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In the recent years, incidence of multidrug resistance in pathogenic and opportunistic bacteria
has been increasingly documented. These bacteria pose life-threatening risks to the hospitalized patients
and their care givers. The search for novel antibacterial agents that can reverse the resistance to B-lactam
antibiotics are research objectives of far reaching importance and urgently needed. Thus, the objective of
this study was to investigate the activity of bioactive compounds from the pericarp extract of Garcinia
mangostana L. (GML) against drug resistant bacteria, when use alone and in combination with ﬁ-lactams
antibiotic. The mature GML fruits extraction and identification methods were accomplished. The CH,Cl,
crude extract, Fr, extract, and O-Mangostin were extracted by Soxhlet extraction. Then, the main
compound structure is identified as Ol-mangostin using NMR compared with the reference. The MIC
values of CH,CIl, crude extract, Fr3 extract, Ol-mangostin and oxacillin against clinical isolates of
oxacillin-resistant S. saprophyticus (ORSS) revealed 50, 31, 8 and 128 pg/mL, respectively. However, the
MIC values of GML extracts either alone or in combination with oxacillin exhibited high resistant against
both ceftazidime-resistant £. coli and ceftazidime-resistant E. cloacae strains in all treated compounds. So
that, these results indicated that bioactive compounds from GML extract revealed a great deal higher
potency against ORSS than oxacillin alone. The checkerboard results displayed that the FICs index of
CH,CI, crude extract, Fr, and Ol-mangostin plus oxacillin revealed synergistic effects at 0.25, 0.138, and
0.375 respectively against ORSS strain. The killing curves proved that the combination of these GML
extracts plus oxacillin caused a marked decrease of ORSS cells within 6 h and throughout 24 h periods.
The TEM method exhibited that the effect of the combination of oxacillin plus these GML extract
compounds including Ol-mangostin at sub-MIC value on ORSS revealed great deal smaller than the
control cells, cell shape distortion and cell envelope damage in most of these cells. In addition, the OM
and CM permeabilization results demonstrated that either bioactive compounds from this plant including
Ol-mangostin alone or in combination with oxacillin at sub MIC value steady increased the OM and CM
permeability of this strain. Besides, the SDS-PAGE results exhibited that there was an absence of protein
bands at higher MW whereas appeared darker at lower MW of either bioactive compounds from this plant
including Ol-mangostin alone or in combination with oxacillin at sub MIC value treated cells compared to
control.

From these results, it can be concluded that the oxacillin had little activity against ORSS strain.
Whereas, biochemical compounds of GML extracts showed rather higher potency than oxacillin alone

against this strain. Moreover, the combination of oxacillin and these bioactive compounds, especially Ol-



2
mangostin, obviously showed great synergism activity against this strain. So, our findings provide
evidence that these GML extract compounds have the synergistic effect with oxacillin to reverse bacterial
resistance to oxacillin against this resistant strain.

To conclude, this activity may be involved two mechanisms of action by these GML extract
compounds in combination with oxacillin. The first is on the bacterial membrane peptidoglycan
associated protein synthesis inhibition. The second mode of action is steady increase OM and CM
permeabilization. These GML extract compounds including Ol-mangostin have a sufficient margin of
safety for therapeutic use. For this reason, these extract compounds offer for the development of a
valuable adjunct to oxacillin against ORSS, which currently almost penicillins resistance. These in vitro
results have to be still confirmed in an animal or in humans test. If possible, blood and tissue levels would

be achievable to work synergistically.
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g‘lJ 2.3 Common structure of penicillin and site of cleavage by penicillinase

IR http://www.acessmedicine.com

ad = Y U Y U R U
871]@‘])’31!5ﬂﬁ1/1]ﬁ7!!ﬁﬂ!!7/llll]5$ﬂ@7_l'leﬁﬁf} 4 nguyey 'Zﬁl!ﬂ g1mnqu pemcllhn gmau
cephalosporins ﬂ?ﬂml carbapenems {9 ﬂmml monobactams @1HIUNIT ?/ﬂy?ﬂi U 'Zﬁ 1987 oxacillin
Uae ceftazidime wé”wag?unqw penicillins l!ﬁé’:ﬂ@il cephalosporins MuaIAY
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[ o [ Y
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INHIBITORS OF CELL B-LACTAMASE
WALL SYNTHESIS INHIBITORS
| Clavulanic acid
[ | E Sulbactam
-LACTAM OTHER Tazobactam
NTIBIOTICS ANTIBIOTICS
|
’ Vancomycin /Teichoplanin
| Bacitracin
PENICILLINS ] [ CEPHALOSPORINS ' l CARBAPENEMS J [ MONOBACTAMS ]
— Pe”:'Cf"?"G Imipenem/Cilastatin* Azireonam
_ Penicillin V Meropanem
L Methicillin
| Nafciltin [

Oxaciflin ] [ ] ( l { l
i~ 15t GENERATION 2nd GENERATION 3rd GENERATION 4th GENERATION
|- Cloxacilliin J
| Dicloxacillin - Cefazolin | Cefaclor |- Cefixime LCefepime
| Ampicillin L Cefadroxil L Cefamandole + Cefoperazone
| Amoxicillin L Cephalexin i Cefonicid |- Cefotaxime
| Carbenicillin I Cephalethin L Ceforanide t— Ceftazidime
| Ticarcillin |- Cephapirin | Cefotetan - Ceftizoxime
_ Piperaciflin L. Cephradine |- Cefoxitin |~ Ceftriaxone
| Mezlocillin . Cefuroxime — Moxalactam
- Azlocillin - Cefprozil — Cefdinir

— Cefpodoxine

gﬂ 2.4 Summary of antimicrobial agents that inhibit cell wall synthesis (Harvey et al., 2009)
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Aaawaia l1vese oxacillin

