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ABSTRACT : Methicillin-resistant Staphylococcus aureus (MRSA) is a substantial contributor to morbidity and mortality.
In search of a natural products capable of inhibiting this multidrug resistant bacteria, we have investigated the antimicro-
bial activity of brazilein (BRZ) isolated from Caesalpinia sappan L. (Leguminosae) against 8 different strains of Staphylococ-
cus aureus (S. aureus). New antimicrobial activity was found using the minimum inhibitory concentrations (MICs), broth
dilution as well as checkerboard method. Against the 8 strains, the minimum inhibitory concentrations of BRZ were in the
range of 62.5-500 zg/mL. From those results we performed the checkerboard test to determine the synergism of BRZ in
combination with Hygromycin-b (HgB) against 4 strains. The combined activity of BRZ and HgB against 4 strains resulted
in a fractional inhibitory concentrations index (FICI) ranging from 0.18-0.5. The effect of BRZ with HgB was found to be
synergistic. We found that BRZ reduced the MICs of HgB. BRZ and HgB could lead to the development of new combination

antibiotics against MRSA infection.
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A oA
A7l de] E2Eo] e FUNEETE (Staphylococcus
aureus, S. aureusy> AAHOZE d] iR ASE5+ T2 3}
Lo)az, A AAg Sk &84S 7 coagulases

AAF= oz, sFsAAsolY A7 E9) _),]_,_7]—0:] =
HEE, A9, HEF 55 o= WY =& f
Aoz dEA Atk (Kim et al, 1993, 2010; Lee et
al., 2010). ©] #+& Uutdo g 370 thak A o] 7}3lo]
2735k AR1e] vz, 94, ) SollXE EAEL TS

ARIE e Aol AFe] AN, A% 3 5o o

2 YA AXHA AF FE0S B &S Al d=74
o7 Aupd 4 g3lor, Xd‘—lﬂ S aureus= AFEolA Ao|x
o] & TE uiiA7t @ 4 Ut} (Lee ef al, 2010, 2013).
webA S, aureusSt - %311 IS oA ] f18te] Abst
&0 AW 5} o FAAE ARSI oY, S
aureus®l| 913t AT WAEL =2 vlojg]Xe} Ardla} ¥
A3 FFH I s =2 FAE YERAL 9o )
W dfo] =71E Y Tk (Lee et al., 2010). TS| 34|
298 T YRleE, HE wsoly vERE o] =7t
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oA 3k MRSA (methicillin-resistant S. aureus)
Qo] HAE o 1996d= vancomycinol| T3}
poksha] UERHE S aureus’t LEA WHAH o]
&, o8 ygtellA vancomycin WA S. aureus (vancomycin-
resistant S. aureus, VRSAY’} WER7| A|ZbepaA] Froute]
otz E8)7] AIZEIAYt (Kang et al., 2010; Kim et al.,
2010; Lee er al, 2013; Shin and Seong, 2006). MRSAS}
VRSA 72+ fpojdtH|g|ols &3 o]F A|GALSol WEA F
7HE AL ARl =E:Eole] 2 AZdo] HAF EokA|
2 e, dut S aureus$t €E] cephalosporin, ampicillin,
nafcillin_ 52 7S B-lactam AE FAA S B E35}
aminoglycoside ¥ macrolides AlE<] A tisiF = WA
< AL #5=2 ddEo] 7dE X80 & oHeS
A7goltt.

Feuhe ol arEste A (Well-being)ol2he
2 Edlert Alsias, 29 54w stet ¢
e AAAFC R o]go] FUIEIAL ot
ARG S, aureus 51 Fl M= Sl

4

lo

ol=
AT

e L9S A HFe vt el
nAEe] W Age obA mEd Ao, 1§ s

St WM S aureus®] WITES i AT EAE B
=3 QITh (Kim ef al., 2006, 2010; Lee et al., 2013).
FHZoe 5 B AT T 29 2 FEAEE WA ¢
sto] 71 Ay PEE o 224 WS HFEEA 5
o] speld=de Hrkske WR Sol 9 ol8H 3o
U, YR v, FEAS B 5w T A%l e
A AT AZIEL Ak wE S, aureusSt 312 -l
Aol thek M= =g 7hde] AlEs] 2754 /1o

\=iYe}
REAES

B, 4EH0% i) zol AHEo] & u}
B0 2 alkaloid, flavonoid, terpenoid, phenolic compound,
quinone, volatile oil 5-¢] 22} A HE = 2 fFEAEC]
FRHEAZ Guks] =L Qlok (Kim er al., 2010; Lee e
al., 2013).

