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Antibacterial Activity and Attenuation of Bacteria-Induced Inflammatory
Effects of Methanol Extract of Salvia miltiorrhiza against the Periodontal
Pathogen Aggregatibacter actinomycetemcomitans

Jeong Hyeon Lim and Sungsook Choi*
College of Pharmacy, Sahmyook University, Seoul 01795, Korea

Abstract — Aggregatibacter actinomycetemcomitans (Aa) is a gram-negative oral pathogen, whose virulence relies on Cdt
toxin, bofilm formation and outer membrane protein. This study evaluated a comprehensive effects of methanol extract of
Saliva miltiorrhiza (MESM) against Aa. At 1 mg/mL of MESM, ABTS, DPPH and superoxide radical scavenging activities
were 84.01 +0.74%, 74.71 +2.14% and 50.97 + 1.12%, respectively. The minimum inhibitory concentration of MESM against
Aa was 250 pg/mL and the formation of biofilm was decreased by 23.35+3.77% at 0.25 mg/mL of MESM. At 0.25 mg/mL
of MESM, expression of gseC and cdt4 were decreased by 3.38 and 4.32 folds, respectively. In case of Aa infected YD-38
cells, RQ values of RANKL and IL-8 were decreased from 3.40+0.20 to 0.704+0.018 (4.82 folds) and from 17.32+1.74 to
5.50+0.50 (3.15 folds) at 0.05 mg/mL of MESM. In case of Aa infected THP-1 cells, RQ value of /L-1f and TNF-a were
decreased from 6,440+ 185 to 3,512+ 144 (1.83 folds) and from 53.65+2.06 to 30.82+2.04 (1.74 folds), respectively at 0.5
mg/mL of MESM. Collectively, MESM showed direct antimicrobial activity, suppression of virulence gene expression and

attenuation of Aa-induced inflammatory responses.
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85CellA] 4A7F B MEbE 2 FE3to] A2 Tt mRkS:
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Aggregatibacter actinomycetemcomitans2| H{F — 77
WA Mt A. actinomycetemcomitans KCTC2581(°13}k
Aays BEALAAE (HAHEE AF)elx Ediel 2 A
Aol B}l #75 AR-SIATE AR tryptic soy agar
(TSA)= tryptic soy broth (TSB, MBcell, BNF Korea, Gyeong-
gido, Korea)ll 1.5% Bacto-agar (Difco, Detroit, MI, USA),
5% sheep blood (MBcelly2 37151 AZ31A3L, AR =
TSB4| 5% horse serum (Sigma-Aldrich Co., St. Louis, MO,
USAYS H7tste] AlZsiaith. el solibsiets 54 uf
ol 37C, 5% CO, Z7A00A 48A17F w514

MIE HHQF — Al 7] M 2 Rl M2 YD-38 (KCLB
No. 60508)2 Al THal24d Ml 3Z5= THP-1 (KCLB No. 40202)
£ S=A| EF23)(Korean Cell Line Bank, A]&thskw 2]
FHhehellA ol ARSIt A2l wige RPMI
16408 4] (Sigma-Aldrich Co.)%l 10% fetal bovine serum
(FBS, HyClone™, Waltham, MA, USA), 25 mM HEPES
(Sigma-Aldrich Co.), 1% penicillin/streptomycin (Sigma-Aldrich
Co)E 3718l 37C, 5% CO, 7]5ollA 48717 7HH 0=
Al wjFatai o Mt 3 Ao Agole A 73
7F iR S ARSI T Q] THP-19] Al 222 &
3= 9138l flollA] Asgt vl phorbol 12-myristate 13-
acetate (PMA, Sigma-Aldrich Co.)E #F%% 100 nMZ 2
A7 HEste] B3kE stk