Vi _—
Q
= H H
N\ i .8
o N|\><
o 4
OH
0/\

Molecular formular: C,;H,\N,O,S
Molecular mass: 401.436 g/mol
Solubility: Soluble in water and methanol
Appearance: Fine white crystalline powder
(http://en.wikipedia.org/wiki/Oxacillin)
ETJ 2.5 chemical structure and general properties of oxacillin
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. . g 4 s
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! =~ a 4 1</ Y
Enterobacteriaceae  %4n1500N9N5Y0N81%1AT 1Un1381U1F0 Pseudomonas iTugmanyazvede
’ ! A
cefiazidime NUANANIINGINGN cephalosporins FUADU 81 ceflazidime Uns lumsumuniise lay
o aﬁ’ o J o o v o
MSETUIINTAUANT IS AUy ad lAgnTIunY penicillin-binding proteins (PBPs) (Brunton et al., 2010)

dmsulaseas wmaniuasguaviian [Yvese cefiazidime uandlugil 2.6
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Molecular formular: C,,H,,N.O.S,
Molecular mass: 546.58 g/mol

Solubility: Soluble in water

Appearance: white or almost white powder

(http://en.wikipedia.org/wiki/Ceftazidime)

g‘IJ 2.6 chemical structure and general properties of ceftazidime

U { o o a U ]
wiinimisyadveaunisennyiallsenoUAIe penicillin-binding proteins (PBPs) 1A0814 15
< ad = ] ] A o 0.3/, A A 9 a A A ~
A Faugnguiawanuny liaunsowmTedudumuninse lanayiamssuyniiseina Ini
A o wid "o 4 A o g = ~ P
namnarenii liaedesunaniuaiervssnaniniloienie lusaavedgaymmns e Insias 19 PBPs
~ & 1 ai/ l o 5/ o oA r Aad o Y a dy
nthuthuwevessunaniuuana 9y uenaniuaeiusi lasepFiugernei Iiinanisae
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Yo PBPs  §IuAUMsiunvegyiusanases I8508u PBP eIy iaveuuniiseiiuana N
r r F Y
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Aa ¢ o 1 4
YTz anavFuilunavean 1T T IWAUYONEUSEHINTWWUT (Brunton et al., 2010)
AA Ao o o U ad Y A A Y =~ ~
uuaiiseinstlesiuauesoinne luduedeongyiue Tagnihinie Inseasanuguni
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ne1i1 1 lupeuauesdomsesngniveve]viue vaz@eanuuuaiiseamisofesneesr 1 Tu 2

v
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3 09// a g v o a s . yt: y
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919 2.1 NI5018NOA genetic material YOIUUATISTY

113618907 genetic material YoIuUANISY

. v o o . . AN o = [
Transduction 7?5@’!1/1!@7’)1’\!7 genetic material INUUANTIAINUN IZTJEN
A A o
HUANITEDNAINIIN
Transformation uuAiise 151 genetic material 9IMMIAULUATIToTIAE
Y
uan
Conjugation uyanseamlasuLaz01enon genetic material WIUNN
(most common) plasmid

11 : Roe (2008)

Resistant Bacterium Sensitive Bacterum

Prasmid camying
resistant genss

Plasmid with resistant
genes replicates

Conjugation
bricge

Plasmid replicon is
transferred

gﬂ 2.7 Bacterial conjugation. (Roe, 2008)
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Plasmid

Antibiotic

gﬂ 2.8 Mechanisms of antibiotic resistance (Roe, 2008).
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g‘l.l 2.9 Bacteria transfer genetic material (http://www.wiley.com/college/)
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msanyns et 1419 HiMedia” nutrient agar e 191a3 ou stock culture taz 1%

4
%

dy J 4 o o Jd o [ . )=
LW’I%!fﬁEl\‘]L“I)'ﬁallﬂﬂﬁgmﬁﬂl‘ﬂﬂluﬁul“ﬁa'ﬁ T IUFATUDN Nutrient agar ﬁmu

nsu/ang
Peptic digest of animal tissue 5.0
Tadeunaelsa 5.0
nsasannio 1.5

asanannIad 1.5
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U 1.5

20\

pH (M@ 25°C) 7.4 +0.2
4.2 Mueller-Hinton broth (MHB)

FJ 4 ]
MSANYIAS I 1A 19 Difco” Mueller-Hintin broth (e 1% lun1snaaeun 1 11veden

k2
v A

UgFssalaunay avil

nsu/ans
Beef infusion solids 4.0
Casien hydrolysate 17.5
Soluble starch 1.5

pH 7.4 0 0.2 Ngaungy 370C

Mueller-Hinton  1agni/sua/sequaniianuaviuved leoouniilszquinaey divalent
cations) lain Ca’* 20 da@nsu/ans uaz Mg' 10 Gaansu/ans
4.3 Mueller-Hinton agar
= o Ay e » 4 v
M3ANYIATIH I 1% Difco” Mueller-Hintin agar (e 19 lumsnaaauniu 11vese

4
o A

Uz daliaunay Al

nsu/ans
Fu 17.0
Beef heart infusion 2
Casien acid hydrolysate 17.5
Soluble starch 1.5

pH 7.300.2 Ngaungu 250C

=
5. @5nd

Yy 9
=

~ & g o = ' o o o 9 o a aa
asauian o lumsanyingidaa lngiiluansnugunimseauns 15 luiegianis

(lab grade)
[MUDAUTINT Lab grade
IGRICSY Lab grade
lanae Tsimu Lab grade
ca la Lab grade
longasan Lab grade
Fan119a

Merck silica gel 60 Art. 7734 (70-230 mesh ASTM) gntiw 191 udagady

dmisunesvidl Insu Tans g
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Merck silica gel 60 G Art. 7731 4ag 60 GF,, Art. 7730 gntiun 1911

@113V preparative TLC.

o o/

oRlalgkisl)

Y

Merck TLC aluminum sheet, silica gel 60 F254 precoated Y118 20 ¥d. x 20

W, UagAWNLT 0.2 un. gariw 19 umsseyenanyaivey fractions
Dimethylsulfoxide (DMSO)
Disodium tetraborate
Sodium chloride
Sodium phosphate
Sodium hydroxide
95% Ethanol
Ammonium acetate
Acetronitrile
Albumin
Lecithin
Tween 80
Paraformaldehyde
Glutaraldehyde
Osmiun tetroxide
Methanol
Araldite
Agarose
Uranyl acetate
Lead acetate
HEPES buffer
Phosphate
PMSF
Triton X-100
Ceftazidime
Oxacillin

