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Resistance to B-lactam antibiotics is a global problem. Today strains of Staphylococus aureus (S.
aureus) and Escherichia coli (E. coli) are usually multiply resistant to many antibiotics and pose life-
threatening risks to the hospitalised patients and their care givers. The search for new antibacterial agents
and compounds that can reverse the resistance to B-lactam antibiotics are research objectives of far
reaching importance and urgently needed. In this study, we have examined the antibacterial action of
galangin, the naturally occurring flavonoids. The minimum inhibitory concentrations (MICs) of
amoxicillin and galangin alone against E. coli DMST 20662 were >1,000 and 500 [lg/ml respectively.
The MICs of ceftazidime and galangin against S. aureus DMST 20651 were 50 and 300 Llg/ml
respectively. The results of checkerboard assay showed that MICs of amoxicillin in combination with
galangin were reduced to amoxicillin 10 Llg/ml plus galangin 40 Llg/ml against this E. coli strain. In
addition, the MICs of ceftazidime plus galangin against S. aureus DMST 20651 were reduced to 10 plus 5
Lg/ml respectively. Viable counts showed that the killing curves of E. coli DMST 20662 cells by 10
g/ml amoxicillin were potentiated by galangin 40 Wg/ml. Ceftazidime 5 [lg/ml in combination with 5
Ug/ml of galangin also reduced the CFU/ml of S. aureus DMST 20651 to low levels (IXIO3 CFU/ml)
over 6 h. Electronmicroscopy clearly showed that the combination of ceftazidime 5 [lg/ml with 5 Llg/ml
of galangin caused marked morphological damage for S. aureus DMST 20651. Also, electronmicrographs
of thin sections of log phase E. coli DMST 20662 grown for 4 h in the presence of amoxicillin 8 [lg/ml
plus galangin 30 |lg/ml indicated that the combination at these concentrations caused marked
morphological damage to the cells. The damage included loosening or detachment of the outer membrane
which may have resulted from damage to the peptidoglycan layer internal to the OM. Some of the bacteria
exhibited electron-transparent areas devoid of ribosomes in the cytoplasm. Most of the treated bacteria
were considerably larger and longer than the control bacteria. Enzyme assay indicated that galangin had
an inhibitory activity against B-lactamasel from B. cereus. Galangin had some activity and tectochrysin
and 6-chloro-7-methylflavone showed greater activity against penicillinase type IV from E. cloacae.
These results indicated that in addition to the direct effect on cell structure and cell division, the resistance

reversing activity of galangin against bacteria might also include inhibition of B-lactamase activity.
From the study, it was concluded that galangin has the potential to reverse bacterial resistance to
amoxicillin and ceftazidime against E. coli DMST 20662 and S. aureus DMST 20651 respectively. In
view of their limited toxicity, galangin offers for the development of a valuable adjunct to B-lactam

treatments against otherwise resistant strains of currently almost untreatable microorganisms
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13 Galangin 1891015 N INDOFINE Chemical Company, USA
1 Amoxicillin 118z Ceftazidime 1AvInuFENRuNUiwihenmelulszmalne 1dun u5En

Sigma

v &’ %
VIANAIUUDINY

Y
v o

H Y
[ Y1 @ . ' 4 o
ﬂ'lﬂﬂa\ﬁ]'lﬂhl@ﬂ'lﬂ'liﬂﬂﬂﬂﬁ'lﬁﬂ (MIC) ¥0Las g galangin !aﬂﬁlf’] ﬁﬂl%ﬂllﬁﬂ SUIWWUAS AT

Q

Y Y
v A

4 1
galangin 3J1W1i]“l/l‘ﬁmiuﬂuiuﬂﬁﬁmﬁlﬂﬁfajﬂﬂ’ﬁ checkerboard assay RWICYULDASTHIT galangin 9N
ta Y 1 Y
gniasuiuminiy - Nezgmidenunin Viable count  wazninalmiloadulned  Transmission