&3 8 —MESM®] &% 5742 Clinical & Laboratory
Standard Institute (CLSI) 7Fo]=2}1e)| whe} Axjul=] 3]4]
o7 AT MESMS 1000 pg/mLE AV 5EE
29 A4S 129AIZ st B AIE wiAE EHISkL, dae
5x10° CFU/mL =2 9] MESM 3141414 vilx]o)] 53531
37C, 5% COLIA 48A17F Bl 5 o] 78 ERIT = Ql=
A F=E FHAAAE = (Minimum Inhibitory Concentration,
MIC)Z Z73IATE MICE 81 $ 33 =2 wjdy 7z}
10 L& MESMS- $H31A] e& a1 ARl #% & 37T,
4817 g 5 o] S ERle  Rle 7P e F RS
#2455 (Minimum Bactericidal Concentration, MBC)
2 AX 3t} Aaoll gt chloramphenicol®] 32 574
stod 1 Aol tigk Ak A2 E kAL 8vlQl DMSO
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A% DPPHEIZES: ARS8l WS ARE-3IiTt. Superoxide
gz 2752 phenazine methosulfate-NADH-nitro blue
tetrazolium (PMS-NADH-NBT) HF-3-A|E ©]-8-3+ NBT assay,
FRAP assay= Fe''o] Fe*'Z 3tl=]o] dAlgh= 2] E o]
83l Fe*'ol S sk WS ARSIt tEES
1 mM H[ERICE ARSI, AT A 85 2AS
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0] S UETY] ) * 100.

MESMe| H=29t 8 M| — 4ac] B2 A2 Wi
Al vpetel] F-2bE Al EE AQER 7 s SE5ke
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HieFet 7, Al 22 TSBEjA| e I3t s== dEsisitt
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gt TSB BlA] 500 plg £3 - Ml 5x107 CFU/well 2
HE3ted 37C, 5% CO, 7104 48417k v st Sict. vl
F A5lS A AL TSB #lA] 100 uLE 718k wellol
F2HE Ml A EE A8 H 600 nmoll A FEES =75t
At & AP ARE-g +F FEFH 5 x 10" CFU/500 pLs%=
2 U2 33388 A8 MIC 3°] 2 mg/mLE 23S

1 % 0.25 mg/mL&=7H] A8, MESM 0.25 mg/
mL37H wjxE 3 & DMSOe! 9§ AEu o
A7F e 8l F 2 AYS Wgsiidt. A= A4 o
AE(%)& MESM vHg] AR F3=9 MESM
Aelite] FHEE Blashs the] o= AlLtslsitt. A
ot A A E(%) = (1-MESMA 298] 4%/
Z30] E54%) x 100.

A. actinomycetemcomitans2| SN FEXt W — AaS
TSBHElA]of] 48417+ Hu) < 5 A =2 uiA]ol] 2] HF F&7}
1%x10° CFUmL7} E%2 ] & & MESM<S 0.0625,
0.125. 0.25 mg/mL FE2 %2313 37ClA] 6A17F vl s}
Ak 2 Aol ARES #HEHF 1 x 10° CFUMLEEZE &
o8 SIS u] MIC #°] 2 mgmLE 23S 391 &
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0.25 mg/mLEE=7FA] AAE1 3 MESM 0.25 mg/mL3 7}
Al X F 35 21 DMSOd 9]3h -z wae] b
o7} glas 1 F 2 AS Ak vl 5 10,000
x gollA 1327 aliE)ste] MEE 53 3 PBSE 13] Al
2] 5 GeneAll Hybrid-R™ reagent (GeneAll, Seoul, Korea)Z.
total RNAZS- 2] 31t} AccuPower®™ CycleScript RT premix
(dN12) (Bioneer, Dagjeon, Korea)= cDNAZ $HJ8F59 3L &
AAre] g S 918 Power SYBR Green PCR
Mastermix (Life Technologies Pty Ltd, NY, USA)S A3}
¢ StepOne realtime PCR System (Life Technologies)ellA]
qPCRS Fayataict. f-x4F o] #2412 16S rRNAE W
F U2 2 ddCt 142 1] fold changeZ 3£713159 21,
A ol AL dCEEe R AAEIITE £ g A
-3} primers= #|=8](Genotech, Daejeon, Korea)ol|A] 33
BIA3L L H7] A E-2 Table 1] YERA AT

MEZEM - MESMO] M AEZ5ALS MTT assay= 74314
t}. THP-13} YD-38 M2EE 96-well platee] 1x 10° cells/
wellZ BF3510] 24417k vl kst H, MESMS- THP-1A| %=
0.0313-1 mg/mL, YD-38A = 0.0125-0.1 mg/mLEER 244]
7+ A2 sttt v elg AASIAL 0.5 mg/mL MTT solution
S 7kete] 37C 2ol A 4x17E kg -, A3 formazans:
DMSO 100 pLel] 83133t} S =+ microplate reader
(VERSAmax, Molecular Devices, USA)Z 540 nmOl|~] =4
S, AlZ AEES MESM PIAE] tZate] AEES
100%2 4t H7ksto] ALteReh. F Al 25 2% MESM
ZA| ] AF3 8¢l DMSO 0.5% F=7H4] SAjo] el
A egot A AFolA S o] YIS e oA &
ATt