Ol-mangostin

AR grade
Lab grade
AR grade
Lab grade
Lab grade
Lab grade
AR grade
Lab grade
AR grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
Lab grade
AR grade
AR grade

AR grade
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A A =
6. !ﬂ‘i@\‘iNEﬂ‘Hﬂ‘ﬁﬂﬂ‘H‘l

gunsal
Rotary evaporator Buchi
Heating bath: Biichi heating bath B-490
Rotavapor: Biichi rotavapor R-200
Controller: Biichi vacuum controller V-800
UV-Cabinet 11 Camag
NMR Spectrometer INOVA 300 Varian
Soxhlet apparatus Buchi
Mixer (Model 5000) Buchi

Hot air oven (Memmert-600)
Column chromatography
filter paper

Tank of TLC analysis

Spectronic 21 Milton Roy
Labofuge 400R Heraeus
Autoclave Yamato
Laminar air flow Woerden

Hot air oven Shellab

Shaking incubator Heto

Hot plate VELP scientifica
Refrigerated Incubator VELP scientifica
Ultramicrotome JEM
Micropipettors (2-20 LLL) Witeg
Micropipettors (100-1000 LLL) Witeg
Centrifuge tubes Pyrex
Spectraphysics Agilent

Experimental glassware
ﬁnma{(ﬂ/um 50, 100, 250, 500, 1000 va.)
lalialadd (1,5, 10 TuTnsans)
AsevanaN (10,20 lulnsans)

Y
mmwma’?’a agaannaaeN
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as < Y
FEMIRUIIVIINTOYA
1. msanamsnmiasniiana
% o o I~ 4 y o 03, )
wlaenveiisangnii i Tae 1simeuuasvir Iitluma Tae 11nToeilundsoimiuni 1y
@ Y A Y . I~ o o
ana lae 19AT09 Soxhlet extractor 1a8 1% Hexane, acetone, dichloromethane (8¢ ethanol 1ua i
Y ’
aza1e (1 nn. veuwa/aeniagauna/maiiazaie 3000 wa. demsana | Asd) gauugii 19 1u

o

o 091/ { <1 o o { 3
nIgyIUMsanAgnad 13 75 eseuyaded Wuna18 ¥2lue misanail lagmin idududu Tng 19
§ Y o = oy = ¢ < o o
IAFONNAUTUNITITUY LMY (Rotary evaporator) 99117 lamsdhmamiioavunaudad1msuen
UOA (262 NTU) UAZOST 1A (130 NTN) UASANTINABIE 11T n-hexane (84 ATN) UAL dichloromethane
o o { ) 4 o o
(106 n3W) msananevii lagnii Iluenarseengns lag 19aeau Tnsur Tans il uag Insunla ns1
Wiy vuK19 (Thin layer chromatography: TLC)
d
2. msuenasesngnsaniasnilina
ail o o = A % Y Aa o = s 9
TupeudMTUMILEnaITeeng N Inasniina lneo wouas s un/asuaniieoniu
Y
YUAD YD Chairungsrilerd et al. (1996a); 1996b;1996¢), Sakagami et al. (2005) #ag Chi et al. (2002)
@ . o U aa v = 9/091/
@15aA¥e1U910 dichloromethane 9ni1 Iuenae Inewant wa aeauy Tasur lans i vz Idnavua
Y
11 fractions la# elute ﬁ/TJEI acetate:hexane MINOATITIUAIH 10:90, 20:80, 30:70, 35:65, 40:60, 45:535,
o w < a aa U 0
50:50, 60:40, 70:30, 80:20 uag 100:0 Mua1dy laeuiy 1000 Taaansvedunas fractions uagyin 1y
Y Y
Wutudunasnnivii lduenlag 19 lasun Innsiluvvuduyny v 2xs  aou’ uazly
o i I~ ) o o . o
acetate:hexane Tuens 1w 1:1 1iumsazaroaaim ) @115 fraction 3 gndudu Ing 19 HPLC uag
4
mliusgniaenie Tasur Tans 17uwuis1i119 (Hexane:acetone Tudasiaau 2:1) 9z 1i [da1seen
T = = P H/dyo Y Aa = 9 = [ 9
gnsuanyeldnanaiiaey a5 lauilvuignslagldIasulans Wuvyunuuiidae
dichloromethane:hexane 118718914 50:50 Taesiinie Iduag3 uazi lulgudunieInseasnaedae
~ s A A A 4 = a o =~ = = o o
NMR  figuédiniosioanermansuazina lulad ymaneraona Tuladgsud vag@eanii i
=~ =i Y o = Ay Y= U Y dy
wlseuiioy Inseas 199 umsAnpi [aus 109U U1
- a X 4
3. MsAssNEIsHaziAseFeNNATe
mamssuasaza1evede 1 yiuenimmaaey lngn1sagaiee oxacillin 4age
. oy A1 ] dly .
ceftazidime 1WA IUAITH AT (sterile water) (1 ¥N./ua.)
Y
71502018 (10% dimethylsulfoxide Ty veumsaniane 1y uag/m5o Ol-mangostin 150
4 ]
miaam)mmaﬂ?amwﬁuq (m15anane1U91n CH,CL, @15anNA fraction 3 A& Ol-mangostin) 977
= o A A o ad A o = Y A Y ad . . . Y oy Ao 1
nlaenisgaRe 1 nienaunue1)riusiiinane Ifinseua1035 doubling dilution #2831 17H 1
A A e v v v oy
mywuFaiersuanuuTu 1 lamuiideans
o A A dy . I~ o ~ a
vhuvaiienany [img@eslue1m15 nutrient broth 100 wa. (a1 18 52 Inaigangl

