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It has been established that berberine has strong
antimicrobial effects. Little is known however regarding the
antimicrobial activity of berberine against endodontic
pathogenic bacteria or its cytotoxicity in human oral tissue
cells. The antibacterial properties of berberine were tested
against 5 strains of Enterococcus faecalis and type strains of
Aggregatibacter  actinomycetemcomitans,  Prevotella
nigrescens, Prevotella intermedia, and Tannerella forsythia,
which are involved in endodontic infections. Antimicrobial
activity was evaluated through minimum inhibitory
concentration (MIC) and minimum bactericidal concentration
(MBC) measurements. The viability of normal human
gingival fibroblast (NHGF) cells after exposure to berberine
was measured using a methyl thiazolyl tetrazolium (MTT)
assay. The data showed that berberine has antimicrobial
effects against A. actinomycetemcomitans with an MIC and
MBC of 12.5 pg/ml and 25 pg/ml, respectively. In the

cytotoxicity studies, cell viability was maintained at 66.1%

*Correspondence to: Joong-Ki Kook, Department of Oral
biochemistry, College of Dentistry, Chosun University, 375
Seosuk-dong, Dong-gu, Gwangju 501-759, Korea.
Tel.: +82-62-230-6877, Fax: +82-62-224-3706
E-mail: jkkook@chosun.ac.kr

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License(http://creati-
vecommons.org/licenses/by-nc/3.0) which permits unrestricted non-
commercialuse, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

141

following exposure to 31.3 pg/ml berberine. Overall, these
findings suggest that berberine has antimicrobial activity
against the tested bacteria. Nevertheless, lower concentrations
in combination with other reagents will need to be tested
before these in vitro results can be translated to clinical use.
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Berberine [5,6 — dihydro — 9,10 — dimethoxybenzo(g) -
1,3 — benzodioxolo(5,6 - a) quinolizinium]<> ©{2] & 2]
o] By, 7], A4 9 oA ddE= olAFEd &
Zrzolmo] Fow S wr 43k EFHoth
Berberine®] F=Y 0 2= vy oINS (Ranunculales)
of &3l wivkglobAu] 3 (Ranunculaceae)] 3= (Coptis
chinensis), 3| =2} ~E|* (Hydrastis canadensis), “12] 3L vl
A2} (Berberidaceae)®] YNARI- (Berberis vulgaris)
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2 Aol ARSI Enterococcus  faecalis
KCTC 3206" (=ATCC 19433"), E. faecalis ChDC YEI, E.
faecalis ChDC YE2, E. faecalis ChDC YE3, E. faecalis
ChDC YE4, Aggregatibacter actinomycetemcomitans ATCC
33384T, Prevotella  nigrescens ATCC 33563T, Prevotella
intermedia ATCC 256117, Tannerella Jorsythia ATCC
43037'9ick o5 IFES FAETSATA A
AlE|(Korean Collection for Type Culture, Daejeon, Korea),
American Type Culture Collection (ATCC, Manassas, VA,
USA), H st &2 &8 (Korean  Collection
for Oral Microbiology, KCOM, Gwangju, Korea)ol| 4] %F
o} ARg-813l T

E. faecalis= Todd Hewitt (Becton, Dickinson and
Company, Sparks, MD, USA) 3SHdujA|e] e}l
37°ColA 10% CO,y Al W71 2 wjksilel. 1 9]¢
5 Tryptic Soy broth®] 0.5% yeast extract, 0.05%
cysteine HCI-H,0, 0.5 mg/ml hemin % 2 pg/ml vitamin
K7} X3¢ Hj#], 37°C anaerobic chamber (Bactron I,
Sheldon Manufacturing Inc., Cornelius, OR, USA)2} 7]
A Z7(10% Ha, 5% CO,, 85% Np)ollA kst

H 424 A 9 A &= (minimum inhibitory concentration,
MIC)$} & &4 5% (minimum bactericidal concentration,
MBC) &%

MIC®} MBC =72 Clinical and Laboratory Standards
Institute  (CLSI) [28]°14 AIAI8E ] A|3] 4 (micro-dilution)
S o] g3te] AAISHSIT) Alets2 2H2+e] HiX|E o] &
sto] 37°C oA 24 AIZE F3E Alul oAl wljekst 3
1x10° CFU/mI7} ¥ == 3143k 96-well plate®] 53}
ATk ARE-3F berberine<> berberine hemisulfate (Sigma, St.
Louis, MO, USA)°]™ 32} S]] =9 filter membrane
(022 pm)E o et} ARSIt 54 R Es 3
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NHGF= A dietu A oefjsh G wez e 2
whol ARE-3}SITE. NHGF+= Dulbecco’s Modified Eagles
Medium (DMEM, sigma)°ll 10% fetal bovine serum (FBS,
PAA Laboratories, Etobicoke, Ontario, Canada), 100U/ml
penicillin, 100pg/ml streptomycin (Gibco BRL)©] &3¢l A
kNS 37°CollA 5% CO, A7) = vkttt

