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Abstract In this study, the effect of the combined use of a lipid-
soluble n-hexane extract of red ginseng marc (HERGM) and
water-soluble arginine, which exhibits anticaries activity, on the
growth of Streptococccus mutans was investigated. As a result of
checkerboard assay, HERGM and arginine showed a synergistic
effect in inhibiting the growth of S. mutans with a fractional
inhibitory concentration index of 0.396. Combination treatments
of HERGM and arginine resulted in leakage of nucleic acid
components and decrease in the viable cell counts of S. mutans, all
of which were proportional to the concentration of HERGM. In
conclusion, the synergistic effect of HERGM and arginine on the
growth inhibition of S. mutans is mainly attributed to HERGM.
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%X|(dental cariesy= PIAEC] 93k AZke] SR YAdA A
2ot Aldto] o] S2ES FalstaA AAdEE AEH
(biofilm)} Akl o] XJote] wakdo] g oA dojum,
70099F2] 7 HAE FollA Sweptococcus mutans’t THIEZQ]
FA At T4 R dEA UTH12) 2AES Fek] A
FS A8 AR ) vAE F S mutansel o3 2=
3 HFom RalHy EEDE S nmutans’t Y=
glucosyltransferase (GTase)oll 2lsle] H2Ado] 7st thdw7<l
dextran® 2 Sk TE oA YAHH dextran 77 At A
o} ol A= Xe|RH Al#F=hE FAstaL Zgol Az
wo] @t XMool wo] AlitE Aske JS gt BEgk I
2 S mutans®] FE HAE Fote] frIoR HghE o] A
9 o] pH7E Sl o ZA] o} wge] g7t frid
of FA7F WARATH3]. Wb S mutans®] S A A
Hzo] 743k dextran Aol TAsE S mutans®] GTase &
AL Agrosn X9 HAS JAF F e, oz &
3 Ueili= 2ol ik d77F AEE AL lTh4-6).

G714 ol arginine P]AJE2] arginine deiminase
system (ADS)?] Z&0= {a=lo] dE|E A3k 714 0]
H, ol APE dEYolks 4] AEEhleld AdEE
2hE FEAA A A A £ A7) W H2 F
2 o] NEL FZ WRHOE arginines 83 At
HIEI Jrh. Arginine 1.5% FZOIA S mutanse] A& A
al= msht8], S. mutans®] Aot FH FA B84 thd
Aol B am AEnt o] aAHoR A HJATH9,10].
FAlO arginine> S, mutans2] UIAH(glycolysis, amino sugar,
nucleotide sugar THAHE As|sled ko] AAGS A s1H,
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peptidoglycan /32 AFSIATH11]. Arginine %] of o]
g AREA e B4 ol S mutans®] A5 A0l A
FEAE BHIom[12], Xkl B o3} A 2% arginine
S AN Afel® $3] dEart FFEACH13).

Ol (Panax ginseng)ye FA:Alo| = Bl opue} t)ekst Al
g AEo] FRE dew, ksl 7198 JiAd, |YS
Z, 8 35 A 59 o] HarHo[14] LAEt g
A9t AT FLE ARRE AL UTh 1] S mutans©l
gt At 34t AeE FEES S mutans©l g A3
FEMIC)Y= 150 mg/mLe|H, A3 G AlEde] J3d A
olgl= BHA[1519F &4HEte] n-hexane F=E°] S mutans®] A
S 7Ea As s (MIC=125 pg/mL), A 2= AEot
FAL addoz Asitl= BA16pt Uk A -2}
oA qFx T A F TR EO|EE ARYEOZE )
= 2 FEEY AYEE A2 vl vuERE(]]
A T3t B FAe] pohexane =3 arginine
== Al digh F7HQl At B asi

wetA B A E S mutansoll 3 $48F p-hexane 3
=9 A3l 21615 vIBo=E FX AW =7 H[9-11]
H 849 arginine?} XEA9] 4 n-hexane FEEL] %
ol S mutans®] A vXE FEFoR ARG 2 T4k
o] A8 e AR IFA S 2= TFE digh
712 ARE FRIRAL ST

|
2
flo o% ﬂ};l'ﬂ‘j of
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A= 2 Y