&5 (Caesalpinia sappan L)< A5 3
(Leguminosae)dl] &3l= S8AEZX HRZE o]§F AL )
on, AEFEES Yo, PAY, s}, HAxd, guto]
#2~ g3 Fo] BaEo] Qth (Eum et al, 2013). A5e
AJEOZ brazilin, brazilein (BRZ), campesterol, stigmasterol,
hematein, sappanin 5°] 3 FHOW, o|F brazilin
neoflavonoid 7% 2 71X om Atd S 2] dle]
brazilein®] F= HoZ 4#EHA At} (Eum er al, 2013).
Hygromycin-b (HgB)= EYolA TAE= Sweptomyces
hygroscopicus®l] 2lste] A= 7089} 80S B HEFS A8
= aminoglycoside”] SAAZ R AE| Tt (Pfister ef al.,
2003).
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ol ARS8 A58 (Caesalpinia sappan L.y A&
Aol TS Fom, EEAIE (OMRL-091024)=
Sl SHIAE7FEAE A HaEo] itk &
wj kel Mueller-Hinton agar (MHA)S} Mueller-
Hinton broth (MHB)E Difco Laboratories} (Baltimore,
MD, USA)ZHE Fdste] ARgsilon, A3ty
(Tksan, Korea) 48|37} 3Al=olA] 2] MRSA 6F9} &
MECTF FETF (ATCC 25923) 2 MRSA ¥Fd5
(ATCC 33591) (ATCC, Manassas, VA, USA) Z} 155 A}
L3t A8 A, BE EEAT2 30% glycerole ©]-8-3}
o] —70Ce] BTt A3 A 4847F el 37Co| wj g
sfo] A&kt

2. N 2 OPI

HgBE Sigma-AldrichA} (St. Louis, MO, USA)Z%-E
Ysfe] ARSI S ™, column chromatography (C. C.)&
silica gel (SiO,)2 Kiesel gel 60 (Merck, Darmstadt,
Germany), ZL2]3L octadecyl SiO, (ODS) gel> LiChroprep
RP-18 (Merck, Darmstadt, Germany)< AF&3F$1th Thin
layer chromatography (TLC):= Kieselgel 60 Fps549F RP-18
Fasss (Merck, Darmstadt, Germany)S AR5}l A& o]
83 BE Aok 5FAI9kS AME-SISTE Nuclear magnetic
resonance (NMR) spectrum Varian Inova AS 400 (Varian,
Palo Alto, CA, USA)C. 2 3%

=
=

3.

1

kgS 80% MeOH &

33] FET & AHAE o
¢ FF3t] MeOH FE=
FZEE2 H,0 2L)%} ethyl acetate

2 79} F=351 EtOAc 8

P
)

(512 29 43k MeOH
(EtOAc, 2L x 3)= Hul
(35gy2 At

4. EtOAc 22O22H| Brazilein?] 22
EtOAc 3 (5g)22ZFE SiO, cc. (p 6.5x20cm,

CHC153-MeOH-H,0O =8 :3:1 > 15:30:1 >
10:3:157:3:1, 13L, Z} 3L)E AANs 16719 &3
E (E-1~E-16)2 A3tk 2 Fold 2588 E-6 382

=S



OlZY - OlcHd - QEHEI - OIF= -
SiO, c.c. (¢ 4x15cm, nCHCl;-MeOH (7:1, 5.5L)Z 107}
o 238 (E-6-1~E-6-10)0.2 U FIta, 7 3 315 1 (EB-
6-5, 38 mg)E EE|SHATH

5. Brazilein (reddish-crystals)

EUMS m/z 284 [M]; 'H-NMR (400 MHz, DMSO, &)
790 (1H, d, J=84 Hz, H-1), 6.65 (1H, dd, J=84, 2.4
Hz, H-2), 645 (IH, dd, J=24 Hz, H-4), 4.08 (IH,
J=12.0 Hz, H-6a), 450 (1H, J=12.0 Hz, H-6b), 2.95
(2H, s, H-7), 6.40 (I1H, s, H-8), 6.98 (I1H, s, H-11).