Electronmicroscopy (TEM) L1ag enzyme assay A0

d H v av
Uszlavinlasuainmsiae
(% a o = ]
1@ UMIANLA IUNTANTUIIMA 13 Phytomedicine, Journal of Applied Microbiology 4L81g
Nyans ulsemaaanaaslunianuan
=S A Ao 9 . 9 1 A
mseuIaansiag lumsldes Galangin 1 Tag und. aza 50000 IAQATINNTTUNT
a 8 3| ] a @ o
paneFuilumsainayu Mmsnavdnuazgnsmans mINa una.
I 4 Aav 09/’ [ 1 = A Y] I §
awnsodluesnnnui lumsiteduas 1 wu mswinalnnmseengns ieamuniue1dluniga
1 1ATIMIINeT N ITNmzaNlumIanaa1s  Galangin 9091 szanusarhly  waa
Aa J Y A dyd L ] o Aw dy ]
Wiy ldluewaa esnnastiidse Tewilumee Tuvaienaln wu msiidveasiluudnms
S .
10 1a5 anticancer
I g 1 a 1 { 4 4 1 {
duilse Teminesemalnelundnmsaaauenlnig  nlsuwendedesnismunald uazaa
M3
o Y ' A Y}
Wdhennaalsema Nl 1a
I d o 1 o 1 g 14 [
Whualse Temineunnduazdiheildannsaldelmiag usuyenaee Tasmmzerlungu

B-lactam antibiotics
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B UHUMIIVY

1. undsianvesdioya

Lélﬂ;}’f) Ceftazidime-resistant Staphylococcus aureus DMST 20651, Ceftazidime-resistant Enterobacter
cloacae DMST 21394 (CREC), Amoxicillin-resistant Escherichia coli DMST 20662 (AREC) 1&5un
NUIYYATIINGT NGUAUNNTINGINAUN T5INVIANMITIFUATIFANT S, aureus ATCC 29213
uag E. coli ATCC 25922 1451910 American Type Culture Collection (ATCC), USA

@13 Galangin 18910 uSHN INDOFINE Chemical Company, USA

1 Amoxicillin 1182 Ceftazidime @ nuIsnerdunuiithenelulszmalne 1dun u5w

Sigma

2. 3 uHUMS I

2.1 Bacterial suspension standard curve 1ddms ULG']%EJ Ceftazidime-resistant Staphylococcus
aureus DMST 20651 (CRSA), Ceftazidime-resistant Enterobacter cloacae DMST 21394 (CREC),
Amoxicillin-resistant Escherichia coli DMST 20662 (AREC), S. aureus ATCC 29213 uag E. coli ATCC
25922 Taei1amATU09 Liu et al. (Liu et al., 2000) 93016 Iageo MeNSIINMTNEeR 37 °C 1
nan 18 $2Tuaudr vzshuniludradae 0.9% NaCl f 4000 r.p.m ilwaar 10 wii udaiuwadi1d 1 1d
11 0.9% NaCl M3 viuadinszaeedluniundemaillsa ob Anrweaay 500 nm W14
atlszuae 0.05, 0.10, 0.15, 0.20 uaz 0.25 nmiiuragmaiildesduemsiasudo agar plates
V1A 37 o Wunm 18 $2Tus udniuinouTnTafinome udninnadiens sz
Tuunu Y taza1 ob Tuunu X ite W amnsniui e ld Tasmsias ob

2.2 MICs 49381 Amoxicillin ]lé’]}‘ﬁﬁ? M %J"ULG?;IEJ Amoxicillin-resistant Escherichia coli DMST 20662,
E. coli ATCC 25922 %9991 Ceftazidime M IMT UL%@ Ceftazidime-resistant Staphylococcus aureus
DMST 20651, Ceftazidime-resistant Enterobacter cloacae DMST 21394 1 S. aureus ATCC 29213
@91 MICs Y9813 Galangin ﬁ1ﬁ1ﬂ§ﬂﬂﬂ!§@ﬁﬂéﬂﬂ1ﬁﬂﬂﬂﬂ TasM1mIWITV04 Liu et al. (Liu et al,,
2000) 1@ CLSI (Clinical, 2006) na11laggelaun %11as3% Broth macrodilution Iagthenseans
galangin Aaduuaen funndesltinn sl luafiiiFein 1881y 5x10° cfum 1 Cation
adjustment of Mueller-Hinton Broth (CAMHB) thuniiu 1371 37 °c iflunan 18 $2Tua Tasar Mic 914

dy el o d
e ifiFenigiuinlu CAMBH
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2.3 Checkerboard assay U®N Galangin W& UM Amoxicillin ¥ M5 UL¥® Amoxicillin-resistant
Escherichia coli DMST 20662 494 Galangin + Ceftazidime a4 SUI%® Ceftazidime-resistant
Staphylococcus aureus DMST 20651, Ceftazidime-resistant Enterobacter cloacae DMST 21394 Tagii

o

ATV Liu et al. (2000) 4ag CLSI (2006) na1 Tasde ' 1dun ¥i11a835 Broth macrodilution 1agiin