HAAA =

i @ FEE AR ER AYEE Ak 3
ARG, 7371)lA AgEdct. = Fekd T
AEAAANE(KCTC, )M 42 Streptococcus mutans
KCTC 3065 3+ Brain heart infusion (BHI) agar Hlj#]
(Difcor}, Detroit, MI, USA)el vj%Fale] ARE-31ITE Arginine,
dimethyl sulfoxide (DMSO)%= Sigma-AldrichAkSt. Louis,
MO, USA)® AFS, 2 2 15 o3 Aloks ARt

&} p-hexane FEE AR

a3t Ak Baboll g4k 108 (wiw)e] m-hexaneS 715HAL
g2 FGzoA A7 FEg F FZ9E Whatman No. 2
AR R AF3IAL 50 °CollM TFUEF31 n-hexaneS A|ATH
o =2 DMSOd &8iA A Aol ARg-siiTH16].

S. mutans°] ¥ I 3L 53 34

4t p-hexane 253 arginine®] W8l o)g st gEzt
4 "3+ checkerboard assay RIHO = FA}SIAL fractional
inhibitory concentration index (FICDE ©¢]&3ste] Hdsloich
[17]. &4t8F n-hexane 3% 2(7.8125-62.5 ug/mL)Z} arginine
(1.25-10.0%)S thFst 2o =2 24-well plateol] S mutans i
kol (1x10° CFU/mL) 2 BHI brothe} 3 £33t 22
T 37°ColA 2077 Wi v o] S-S 660 nmol| A <]
w2 243 BAl 4 n-hexane =&} arginine
S 78z 7.8125-125 pg/mLaF 1.25-15.0% W= G 2g]s)e]

-

HWEI Tt 27+ n-hexane FEE Al DMSOE H7t
319oH, arginine> @& BHI brothol] =0]3l pH 7.408=%
ZAS T AsZ Algsie] ARSIt FIC (fractional inhibitory
concentrationy= E5HEo4] A]F.2] minimum inhibitory concentration
MIC)l thgh A& T AREAlS] MICS] B ZZe]shH, FICI
(fractional inhibitory concentration index)= 7 A& FICS| ¥
OS2 AFsIsATE. FICIZF 0.5 elstel® AlUA] &3t 0.5-1.0
e F7F B3, 1.0-4.0 RSl A9, 40 ofdeld A4 &
A7t U= Ao=E At

A xe EZAA4 (integrity) 4

E4Ht n-hexane FEEF arginine®] W8] Aaxur FAAo
e G AE AR F AE Aol fEEE A
S 260 o ER=Z 24516 H7181TH18]. BHI broth
oA 24717F WIS S, mutansi] FN-S DAE2](3,000xg, 10
min, 4°C)ale] FAS 34313 Bt phosphate-buffered saline
(PBS, pH 7422 23] AH3t & wjdlat 53U 739 PBS
of dgsle] FA AIEE FH|SIAUTE Arginine 10%°] 2454dt
n-hexane F+EES 7.8125, 31.25, 62.5, 125 ygmL T2 7}
7b EFSIaL 1x10° CFUMLE w4 dErlS F7lste] 37°C
FerzoM RREAIZIEA AAA R AEE AF sl A4
2§ 260 nmelA A SFEE S5 Ade
To] ZJol2 AABIATE. ArginineS Ht PBSol| £3l3l:L pH
740082 237 & Atste] ARgEoH, 48 HERTE n-
hexane F&& th4lo] DMSO, g tE27+= 10% arginineS

A7rste] mlasisict.