NO &H - 4a= YD-38 9 ¥ B9¥ NOZ Griess
WSO 2 AeFsle] MESMS] NO A4 oA 235 H71st
St} YD-38 Al2EE 48-well plateol] 2 x 10° cells/wellZ &
T3t 37C, 5% CO, Z71elA] 24417 vlj gk 5, PBSE 13]
MBI A T3 71 BiA 2 A 8155 MESMS- 0.0125,
0.025, 0.05 mg/mL FE= 30i A2t 5, daE A=
(multiplicity of infection, MOI7} 100°] === 4x 10’ CFU/
well F38te] 2417k vl Fslditt. FHELSE 500 M
aminoguanidine hydrochloride (Sigma-Aldrich Co.)& A&
SIgiek. vHF F5 S 8155101 Griess A2kt 212, Gl
102 ¥k F 540 nmolN =5 S43I3TE NaNo,
100 yM& HIF =R spo] 28] Al 314 5 Griess A oF
4170 5, s40nmel A FHEE St FBAS 23}
v o] WA FHEE sl NO; FEWME
Fsi9ict,
PSY AO|E7IQl ¥ =EOh 3 R U -
THP-13} YD-38 MXZE 6-well plateol] 1 x 10° cells/well=
st 24417k wiFet ¥, MESME THP-191= 0.125,
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Table 1. Primer sequences for qRT-PCR used in this experiment

175

Gene Primer Sequences (5 — 3°) Tm (°C)
165 rRNA F ATTGGGGTTTAGCCCTGGT 56.7
R GGCACAAACCCATCTCTGA 56.7
F TCGCCGTGGATTGGTTTACCGAC 64.2
gueC R GAATCAGCACCGGCACATCCTGC 66.0
A F CGGCATTAACGACCAAAGTT 55.2
actinomycetemcomitans omp64 R ACCAACCGCTAGTGCTGTTT 573
omp100 F CTGGGTCAGCGTGGTTTATT 57.3
R CCACTCAATCTTGCCGGTAT 57.3
F ACCTGTCGCAGGGTTAATTG 57.3
cdi R GCATCTGCGATCCCTGTATT 57.3
] F ACCAACTGGGACGACATGGAG 61.8
Fractin R GTGAGGATCTTCATGAGGTAGTC 60.6
F AAGCTGATGGCCCTAAACAG 57.3
IL-1p R AGGTGCATCTGCACATAAG 57.3
F AACTTCTCCACAACCCTCTG 57.3
Human IL-8
R TTGGCAGCCTTCCTGATTTC 57.3
F AAGACCACCACTTCGAAACC 57.3
INF-a R GGCCTAAGGTCCACTTGTGT 59.3
F TGATTCATGTAGGAGAATTAAACAGG 58.5
RANKL R GATGTGCTGTGATCCAACGA 57.3

025, 0.5 mg/mL, YD-381= 0.025, 0.05 mg/mL F5== 305 A
B A= Aaf—'— 2 x 108 CFU/well (MOI 100)0-2 =3}
o] 6A17F ¥l ¥ total RNA= GeneAll Hybrid-R™ reagent
(GeneAl)Z 22|31t} AccuPower™CycleScript RT  premix
(dT12) (Bioneer)Z cDNAZE 3431593 RAAke] A A=
#2495 98] Power SYBR Green PCR Mastermix (Life
Technologies Pty Ltd, NY, USA)S- A&-3}43 StepOne realtime
PCR System (Life Technologies)®ll*] qPCRS <=3} 3} t}.
TR o] BAL foacting WF UIZZCE ddCt 4
< 3t fold change® #7180 ™, A4 frold A5
dCEo = At & A3ol] AMESH primers Al=E
(Genotech)ollA $HA3IAT 22 F7] LS Table Iol] LE}
WAtk B Aol A ARS8 & FHE % 2 x 10° CFU/500 ul's
T2 gt AASIAL MIC7} 2 mgmLE 2343 89l &
0.5 mg/mL =714 X185 TH

