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In general, oleanolic acid (OA) and ursolic acid (UA) have
antimicrobial effect against Gram-positive bacteria but not
Gram-negative bacteria whereas sophoraflavanone G has
antimicrobial activity against both bacterial types. However,
the antimicrobial effects of OA, UA, and sophoraflavanone G
against periodontopathogens have not been studied to any
great extent. The aim of this study was to investigate
antimicrobial effect of OA, UA, and sophoraflavanone G
against 15 strains (5 species) of oral Gram-negative bacteria,
which are the major causative bacteria of periodontal disease.
The antimicrobial activity was evaluated by minimal
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) determinations. OA and UA showed
antimicrobial effects against all of the Porphyromonas
gingivalis strains tested and also Prevotella intermedia ATCC
25611". Interestingly, P. intermedia ATCC 49046 showed
greater resistance to QA and UA than P. intermedia ATCC
25611". In contrast, sophoraflavanone G had antimicrobial
activity against all strains, with MIC and MBC values below
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32 pg/ml, except Aggregatibacter actinomycetemcomitans.
These results indicate that sophoraflavanone G may have
potential for use in future oral hygiene products such as
dentifrices and gargling solution to prevent periodontitis.
Key words: antimicrobial effect, oleanolic acid,
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9} ursolic acid ((3B)-hydroxy-urs-12-en-28-oic acid, UA):=
triterpenoid saponins F+EAEA 4t W FHT T &
W7t Q= Ao HiEQITH9-14]. o]2]dt 0AS} UAE
FE % FA Aol sl ahat o] Hojurhar delA
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-1-en-2-yl)hex-4-en-1-yl]-2,3-dihydro-4H-chromen-4-one) 2Fi=
sgtEo] FEHO XFAS AJAFT] P, gingivalis
(ATCC 33277T), P, intermedia (ATCC 49046), A. actino-
mycetemcomitans (ATCC 43717) 2 F. nucleatum (ATCC
511900l gt Gt dAde] SlFol RaEITh17). 344
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nucleatum  subsp.  polymorphum  ATCC 10953", F.
nucleatum subsp. vincentii ATCC 49256", F. nucleatum
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subsp. fusiforme ATCC 51190", F. nucleatum subsp.
animalis ATCC 511917, A. actinomycetemcomitans ATCC
33384", 4. actinomycetemcomitans ATCC 43717 % A.
actinomycetemcomitans ATCC 43718030t} ol& d %
< American Type Culture Collection (ATCC, Manassas,
VA, USA)ollA] o 1ol ARg-al3itt

2 AT AREE e 752 Tryptic Soy brothol]
0.5% yeast extract, 0.05% cysteine HCI-H,O, 0.5 mg/ml
hemin %! 2 pg/ml vitamin K7} X85 wjx]of 3},
37°C anaerobic chamber (Bactron I, Sheldon Manufacturing
Inc., Cornelius, OR, USA)Q} #7144 ZH(10% H, 5%
COs, 85% Ny)ollA] HljeFa}Sict.

MIC 2 MBC % 33

MIC®} MBC =72 Clinical and Laboratory Standards
Institute  (CLSI) [19]914] AJAI8F w]A| S]] (micro-dilution)
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o Wikt 3 1x10° CFUmMI7} HEZE 348k
96-well plate®l] =3}t Sophoraflavanone Gi= 0.5, 1,
2, 4, 8, 16, 32, 64, pg/ml7} E%=, oleanolic acid
(Sigma, St Louise, MO, USA), 5=+ ursolic acid (Sigma)
= 4, 8, 16, 32, 64, 128 pg/ml7} HE= Al ujokelo]
A7H AN o] 1%7F | =5 H7hakslvh ofw o=
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Table 1. Antimicrobial effects of sophoraflavanone G, oleanolic aicd, and ursolic acid against periodontopathogens

Species and strains

Porphyromonas gingivalis ATCC 33277"

P. gingivalis ATCC 49417

P. gingivalis ATCC 53978

Prevotella intermedia ATCC 25611"

P. intermedia ATCC 49046

Prevotella nigrescens ATCC 33563"

P. nigrescens ATCC 25261

Fusobacterium nucleatum subsp. nucleatum ATCC 25586"
F. nucleatum subsp. polymorphum ATCC 10953"