=

AT galangin NANUWINTUA A HIINYBe 111 TaeiTuanal MICs 1 laluvia@eddunil
k2 v
wor 1da1u9u 5x10° cfu/ml 11 Cation adjustment of Mueller-Hinton Broth (CAMHB) ' 13n
I~ o'/ 1 9 d' = dy a d? 09/’ o o
37 °C 1flunan 18 $1Tus T MIC g Idanaaad lutiensgyauunlu cCAMBH miminiunduim
A1 FIC index Tagtiiof1uin 18 FIC index < 0.5 (58071 18509051 U (Synergy), FIC index > 0.5-4.0
(38171 No interaction, FIC index > 4.0 138171 Antagonism
k2 v 9 Y
2.4 Killing curve determinations (Viable counts) f Viable counts SGNERIETG treated Wono 1il
A (MaN 1,2,3,4,6 1ag 24 2119 awday)
- AREC #78 Amoxicillin, Galangin, Amoxicillin + Galangin (1 control)
- CRSA #18 Ceftazidime, Galangin, Ceftazidime + Galangin (3 control)
Taeim1uITV04 Richards and Xing (1993) 85118 agde 1ALA NaNBEL/MTD galangin NANMYUTU
o160 galangin 1A% Uszanns 14-3/4 MIC uaziian %-1MIC e lFomauiy galangin Taaslyl
I Y Y [
Tu flask ATtroUszun 5x10° cfml Tu CAMHB 9111 laiwe1 0y shaking water bath #1 37 °C wag
9 v
Wu¥ou1iuina 0,30 min, 1 h, 2 h, 3h, 4 h, 5h, 6 h uae 24 h mud1ay 1114 plot graph Taeiau Y
2 o 4 <
Wy e uazunu X Wunan

k2
2.5 Transmission Electronmicroscopy (TEM) method [DonIYo AREC, CRSA 1131 treated @9]}718 g

Amoxicillin, Ceftazidime, Galangin L?\EJ’JC] 1ae Galangin WY1 Amoxicillin 130 Ceftazidime 1agil

A

Control ud3tiIinsnifioqdas TEM. fioq Morphology fiosdu TaeinuiTued Richards et al.
(1995). na Tasde uuafisefignnaaoudioe, galangin et uazanly CAMHB Ty flask fign
e U shaking water bath 5 100 oscillation/min, 37 °C UAUNAT 4 h iz liumead
6000 xg U 15 W @ 4°C NupMmzwadinnaznouNETuMsae Thiadn 1aut fixed 1u
glutaraldehyde 8 % v/v lu 01 M phosphate buffer (pH 7.2) Aunm 1 h, 1ag fixed A9 lay
glutaraldehyde 4 % v/v in 0.1 M phosphate buffer (pH 7-2) ‘ﬁ 4°C AJuna1 4 h mmfué'nwaﬁﬂﬂ 0.1
M phosphate buffer (pH 7-2) uazﬁuwaﬁﬁ”lﬁ"lﬂcld“lu Osmium tetroxide (0sO, ) (Emscope, Watford) 1

“ L 2 r g 5 d
% wiv 1Tua1 1 h Ngungives 1INIUZA19 Osmium tetroxide 09N Iagiinau Tasnsiui 2000 x

Y
9

. o qs/l Y o 4 1 o 1 qu/ .
g, 5 min $19u 3 a59 nviuiuwad lllalu 2% wiv agarose figuUeE 1NN agarose a9V slide
Qy <3 @ I . : Qy <3 1 3 ) @ g’ ' {
naPBmdunazdalimiummaouguang aevnmiviildvsatieen (dehydrate) Tae laluviaid %
3 I o w qu/ Qy qu/ 0911 o 4 Ly
cthanol ge¥uiuddun 20-100% wazasialinsazdszna 10 i Mmiusainwad iy

9
Araldite (Agar Scientific Ltd, Stansted, Essex) uazﬁﬂﬂﬁmﬂu%ummﬁ'w diamond knife on a Reichert
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2.6 Enzyme assay tou lasad penicillinase 910 Bacillus cereus (B. cereus) g B-lactamase SN
Enterobacter cloacae (E. cloacae) 185U Sigma (Poole, England). Enzymes activities TaeRiauls

a 1 4
U949 Richards et al. (1995). o318 Tagde tou'lu] B-lactamases AN Bacillus cereus (B. cereus) UaY

[

Enterobacter cloacae (E. cloacae) ”lé’fﬁ"ummﬂ Sigma, Poole, England. mmm’fwﬁ'umamu"lmﬂgﬂﬂiu
T¥a1150 hydrolyse 50-60% Benzylpenicillin lunat 5 w1 WarTouseawiiad1ey garauagiy

o ° ' . A o _. A A '
ou lasd uaziirl1lgulu 50 mM sodium phosphate buffer (pH 7.0) 71 37 °C 1fluran 5 w1 nouiazld
Benzylpenicillin 8411 91m1111 Benzylpenicillin lU3in51zim1/Sinaiiimaoinand1ae) Tag reverse-
phase HPLC (Reading, 1983) Tagl% acetronitrile/acetate 11114 mobile phase iﬂﬂﬁﬂﬁgﬂﬂﬁﬁ?&@g{’m

methanol/acetic acid (100:1).

