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A (Salvia miltiorrhiza) F2-82] AT G- ATl A 8 SA A G4 Y collagenase X 3] TA] & &4 51¢]
o gA ek e FE2E2 AFARFE AT O3 -5 A8 R 24L& e 5718 Y ES,
hexanedl] A A |- A 5-¢) 7}F 3t AFA L M C. curvus, C. rectus, E. corrodens, F. nucleatum, P,
gingivalis, P. intermedia R W. succinogenesol| 9 g @4t 335-9] #4284 3 F=MIC)E= 200, 50, 50, 250, 150,
250 9 200 ug/mlZ 7z} 5231 KA A 5 Jel g ok 24§18 3 E) collagenase A 3 ¥A 2 F
o 5 =¢] minocyclineo)] ¥] 3 +-5>3F A 3] ¥4 & el $1-27, chloroform £33 &2 7§ 88.2% 2] A 3] &4

& Jerigie
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X4 8 (Periodontal diseasesy Aol 23] of7| == X|olx]
2 2] GFYEHE L3t 1733 X 20X X6 Al
ZAL AFAGE A2 A 237 2o} gntHo

|
T

Gram negative, facultative anaerobic, anaerobic microaerophilic
n| A Fo] XA BHE FHTOE Porphyromonas gingivalis,
Campylobacter rectus, Wolinella succinogenes, Eikenella corrodens,
Provotella  intermedia, Actinobacillus  actinomycetemcomitans,
Fusobacterium nucleatums©| WH 2z AgRM o] Frietk
A wiEo) AR} BEE Ao R deA ddao, 1), X+
B3kl 2Jsl] S collagenase, hyaluronidase, gelatinase’s:
3 22 FAERE AFES] YA JPd 71ds=r, olF
AFz2 FARGANA F23I AL AFHHY FHEY
collagen®] Efjojt}t. X3 collagenase= T2 &Aool A
FHERTY P gingivalis, A. actinomycetemcomitansSt 22 AT
= collagenaseS 1], collagens E3THH(12, 13). e A5
Ao} Ao AT A= XH, 53] X2A5AH s &
o8 Ao 2N AFH3e] P& AAlEE e FHE
a1 s oA gt

Aol A=A 8= vy 2 A X4 AL,
A2geE, X2ive 3 AFEH Ahgo] VEHOE 44
i g, HEXE 2 oA A 24 AYFHY 5] e
A GAA 7L AlgET ST AEA R chlorthexidine,
phenolic compound 5°] AFEE 3 U=, oJE AAe ddE
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o Aol A= V|Agttha Wi Hi let, A W
Aol &9, FINE B el 5o A #Rge R
3] Wi} ARge) A= Y= AR O)TH9).

olefdt 71& ARE AR S FAME RS A HABER-
B X7dE fidare] 4S84 9 collagenase A3 295
UERl= A2 AA 7ide] B o] diFEa glot X3
B Ao Buldrg e ) AFHERI Aot olFelA|a
At ©12) T AAFEEY AT AAwol g FHad
% A=Al B AT F(3) T4 magnololt honokiol®] #
o, ngdENas A, MEEA Z cytokine ikl PX|=
o tigh A7E Hmg A7 dvie] Ha Hi glE HA
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AP, Salvia miltiorrhiza Bungey EE3}o| 435 thd
ZEoF G2 HEje] Fyo HAALrt Ao glon
2 27 (thizomae)S A E AHE-Sh, g, 21783
T2, FEAETol A AR 48R Av@). ARl Es
quinone-type #3E<1 tanshinone [, I, cytotanshinone, tanshindiol,
methyltranshinone, hydrotanshinone, isotanshinones 5©] $1.9.™,
Fikglso] e o2 Bal Hil Uri(14). Gao(5) T ¢
ARG A E7ol A4FAste] J3% 2 =
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2 Aol e AFAge] Ulo] HE f2

ox

A} =T O
uTEEewE

OO

o] A A

"



