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Antibacterial Activity against S. mutans or P. gingivalis and
Anti-inflammatory Effect of Betulae Cortex

Jong Pil Lim*

College of Pharmacy, Woosuk University

Betulae Cortex of Betula platyphylla Suk. var. japonica Hara (Betulaceae) has long been used for treatment of
various inflammation, fever and cough in Eastern Asia. In order to investigate antibacterial activity of the Betulae Cortex
against Strepfococcus mutans or Porphyromonas gingivalis, MIC (minimal inhibitory concentration) and pH were checked,
and for anti-inflammation activity, the experiments about trypsin-induced paw edema, vascular permeability and
myeloperoxidase activity in rat's hind-paw tissue, were carried out with various extracts of Betulae Cortex (BCXs)
respectively. The BCXs showed significant antibacterial activity, and at the dose of over 50 mg/kg, BCX showed
significant inhibition on the paw edema, vascular permeability and myeloperoxidase activity. These results indicate that
BCXs have antibacterial activity against oral cariogenic bacteria and anti-inflammatory effect.
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Table 1. Strains and cultivation conditions for oral cariogenic
bacteria
Strains Cultivation conditions
Streptococcus mutans BHI (Brain Heart Infusion) media
ATCC25175 377, facultatively anaerobic

3% tryptic soy broth, 0.5% yeast extract, 0.05%
cysteine HCI-H20,
0.5 mg/ml hemin, 2 xg/ml vitamin K1
37T, facultatively anaerobic

Porphyromonas gingivalis
ATCC33277

3

9] HALFAAFE (minimal inhibitory
concentration; MIC) 372 Lorian® <} Murray29)94 o) F3}
o ZAs9d. 37TColA 24A3F W% S npwtans R P
gingivalis & 9-& 717} Table 101419} 2] BHI broth @ ZAHj
Fedol °F 103 CFU/ml M=% HFF & ddE AP do] 7
Aog BEstu 7+ :&94L 200, 100, 50, 25, 125, 6.3, 3.2 &
1.6 ug/ml == H73 & 37CAAM F71Auw %7 (Model
Bactron 1, Sheldon Mfg. Co., Comelius, OR, USA)ell A 347t Hj
&3t spectrophotometer (Genesys 5, Milton Roy Co., PA,
USA)Z 660 nmoll A §FEE 43t

2. H2LFAATE

zAE % 322

e

=i

3. ¥ & ¥xd @& pH W3 54
7 S. mutans %

718k ol 37CelA 2447 2 P
gingivalistt 4& Zt7 BHI broth 2 ZAWgde] <k 103
CFU/ml S5 HE¢ & dd9 Agael FaHoz 233
al 100, 50, 25, 125, 6.3, ¥ 3.2 ug/ml == 7}
gk 3 37CAAN Fr71Ho2 397 wg3ted pH meter (701A,
Orion Co., MA, USA)Z pHE &3t

ek

[e]
%4 +eoe

}ﬂ% 18717+ 4417151, A
¥ (5, 10, 50, 100 mg/kg)=
% ketamine HCl (30 mg/kg)@ xylazine (6
< o5 ?—A}o}&l A7), trypsin (500 pmol)S A
Aol = 100 wer 7<) site] dubee] FAbs .
5—4 aZle  FAY  dhig FAAAG mﬂ o
plethysmometer (Ugo Basile Co., Comerio, VA, Italy)
of ZAsR e AT Ao AT FF A&
22 Ao Attt olw A

(saline)®] #X|°|", B= 7t
Inhibition (%) = (A - B) / A x 100

5. Trypsinell <3t aHF

TrypsinTAtell &8 dRFHA L
we} S A. AYEsF 2 7
3tal 1A17F H, 25 mg/kge| Evans blueg

Katayama =30 ‘ﬂ“ﬁ 9

Y4959 5o
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sha|(bifg) o] AT} AFAGTA Nd FF 8%

0.6 N H3POs$} acetone (5 : 13) &
A EE AA EE9 3,000 rpmel
¥5 42 spectrophotometer 2 620

oM FFEE =43 F, Evans blue EF 44 23l &

£
),

TE kAL pg/go B RABAT ERFHA AL e
2 Ao AT ol Ae FEES FASIA @2 7
(saline)®] oW, B2 & FE=& FA% 79 FA otk