IL-1B ELISARM —THP-1 M|22oX da FHOZE ===
IL-1B Adel thgk MESM] 9a-& SR1st7] 213l human
IL-1B ELISA kit (Abcam, Cambridge, UK; Cat. No. ab214025)5
ARE3l] IL-1BE A 8l Th THP-1 Al X2EE 6-well platel]
1% 10° cells/wellZ #5311 37C, 5% CO, 2O 244]
7F weket ¥, MESME 0.125, 0.25, 0.5 mg/mLS 305 &
223 °1F 4a= MOI 100 (2 x 10° CFU/Mwell) 2 %

slto] A T 71 uiR] oA 24417 B sttt s dS
3]r3ked 300 x gollA] 5 min J*‘l‘i—ﬂi AEZE AAT H,
BEH O A AL AR mE} W35 ot TR SS

sttt AlFE IL-1p=2 et 2o WAl Feta,
o] W lo] AR FHEE U5t IL-1B F=(pgmL)E
ARSIt

SH 2 - 2 22 4 33 wkE Agsigien, 4
I HA T AAE FAEAT T £41 GraphPad
Prism software (version 5.01; GraphPad Software, La Jolla,
CA, USA)E AME-3199.91, one-way ANOVA with Dunnett’s
post hoc vs appropriate control2 ©|-&3}e] EAISIATE
ANOVA 2] 72 7} 19 o}l 3718152 H, Dunnett’s
post hoc A ] F-2] & *p<0.05, **p<0.01, ***p<0.001
2 33l

nE

N
i
Ac]
b

MESMe| &3 — Sl Al Aaoﬂ ok MESM2]
S 2743 A3, MICSH MBC7F 5 250 pg/mLE
MESM9] Agell thgh gteo] Qa2 &l o}dE}(Table ).
sk AgnhHe) 71Esilso] AET A 9 A HE S

golaly] sl 283 MESM2] E%7F MICoIe] Fes

Z

2



176

Table II. Antibacterial activity of MESM against A.
actinomycetemcomitans

MESM Chloramphenicol

MIC MBC MIC MBC
250 pg/mL 250 pg/mL 1.6 pg/mL 3.2 pg/mL

ARE-SH 737,
= AHo Y 2 A MIC %ol >2 mg/mLylo] &
oA sl Agel] MICo e =S 24313
ARk A3 o] A7 2H AR #A47de] GAE AR @
A3EA] eFotTt.

MESMQ| &sls — MESMe] ABTS, DPPH, superoxide
o) 275 2 Fe* e MESMS] 5ol 94 dS
g}ol 5} tHFig. 1). MESM 1 mg/mL%EoﬂH ABTSEHZ
AL 84.0120.74%, DPPHEFZ 4752 74.71+2.14%,
superoxide2}t]Zr 27158 50.97+1.12%°1 o™ FUH
Fe’FS- 3.10040.179 mMZ 2R1=9th 1 mg/mL MESM2]
Gakals-o YT 1 mM vitamin C2} B]3Z A, ABTS
)z 245 H FRAP SN fAlstAY =& <

MICEZARA] Bt} &4 2008) oA} e F3-&

(A)
™ 100- ABTS
%\c ey *kk
z 801 ]
o 60
£
:=‘£
g 407
3
F 204
e
2,
v M T T
MOH VitC 025 025 1
MESM (mg/mL)
(€) .
80- Superoxide
Jekk
60

Radical scavenging activity (%)

%.,ﬁﬂﬂﬂ

MeOH Vit.C 0.125

MESM (mg/mL)
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S Btk AFAR HaelM AJor e BT
gl AT P90 A 2292 E 753t
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o] ¢ o5l ol e sk gl A0 = At

MEMSe| ¥& o} 4y °*I1Ia —Aa®] =2 A4 AA
2 IR 2 MESME AZshA] ob thzst thvl,

MESM 0.0625, 0.125, 0.25 mg/mL 2] -3k 74rg-o

747} 21.20+3.69%, 20.02+4.95%, 23.35+3.77%% LFEFST).
MESMe] AEu A A s &4 FPL e
Uﬂ /\154 lm: HJO]oﬂ/q ﬁgl-zjl_i ok 20% 7(3_1,:_ 0—1;<ﬂ251-_
RIS THFig. 2). Sl& A8} H-919] A&AQ1 Mo 2
2 AEe Yo g TiEsiEm, o] AAHolA o= A
3z gm 11;_]—13]1;(1 J—g—_,o_ o]_Q_sﬁ _{.‘?_Zr _g\_z}ﬁ_ H;‘d—y} /%J%tﬂ-
?;3/\4_0_ 3= 7—1_& OPaqxq q.ﬁ) X Oﬂ—‘rb:ﬂ]/\ﬂ gl—?_]g ok
20%2] F-2eiAl= e AE AtS o] o
1}, MESM®] 872 (Table ) & A4 424 HAF oA
(Fig. 3)°] 242 & of e, AEL A A & 3
SRR A 7S Mo F2 AAAS EHFoR o
A 702 A7,