F. nucleatum subsp. vincentii ATCC 49256"

F. nucleatum subsp. fusiforme ATCC 51190"

F. nucleatum subsp. animalis ATCC 511917
Aggregatibacter actinomycetemcomitans ATCC 33384"
A. actinomycetemcomitans ATCC 43717

A. actinomycetemcomitans ATCC 43718

MIC/ MBC (ng/ml)
oleanolic acid ursoilc acid sophoraflavanone G
16/16 16/16 171
32/32 16/16 <0.5/1
32/32 16/16 <0.5/0.5
64/128 32/64 0.5/2
>128/>128 >128/>128 2/2
>128/>128 >128/>128 2/2
>128/>128 >128/>128 2/4
>128/>128 >128/>128 8/8
>128/>128 >128/>128 8/8
>128/>128 >128/>128 16/16
>128/>128 >128/>128 8/8
>128/>128 >128/>128 8/8
>128/>128 >128/>128 >64/>64
>128/>128 >128/>128 32/32
>128/>128 >128/>128 64/>64
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Table 2. Summary of antimicrobial activity of sophoraflavanone G, oleanolic aicd, and ursolic acid against periodontopathogens

MIC90/MBC90 (ug/ml)

oleanolic acid

ursoilc acid sophoraflavanone G

Periodontopathgens (n=15) >128/>128

>128/>128 32/32

MICyo: the minimum inhibitory concentration needed to inhibit the growth of 90% of the strains of periodontopathogens.
MBCy: the minimum bactericidal concentration needed to kill 90% of the strains of periodontopathogens.
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o 1 A3 0A 9 UAT P gingivalis #5757 P.
intermedia ATCC 256117 o Awk & Ao A ALS-
¥ oA Fqtss Hole A= & SASIKTable
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stavtas MRS 27] AFA RS oA57F FA4 ks
o TelEE, B ATelA 0A ¥ UA7E B ATelA
AHESE sRolA P gingivalis TS P, intermedia
ATCC 25611" el ARt Patss BARE F Alst
Fol AFAee] Wy 9 WP = AFAR 59t
A Aol lvk= A3 0A % uATE 7] A|
Al el Aol wojshs 2% Y Al Foll sk &
o B0l Frhs e e w, o= Ax AFHS
Y g¥E 7 Aow Az,

ojFe] dAvAdYESs FHE W, I 4 FHT VI
o= zt= ZEFH0]=Ql sophoraflavanone Gi= 64 p
gml®] FER Aok FAYA G Foll HrhEe] A5
Ag oy gl NS RIAE AR 529 4t 9l g
e 7eol FoA" FASAAEE el ol Tsd
ZOoR A7

zAlel 2

HATFE o] E=EE 2013dE AYel 2Adgstw
A e S s Ale A5 AYS ol
TEHAS.
References

1. Slots J. Subgingival microflora and periodontal disease. J
Clin Periodontol. 1979;6:351-382.

2. Gupta S. Chronic infection in the aetiology of
atherosclerosis-focus ~ on  Chlamydia  pneumoniae.
Atherosclerosis. 1999;143:1-6.

3. Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco RJ.
Identification of periodontal pathogens in atheromatous
plaques. J Periodontol. 2000;71:1554-1560.

4. Haffajee AD, Socransky SS. Microbial etiological agents of
destructive periodontal diseases. Periodontol 2000.
1994;5:78-111.

5. Darveau RP, Tanner A, Page RC. The microbial challenge in
periodontitis. Periodontol 2000. 1997;14:12-32.

6. Paster BJ, Boches SK, Galvin JL, Ericson RE, Lau CN,
Levanos VA, Sahasrabudhe A, Dewhirst FE. Bacterial
diversity in human subgingival plaque. J Bacteriol.
2001;183:3770-3783.

7. Lee ES, Ahn TY, Yoon JJ, Kook JK, Lee BR, Kim DK.
Restraint effect on leaf-extract from Camellia sinensis and
seed-extract from Casia tora against periodontopathogens.
J Korean Acad Dent Health. 2003;27:569-569.

8. Park SN, Lim YK, Freire MO, Cho E, Jin D, Kook JK.
Antimicrobial effect of linalool and a-terpineol against
periodontopathic and cariogenic bacteria. Anaerobe.
2012;18:369-372.