Inhibition (%) = (A - B) | A x 100

6. Myeloperoxidase % %
Aedds 2 74 FE2eS vEEE A
trypsing | @ulgel] FALELS, 6A17F & 7] wutEg A3 8o
FAE £243+3 myeloperoxidase (MPO) &
o] W wet FYstATh wuty 2A4S A HolA 05%
hexadecyltrimethylammonium bromide (HTAB)E X&3l=
KH,PO; / K:HPO, buffer (pH 6.0)%0] 0TI A 45% Bt A%
homogenizerZ A3}t & 4Tl 3,000 rpmoZ 2087 €
AwE stk MPO E4=E 347 98t 96-well
microtiter plated] F5H 50 x09}, 50 £02] phosphate buffer &
fr 0.5% HTAB (pH 6.0), 50 1£¢] o-dianisidine (0.68 mg/ml in
distilled water)& 7}sta W& E33s17] fste] A= ZA
g+ 0.003% hydrogen peroxide® 7}ttt 183l 450 nmol Al
FR=AE ol g35te Atk MPO B4 A& o
2108 AsAT. oWl A FEES FoIA & +
(saline)?] F=3]o]¥, B& 7} FEES T3 9 FAo|t}

Inhibition (%) = (A - B) | A x 100

= 23} (mean * SE)Z UERH S
H, Nz 4 A7 Hd Aol = student's t-testZ 4
3t p<0.059 W FAHLZE Fositta HAF3A

80% methanol > 80% ethanol > water <2

o] AY Ek}.

Table 2. Extracted yields of Betulae Cortex by various solvents

Solvents Extracted vield (%)
distilled water 9.7
80% methanol 1.2
80% ethanol 10.4

" Betulae Cortex were extracted for 3 hours by heating, and the filtrate was lyophilized.
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2. ALLKAAFE (MIC) 34

Lorian®™9} Murray™¢] ol #38 S mutans 2 P,
gingivalis T Wt ZAT 4 FEE MIC FAHZH}=
Table 33} 2t} 80% ethanol ex.9] S mutansoll 3t MIC (ug
/ml)E 1000| 1, P, gingivalist) 3 MICE 500.8 TH2 &uje] &
EERY $Ah

Table 3. MIC by various BCXs against S. mutans and P. gingivalis

Concentraion (g/ml) MIC

Strans  BOX 500 100 50 25 125 63 32 16 (s
WX + ++ o+ R S S S >200

S. mutans MX - I s s s s = 200
EX - - + R = S S S 100

WX - + + R = S S S 200

P. gingivalis MX - - + R R = SR = S S 100
EX - - - e s e 4 50

MIC: minimal inhibitory concentration. BCX: Extract of Betulae Cortex. WX: water ex.,
MX: 80% methanol ex., EX: 80% ethanol ex. Bacteria were incubated for 3 days at 3
7C in the cultivation conditions as Table 1, with various BCXs. The experiments were
performed at least three times. Symbols: ++; growth, +; weak growth, = no growth

3. ¥%& &0 we pH ¥ 54 47

sty o &t FEES TR S nutans R P, gingivalis 7
of F7tate] wjeFe] B AA A9 pHE F4 ¢ A= Table
49} 2h 2t FEE2 S nutansst A GRS W TR
whe} pH7F 610025 A F718te] 2t 2589 & (1
/ml)7}F 50.07 100.014 #9285 Uetdth. 28 P gingivalis
o Aol pH7E 7.0 SAH ol MEH Fo4S HolA] ggkom
2, Table 40l & &g FE=9 ZAANS A A

Table 4. pH values by various concentrations of BCXs cultured with
S. mutans or P. gingivalis

pH valuet

Concentration of BCX S, mutans P. gingivalis

(ug/ml)
WX MX EX EX

0.0 (control) 6.10+0.02 - - 6.98+0.12

3.2 6.16+0.43 6.14+0.37 6.17+0.82 6.86+0.54

6.3 6.16+0.22  6.17+0.12  621£0.09  7.01+0.27

125 6.19+026  621+0.08 629091  6.91+0.84

25.0 6.23t0.08  6.26+031  634+0.11  7.01+0.03

50.0 639071  655+021° 6.89+0.12°  6.88+0.49

100.0 6594035 672+0.11" 691024  6.95+0.74

BCX: Extract of Betulae Cortex. WX: water ex.,, MX: 80% methanol ex., EX: 80%
ethanol ex. T Bacteria were incubated for 3 days at 37°C in the cultivation conditions
as Table 1, with various BCXs or saline (control). Values are mean+S.E. =Significantly
different from the control at the p<0.05 level.

