mL) (ug/mlL)
1 DOW 2500 >2500 2500 >2500 625 1250 625 2500
2 DOE 2500 >2500 2500 >2500 625 1250 625 2500
3 Nerolidol 78 >1250 156 >1250 156 312 312 >1250
P Erythromycin®  <0.78 1.56 <0.78 <0.78 <0.78 <0.78 50 >50

*Antibiotics used as the positive control. MBC, minimum bactericidal concentration; MIC, minimum inhibitory
concentration.

o] 21t5 B2 4ol tist H4 A% A6l =k (minimal inhibitory concentration, MIC)@}

Aht =% (minimal bactericidal concentration, MBC)Z Ez|SHACHTable 1). FOEQ1 St
e adsto] Falst 2l DOW = S mutans A 7V W2 MIC (625 ug/mL) @F MBC (1,250
pg/mL) §1& LERACE DOE %5t S mutans oA 7V W2 MIC (625 pg/mL) @F MBC (1,250 p
g/mL) gt& LERALE Nerolidol 2 £ faecalis O 7V @2 MIC (78 ng/mL) gt& HPOLF MBC gt
£ 1,250 pg/mL 0140 & FOIE|QIT}, HHHO| nerolidol 2 S mutans 1A 7F W& MBC (312
g/mL) k& HO] nerolidol & 28St 38 FEE2 S mutans SO18Q] 4t digss 4= A
Z FALAT

2) ¢ FEE Y nerolidol O S mutans w5 78 H5E4 glucan §489A a5
S mutans 32 GTase O] HAX G52 IsH] I5t0] GTase @ BZof 9lsf
Eli= glucan ] FEFe SESIQICE 1 A3, DOW 9 DOE S A2IA] O 20% 014 glucan E&O]
EQICh B3], B2 =9 DOW(625 png/mLolA] oF 40% Lo FFQI glucan 4 A
950] LG} O] nerolidol Z12IA] glucan 0] oK S71EIR o A& Gik= S0IF K]
o
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DOwW

3 nerolidol

-
(2]
g

1004 =y - — L

o
<

Glucan formation
(fold change of vehicle, %)

o

O M DO LI~ TP BN
& 0 B P P

(ng/mi)

Figure 2. Inhibitory activities of DOW, DOE, and nerolidol against water—insoluble glucan synthesis caused by
GTase from S. mutans. Significant differences from the control (untreated) are indicated by *p < 0.05.

A.
CHs CH, CH, CH, CH,
W weAAA A,
CHy
m & @
OCH; OH oH
HO. o O HO o ‘ OH
|
SO QU
OH O OH 0O OH O WOH
@ @ ", OO on
HO’[,I”’OH o
HO. 0. HO. 0. éH
(O O
OH
OH © OH ©
(5 (6)
B.
140+
@ 1204 3 nerolidol
L%
= 100 z = farnesql
s 80 % B3 acacetin
k) g E2 apigenin
° 60 g P24 chrysin
S 404 xx g [0 galangin
S 20 g rutin hydrate
o 1l
o © © o oo oo o o 9o o oo oo o o oo o o o o oooo(uM)
o o S o Q o o C o Q o o Q c o Q o o
- un O - un O - un O - un O - un O - un O - un O

Figure 3. Comparison of antibacterial activities between nerolidol and antibacterial components identified from
propolis. Chemical structures of compounds investigated antibacterial activity (A). Comparison of
growth inhibitory activities of each compound against S.mutans (B). Significant differences from the
control (untreated) are indicated by *p < 0.05 and ***p < 0.001.
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3) Nerolidol I} HAE R Sed SFESY 9 mutans 757 HEYX G5 Hlw

Nerolidol 9] SRFd &4 AES 98] S. mutans o)A ZEZ2|A ] gt §50] HUE 7fd
sshE 6 &30 gt &858 Hln BZISIQICE 1 23 nerolidol I} farnesol ol Q18 S, mutans
AErol ZaA YA len, 8] 500 pM &2l sE0A nerolidol I} farnesol & 242} 63.6%9t
59.6%9] Strt&AlS LFERALE ¥l acacetin, apigenin, chrysin, galangin, rutin hydrate % api-
genin, galangin ¥ rutin hydrate = HIA &2 | sToA g+ &S LERITH

4) e -FE2(D0oW) d3Fojol o nes 5854 dd 2t
DOW E F0] £ 14 97 A 50 tieh dadsde geltt i} ddtiRsal Hlusto] Hald
of, 348, 255, 598, FoIeE, F718S, i, /Y, 7% AL 25, & HIF 59 AdS

mg/kg Ol Z10 = 0SS AlF7IZE S0 DOW Foial tiEa] S &, + BE iAol
A ZHAIRIEON ISt S7FIRICE Fof & a7 SO thaETat HlwAl DOW Fojo] 9Jgh 7ol
Q1 AIE Wt xfole SRIEA] LUATHFig. 4).

of

Male Female
Vehicle -—®-125g/kg -—®—-25gkg -@—-5g/kg Vehicle -—®—125g/kg -®-25gkg -@-5g/kg
40 30

2 35 2

- ey

=) =) $ $ —4
o 30 (7] ? — 4
2 2 1

20 -
25 ‘[
20 +—

012345678 9101112131415

B+
01234567 8 910112131415

days days

Figure 4. Changes of body weights in male and female ICR mice administered with DOW for the acute toxicity
test.