Killing assay

4t p-hexane FEE3 arginine?] WS 35 HISSH] 9
gk killing assayS Toda 5 WH[191S dF HEF (] A3}
At Alxer 7244 S s "o PBSAl S mutans
dgals 1|5 24-well plateol] arginine 10%9} 442}
n-hexane FEES 31.25, 125, 250 pg/mL $=2 7H7F E33h
A&} 4 phexane FEE 125 ug/mLe} arginine S5, 10,
15%% 27t &3t A8E FletaL vy 818k S mutanss
1x10° CFU/mL F%=% 7k § 37°Cellx 3217 whgAIZITh
H-gole- 107 S Ho =z 3A45le] BHI agar iAo =23}
3 37°ColA 20A7F wigE = AR FHEE ATl
Arginine> HF PBSO §331aL pH 74002 2A% F AlF
st ARgsllem, 4 tix= DMSO, ¥ tiz7= 10%
arginine®} 125 ug/mL 48} n-hexane FEES 747 ©HEo=

A7rste] mlasisict.

FAAH
AFor] A2 A= Excel 2016 (Microsoft Co., Redmond,
WA, USAE rtests A3 Fo4dS H718tHp <0.05).

23 9 3%
S. mutans®] A o FSFE 55

LS Y82 phexane FEES AR OH,
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&2 0.640%= 71F] T4} nhexane FEE & WS-
AFFAEH16,20]. MICE 7122 3}= checkerboard assay= &
A AEETE MICE i Pld=<l A3iis Hr} F=
71A] ol AHEAS WE AHsIE W dHEES A
T HAstE AEe gEd o] AsAeS Hrieke W
OS2 FICI 0.5 olstold A|UAI7F vepdtiar g7k &= 3l
[17]. A€292] T4} phexane 2ZES 7.8125-62.5 pg/ml,
8739 arginine 1.25-10.0%2] HeoA F o] W& A
7t S. mutans KCTC 30652] A5l vX]= 3L checkerboard
assay®. ZAPSITH(Fig. 1). 44} n-hexane &3} arginine
S d=o7 A A9 MICE 2t 125 ngmLe} 15%=
Ql=jo] 71Ee] Aol AA|SITH12,16). B3 F AEE W&
2 stH S48 n-hexane FEE 625 pg/mL (F4AE -
hexane F&E2| 12 MIC)3 arginine 5.0% (arginine®] 1/3
MIC)E AZ|st =43} arginine 10% (arginine] 2/3 MIC)S}
S5} n-hexane FEE 7.8125 ug/mL (84548F n-hexane 5
9 1716 MIOE A3t 7N S mutanse] 5o a3}
Koz JAEATt. webd 48 n-hexane FEEF} arginine
o] FICZE ZHF 0.06252F 0.333°]912™ FICI (TFIC)= 0.396
2 Axtelel 34EE p-hexane FEE3 arginine®] HE A2 E
S. mutans KCTC 3065°] A& Asfol] thslo] 43 AUA]
A5 e 3o= A=Y # vAE F ADS A=Vt
A= Streptococcus gordonii®t 72 PIAE-S arginineS w315}
of grUels Aitelnz AYE dRUoks S mutans 52
2 A mAE oJgk Ak Fslelal AAER UFe] pHE ¥
ol Z8-S 7). =3 arginine S mutans®] ALE A3
ste] 4ke] A oA, R AET FAL WEElEE FX4
dfol] F3HoltH9-11]. 2 & A9} 2] arginine2] S.
mutans®| g MIC7} 15%% AL arginine ©50 2= S
mutans®] A5 Aol gk Y2 wlg AHAS vepdTt
[8,12,13]. Arginine?} B2[1221] 2 2% arginine?} Lactobacillus
rhamnosus GG [22]2] W& A7} S mutans®] YL Ao
AR g3 Johs A= arginine B5 AR HES FE
371 93k x¥ow AlgEY. E49) arginineS WHE3 B9
10% arginine?} 62.5 ppm NaF2] Z3tolA S mutans®] A5-0]
A" Hi[12]et 2 A+ A (arginine 10%2F S4E a-
hexane F&E 7.8125 ug/mLolA A& #3))E v]wsPH NaF
B} 34 p-hexane FEEC] B W FEOM S9E HS
ok 2 A3 B A7) FICKE 039602 229} arginineS
| 2719 04585} Sgit). BAE W2 pHollA X|of wulZ
o] AL AT BT Ate] S oAlste] F
A& dsiARH21] HIFA Aol X AS YAl &
FHolgls H[23,24]5 2P 241 n-hexane FEEO|
A8 AERD Aol 719lske Aoz AlEETh 4 n-hexane
FE=°| NaFEth W2 5%olX S mutans®] Y55 Asleh
U= AFH16]9s 53 Aol web] €44 n-hexane
FZE3) arginine®] WL S mutans® A5 Aol g
AUA g3E Holrg F3] o] Ego] H F Us Ae
2 Pk