= o s dy 9 y ~ ~ =~ =i o 1] ~
37 oNFIUHUV T 1!7!‘1)’37@14!1’\!73!@80!!@3?ﬂﬂm%’ﬂﬂﬁ’l 4,000 F0U/UIN {Wuan 10 W waghaun

Y Y oy A % 05, o y = = 03, & 05’ Y
ANAZNaY (pellets) VIANAIYUUNAD Wmmﬂuum'Zﬂﬂumwmnmmag suspend (HARONAITIAIY
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4. Bacterial suspension standard curve
v 4
1115911 bacterial suspension standard curve Avumew Al
~ A U a :«y . o 7 A A
!!Uﬂ‘m55]!!@7@5‘5%’”@9ﬂ!7/\l73!ﬁﬂ\7?u@”lﬁ")i Mueller-hinton broth 100 4a. HUYAQAUUANITEN

a ~

dy oA <1 o ) 4 A A y =~ ~
INIELAEN ?ﬂﬂilﬂ@m’ﬂ{]ll 37 E)\Tﬂ'u%'ﬁl‘b'f/ﬁ'ﬂlu!?ﬁ'l 18 93 Z?J\? u’l!%’ﬁﬁ!!ﬂﬂﬂ!iff?l]ﬂul”?f]ﬂﬂ 4,000
~ o 1 ~ Y ;/ 2 u.gzl o y ~ = 5’ ~ ~
FOU/UIN UASHITIUNANASNO U lh]ﬁ'l\?ﬁ@\‘iﬂjﬂ Wﬁ\ﬁ]'lﬂuuu'l71/77””1’38\78?7?)5\77] 4,000 sou/UIN
o o s o -
iWuar 10 wn s liiwasuvivase ey 0.9 % NaCl 50 wa. uagvii lifiwadiuaisedoNud?
h1d3aa 0.0. Taglsin5eq spectrophotometer ?u%"TJ\‘iﬂﬁ@ﬂﬂﬁwzﬁﬂ (Absorbance) E)g'ﬁj?ii]'?\? 0.05-
~ A o a IAANAA U [ A £%
0.25 NANNY1INaY 500 ‘lJ'ITL(!?Jﬁi ﬂ75”1]7]51]7&!!‘])’?757Wll“])'?@?]@\?llﬁﬁé‘f“]f?\?ﬂ?i@ﬂﬂﬁl!!!ﬁ\?Tﬂﬁ/?“])’

Overdried agar plate counting method U@ NATOUN 3 ATd (Eumkeb, 1999, Richards et al., 1993)

5. MIMmMANNAENTUmIganansaduginsnIyaulanvewuanisy (MICs)
. . o YAy A A o ] A oA
Broth dilution method gniin 19iiiedesmsnaaevuunaiizesuau luuin viewe
v ' A 1o o q ¥ Y 9 Aax =% 4
AINITNIAT MIC Nuxud1 M lianuduiuveselgyiuanaanTanin (wo-fold dilution) §n
1 Y F ' 2 ' ’
v lsiemSen/Tunsvede mnsdgaseingavuazsmandenmunzan (Iagia 11 100,000
o == ] U o aij o [ d' a = [~
waauuanise) laaslyluuaazwaen vasomini lvuiigangl 37 evruvaiFemiluia 24
<& o [ Y A o a 3 03/ A ~ [~ ] ) [ ~ =
72 lud dmsugagaemiw i sauilu MICs voveiunegail [Wuiuanuyy dmsuvasail lui
ABI U A =~ dy dy o ad =] dg, dy ] =1 o F4
%0 NA1IAD WIAWILOIMITASNUTOTINAVENIJTINLUDLIN ML IMITIAeu o A9 IN1 T
3 ~ Aﬂy ~ o A Aﬂy - A 1 =) Aad o Y o
iWunasanivauiiaeade vaziagiunasaiiideuuniisous ulengFauggniiw 15iud?
[ dy IS 43/ S A dd’ T d’ = T A
TN iFInveusouuninse lunsaiiniseugai IlinuyuAanain (Greenwood, 2000)
' Yo . e a4 o A& v ay
151171 MICs e 1935 agar dilution 15y IAgM e o910 stock culture WA AN
o o oA a = I~/ o 03’ =
1163 Mueller Hinton broth wazivi [Wuinngauugil 37 eveuwaided (iuai 18 52 lua 91mituaTou
o ] 4 oy
bacterial suspension 1AglsUANUHUIMNLVBUYAGA W UNAD (0.9 % NaCl) 1H 18Useana 1 x 10°
E4
CFUmL Taglomsmmsganauuaaui/ouiiiguny bacterial suspension standard curve #a49171 111
A4 Ay e P v A ' v oA ' 4 Ao
Foil la/sunnuadnud? 0.1 wa. veudeusazaeuginaaey laaylyTuna 3 nasaid 0.90 wa.
4 9 ' ] 9
YOI THITAGNTD (Mueller-Hinton broth) 59wAve1g5aug I815uawduie 1w la/5uande 1 x

7 A 1 = Aad ) Y I A A )
10 CFU/mL Tfﬁ@ﬂ%ﬂ@ﬁ/ﬂi!!ﬁ‘Zﬂﬂ87ﬂg%’3uggﬂu7ﬂ7?"D’tlluﬁ’ﬁﬂﬂﬂQllif]ﬂsll@d!!llﬂmim/m@ﬁ’@ll H1

dgl = Y dy a a a Y Y N
e lamz@ea/suias 2 'Z.i/?ﬂmmwaﬂawummmguTﬂffhf replicator NUYUIA 3 UN(mm) pins
v P

v o

v v P r v ~ 4 o o o ' oA -
ﬁﬂuu@?7i’m]lﬂ]u@'ﬂ7’”5’?’@\7!%@1]1!2”@3117_]531”@! 10 CFU/@W Wﬁ\?i]7ﬂuuu7?llﬂﬂ7’7@m7’fﬂﬂ 37
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6. Checkerboard determination
Y Y =i ] o 1 A 9 = VY ]
ﬂ'l§'?ﬂf&l?@ﬂiﬁq)ﬁ“]ﬁ/\lif)ﬂﬂulﬂﬂﬂﬂ 1 ‘ilflm'Zﬂgﬂ!ﬁﬂﬂlﬂ?ﬂ)’ﬂ’)f]!ﬁ@ﬂmﬁﬁﬁlﬂia‘iﬂﬁ YU an
< 2 F = o A ] = A A A
ﬂ’ﬂllll/‘lJWB"UﬂQéﬂ7@8@@7]%7@877]6\787@7714?@?7’1%70 2 ﬁl7]‘Vi563J7ﬂﬂ37!!27&’11ﬂ75!7/\m7]535ﬁ1/lﬁﬂTW?‘LIfﬂi