K]
A o

2.7 a0IUNNNINTNADDY

-

A Y o ao 9 1 a 4 =S a [
gorunnoez leiinisive Ul@llﬂ udpIoINoINIMaasiazna lulad UN1INY1Q[Y

q
maTuTaggsuis 1aznquIUNeIFTINGINaN 15INeIIaNNIIFUATIIFAN

ada ¢y
IBIATITHIVRYA
Han33901 14910 enzyme assay N138AAIUDI benzylpenicillin 910 flavonoids ¥HAANYNIINN
=) = 1 Aan =l = 1 d' ti! ] =
nfFeuneumneadalas ANOVA tazilseuimnsuanuuanalaueimsanasnnal lanamieed el
ﬁﬂﬁ’iﬁm)ﬁ?@%jﬁniﬂﬁﬁﬁﬂiﬂﬂ Tukey’s HSD post hoc test i p value < 0.01 U@ p value < 0.05 Tag

11511053 IBM SPSS 19.0 (IBM Corp., Armonk, NY, USA)
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1. Jassa3uansimmsioy

Tassadwasilylumsiioy aaaadlusidn 1

o

—-,_4_..-'-""

C‘

sz H

an I

COOH
ceftazidime amoxicillin
5 H COOH
‘ —
% O CH,OH
OH O H
galangin

clavulanic acid

1 1 Taseasues ceftazidime, amoxicillin, clavulanic acid, {61& galangin nl¥lumsive

WaNIINADDIIINNITNT Bacterial suspension standard curve, Minimum inhibitory concentrations

(MICs), Checkerboard assay, Viable counts, TEM 18 Enzyme assay 1@masaas 113

2. Bacterial suspension standard curve



Y
2.1 Bacterial suspension standard curve V0¥ Ceftazidime-resistant Staphylococcus aureus DMST

20651 (CRSA)
Bacterial suspension viable count standard curve of ceftazidime-resistant S. aureus DMST 20651

10° —

108 —

Viable count CFU/mlI
P

.05 .10 .15 .20 .25

Absorption at 500 nm

v Y
gﬂﬁ 2. ATMIMPUIULUANIG Y 910IF Bacterial suspension standard curve VoUTD Ceftazidime-

resistant Staphylococcus aureus DMST 20651 (CRSA) Tagn1sia O.D.

k2
2.2 Bacterial suspension standard curve VOUTD Amoxicillin-resistant Escherichia coli DMST

20662 (AREC)
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Bacterial suspension viable count standard curve amoxicillin-resistant E. coli DMST 20662

10° =
E ]
S ]
LL .
O
- °
c
5 10° = [ )
o -
© I )
Q@ _
o]
S 7
> .
107 T T T |
.05 .10 15 20 25

absorption at 500 nm

] Y
57 3. nsmlmsmdwaunuaiise 91095 Bacterial suspension standard curve UYBUFD Amoxicillin-

resistant Escherichia coli DMST 20662 (AREC) 1a&n153a O.D.

Y
2.3 Bacterial suspension standard curve VYDUY0 Ceftazidime-resistant Enterobacter cloacae DMST

21394 (CREC)

Bacterial suspension viable count standard curve ceftazidime-resistant Enterobacter cloacae DMST 21394

10° o
E i
E i
O [} ®
=
3 10 3 °
o ]
o <
_Q -
8 i
>
107 T T T |
.05 .10 .15 .20 .25

absorption at 500 nm

v Y
31U 4. n3wlmsmIwIunuANSY 91075 Bacterial suspension standard curve Y0U¥® Ceftazidime-

resistant Enterobacter cloacae DMST 21394 (CREC) Tasn159a O.D.

k4
2.4 Bacterial suspension standard curve VOUYD S. aureus ATCC 29213
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Bacterial suspension viable count standard curve S. aureus ATCC 29213

109 J—

Viable count (CFU/mI)

107 I I I |
.05 .10 .15 .20 .25

absorption at 500 nm

v v
519 5. n3lMImsINLuARS 8 91033 Bacterial suspension standard curve UBUL¥0 S, aureus ATCC

U

29213 laen15ia O.D.