Al xe} FZAX (integrity)

h=

24} phexane 83 arginine®] checkerboard assay 23+

Arg (%) HERGM(ug/mL)
10.0
62.5
=
£
S | 31.25
2
S
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w
I
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L
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Fig. 1 Antimicrobial effects of HERGM and arginine alone or in
combination against growth of Streptococcus mutans KCTC 3065. The
data were shown as normalized results by the mean of control (DMSO).
Black arrows indicate the minimum inhibitory concentrations (MICs) of
HERGM and arginine alone, and red arrows indicate the MICs in
combination

(Fig. 1), 10% arginineZ} €48} n-hexane FEES A0l A
25l 4 n-hexane FEEQ] w9t TSl S mutans
Ago] A=At S mutanse] A5 As|ol tigh arginines}
S n-hexane FEEC] AT 28-S AR gk F A

e AE Stk 3= Sk Alxe 727400
A1 wstel] eJgk MEo] APHE Ao deple A
olth24]. 4 n-hexane FEEC] MICS! 125 ugmlE 715
OF 12, 1/4, 1/16 MICZ 10% arginine’} Z}2t %38l S
mutans® -8 A2lstal thETeF vkl 2 A3 Fig. 2),
904 743} ¥ 260 nmellA] F3%=2] W3k= 10% arginined] 3
7FE 24 phexane FEEC] FEol HlEsle] 0.024 (1/16
MIC), 0.058 (1/4 MIC), 0.062 (1/2 MIC), 0.172 (MIC)& =
7Fsl] 3A17F 71A] SAIEIATE tIERTFH(DMSO 2 10% arginine
Azl 3% Wskes 327 714 0.02-0.03 o2 wu|S)
St} ol arginine @5 A7t AlEE FAAC vX e I
& 3A] o, 4 phexane FEES H7F F=ol HlE
stod MEo] Ak AR frEel VM-S UERIThEAE p-
hexane %% 1/16 MIC H7F= tiz2¥ wl¢- EAFElY Fig.
204 dlofE] AAl= AR, S, AES] A Al T4kt
n-hexane F=E90] arginineTh E3US AXsIH, 44 »-
hexane F&=°] A& AEl Aol 7Ilshs o2 Algd
ok AlZ PR 52 AlEEe] Fxzo] Wsks ofu|st
= ZoE JudE FEe AE 71&el g T3k SA7
"ok 53] A8 2 SAol ad AE FMAAE A8
o] st A= 7V (Panax quinguefolius)®] A=A =[24]
9} FA}%(Macleaya cordata) 22] essential oil[25]014] HIl%]
o] 9o, B Axe Azx o9} FUI Aot uweiA
arginine?} 4} p-hexane FEEC WS Ao g S
Z

mutans A|ERF FAA ] et £ W= 2 348 n-
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Fig. 2 Release of 260 nm absorbing material from Streptococcus mutans
KCTC 3065 treated with arginine and HERGM in combination, arginine
alone and control (DMSO) at 37 °C. All data were means + SD (n=3)