4 F
pengniud lune Iinaiy nieanmsimuIAI1TAeA087 1 67 (Swan and Manivannan, 2002) 715 1935

U Y 1

I A o 2 ~ U o J :// A
checkerboard l?f‘lJ?Jﬁ‘Vlﬂ81!"1!7\7\778?1Jﬂ751/l7!!ﬁ$?“D’!Dﬁ?ﬂﬂﬁﬂﬂ!Wﬂd!m 24 ?D'?TJJ\?!‘VITLJ‘M N13198INY1
Y

Y A

r ’ 4
dugadnerne Isduduiinaaovdniseavi lvausoi iinamsiasugns (Eumkeb, 1999;
Lorian, 71999)
7% checkerboard  Tum3 1901/ Fauz s awiu 18iaui5ves Sabath  (1967) uaziinis
o { < o
Ysulagu@aniios (Bumkeb, 1999) erdiugadn “A” uazerdiugadn “B” gnih ldiieawad v ves
1 4
MICs ¥8493/% 35 checkerboard @71 7@8?"1?agar dilution method #9na1aadne 11/il
A A o dy dy dy Y o oA a =
wuadiSeiiwmaaeugnmnziaes luemsiasugeoud i I uniiguugid 37 eseusaiFeod
=1 o o oy
iWhuan 18 ¥ 1u9 USY bacterial suspension #e1unae (0.9 % NaCl) 1 181se 1 x 10° CFU/mML
K% U = =l ~ [ [ a.%/ o Ay ~ F4
Tag 19msamsganauuaan/Seuiiio iy bacterial suspension standard curve Wad911UI1%07 A
[ 9 Y dy U o oA ] ag// A
Ysuanuduuga 0.1 ua. veuveusazaenuganaaey laa ly/lune 3 wasaill 0.90 va. veve1113
Y 2 I ] 9
1@891%0 (Mueller-Hinton broth) #az s wnve 1l vaus it lavsuanuduie I I81Fuanserseua 1
7 ~ = Aax o Y A A o dy Ay ¥
x 10" CFU/mL waoai Iulie1gFiusgmiun siiunasaniuguuesuuaiisennagey Wusen Ia
dy A a a 9 Y Ao o 03,
imnziaeasnm 2 lulnsansvenasyuiavediulaely replicator VWA 3 Uk(mm) pins AU
v v P & v ~ 4 o o o ;A A
ANuTuIugaheveuseyuussliszua 100 CFUAa wasoniiuh [Yuniigungd 37 09
= I~ o o oy ;/ 1 9 Y o A 1 o
waiea 1funar 16-24 F11us Taesiigh 3 A59 A1 MICs veams 19 uuuaiSousazauas
a319n51 isobolograms 115 UMTAIIUMIAYIET FIC @1M5UMITTINAUVOIMILUUATLS BUAaLs

o 9/ (-7 1 dy
aunsadaa lamuaunsaae 11/i

FIC = Conc.of A in MIC of A+B + Conc.of B in MIC of A+B
MIC of A alone MIC of B alone
FIC (A+B) <05 ETNYNTNU
FIC (A+B) > 0.5-4.0 lutilgAsesgnaneen
FIC (A+B) >4.0 Augninu

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

7. Killing curve determinations
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) sAANANA A o FO Yo adAdy Y a Y1 Hldy
miummaumaﬁwmnmwawm/u killing curve ?ﬁ‘n”lﬁ"lll?ﬁi/l 7@8ﬁﬂ78?3ﬂ8uﬁu7u

. = o S 9 Y < dy a
(Richards et al., 1993) uaziimsaaud/adaniios (Eumkeb, 1999) Ingl¥e 1151609050150 18 100 Wa.

Y Y 4 Y ]
nmiu lifideuuniiFeasentSvia 5 x 10° CFUML awdanverduuuaiiGeislanelg uasly
FwAvengFauginnududu Vi ved MICs veda15anane1y9n CH,CL, fraction 3, HAzOl-

4 d’ ] 4
mangostin (71599NNFNNTIN VBT ITANIAVINGADNNINA) Eugliii 19 TumsUmFens 37 o
=~ o Ao @ I~ o 1 o dy Ao @ ad 1
g vadnnaunam5iiaa10,0.5, 1,2, 4,6 uag 24 9113 seuniuvendunaepyiuie

Y 4 4 ] 1
az¥293a1 [hageuu1u@eFeiide1115 Mueller-Hinton agar 91494 4 91UABHIIY 1A UDE
) oA a ~ I~ o @ o’z/ @ o s A a oA
il vuiigmugid 37 evauwaiemilunal 18 %1 1ud wasoniuius wusaanesgay In A9
° ~ o YN 3 o Y 9 o o ~ Y o ) Y
dgaiiamsniylane 10 CFUML  waduazanuduiuveddaiazatei lndmednugniiu 1o

zf]u positive control (Iain et al. 2000)