6. Methicliin WWHRZIAL HE

MRSA S. aureus7t 8] methicillin®l] W82 7=
Ao, F73] F Mobile genetic element A (mecA)E}t &
gl WFAaE g58o=A vERdth (Kim, 2011). 2}
A mecA T2 AEZ 91814 MHACNA sl 29t
3k 7] HEs Fsked, 300 /L2 cell lysis buffer o] £33}
Rom, 2087+ 100CE 7123 ok, 12,000 rpmolA 108
B AARYT H, 43NS o83tk F2F DNA 244
E MRSA Primer Mix Kit (Genotek Co., Daejeon, Korea)
S o]&5t9 PCRE A3t PCR ¥HE271E 94T, 60,
55C, 60x, 712C, 6022 303 WRAIZTh SEHES 2%

agarose geloll ¥, 0.5% Tris-borate bufferol|A] 25%-7F %17]
FEeted A=siAT

7. 4+d9 58

FA2A|F% (Minimum inhibitory concentrations, MICs)
9| 2 C(Clinical and Laboratory Standards Institute
(CLSI) guidelines®] 7]&% broth microdilution method Il
wgt sk 2% A, BRZS HgBE DMSO (diluted
using MH broth; v/v)& ©|-83t>] 3]4]3}313 MHB| <
28 EA o F 96well-plates 2+ microtubed]] H]SFATE S,

ZH =0
;l(é]oEaT:

=74

aureus 0.5 McFarland standard (approximately
1.5x 10® colony-forming units (CFUYmL)Z Z7 3} o,
AFxHow HFEEL o 1.5x10° CFU/spot® 34 =)},
MICs %+ 37ColA 244)7F <t vid3te] S aureus2] 373

o] AAEs 7P W FEEA Hosisitt
8. =gl 54

B2 Aol A8¥ checkerboard method= BRZS} HgBAF
ool 3PS ARlsty] fAste] ARSI MHACMA vt
A wiekE FEe FHslke] FFAHoZ 1.5% 10° CFU/spoto2

HE=319T}. 96well-platesdl] Eda 7= =4 BRZ9 HgB
g FHI F=oA A& v 3|45le] BRZE THFSE

HgBe TAF22 7} well o] A& 02 s|XsAnt. o] &

506

ol
lon

37CoNA 24217F B7F vl Foll BRZ9} HegBe] dsdo=
ARG 7P W2 TEEA Goliom, T o) Alele] A
5282 fractional inhibitory concentration (FIC)Z UER)
At

9. Fractional Inhibitory Concentration (FIC) Index

FIC indexE= &2]o wje} AX= o)
. _ _ 4] [B]
FIC index =FIC, + FICy SVitoh z, + YVi(on o

AT A IHLAA AR EHE Hol= HiFEolH B B
oA A EaFE Hole FHAFEo|th MIC,S MICyE
BRZS} HgB 7}7te]l FHAoAls=olt}. FIC index’} FIC
index”} <0.5¢|" synergism, > 0.5-4°]H indifference, > 4]
™ antagonism®Z 7 2|3} Th

10. Time-kill ZA2 Sst ko™

Aol o Fu 5 (20073 & 5
(2008)°] WHS Wt o o] Ao, S
aureus®] i3] BRZ} HgB9] 5 3E AIZHEE 243}
7] $l8te] FsidTt. A@+FT= MH brothol] {5 st
37CoNA 2407 vlFSEIaL, ol F BRZ9} HgBS <14 20

e
5
5

z

845le] BRZE $HZ0=2 HeBE $2%02 7} well o
A&Ho 2 Mo, S aureus®] FEFES MIC AEH

I S FAFHe= 9F 1.5x10° CFU/spoto] H== A
7FekAtk. )5 0, 12, 24, 36, 48 A7+ B 37CAA 24z
Hj 3k 2 600 nm oA microplate reader® =431t}

al
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1. Brazilein?] 22| ¥ Ix=H

2E-S 80% MeOHZE FE3191, FE2ES FA uet
EtOAcZ ] FZ31th EtOAc £3ol thale] Silica gel
AYS o] g3l 3E 1S Hett 3IE 1(reddish-

crystalsy> TLCOl AN, 10% 34F wha A] Foalog
Ao ™, EIMS S84 AR 284 M]'E A4S
3l th. 'H-NMR (400MHz, DMSO, §;;) spectrum H] ©]E]
B4 A3} §; 790 (1H, d, J=84 Hz, H-1), 6.65 (IH,
dd, J=84, 2.4 Hz, H2) 2 645 (IH, dd, J=24 Hz, H-4)
9] signal2FE] 1,2,4-3%3F benzeneo] EAIFS TRl &=
AL, &y 640 (IH, s, H-8), 698 (1H, s, H-11)2] signal
2HE olFdde] SAITHS RISkt AT XSk g
NHE &y 408 (IH, J=12.0Hz, H-6a 450 (IH,
J=12.0Hz, H-6b)ZFF 3 719 oxygenated methylene
proton®] EAIE ER1 silom, AP A= AL