hexane FZE°| 719181, o]gf gt WHsl= S mutansS] B
AAEIH e AR xd Aoz dAdHE

S. mutans Killing assay

S. mutan N EE FAR vX= QS vRORE 4 p-
hexane FZE3} arginine®] W& 2ol 2|t S mutane] AFE
a5 ZARIEIY. 10% arginined] 341} n-hexane 2 1/
4, 1, 2 MICE 77t 8% =713 84} n-hexane F5=
MIC arginine 1/3, 2/3, 1 MICE Zz} &3 ZHo= &
mutans®l -8 ATsaL s 27 vwstdchFig. 3).
Argininedl] S4E} n-hexane FEES ThSSH 752 HES
F(Fig. 3A), S mutan AdTE A n-hexane FEE9] 5
o vl#Eske] 5.763 (1/4 MIC), 5.656 (1 MIC), 5.513 log
CFU/mL (2 MIC)Z 7HA3150™ 4k} p-hexane FEES 2
MIC #7138 A% YA HERT(5.759 log CFU/MmL, 10%
arginine)?} froJgk Zfol& HT) gk BE AP 4 O
Z745.877 log CFU/mL, DMSO)ZH= 2|3t o] Bt
SHA, S48 p-hexane FEEC) arginineg TS 522 HE
St A9-(Fig. 3B), S. mutan A5 arginine®] =9} F-4a}
Al 5.635 (1/3 MIC), 5.629 (2/3 MIC), 5.671 log CFU/mL
(1 MIO)E % txF(5.664 log CFU/mML)$F fAFEI oY,
54 R fos 2olE B o] A g4kt
n-hexane FEE arginine®] WEA arginine®tt 4}l a-
hexane F&E2] S mutan APE E37F 55 vlsiH,
A8} p-hexane FEEQ] HUIE A2 A AR fF0] Ut
¥ Fig, 29 AFAetE X ehe AFolrt. g 844U 4t
Y} p-hexane =22 H7IFS 1 MICAIA 2 MICE F7HA
ol wet MFg7F Dashe AL AR (Macleaya cordata)
QoA FZ3 essential oil[25]9141 2t FU3 Aol
Arginine®] MICHT} & Fox 344} phexane FEE9]
W&ol 9%t S mutan AFE &= YANAlismatis rhizoma)

(A) 6.4
‘_ET *
S 60r [ |
3 l * * *
. T *
2 T l
o 56}
-
c
=]
8
= 52f
[]
o
2
o]
© 48|
s
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=
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Fig. 3 Combination effects of HERGM and arginine on viable cell counts
of Streptococcus mutans KCTC 3065. Panel (A); viable cell counts after
incubation with different levels of HERGM and 10% arginine, panel (B);
viable cell counts after incubation with different levels of arginine and
125 pg/mL HERGM at 37 °C for 3 h, respectively. All data were means
+ SD (n=3)

g FZEJ ampicillin, gentamicin®| S. mutans ETI -
Aol A5 oAleh Apdell thet AluA] a6 ofy
vAE 79 AFEAES] HEEEoR tpeke o A
ol gk AFE ZE2719M % FARSE H3o R Barse] )
o m2A SX oA 237F A= FE4 arginined} S
mutans®] A& A a7t ¢ X84
59 HE2 FA ol AUX aE

ool

SAHY p-hexane
3 S Aoz

Y
2 =

E IS ZAISINTE Checkerboard assay® £+ A3} &
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29t mhexane 553 arginineS factional inhibitory concentration
index 0.3962.% S mutans®] A5 A3l AUA| &35 EH
WAch. &4} n-hexane FEE arginine®] 8- IiF A&
o] A& AT AAE xHEINoH, ol BF 4 n-
hexane F=&2] Fxo H|H3IHTE AEHOZ S mutansS)
238 Afloll tiet 4 n-hexane FEE3 arginine?] A|UA|
e FE AP nhexane FE=0] 7lojshs Zlom dAd

.

Keywords A5 A3l - &4} n-hexane =&
Streptococcus mutans

* Arginine -

A 2
H9lgI.

B A7 20224 H UjstaL S TN o] Q0w 53}
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