da
8. NABIPANIIAUBIANATOUNUVTOIHIM (Transmission electronmicroscopy; TEM)
= d
MIAILNBAA
ienaaevszansnInvyese)riug msanane1y CH,CL, fraction 3 i@ag O-
. J Y o ry JP . . Y o o o 1 =
mangostin A0 IATIa5 NIFaaVeUYe oxacillin-resistant S. saprophyticus Tne lavhmusunoudsse 11
dy . . o ] 3 o A
%0 S. saprophyticus 1u©1%15 Mueller-Hinton broth Qﬂuﬂﬂumﬂuwm 18 ¥2lua
a = [ 0.3/, o dy d’ 1 dy 1 A d’
gaungll 37 edmuaida wav iy ugeiivy 2.0 va. limgdes Tuviagsuwy/sung 250 va. i
Y ;2 Y r
Y559911131@641%0 Mueller Hinton broth 98 wa. ua 211111 luenihniugugangiuyydi (water
{ & 1 eg// { a 3 o ) I
bath shaking) #19A31M151N 74 100 ATI/U17 Higangll 37 evpuvaiFea Wuar 4 511w uwad 11/
y ~ ~ ==~ = Y 9 4 05/ 9 o ail o dy A~
U299 4,000 50U/47 (HUAA1 10 WIN UAIANTAE 2 ATIAY 0.9% NaCl HAI9INUUL UFONY
4 1
AUTLTY 5 x 10 CFU/mL Y5u1as 10 wa. Tu 0.9 % NaCl Timnziaes luvaagilyuydauaazvinee
~ dgl 49/ . Y A [ 9 Y
191111518691%0 Mueller-hinton  broth  UALAIMUUANITITINAL 90 Na. aeANMTNVBIEIA U
A A Aq YA o . . ad o Y
uuANGeN 19Ae i MICs veNa15ananely CH,Cl,, fraction 3, Ol-mangostin tmzmﬂgfmu:: g1l
v v g v s o~ 6 0w Ao A )
laanududugaieveusaduuaiiseseuia 5 x 10° CFU/mL d1m5uv1anlide S. saprophyticus
] ) 3 @ o o {
Ty Mueller-hinton ~ broth 90~ wa. Ine lulierduuuaiiisogmiw 1iiludnivgu d1msvvaai
Y 4
INZAgNTINNUTEHINMTengnFInaaeniigaanas wnvelpFiuzuasvInauguni iy
1 oy a o A a o r ui, N
TuervihmvaueuUuUYAUNIY Y 37 DIMUSAITFEa@LONTINITUAI 100 ATI/IN (Ul 4
%3 134 (Richards and Xing, /994; Richards et al., /993)
dy . Ay Y dy o y = A U A o a A
150 S. saprophyticus 1 latwizideagnii1 1ilumaeii 6,000 sevaeuil (uaar 15 Wi 7
a ] Qy o a.%/ r { o
guunl 4 eI UYAITOAUALINA I supernate TN HAIDINUUATY (fix) @il pellets A28
I~ o { a
glutaraldehyde 8% v/v 11 phosphate buffer 0.1 M (pH 7.2) /1701 1 92 TndNgannl 4 edmusaivea
o U 3 o {
uazii laTasie Ty glutaraldehyde 4% v/v 11 phosphate buffer 0.1 M (pH 7.2) (ifuia14 %1 luaii

Qunnl 4 edmuvaIFea ¥ad0Ina N 11 buffer 1483 suspend LUATITH T osmium  tetroxide (OsO,)

9 u
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[
U

=< 1 A g d Ay a
9. MsFurIuvBuaaTUMenuazailslawaaiin
4 Iy
9.1 MBIV UBORMBAATUUON (Outer membrane permeability)
%G == Q/ %4 Q/
msnageugns lumsmuuuaisevesasananni/asniina (asanane1y CH,CL,
. . A ¥ A Y o an U o A v c’ai’
fraction 3 4@ Ol-mangostin) (U8 151aeuas 195 wnVe1 FIueaons i ILveudojuyaa s uan
=< r = uil N o 1 dy
TumsnaugumsFusuvesassevuaou lumsnaaeuiiae 11/i
o 7 ~ dy ~ a =~ 3
vnwaduuaiiGe [Umziaes Tueis MHB 100 va. gangll 37 e usaided Wuna
U Y ’ k2 ’ Y
18 57 Twa ud i udodi laimizides 10 wa. 1o/ laTuvangilyuyiide s MHB 90 wa. vasoniiui la
] U 09/ a o { a o U u.gz/ <
ldlugrahniugueamgiuuydungurgi 37 eNAUFAITIAUazoNTINIGUAIN 100 ATI/UIN 11U
U Y r 1
a1 4 51 Iua duFeuaiisennaaen (5 x 10° CFU/mL ) UFuar 10 wa. Taaslu/Tuvaagilywyaaus
azvaeAllsznoUaIe 90 A, YeNe1113 MHB 39U @15aiA1e1y CH,CL, fraction 3 #58 O
mangostin #5010 197 wA Ve T Iuginnududu v MICs vowuaazd9e lannududugane
v
5218 5 x 10° CFU/mL 2an7uaN e dimw12e1115 MHB 90 wa. Iae [ulengFaue ihvaaninua
oA a 3 o U oy a o
Iyviigangill 37 eseuaaided (a4 521 luernhnaugugungiuyuay (Eumkeb, 1999;
o g g o y A A o o
Richards et al., 1993) waqoImitunuad lngmsilumIeain 4,000 sou/uil (uaa 10 wIii awsae
Y 4 qi/ Y . o Y
aNwad 2 A59110.9% NaCl 10 wa. 4@ 7 resuspend 14 sodium phosphate buffer taz1/su 14 [7%24
A P a . A Y v
gANANLEAN 0.1-0.2 91500 W1 TMuAT (AN Triton  X-100  (TTX-100) AANUTLTHGATN 18 300
o U 0 1% (y 1 a I~
IuTasnsuwa. alyluunaznaea drmisuraeai v lam@y TTX-100 151iumasanauny (Eumkeb,
1999)
= 1 Ay a . e
9.2 mwummﬂmju"lcﬂﬂwmaun (Cytoplasmic membrane permeability)
msgusugey ly Tanaaingnnageumsiannuauwisovesasanaiiiae CM
0 =1 o < 4 . . .
i lfiunsiuveuon loy B-galactosidase  TwuunaiiiFe Tag 19 ortho-nitrophenylgalactoside
3 o o 05/ = o ] [l 1% ]
(ONPG) (i/u substrate @115 UVUADU IUNITINTONAIOENYNUAT IV UAGINNITNATOUN T TN 1
A v & o < o sy ¥ g v ' ~
@ofusuuen vasnINuuiuTaa i lainzi@ed 0.5 va. §1e91nuaazyIAiing10, 1, 2, 3, 4 uag s
o o [} o 1 o YA 3 Y ° o 3 < 4 o
73 w3 fredaana1vegnin oo iy 1.0 wa. @20 buffer d1msumsiveusw luignia