— T

=i
=
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22 YERH(1H: 1) methylene proton [8y 2.95 (2H, s, H-7)]
signalo] #ZEQIT} Proton NMR dataZ 533t A3}, 3kt
E 12 &5AM Fo3REZ BAE] e brazilein® 2
TZ A4S 393, proton E carbon datas FALEH
(Kim et al., 1997)3} B3} brazileind< #HF +2474
ST

2. Methicillin WWS53ZIX}L (mecA) HE

19403t] %, S aureus HEZ2] AFE 98] penicillin,
methicillin 5] FYAE AR&slo] ghovt, 1940d0) Fko]
penicillin®] thate] WS YeERZ] Al e, 1950
ol tetracycline, chlororamphenicol ¥ erythromycin®l] th3lA]
= Aol yehr] AlZSEATE (Leclereq et al., 1998; Kim
et al., 2010). 19619]= MRSA7} Ry 2 SAHE
£ A% S7HIAL 9loH, MRSA TAZT2=Z Q3 Algxle]
HlE EFE 19930 12%14 20020 66%= w5 SHATH
(Kim et al., 2013). 53] 20043 2xE sy S
B 7 A Aol mEE, A= 167he] v 154 o]
RE oz EHE S aureus 5 93%7F MRSAZL X
ZEAY (Kim, 2013). S aureus= A EH TG Al
penicillin binding protein®] W3 =3 low affinity penicillin
binding protein (PBP2’ X PBP 2a)°] A% 7d9-olH,
o] W&E PBPE encodingdl= A mecA F1AE A
=% 79 MRSAZ 4t em MRSA] So]%<l
mecA A= Staphylococcal cassette chromosome mec 2}

Table 1. Sequences of the primers used in PCR.

Primer Sequence (5’ to 3')

mecA Forward primer  ATGAGATTAGGCATCGTTTC
Reverse primer  TGGATGACAGTACCTGAGCC

fomA Forward primer CATGATGGCGAGATTACAGG
Reverse primer  CGCTAAAGGTACTAACACACGG

Table 2. Characteristics of S. aureus used in the study.

e ol FAAkl flAstaL o 543 S
staL TR FlE At 7hseitkar YAl vk (Kim,
2011). W &4 2O E methicillindl] 27442 UER)
= S aureus?] MSSA (methicillin-susceptible S. aureus) 3
THT (ATCC 25923)9F 44 thx+?0 MRSA XETHdT
(ATCC 33591) & #2849 6 #F9 WA AHE mecA F4
A AEZA Z431] Table 20 YERN AT

3. BRZ 2} HgBe| otnsy ot

2 &AM gt GAo] U= EES FE9 U A s A
T A AAF SR QefiE Ka=o] ghom YA A
#50] S5t =g A tigh a7t Sl
wEt HT olof] thdk A= oS sl dEI Utk
(Aqil et al., 2005; Jang et al., 2012; Kim et al, 2013).
mebr 2 Ats AEENE GEFS Foplr] 913 At
o dsto 7 fEjuRtA Qe FF AREE|o] Aol F 3
7 fle Zeg 4EXl deF AlE Fo SRl A&
BRZE #2l8te] &xt8A0] e FEES TEA 23] A
ol AR & A S ERE APEAT a2 T
(Leguminosae)?] 2122 Caesalpinia sappan L2 AAE A
ko m Ay (fri) - X - oI @) - X - A
(B XNBZ Ysle] AMEEo] Yt} (Kwon ef al., 2007;
Eum ef al., 2013). ©=3F HgBE UAF 2= FQ3814] o
U - FHAe 84S 7HA]AL = aminoglycoside”]
Ao 7150l e 755 BHOE AEATHIE AL
457 9t} (Kalivoda et al., 2011). Wb Standard broth
microdilution method®ll we}l F 670e] EEdatol| tste]
BRZS} HgB®| 3t 74 A4S Fdsislen, S4€ =
Tl tiste] BRZE 62.5-500 4g/mL, HgBE 250-
500 pg/mLolA] A=A h2T2 AFE-E oxacillin 1.9-

Table 3. Antibacterial activity of brazilein (BRZ), hygromycin-b
(HgB) and oxacillin against 8 strains of S. aureus.