=
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Fig. 1. Antioxidant activity of the methanol extracts of Salvia miltiorrhiza (MESM). (A) ABTS radical scavenging activity. (B) DPPH
radical scavenging activity. (C) superoxide radical scavenging activity. (D) ferric reducing antioxidant power (FRAP). Methanol (MeOH)
was used as the vehicle control, and 1 mM vitamin C was used as the positive control. Values are presented as mean + SD (n = 3).
Statistical significance was determined by one-way ANOVA with Dunnett’s post hoc test versus the appropriate control (*p<0.05,

#4p<0.01, **¥%p<0.001).
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Fig. 2. Effect of the methanol extract of Salvia miltiorrhiza
(MESM) on the inhibition of biofilm formation of 4. actino-
mycetemcomitans. A. actinomycetemcomitans was incubated in
the presence of MESM (0.0625-0.25 mg/mL), and bacterial
attachment was assessed by measuring the turbidity of resus-
pended attached cells. Results are expressed as resuspension
turbidity reduction (%) relative to the untreated control. Values
are presented as mean=+ SD (n=3). Statistical significance
was determined by one-way ANOVA with Dunnett’s post hoc
test versus the untreated control (*p<0.05, **p<0.01, ***p<0.001).
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M0t g WM 2 FEXL L0l chet MESMe| A
& — 4a°] WY A Fx L tigk MESMe] 3
BRI gseC, omp64, ompl00 B cdtd®] THE qRT-
PCRZ At Alete] BEF AR AF 9] 27t f=
=791 Al20l] ¥kga) A=1 AAdol] TSk histidine sensor
kinase®! gseC? 2&& MESM 0.25 mg/mLolA 3.3840 7+
A% FRISITE 23 47 AET A, 95
2 Y54 G Hofshe o9 Tl Ao sl omp6d=
MESM 0.25 mg/mL F=0lA 2,179, ompl00 2.634] 7+
23l $HH AR Mlats davt A sRe 549904k
1 cdtd2] -2 MESM 0.25 mg/mLolA 43240 7H43HS
Fel3lAtHFig. 3). 53] gseC 2 cdia®] L3o| 247+ 338
v, 4328 74 A7z B o], MESMS 4a2] F2 Hel
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E A2F7] wet 9 RANKLe] Erdstet AAE cdia®Ne]
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Fig. 3. Effect of the methanol extract of Salvia miltiorrhiza(MESM) on the expression of A. actinomycetemcomitans biofilm- and
virulence-associated transcripts. The relative mRNA expression levels of (A) gseC, (B) omp64, (C) ompl00, and (D) cdtA in A.
actinomycetemcomitans treated with MESM (0.0625, 0.125, and 0.25 mg/mL) were analyzed by qRT-PCR. Transcript levels are
presented as relative quantification (RQ) values normalized to the housekeeping gene (16S rRNA). Values are presented as mean +
SD (n = 3). Statistical significance was determined by one-way ANOVA with Dunnett’s post hoc test versus the untreated control

(*p<0.05, **p<0.01, ***p<0.001; ns, not significant).
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Fig. 4. Cytotoxicity of the methanol extract of Salvia miltiorrhiza (MESM) on THP-1 and YD-38 cells. (A) Cell viability of THP-1
cells. (B) Cell viability of YD-38. Cell viability is expressed as a percentage relative to the untreated control. Values are presented
as mean £ SD (n=3). Statistical significance was determined by one-way ANOVA with Dunnett’s post hoc test versus the

untreated control(*p<0.05, **p<0.01, ***p<0.001).
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Fig. 6. Effect of the methanol extract of Salvia miltiorrhiza (MESM) on proinflammatory and tissue destruction—related gene
expression in A. actinomycetemcomitans-infected THP-1 and YD-38 cells. (A) Expression of proinflammatory genes in 4. actino-
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(n=3). Statistical significance was determined by one-way ANOVA with Dunnett’s post hoc test versus the infected control(MOI
100) (*p<0.05, **p<0.01, ***p<0.001).
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