Tne' 1% ONPG (Marri, 1996; Miller, 1972; Shimeld and Rodgers, 1999) #99uao 1Al
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AN YeUBad T 1AgniTea19 1 buffer gnia Tasnsganauuaadi 600 w1 Tuimns
uagld ONPG (4 wn./wa.) YTua 0.2 wa. av i/ Tuudagnaeauazivendnag wdinniuiuasaen
77]?@"?u@'7\71jy7ﬂ?11@11@1@mW{]ﬁﬁ'@]ﬂm’{]ﬁ 37 evmusaidsa disunar luniunaljnieignialay
1niimsunauasaamsinadgnse Taemsdumsazat 1 M Na,CO, Y3ua 0.5 ua. ndaa1niii
Fmdounai msgAnauuasveudasnaengniad 420 w1 Tuwas varz@Eedtu1s Toluene 50

TuTnsans/va. udanIugu (Eumkeb, 1999)

10. Electrophoresis

v
v d

(Y] a Aov (v . d' Y d S A
10.1 msanalUsAuNFuRUS D peptidoglycan VBB NI BAAUUANLIE
A
ﬂ?iﬂ@ﬁ'ﬂﬂt)‘nﬁ?uﬂﬁﬁ%uuUﬂﬁ!?&/?]@dﬁ'?iﬂ'ﬂﬂﬂ?ﬂ!ﬂﬁ@ﬂilﬂ@ﬂ (r5anane 1y
q { ’ [ a U J o
CH,CL,, fraction 3 tag Ol-mangostin) (o 1%1Aguas 195 wnve)Fausaedofuvadvesuuniisg
Ao o o
uag lsaunduiusny peptidoglycan (Bacterial membrane and peptidoglycan associated protein;
T E4 Y
BMPG) #eilvuneu lumsnagevniil
F Y '
MBS, saprophyticus 114811157 MHB 100 @, LasUniigungi 37 o9m
~ I~ o [ uil o dy a dy 1 [
iyaiFed (a1 18 92 I wavonduiurelsua 8.0 va. 'Zﬂmmamma?um@gﬂwwwwmmi
5% U cy a o AA o r 3 S
MHB 192 wa. ua2lu 'Z?Jim7148Numaﬂ@w@mwgmmﬂﬁuwmmmnumv 100 A5/ 11lurar 4
a.'/ d’ a ~ [ % og, o dy d’ 6 a
%2 1aNganl 37 admuyaITed vadoIntuiusennaaey (5 x 10° CFU/mL) Usvia 100 va. 11
4 r
imnziagesio luvaagiyuyilie s MHB uaganuaudy %  MICs veva1sanamg1y CH,CL,
. . A Aad 2 o % d’d =
fraction 3, Ol-mangostin #39 1Y IULTIVAY 100 ¥a. F1MTUYVIANUBIMIT MHB 100 V@, Tne 13/
Y A A o Y o o o aal o 1 ] 1 oy a
ewnuuyanzegnin lniudiniugu Wmmﬂuuuumazmﬁ'h/?ﬁ?uaNmmuawqmwgmwu
o Ao U 091} A o ~ a ~ =
auUNNENTINIUNII 100 ATIAIN U1 4 52 Iangungl 37 eNAuvaITed a1509n)NsNN
~ o A o o A qudA A o ax =
yimmvesmsanannlaeniagagminimaaeudie 15ae 19 1wie lasawnvengyiuegn v Mic Tu
Y ’
g ﬁ%mﬁﬁa S. saprophyticus ﬁ?ﬁﬁwﬂmﬂﬂauﬂ (Eumkeb, 7999; Richards and Xing, /994; Richards et
al., 1993)
< I A Ay y dy o U o y = 3
inuwaauuaiisen lamizdesnanad 20 va. wazi [Uihumdes (6,000 g iunan
~ A a 4 ui,
15 W NQugu 4  edAuTAITea) UagaNIYAd 2 54938 N-2-hydroxyethyl  piperazine-N-
o’j o =1 oy o
ethanesulphonic acid (HEPES) buffer (10 mM, pH 6.8) 9174 # resuspend I yaaUUATNITEA 8 INEY 10
0 s . . . . {
wa. uazyi lifiwaduan Iagn1s sonication (3 x 60s with 30s cooling period between each burst) n
a ~ I ] y = ~ I~ A A
QUNYN 4 A UYITE maaw?mmmggmmaaﬂTﬂamiﬁmmww 5000 g (Wua1s W n
I Y
QNI 4 admUsAIFaIIDZIe 1A IUNANAZNDY (pellet) 11V
o A Y o A A . y ~ ~ [~
Wudefuwaduunnseuas peptidoglycan 00011 1agn131luiIe4i 40,000 g iTfural
A Y - o v J& & A v .
60 U9 LI NITad 2 ATIAIEUINAUNN15AI8 phenyl methyl sulphonyl fluoride (PMSF) 2 un./ua.

v " Y ’ ’ ’
1MW BMPG fishmiinomduiiana lda1nein S, saprophyticus 11 resuspend 1111n@uiiid PMSE
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o 3 S o o {
Bovine serum albumin (910 Sigma) gt 11 To/s@uwasgiu dimsvuTusaui
o Y <3 v a ~ o Y A = M ' ~
ana ?ﬂﬂ&?gﬂ!ﬂﬂ??ﬂ@ﬂ!ﬁ{]ﬂ =70 oNAUYAIVE T llﬁ&‘i?’l’l?ﬁ!ﬂ@ﬂ?\?@ﬂﬂi\??u buffer noWNISNIEN
{ o < U
Til5Ausae SDS-polyacrylamide gel electrophoresis (SDS-PAGE) li/saunana ?ﬁﬂa‘:gﬂ!ﬂﬂ?fﬁl?uﬂﬂ