< A 9=

Trypsin®. 2 fo¥ £5& B

mg/kgol A #9944 Ade A&

= 2 o7t A ko, 10 mg/kgeldtol e 9] B

olA] sttt ol TR FEEFHE 2, 80% HEE B 80%
2 Aol= gl ATh(Fig. 1).

1901} 50 mg/kg Ol A
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Trypsing 500 pmol¥ #| o] FAFgE 1A]7F & Evans

blue®] T340l FElatA Eobxth vt F wutw 279
Evans blue 37 FHAFE B FZ A Sl e} o] 2t 5
& 50 mg/kg¥ 100 mg/kgol A FoA e JAES EHL
u, 50 mg/kg ol dellA o] A& & AolE UEHA T
(Fig. 2).
50
40
g
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5 10 50 100 mykyg

Saline

Fig. 1. Inhibition effects of BCXs on trypsin-induced paw edema in
rats. BCX: Extract of Betulae Cortex. WX: water ex. of Betulae Cortex, MX: 80%
methanol ex. of Betulae Cortex, EX: 80% ethanol ex. of Betulae Cortex. Rats
(SD, male, 180+20 g) were administered saline or BCXs (mg/kg) orally 1 h prior
to subplantar injection of trypsin (500 pmol). The size of edema was assessed
by measuring the volume of the hind—-paw immediately before and 1 h after the
agonist injection. Data show the meanSE from 8-10 rats. ‘p<0.05 compared to
the saline group.

60 -
OWX M. * %
50
g EMX
c 40 WNEK
8
E 30 ; i
£
E 20 -
10 4
Saline 5 10 50 100  muky
Fig. 2. Inhibition effects of BCXs on trypsin-induced vascular

permeability in the paw of rats. BCX: Extract of Betulae Cortex. WX: water
ex. of Betulae Cortex, MX: 80% methanol ex. of Betulae Cortex, EX: 80% ethanol
ex. of Betulae Cortex. Rats (SD, male, 18020 g) were administered saline or
BCXs orally 1 h prior to subplantar injection of trypsin (500 pmol), and rats
received an intravenous injection of 25 mg/kg Evans blue in saline immediately
before the agonist injection. Data show the mean=SE from 8-10 rats. 'p<0.05
compared to the saline group.

6. Myeloperoxidase 848% &4 27}

A ds 9 2 FE2ES sEHEE AT FASG 1AL $
trypsing F ‘utgtel] FALSS, 6413 & F duig FAE Z
A8t 1 myeloperoxidase (MPO) 84EE SAS 24 72t 5
& 50 mg/kg@ 100 mg/kgoll A F994 U= MPOZA A&
#E Uetded, 50 mg/kg ©1’4] B9 MPOZA A& &
Folv aﬂJ,}.EJ/],/H‘/] Aot vA R & AolE YEiA &
o Zt F#&& 50 mg/kg o] oM e BHE & FTFe] (TS
& F J‘}i‘:} ey SR Bl 2 AolE B JdEE
FE=9 At T dARHE BT Fig. 3).
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Inhibition (26)

5 10 100 m/kg

Saline

50

Fig. 3. Inhibition effects of BCXs on trypsin-induced MPO activity in
the paw of rats. BCX: Extract of Betulae Cortex. WX: water ex. of Betulae
Cortex, MX: 80% methanol ex. of Betulae Cortex, EX: 80% ethanol ex. of Betulae
Cortex. Rats (SD, male, 180+20 g) were administered saline or BCXs orally 1 h
prior to subplantar injection of trypsin (500 pmol). Six hrs after agonist injection,
rat's paw was weighed and assessed for the MPO (myeloperoxidase) activity.
Data show the mean+SE from 8-10 rats. 'p<0.05 compared to the saline group.
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