2.5 Bacterial suspension standard curve VOUY® E. coli ATCC 25922

Bacterial suspension viable count standard curve E. coli ATCC 25922

10° o
£ i
5 O]
b" ] o
c _| °
5 108 =
o -
13) ry
© _
e _
8 -
> —
107 T - 7 L |
.05 .10 .15 .20 .25

absorption at 500 nm

v 9
519 6. n3lMImIuIuLuAGe 91973 Bacterial suspension standard curve V0U¥0 E. coli ATCC

Y

25922 Taan153a O.D.

3. Minimum inhibitory concentrations (MICs) and checkerboard assay

Y v
HavUeIN13¥1A1 MICs UD381LLae galangin @mﬁmmm 11823 checkerboard assay Ianafeansai 1
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M3519 1 A1 Minimum inhibitory concentrations (MICs), fractional inhibitory concentrations (FICs) (18

FIC indexes 910A13N1 checkerboard assays U94 ceftazidime, amoxicillin, galangin L?\EJ’JG] HazaIUNT LY

Y Y
Y04 ceftazidime, amoxicillin I8¢ galangin A1UIF0ABIIFHAAY)

Strains MIC (Hg/ml) FIC (Mlg/ml) FIC index
cef amx gal cla ceftgal amx-+gal ceftcla amx+cla ceftgal amx-+gal ceftcl amx+cla
a
S. aureus DMST 20651 50 300 >128 10+5 50+>128 0.22 2.0
E. coli DMST 20662 >1,000 500 >128 10+40 >1,000+>128 <0.09 2.0
E. cloacae DMST 21354 100 80 >128 60+50 100+>128 1.23 2.0
S. aureus ATCC 29213" 0.12 100 4 N/D N/D N/D
E. coli ATCC 25922b 4.0 100 16 N/D N/D N/D N/D

S. aureus ATCC 29213 1182 E. coli ATCC 25922 1413 positive control

cef = ceftazidime, amx = amoxicillin, gal = galangin, cla = clavulanic acid
N/D, Tudoaran (not determined)

v Y
HAaZAIN 1A1INMTNARDY 3 5

NARansNaaeInla asnauiigniasuiuies91niia1 FIC index < 0.5 (Johnson, 2004; Te

Dorsthorst et al., 2004) 1AuA ceftazidime Wa galangin A1UI%0 S. aureus DMST 20651 (FIC index =

0.22) 1Az amoxicillin W&y galangin AU E. coli DMST 20662 (FIC index = 0.22) 3ud0ndIunay

Y
YBIETAINAILAZI¥ON1IININARBI AT Viable count LAY Tramsmission electronmicroscopy

(TEM) 910

4. Killing curve determination 130 Viable counts

4.1 Viable count U8 1¥0 Ceftazidime-resistant Staphylococcus aureus DMST 20651 (CRSA)
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1011

1010 —— — — —°
i - i
% 108 —e—— control
5 _— 00 — ceftazidime(20)
= 0 — —w— —  galangin(50)
g ————— ceftazidime(5)+galangin(5)
S 108
Q
B 10°
>
104
s Tz TTTTTTTT v
102 ' '
0o 1 2 3 4 5 6 723 24 25

Time (h)
31N 7 n3MludaInaUDa ceftazidime, galangin 1ABI) LAZHEY AONIITYVDUFD S. aureus DMST
20651, mmmefQ)—— ceftazidime (20) HUNBA ceftazidime at 20 [lg/ml; M7 IAUUNTINNINIAMS

v
NAADY 4 4 , Y vertical bars LL&¥9N standard errors of the means.

4.2 Viable count Y9190 Amoxicillin-resistant Escherichia coli DMST 20662 (AREC)
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1012 -0
101 = g essesssessesccescees ~
1010
- 313 B ——————— L
I= 10°
S
S 100
5 10
o
o
o 108
re control
< -
S 105 amOX|9|II|n(200)
galangin(100)
104 amoxicillin(10)+galangin(40)
108 T S5 e R i———. 0
102
| |
0 1 2 3 4 5 6 7 23 24 25
Time (h)

v v Y
317 8 N3 WllaAINaUDI amoxicillin, galangin 1A8I9) LAWAY ADMNINTYVOUFS Escherichia coli

DMST 20662 (AREC), sy e am0xicillin(200) 1131874 amoxicillin at 200 LLg/ml.; M 18

Y
VUATINLIINNTNADDI 4 1 , llaig vertical bars L& PN standard errors of the means.