112 Eung-Gi Min et al

AEME Y AR H=

B A3 ARS8 Wil (Salvia miltiorrhizays AEA|AC ZH
B FUsle] ARSI A8 FE& it 300 g& A1Eske]
condenser”} A H soxhletd ©]E-3l] AlFEY 38 F=9
ethanol(viwyg 713 $, 80°CollA] 5212 B9t 33] S&319u}
FZ2AL filter paper(Whatman No. 2)5 AME-3te] o3 §F &,
rotary vacuum evaporator(Eyela Co.)2 7%} E&3l9oH, 52
Z7)(Wsin Co)E =5} ethanol FEEL A7, 0|2 ZF
T2 &A7| gulo] FAHES F7RE TATHE hexane,
chloroform 2 ethyl acetate= F-3 3t} 3 H z}z}ke] 5-7]8v)
29 IPEEA7 1 5AAFEA Z2be] AR E ARSI

AMSDF 9 ol

B Agd AHSE XFdead e dxAEEed Tty
A ZRAANE (Korean Collection for Type Cultures, KCTC), 3=
") WE R EME} (Korean Culture  Center
KCCM) 2 American Type Culture Collection(ATCC)E -k
o} AHE-3HATHTable 1).

XA S vkl A3 viA1E= brucella media(Difco
Co.), columbia media(Difco Co. yoll 10% FBS(fetal bovine serum,
Gibco Co.) == 5% sheep blood(Sigma Co)E 3715t Ajzd
WAE AR Atk F71A B war)H 23 A wiEr)
23l €714 w71 (anaerobic jar system, BBL Co.)E H|¥7]|=
A ARgsIAa, 7FEFA 25 (Gas mixture system)S 0|85}
zZ}zre) Aol 4% 3‘? Z2700 whet 4H4:(0,), F4H,) R °]
ASIRIA(COy)S FE -3 ¥714 B vE0)A 21S X
ZA3}HTHTable 1).

of Microorganisms,

et 220 XF T Mo YSXX #Y £F
@t #2229 Zh%@_?l:w Al e ASAR] AL =

Table 1. Lists of periodontopathogens used for antimicrobial activity
test and their relations to oxygen

Organisms Strain Relation to oxygen
Campylobacter curvus ATCC 35224
Campylobacter rectus ATCC 33238 Microaerophilic
Wolinella succinogenes ATCC 29543
Porphyromonas gingivalis  KCCM 11958
Fusobacterium nucleatum KCTC 2488 Anaerobic
Provorella intermedia KCTC 3692
Eikenella corrodens ATCC 23834  Facultative anaerobic
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AL ZyZrol 452 AR 24~484]7F Aufokst 3 10%
FBS T 5% sheep blood?t 7}E brucella 2 columbia BT
Hizjel 100 ¥ =9 g & Wik FEEES ETAIZ paper
disc(8 mm, Advantec, Toyo Co.)5 FHu)z|o] &8]3, 229
AF AT Mg 24wk 23l 24~48A17F v F
B AAZH(clear zone)d] Z71E =4It

Ch & Eo| 2 USX st &Y

it FE2E9] FA-SA FE Minimal Inhibitory Concentra-
tion, MIC)?} £3-& 7o) 58 AR A 244847 &
ufjorgk okl 100 WE HA FEE9] F57} 3.175, 625, 125,
25, 50, 100, 200 ug/mi®] 52 H7HE brucella A=A HFE
3tod 24482171 Wk &, spectrophotometer(UV-160A, Schimadzu)
Z 660 nmolAM Z+ Al A& FA=E SHst, 47k Al
&R AL wEE AR