Minimum Inhibitory Concentrations

. B-lactamase S. aureus strains (1g/mL)
5. aureus strains mecA gene activity Brazilein Hygromycin-b Oxacillin
MSSA ATCC 25923 - - MSSA ATCC 25923 62.5 500.0 1.9
MRSA ATCC 33591 + + MRSA ATCC 33591 62.5 500.0 500.0
Clinical KWMrl 10391 + - Clinical *\\Wnmr 1039 62.5 500.0  >500.0
isolate isolate
KWMrl 1040 + —+ KWMrl 1040 500.0 250.0 >500.0
KWMrl 1041 + - KWMrl 1041 62.5 500.0 >500.0
KWMrl 1046 + - KWMrl 1046 62.5 500.0 500.0
KWMrl 1047 + - KWMrl 1047 250.0 250.0 > 500.0
KWMrl 1048 + - KWMrl 1048 500.0 500.0 500.0

TKWMrl indicates staphylococcal strain from the Department of
Plastic Surgery, Wonkwang University Hospital.

KWMrl indicates staphylococcal strain from the Department of
Plastic Surgery, Wonkwang University Hospital.
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Table 4. Result of the combined effect of HgB and BRZ against S.
aureus.

Minimum Inhibitory Concentrations
(#g/mL)

HgB With BRZ With
Alone’ BRZ* Alone HgB

S. aureus strains
FICI

MSSA ATCC 25923 5000 625 625 39 0.18
MRSA ATCC 33591 500.0 125.0 62.5 15.6 0.50
Clinical KWMrl 1039* 500.0 62.5 625 39 0.18
isolate KWMrl 1040 250.0 62.5 500.0 125.0 0.50

Alone; not combinated with BRZ or HgB.

'With BRZ, HgB + BRZ.

*KWMrl indicates staphylococcal strain from the Department of
Plastic Surgery, Wonkwang University Hospital.

500 zg/mL oFo® SAEIU. o= AP AME #TE
o] methicillin 5+ o}2} B-lactam AIE AL oxacillin
M= WS B3 FlolH, oxcaillin BT S aureusel] o
gk 3t BRZZF OB Ethe Al Bk S4% BRZ
9} HgB®] MICE Table 39| YeRNSIE.

4. BRZ9} HgB S3ll| UI2 Aksal} HE
AR AHEEE A= e g o= S7EE
HollA AR Agkelal 9o, 53] aminoglycosides] &
AEZL HAR 4lzet o543 A5l tist 212 BRZ
S HES A FHEAS o83l FAgo] =& ER
of tist AR FolHA S S5 7R AIEE A
A o] A FERT S} (Kettle and Schacht, 2002).
BRZ9} HgB9| “d%8 <= checkerboard dilution assayS A}
g3le] 243 A3Z FIC index® UJERNRITE. MRSA ¥
451 ATCC 335919 i3+ FICKE 0.18% A<5aa= Uet
Wem, MSSA ¥&i5¢ ATCC 25923 FE3F 0.52 A
w35 JeRIATE =3 9] R #F (KWMr 1039
2 KWMrl 1040)9] thelA %= 0.18 2 058 Asaas Y
St A2xog AFs BE S aureus a5l thske]
BRZE= HgBY MICHS 7HAAZ o™, HgB %3k BRZO
MICFES] A4S Yepu= zizte] Aio] tigh Sol<l 5}
g2 2goa FAo] Tk 202 AYZHET) (Table 4).

5. Time-kill &4

BRZ9} HgB &3l W 5285 T93] St
MRSA X159} MSSA XS5 BRZ9} HgBS &%
Agste] Time-kill 418 AAISIATE Fig 2-3.0 vehd 6t
9} 7¥o], MRSA #FollA] BRZE 3.9 ug/mLe] =9 HgB
62.5 pg/mLoA|A Q] FEolA o] S s AR &
o1} BRZE 3.9 g/mLe] E%9 HgB 62.5 rg/mLs &g

- QIEKEI - O - QI -

AT - 2ed - 2=e) - HSE - shg
HOC 0
OH
HO O
Fig. 1. Chemical structure of Brazilein
(BRZ).
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Fig. 2. The time-kill curves of brazilein against the standard
MSSA (ATCC 25923) strain. The growth of bacteria was
determined by measuring the OD of the cultures at
600 nm.
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Fig. 3. The time-kill curves of brazilein against the standard
MRSA (ATCC 33591) strain. The growth of bacteria was
by measuring the OD of the cultures at 600 nm.

2] Al MRSA #-5 48A7F0] AUxs ¢bds] oJAste
2o Yepdth, 3 MSSA #5504 % HgB 125 g/mL
o} BRZ 15.6 ugmLS &% 2] Al MSSA #F+& 23]
AAsk= Aoz Yepth wetr F71A1E Bt 54
o} Al Fo 7FsA o7 EE T A28 A EA
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 A7e 201495 FENEH S ek whAL
T AgAIARIl 2l o]Fojxl AE A= ol 2
APERHUH.
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