5. Transmission electronmicroscopy (TEM)

dld QO) a % 1 g
aswannigniasuiu 1aun ceftazidime WAy galangin A1UIF S, aureus DMST 20651 (FIC
2
index = 0.22) 118 amoxicillin WY galangin A1UIFD E. coli DMST 20662 (FIC index = 0.22) 341800
Y
AIUNFNVDIFITAINANILALIFONINITNAGBIIAEIT  Tramsmission electronmicroscopy (TEM)

Y
Tanadaanlail

5.1 TEM ‘ll’eN!,Gd]SE) ceftazidime-resistant S. aureus DMST 20651
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51 9 mmanndesganssmivianasouvad log phase S. aureus DMST 20651 1 cation-adjusted
Mueller-Hinton (MH) broth Taglunn: a, SIERGERNLR (control); b, 25 LLg/ml ceftazidime ; ¢, 50 [Lg/ml
galangin; d, @1IWAY 5 [Lg/ml ceftazidime 18 5 [Lg/ml galangin (a, b, ¢, d, original magnification, x

17,480; bar, 1 m; Inset, a, b, d, original magnification, x 42,800; ¢, x 32,500; bar, 0.25 ]Jm).

k2
5.2 TEM ﬂlﬂﬂlﬁdlf’f) amoxicillin-resistant E. coli DMST 20662
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C

H Ja
517 10 m‘INﬁ]1ﬂﬂé}ﬂﬂﬂﬁﬂiiﬁu6mﬂﬂiﬂuﬂlm log phase E. coli DMST 20662 Tu cation-adjusted Mueller-

U

Hinton (MH) broth Taglunn: a, SIFRG RN (control); b, 200 Llg/ml amoxicillin; ¢, 100 Llg/ml

galangin; d, @INAY 8 Llg/ml amoxicillin t1ag 30 lg/ml galangin; Bar = 0.5 um (b,c,d); 1 um (a).

6. Enzyme assay
4
4 o LY .
tou las] penicillinase 310 Bacillus cereus (B. cereus) ANUININATDUNT dudalag flavonoids
ﬂfﬁﬂ@hx‘lﬂ Ta Elﬂ§1u3u benzylpennicillin ﬁmﬁaa@j uag B-lactamase VBN Enterobacter cloacae (E.

k4 ' H
cloacae) gminnmaaeumMsdudslag galagin NnNuduIua199 iU Taegd 111 benzylpennicillin 7

' 9
AN Yo A

iideog Hah lanasl
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500
el tCtOChHIYSIN
.\ sescceqgpececes  Gchloro-7-methylflavone
4001\ ——<B==- galangin
S °\.\\\ —--=4-—--  conral
3300* \ N
= N\
S N
c
o 200 A
S
2 a
N
g \ \\ ®e
g 100 K \\\ N
\ Rt
., d \\\ vC
» - b
0 ‘ -oo-oo-oo-oo-oo_A’d
’ 10 20
Time (min)
100

80 A

60

40 A

Benzylpenicillin (ug/ml)

20 A

Time (min)

gﬂﬁ 11 Wav4 flavonoids %ﬁﬂ@hﬂ“} AONSIVE penicillinase lumsaane benzylpenicillin. a.

N v o . . .
penicillinase 910 B. cereus; Ayanyal flavonoids (200 Hg/ml); ‘, control (without flavonoids); .,
galangin; v, 6-chloro-7-methylflavone; ., tectochrysin. b. B-lactamase N E. cloacea; ﬁ@ﬁﬂi&lﬂi
HAAIANUANTUAI U (Llg/ml) VO3 galangin; @ 100 viueda 100 Llg/ml Y94 galangin. AI9NHT

superscript NANNUIAAIDITANNUANA NI UEETIToHIAYNNEDA (Tukey’s HSD, p < 0.01).
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UNi 4
asdmwamsnaaes

asdwamsIde

4.1 #a91n MICs and checkerboard determinations

WaYBINITNT MICs d1151 ceftazidime, amoxicillin 1482 galangin SmSuidona 5 ¥iia agl1daq
M3 1 Tagagylldn Fofinode cefiazidime 1R S, aureus DMST 20651, E. cloacae DMST 21354
TagiiA1 MICs (101 50, 100 Lg/ml, MU, vgiidofiaone amoxicillin 181A E. coli DMST
20662 TagliA1 MICs > 1,000 LLg/ml (CLSI, 2006). HAMNAR0AR 1811 AIUHALYDY coftazidime
10 lg/ml bl galangin 5 Llg/ml ag amoxicillin 10 Llg/ml 11 galangin 40 lg/ml E]E]ﬂi]‘I/l‘Elﬁ?iJmi
S0 S. qureus DMST 20651 1132 E. coli DMST 20662 1903 FIC index 71 0.22 uag <0.09 aué 18

(Johnson, 2004; Odds, 2003; Te Dorsthorst et al., 2004).