CHA &R 0| collagenase B X5l 54

it FEE9] collagenase B4l A= Z@% collagen®]
chromogenic substance$] azocoll(Sigma Co.y& 7|Z &2 o83l vt
WS ALEEETH (8). Coflagenase *{8f ZA ’;‘Xé% 50 mM
potassium phosphate buffer(pH 6.6) 900 i, azocoll 3 mg, collagenase
(Sigma Co.) 100w B A} 55 50 = J71sk] 43°C0)M
1A7r BoF 4 8-S §58 3, 3000 rpmoll A 1087 94
Hylsled B84 E3 ZA)Z) & spectrophotometerS: ©]-&,
520 nmoll A FFEE S F, oF-29 Ao 28l coliagenase &
A Aalss

h :lO

At mlo ﬂl

Inhibition of collagenase activity (%) = [1-(S-B)/C] X 100

FEZCE PELE EURBE S

B : 549 th4l 50mM potassium phosphate buffer (pH 6.6) 3
7HA)e] B

C: A E-E9 4] 50mM potassium phosphate buffer (pH 6.6)
BN FR= 2

o o oF

=2 X|FAE FUMZ dSXX) EHY
& F2E XNFARL A Ut A5HA) &
i;g:l' 7&4 RFAIE Al C rectus B E. corrodens
F SR A o] ul- 58U, P ogingivalis, W.
succinogenes, P intermedia 2 F. nucleatum®] WA= 2t
F3 AFAA] FE JERIITHTable 2). @4 d8-E F5&
£ o] &gt 718 H) HEE] NFAR/FL Myl tigk ASA
| S AMEE ]%“H 2= hexane ¥ chloroform &3-E0]
Aol ALE-8 XFA% flol] s vl 953 A AA
298 JeEWIL, ethyl acetate B EE 958 AJ&A 2] G4
< YESiTHTable 2). @) T AFS HAAI= Aol

N
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Table 2. Antimicrobial activity of ethanol extracts and organic solvent fractions from Salivia miltiorrhiza against various microorganisms causing

periodontal disease
Clear zone (mm)
Organisms Extract Organic solvent fractions
Ethanol Hexane Chloroform Ethyl acetate Water

C. curvus 122+£1.2° 242113 180£1.0 140+ 1.0 10.5+0.5
C. rectus 18321 364109 273114 225+1.2 145+ 1.0
E. corrodens 201£14 385%+04 31015 140£1.0 10515
E nucleatum 127112 227%13 203£12 11.0+1.0 0

P, gingivalis 153217 281+ 15 202108 145105 0

P, intermedia 12608 2161 1.8 240%1.0 150+ 1.0 10000
W. succinogenes 132+1.1 260105 26.5£05 173%£1.2 11.2+05

“Pisc diameter (8 mm) was included

g St HEe 259 ASAA @40l 11~17TmmE £ A
7o) e FEE AKAA A B3 s JelY]]
3, @4t chloroform E‘Q%Q] AZ3dlu| Y Eo tis| tlE /7]
Hrllof wE) =2 FTg4S JEb A7EHe) ) 59 &
e} &2 o W FE2E] I ik delA
A e 2ZEL hexaneSE FHT A4S jRe 3
AE-0] hexane EEEZ o]gsrte B}l dX|shs 2945 1}
BRI St

chat 2EFo| X AMSHHSTMIC) HH

Wt FE5E9 NFHAETE Al Hg HASASNFE
MIC)E &3 A3, E corrodens, C. rectus, P. gingivalis, C.
curvus, W. succinogenes, P. intermedia D F nucleatum®l] ™3}
50, 50, 150, 200, 200, 250 ¥ 250 pg/mlE EFGTHTable 3).
B4 59 Bacillus cereus®l] e D FE2E2 MIC7} 3.125
ug/ml, Staphylococcus aureus®) TE MIC7}F  6.25 ug/ml,
Streptococcus mutans®] g MIC7} 12.5 ngmlz2 2 4de] 4
Thofl Wls) W2 MICES UERR 2, o= Alge & 21
2 i v EY FRol b} dold ZE veid 202 A}
=212

CHA £ &2 89| collagenase BY Xdls &3
Al F2E59] collagen B30 Er collagenase B4 A2

Table 3. Minimal inhibitory concentration (MIC) of Salvia miltiorrhiza
ethanol extracts against microorganisms causing periodontal disease