A 58 £ I JdEsEs Rt 21 DOW Foix B tiEs HRolA u, A, & g
W AE S 9 &7] FAIE Table 2 9 2T F£Q WREEZ0] et Qo] ofmst ole HHE
TAER] FROW, DOW & Foigt 2004 7 B A FAVE ot S7H6I9lon 88 OJEA A
B SAA 70l IRICE. R0IME DOW Foio] ol H FAVE ot E7FsIoLt 24 it
SAA Foldol Tt

NS AAE AAlst 2l BE AgTollA WBC, RBC, HGB, HCT, MCH, MCV, MCHC ¥ PLT
SO dHsts HAF A1t #AZE SdtiETyt Hlusto] fogt S7h dae HEEXA ZRATH
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Table 2. Organ Weights of male and female ICR Mice Crally administered with DOW.

Organ Weight (g)

Sex Group number i i
Lung Heart Liver Spleen el el
(L) (R)
) 0.203 0.145 1.393 0.121 0.245 0.236
vehicle 5
+0.020 +0.007 +0.097 10.013 +0.035 +0.026
5 ok S 0.206 0.164 1.692 0.148 0214 0278
il grke +0.008 0010 0439  +0.041 +0.121 +0.046
ale
25 ok S 0.200 0.159 1.446 0.111 0.243 0.241
> ke 40.020 +0.016 +0.143 0016 0022  +0.020
125 kg S 0.205 0.154 1.630 0.116 0.260 0.256
+0.205 +0.006 +0.227 10014 10028 +0.022
) 0.165 0.113 0.981 0.106 0.133 0.141
vehicle 5
+0.014 +0.008 +0.137 40026 0010  +0.010
5 ok 5 0.166 0.119 1.029 0.114 0.141 0.142
&g +0.015 +0.005 +0.163 +0.023 +0.008 +0.006
Female
i 5 0.168 0.106 0.963 0.111 0.139 0.130
> e 0014 0006  +0.111 +£0.014 0009  +0.003
0.173 0.117 0.979 0.102 0.133 0.132
125 gkg 5
+0.009 +0.007 +0.042 +0.011 10009  +0.010

Table 3. Levels of Hematological Analysis in male and female ICR Mice Orally administered with DOW.

WBC RBC HGB HCT MCV MCH MCHC PLT
#
Group  Mumber (1 000) (x109) (g/dl) (%) (i)  (pg) (g/dl) (x1,000) eI AYVPH AIONO
hicl 5 1.11 8.76 13.80  53.62 61.20 15.74  25.70 980.60 0.28 0.69 0.01
vehicle +0.204 +0.144 £0.485 £1.809 =*1.611 0416 =£0.579 =£118.056 =£0.094 =£0.159 =£0.005
5 ok 5 2.04 7.26 11.14 4472 61.48 1534  24.94 1182.80 1.23 1.60 0.06
Vil ke £0.855 +1.391 £2.102 48899 +1344 0477 £0.688 +441.515 +1.350 +0.714 +0.059
ale
25 ok 5 1.39 8.03 12.88 50.42 62.68 16.06  25.68 1259.50 0.26 0.84 0.01
> gke +0.403 £0.915 *1.361 =+6.680 *1.636 +0.385 +0.876 +£98.906 +0.132 +0.431 =£0.008
125 gk 5 1.56 7.63 1206  47.62 6236 1582 2536  1257.00  0.37 1.12 0.02
<> EKe +0.611 £0.478 £0.586 +3.241 0.658 £0.268 £0.680 £173.009 £0.220 =£0.457 =£0.017
vehicl 5 1.69 8.35 13.10  50.84 60.90 15.72 25.80 1056.40 0.37 1.08 0.02
chicle +0.970 £0.525 £0.735 +2.859 *1.296 =£0.356 +£0.292 +153.819 +£0.173 £0.655 =0.013
5 ok 5 1.50 8.37 1322 49.94 59.54 15.80  26.52 686.60 0.29 1.20 0.02
gke +0.305 +0.404 =£1.089 +4289 =£2.708 +0.624 =+0.311 =+402.479 =£0.084 =£0.377 =0.005
Female 41.44
25 ok 5 1.20 6.74 10.58 112 60.92 15.02  24.64 1136.50 0.22 0.81 0.01
> ke +0.666 £3.436 +£5489 4' 12.657 *£1.709 =£2.194 =£155.226 =£0.094 £0.470 =0.007
125 o/k 5 2.11 8.28 13.02  49.08 59.30 15.74  26.56 1066.75 0.53 1.35 0.03
= gke +0.453 +0.488 £0.526 £3.051 =£2.972 +0.684 =£0.913 =£169.950 =£0.080 =£0.378 =£0.009
WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCH, Mean Corpuscular
Hemoglobin; MCV, Mean Corpuscular Volume; MCHC, Mean Corpuscular Hemoglobin Concentration; PLT, plate—
let; Neut, Neutrophil; Lymph, Lymphocyte; Mono, Monocyte.
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