4.2 #ad1n Killing curve determinations (Viable counts)
2
o . I~ 1 ..
HANINARDINN viable counts VOUFD S. aureus DMST 20651 uaaal¥ifiun ceftazidime 20 Ug/ml,
. Aa ﬁl < 9 A A o ' = . 10
50 Mg/ml galangin aﬂﬂi"lWﬂTiﬁ]ingUf’NHfﬂaﬂmﬂu@meﬂme‘]Jﬂ‘Uﬂq%Jﬂ'J‘UﬂiJ 11!"1]@1!25‘1/] ceftazidime 5
v . a2 dy d‘ 3 d' 1 g dy
Wg/ml AauNY 5 [lg/ml galangin aﬂﬂﬁWmimiﬂlﬂlﬁ]QL%ﬁ]aﬂﬂ 5x10° cfu/ml N 6 Y. uazagimmuu
Y
o [ < '
aaon 24 yu. lukuewdeaiu (31 7). Viable counts ¥0UFO E. coli DMST 20662 LaAq IRIANI
a g 3 4 o 1
amoxicillin 200 Llg/ml, 100 g/ml galangin aansvimsniguesseasantiosiiomouiunguaingy
1 Y v
Tuvzi drumauued amoxicillin 10 Llg/ml A1 40 Lg/ml galangin aansimsnTyvousoadi

1x10° cfw/ml 11 6 1. tazogluseauiinasn 24 31 (31 8).

4.3 #aN13NAasdd Transmission electron microscopy (TEM)
4 4 Ed
WANITNADDINAVDITITNTY ceftazidime LLOE galangin ADLTD S. aureus DMST 20651 WU V¥

@ ' o J @ ' T W [ 3 o J o
asnavsenanih ldmaduuaiie ldsuanudemesdian msuieiigniuds missadgniiate
J

o g 1 <3 o { ~ o ]
uazvinairad Invuediuiu lada (31 9d) Tuvazinave galangin 50 [lg/mL @19 i ldmiurad

d?’ o 0911 ] 4 A .. A 1 1 @ J dy dy
NUVULAZIVEINSUUEaa TUYUSN ceftazidime 25 Mg/ml LR8I llmma@awm!ﬁnaammwau (E‘]J

9
o ]

[ 4
9) FIMTUNAVDIES amoxicillin 118 galangin WAYINIAZHANADIFAR E. coli DMST 20662 HU UIFIN

aQ

9

v Y '
@13 200 Lg/ml amoxicillin 130 100 g/ml galangin Lﬁ&nﬂ mm%ﬁﬁmaﬂu cation-adjusted mueller-
< 1 3w
hinton broth (CAMHB) 31121 cell wall U@ cytoplasmic membrane INITUUUTALDULLASLUENLLYE
<} I o ] 1 1
18 d@wns0iY ribosomes 1u cytoplasm 1iuswanuinlagliuanaislannguarugy (g1 10ab.c).

Tuvazidumauyes 8 Lg/ml amoxicillin 1ag 30 Ug/ml galangin dwnsadhlfisaduuniiseldsy
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4.4 Enzyme assays
o 3 4 :JI =\
Haved flavonoids Tumsdudaon lasl penicillinase t1& B-laotamases lunaeanaaoeiiu Ianw
1 o ' v o w < ' . o o e egqe
HANANAUBINUNAIATY MNWANINAADIILIHUI galangin G1NIDIUI penicillinase T 910 B,
19 Yo L A AN Y 1 Ao o o A A A o
cereus. 11i17%1@10 benzylpennicillin A 10 wag 20 wii lasesdiviodanh p < 0.01 Wosuiungy
4 = o c?/l o <3 ' =% o 2’1
auan  Weoreunamsdudaly  flavonoids A0AULAILAUNONTIUMSOUTY  pennicillinase 1
Y )
TAonT 95981 UAST tectochrysin > 6-chloro-7-methylflavone > Galangin @ wd ey (31 11a) tiogwua
4
YOINNUTUTUVDQ galangin TuM5HUEA penicillinase ([B-lactamase) type IV 910 E. cloacae a1z
2 v o2 o y v A o oy YA Y Y A,
WU wavedamsdudaruiuanududn Tash 200 Hg/ml  fodaladnnanududundriasn
o 9'l yl . 1 s 1w 4
MUSIPY HaHUIFINUBNIIN galangin 2 TiMa TagaTade IasaiaveusadiasMsLedIveurad

Y o = o e’.l’ L4 v g 49} k4
udn deoatimalumsdvgaeu penicillinase UBILLFONY.