Az =4 4%
Berberine ] A|3E 5A41-S H7Fs17] $13l Methyl thiazolyl
tetrazolium (MTT) =242 NHGFol th3l] Alsyseict
MTT= Aolgle Mg wEFEold] Q= E54d
29} A agiho] 2o 93| formazan Ao E Y
=1 o] Wjo] FHEES ZHsto] A QU= AEQ A
S AASHA Bk 24-well plateol] NHGF7}F 80% S
T2 wjekslal 313, 62.5, 125, 250, 500 2 1000 pg/mle]
berberine -§-4 7 ST BiAINE ke & 242t
<l wellell 253t} AT L9t well= 37°C 4]
24 AIZF ERE 5% COp MEMS7IZ wiekstlel. 1 v
e 71& AEuFNs 25 AlA e 10% MTT7F 37}
H AE wellell 2442} EF3ka Y 204 3/ &
Qb wjekabaitt. 17l Fofl Wkg-ole AASRA O™ 300 pl
A 9] Isopropanol (Sigma)S 7+ wellell H71ste] 2+ E50]
= 5 96-well plateo] 200 pl® FF3Ac) vpxgo 7
595nm Ipgoll A & (optical density, OD)E =733+
t}oo] o AgT 9 S 242 3 well® wj7dstaL o]
47 23 v Adegith aeja 543 3Rl
it @ EFEAE AAbsta it FF o) i o

r-{u:

w ATe SR Fed A At Foll g
berberine®] Fts= H7FsH7] 18l MIC 2 MBC #
ZAFSIItHTable 1). ¥ Ao AMESE ¥ dF5
xetste] 5AE] E. faecalis 5] tISt berberine 2]
MIC #E& B 250 pg/mldek aHA9k MBC #& 5

of wl 250-1,000 pg/ml 2 o]z} QIQlth ol #F
5 oA E. faecalis ChDC YE23¥} ChDC YE3 =]
thet MBC gro] 718 & Zlo= ARSI,

AR Fed A VAR EFRL 4
actinomycetemcomitans, P. nigrescens, P. intermedia 2 T.
forsythia Z}7+8] w50 gt berberine®] MIC #t
2 12.5-50 pg/ml ©]R o™, MBC ZH2 25-100 pg/ml ©]
ATt 53] 4. actinomycetemcomitans®l| THSt berberine 2]
gso] 7P £9kOem, P. nigrescensi= berberine®] Tt
Aario] 71 =& 71 o7 e

NHGF Al2ZE] tht berberine] 5292 MTT w411
o5 olrditt 71 Ay NHGF MiEZEe AEZES
berberine &%7F 313 pg/mlollA 66.1%= UERE O™
62.5 pg/ml ©]7°32] FLoA= berberined] FEe] o&
sto] AEgo] o FthFig. 1).

Table 1. Antimicrobial effects of berberine hemisulfate against
oral bacteria related to endodontic infections

MIC MBC

Species and Strains (ug/ml) (ug/ml)

Enterococcus faecalis KCTC 3206" 250 250
Enterococcus faecalis ChDC YE1 250 500
Enterococcus faecalis ChDC YE2 250 1000
Enterococcus faecalis ChDC YE3 250 1000
Enterococcus faecalis ChDC YE4 250 500
i %‘gé”égggléjg:%er actinomycetemcomitans 12.5 25

Prevotella nigrescens ATCC 33563" 50 100
Prevotella intermedia ATCC 25611" 12.5 50

Tannerella forsythia ATCC 43037" 25 100
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Fig. 1. Effects of berberine on the cell viability of normal human
gingival fibroblast (NHGF) cells by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole)
assay. An 80% confluent monolayer of NHGF cells in a 24-well
plate was incubated with 31.3, 62.5, 125, 250, 500, and 1000
pg/ml of berberine or 1% DMSO as a control in growth medium
at 37°C in humidified air with 5% CO; for 24 h. The medium in
each well was then replaced with new culture medium containing
10% MTT solution and cultured for 3 h under the same culture
conditions. Isopropanol (300 ul) was added to each well to
dissolve the formazan crystals. The culture plate was well shaken
and samples (200 pl) were then transferred to a 96-well plate.
Absorbance was measured at 595 nm.
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