Organisms MIC (ug/ml)
C. curvus 200
C. rectus 50
E. corrodens 50
F nucleatum 250
P. gingivalis 150
P, intermedia 250
W. succingenes 200

Table 4. Inhibition of collagenase activity by minocycline, ethanol
extract and various solvent fractions from Salvia mitiorrhiza

Sample Inhibition of collagenase activity (%)
Ethanol extract 43.1x45
Hexane fractions 63.7+3.7
Chloroform fractions 882+2.1
Ethyl acetate fractions 55543
Water fraction 58+82
Minocycline 455+6.4

543 AIE Table 40 BB 1% T4 olehe S22
collagenase B4 35L& 43.11£4.5%F UYERAATE Tt ollgk
& #ZE hexane, chloroform 2 ethyl acetate 7|80 £&&
9] collagenase A3l BAIL 63.7+£3.7%, 882+2.1% B 555+43
%E Tt chloroform B-3E9] collagenase 24 A3ls<] 713
rBleh, A EZSE AMES minocycined] ¥ 22 F
Tol A 455+64%2] collagenase T4 A3l es UERAATHTable
4). Zt84 2 collagenase A E/go] 53 tetracycline]
A minocycine®}t Bl dle] Tk olgE FEE9] AF vk
gt collagenase B4 A58 HEPA D, 7180 EE=] A
$ o] $-43} collagenase &4 A3l5-& UERIAT.

o] AHEA Wit FEE] XFAE AT s 5
T3 ASHA] @A wdd BAE 53 AFEF] #4957
WSh= collagenase &4 Adfle-g Fslnon, ¥ S48
BT 22 ot A9E B8 AR A AFEd A
A 2 XoF, 2R & FRAEAA W7 ASEXR Aol 7]
thE T

D28
L5, uS-d, 498, 5. 1994, S =&214
ol W& @ik Salvia miltiorrhiza) FEE2] w4, 3=
ook 5Fs}s] x] 23, 1001-1007.
2. o|%E, AT, HAE, w7Igh 1992 HAZFEE

AFgAddel Ui gaas 2 AEsg B3 AT



114 Eung-Gi Min et al.

tekA) a3 A] 22, 515-526.

A, £4438], AEH, vf7]3. 1993. Mognolol®} honokiol

of A, wAdHENAL, MEFA D cytokineY 4]

& AT A8A 23, 145-158.
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ABSTRACT : Inhibition of Growth and Collagenase Activity of the Extract from Salvia miltiorrhiza
against Microorganisms Causing Periodontal Diseases
Eung-Gi Min', Yong-Hae Kim', Sang-il Kum?, and Yeong-Hwan Han" (Department of Life
Science, College of Natural Science, Dongguk University, Gyeongju 780-714, Korea, 'Shin-
Hwa Pharm. Research Inst., Gyeongju 780-921, Korea, Department of Biology, Graduate
School, Dongguk University, Gyeongju 780-714, Korea)

This study was carried out to evaluate the inhibition of growth and collagenase activity of Salvia miltiorrhiza
Bunge against microorganisms causing periodontal diseases. The ethanol extract of Salvia miltiorrhiza showed sig-
nificant growth inhibition against microorganisms causing periodontal diseases. Ethanol extract was further
fractionated with organic solvents in the order of hexane, chloroform and ethyl acetate. Among the fractions
tested, the hexane fraction showed the highest cell growth inhibition. The minimal inhibitory concentration
(MIC) of the extract against C. curvus, C. rectus, E. corrodens, F. nucleatum, P. gingivalis, P. intermedia and W.
succinogenes were 200, 50, 50, 250, 150, 250 and 200 pg/ml, respectively. The inhibition of collagenase activity
by organic solvent fractions were higher than that of minocycline, and the inhibition ratio of collagenase activity

was 88.2+ 2.1% in the chloroform fraction.