4.5 IANZHNAINIAUNANINAADI (Discussion)

HANINAABINIAT MICs ¥D4 galangin @0 S. aureus DMST 20651 Uag E. coli DMST 20662
ADANADINUHANINAABIVDY Pepelinjak and Kosalec (2004) fnaaslfifiui galangin 1on'ldan
propolis 1M1 MIC 160330 MUg/ml @i@t%ﬂ clinical isolates of MRSA strains. wanwmaaﬁiﬁ’ma@ﬂé’m
11 Drago et al. (2007) ‘ﬁW‘U’j”I MIC U84 galangin Tu Actichelated® propolis AU E. coli Hifn 168-334
mg/l. Tuhueu@eniu flavonol Hafinen Satvia pisidica aunsafuduniGe E coli ATCC 25922
finnududy 13g/100ml (Ozkan Gucan, 2010). TRy galangin 910 propolis
REVRERAT)T] Eq}l\i E. coli 119 Gram-negative bacteria é’uq (Castaldo, 2002).

Haved checkerboard LAY viable counts Y84 S. aureus DMST 20651 LEAIDMS5INA synergistic
effects 3¥HI galangin Ul ceftazidime Elumsﬁugu%yafr“lummzﬁdmwﬁmﬁy"lmﬁﬂ synergistic effects
#0130 E. cloacae DMST 21354 (A FIC index = 1.23) TuMuouAsINUEIUNTUUDY galangin LA
amoxicillin °!umié’fmﬁ§ya E. coli DMST 20662 Naﬁlﬁ@ﬂﬂgﬂﬁﬁﬂmiﬂﬂaﬂﬁﬂlﬂﬁ Hemaiswarya et al.,

' 2 P P
(2008) ANV flavonoids LAz synthetic drugs t@3ugninulumsdvduuainise wenaniuudy ms

v A

J 9 Y
JVYDUNVIT  galangin - WEN  gentamicin ’t]’t]ﬂf]‘i/l‘ﬁ!,ﬁ'illﬂuﬁlumiﬂﬂﬂﬁﬁl)'@ methicillin-resistant
9
Staphylococcus aureus KCMM 40501 and DPS-1 strains (Lee et al., 2008). wamsnaaestnaenans
4 Y
NAADINITLATUNTNUUDN galangin WA ceftazidime Tumsduie penicillin-resistant S. aureus

(Eumkeb et al., 2010).

4

HAIN enzyme assay 01981115005U18'14711 galangin JURAUWUTAY penicillinase. dawali

Y @

[ v 4
benzylpenicillin darsziiavagamnsodudwuniiceld naflaeandosiumaves Denny et al., (2002)
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4 o 3 [ o 1 ) ]
prior to cell division ®1MHEWINANAMITVTIMSTUATICH 1U5AY  suDImsTnaned Mg
{ 4 Aav o @ 09/1
penicillin-binding protein 2a (PBP 2a). na Infidouitiosnnain mslUfdunus lunsdusa penicillinase
o Y 1 o Y o ' ' . ~ . @ .
enzyme Mld liansoshateenld deludnui galangin 3 cross-resistance N1 4-quinolone drugs
(Cushnie and Lamb, 2006).
Y Aav 1 9 dy 1 £~ . A T
TatamAdeneuntntisien i clavulanate, %93 lactam ring (HUOU B-lactam antibiotics,
4

o Y a2 Y d? . =
asani lduuaniseasa B-lactamase WINVU (Stapleton, 1995; Tzouvelekis, 1997). Wan13398U

E4 E4 ]
Hiuzd P-lactamase inhibitors a1l (5909 clavulanic acid) @wsagnihaneldlaena’lnd

v Y
%

A @ ngdyd 9 A o Adqg Y I ' . £
MusuUnNy B-lactam antibiotics. MUATEFULTUMIAUNDND iLJ‘I/]"]fGI,mWU’ﬂ galangin F9lu
4 9
Tasea319 131 B-lactam structure (31 1) @wn50d08n5A0e1 B-lactams vowuaiiFeruvalonaln
o9 lulnssad 19909 galangin 1l B-lactam ring 1oy clavulanic acid 1A galangin 13
A ) 9 A A A a Ao dy [l dyl . . & g
witlgnhlRuuafiSonumsnaa P-lactamase. 9NWANTI90TUIFN clavulanic acid Fuilu [3-
. . 4 . &£ 2 . ] o :/l A dy 1 1
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dil . £ AAa AA a g
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o { o . A y 2
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