9. Liu J. Pharmacology of oleanolic acid and ursolic acid. J
Ethnopharmacol. 1995;49:57-68.

10. Hichri F, Jannet JC, Cheriaa J, Jegham S, Mighri Z.
Antibacterial activities of a few prepared derivatives of
oleanolic acid and of other natural triterpenic compounds.
C R Chimie. 2003;6:473-483.

11. Horiuchi K., S. Shiota, T. Hatano, T. Yoshida, T. Kuroda,
and T. Tsuchiya. Antimicrobial activity of oleanolic acid
from Salvia officinalis and related compounds on
vancomycin-resistant enterococci (VRE). Biol Pharm Bull.
2007;30:1147-1149.

12. Fontanay S, Grare M, Mayer J, Finance C, Duval RE.
Ursolic, oleanolic and betulinic acids: antibacterial spectra
and selectivity indexes. J Ethnopharmacol.
2008;120:272-276.

13. Kim MJ, Kim CS, Ha WH, Kim BH, Lim YK, Park SN,
Cho YJ, Kim M, Ko JH, Kwon SS, Ko YM, Kook JK.
Antimicrobial effects of oleanolic acid against
Streptococcus mutans and Streptococcus sobrinus isolated
from a Korean population. Int J Oral Biol.
2010;35:191-195.

14. Kim MJ, Kim CS, Park JY, Lim YK, Park SN, Ahn SJ, Jin
DC, Kim TH, Kook JK. Antimicrobial effects of ursolic
acid against mutans streptococci isolated from Koreans. Int
J Oral Biol. 2011;36:7-11.

15. Kuete V, Wabo GF, Ngameni B, Mbaveng AT, Metuno R,
Etoa FX, Ngadjui BT, Beng VP, Meyer JJ, Lall N.
Antimicrobial activity of the methanolic extract, fractions
and compounds from the stem bark of Irvingia gabonensis
(Ixonanthaceae). J Ethnopharmacol. 2007;114:54-60.

16. Han C, Guo J. Antibacterial and anti-inflammatory activity
of traditional Chinese herb pairs, Angelica sinensis and
Sophora flavescens. Inflammation. 2012;35:913-919.

17. Cha JD, Jeong MR, Jeong SI, Lee KY. Antibacterial
activity of sophoraflavanone G isolated from the roots of
Sophora flavescens. J Microbiol Biotechnol. 2007;17:858-
864.

18. Kim CS, Park SN, Ahn SJ, Seo YW, Lee YJ, Lim YK,
Freire MO, Cho E, Kook JK. Antimicrobial effect of
sophoraflavanone G isolated from Sophora flavescens
against mutans streptococci. Anaerobe. 2013;19:17-21.

19. Clinical and Laboratory Standards Institute. Methods for
dilution antimicrobial susceptibility tests for bacteria that
grow aerobically; Approved Standard-Sixth Edition. CLSI
document M7-A6. Wayne Pennsylvania USA. 2005.



154

20.

21

Soon-Nang Park and Joong-Ki Kook

Kim DW, Chi YS, Son KH, Chang HW, Kim JS, Kang SS,
Kim HP. Effects of sophoraflavanone G, a prenylated
flavonoid from Sophora flavescens, on cyclooxygenase-2
and in vivo inflammatory response. Arch Pharm Res.
2002;25:329-335.

. Wun ZY, Lin CF, Huang WC, Huang YL, Xu PY, Chang

WT, Wu SJ, Liou CJ. Anti-inflammatory effect of
sophoraflavanone G isolated from Sophora flavescens in

lipopolysaccharide-stimulated mouse macrophages. Food
Chem Toxicol. 2013;62:255-261.

22. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent

23.

RL Jr. Microbial complexes in subgingival plaque. J Clin
Periodontol. 1998;25:134-144.

Kook JK, Sakamoto T, Nishi K, Kim MK, Seong JH, Son
YN, Kim DK. Detection of Tannerella forsythia and/or
Prevotella intermedia might be useful for microbial
predictive markers for the outcome of initial periodontal
treatment in Koreans. Microbiol Immunol. 2005;49:9-16.
Erratum in: Microbiol Immunol. 2005;49:295.