2 1nouneldan12AIna13 (Eumkeb, 1999)

10.2 SDS-PAGE

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) Qﬂﬁmﬂﬂ? luse Uilﬁm‘ﬁ'ﬁ
stacking gel 4 % uasi separating gel 15% 113510 BMPG ‘ﬁ'ﬁ’ﬁyﬂ ?ﬂ”@zgﬂwﬁuﬁy sample buffer ‘ﬁft
TrissHCL buffer 0.125 M, pH 6.8, 0.04 MNa,EDTA (Sigma), 4% (w/v) SDS, 10% (w/v) B-
mercaptoethanol 20% (v/v) glycerol and 0.1% (w/ v) bromophenol blue (Sigma) nazdulidemilunm
5 117 VAot U5 Electrophoresis 9291171 8 mA/a 61151 stacking gel 48z 15 mA/Ava d1wi
separating gel Lﬁmﬁummﬂm‘?ﬂu?nm subtyping areas ﬁﬁWﬁmﬂlﬂﬂl%a AN electrophoresis 9
dou separating gel @18 Coomassie Brilliant Blue 1511721 2 Gi'f"’ﬂmﬁQmwgﬁﬁ’muazwauiﬁ'g%ﬁﬁumm
wﬁamﬂﬁluﬁlnﬁjummaﬂﬁﬁ%n (destaining) 418 ethanol 45% Uas®13asa18 acetic acid 10% (v/v)
AWAIINMINDATEATOAI 81582018 acetic acid 7% ﬁww%’uiﬂiaummgmﬁgﬂﬁmﬂ%ﬁ,ﬂu

molecular mass makers 1@t myoglobin (17,200), carbonic anhydrase (30,000), ovalbumin (42,700),

albumin (66,250) and ovotransferrin (76,000-78,000) (Eumkeb, 1999)
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31 paaudAvesaisesngniniadinmnuazwandnainarsanaainilaeniiena (Garcinia

mangostana Linn.)
A 1% = K% A A o = = =
IATONTNA Soxhlet extractor Qﬂ!ﬁf)ﬂiﬂ?"If!WE)W‘ﬂé’fﬁﬂﬂﬁ'ﬁ@’f)ﬂf]WﬁWN?f’Jﬂ?Wﬂ7ﬂ!l]ﬂ6ﬂ
. ) @ =~ ~ o Y o
YONG. mangostana Linn TN TUE YU ?ﬂﬂﬁ@jiilﬁ/lu @5‘5‘1)’7@71(1 uagenueaq Qﬂ‘l«!'lll"l?%lluﬁ"liﬁ'ﬂ@

cﬂ’ =) 3 d’Q dya/ =} a2 a d’d
iwevnninnutlaeadsuazanuansalumsazatearsnoase wenvnidailseansninnaves

Cd
o a

0 o U o o 7 A o Y A o a
Nhazaeasnar lumsihaieniiusadueansed 11 [darsnegnie luwads119uw1n ANWUTN
o a o
Youa15anANe1l CH,CL,, fraction 3 4/A2 Ol-mangostin gRIATIZH Iag 1% HPLC uazsey Inseasnves
9 = = o = o
@15 1ag 19 NMR spectra tagn/seumeunumsanynagm

U d A‘l = d'd (Y] =) U YV
3.1.1 ﬂ1§§$14!E)ﬂf:lﬂ‘lelﬂ!sllﬂQﬁ1§®ﬂﬂi]7]‘ﬁ‘n1x‘]‘ln,ﬂWWINﬂqtl‘lr!ﬁ1§ﬁﬂﬂinﬂ!ﬂﬁlﬂﬂuﬁﬂﬂiﬂﬁlﬁl‘ﬂ

HPLC
(A)
alpha mango-in
b,
‘E"’.:f
B i
( ) Fra i"'/
© |
Crude 5'( &
(D) :mj.w|“mmldﬂlﬂ ;
L»f

alpha mango-Ex

3 1l 3.1 HPLC chromatograms of standard Ol- mangostin obtained from Indofine chemical (A), Fr, extract

(B), CH,CI, crude extract (C) and Ol-mangostin extract (D)
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1] 4
M3 19 HPLC 59unY gradient elution lagmimn1fiiessyyiavesaiseongnini
=~ 1% = o ) Y 9
Yimmwvesmisananinaaeniiaga aswaunsanesin 0.2 % 1u acetonirrile 3¢ 1insuend e Insun
Tans1ilmuizauiigalumsuen O-mangostin tazensous Tuaisana (31 3.1) ANueAaU 240
o Y o :‘/ A [ 1 A = Y A [ o
wTuwasgminnlslumsianwuaiosmndlurnaunsoganau lduniiga dwmsu HPLC Tas
nTaunsuueasanane 1y CH,CL, fraction 3 #a2 Ol-mangostin 71 IAanauaadgUuyLAnd 10U
Y LA . . = = =
peak HanN¥®J Ol-mangostin  retention time 5.333 W1IN (g‘l/ 3.1 A)5.289 1 (gl/ 3.1 B) 5.267 um
oo @ o
(313.1 ©) wag 5.258 117 (31 3.1 D) Mwa a1 1@nanyai VY84 peak ¥oY Ol-mangostin 11 A1 10
YN o Y . Ay Yo .
unsu laguduse Ol-mangostin Y153 1UN 185U1791 Indofine chemical company (g?f 3.1A)
ms ¥ HPLC  awsagnii 19 Tumsmi/Fuiaved O-mangostin Tuaisainain
b4
o o o a2 4 I o
149A (Yodhnu et al., 2009) 4eN91n1 HPLC §3a0150Wgaun1usue1 Aumm1gad a2 12
a o a o 14 o
uaganugnaed lumsnagevmyTunavesmsanauasnaniasinne/asniing (Pothitirat, 2008)
3.1.2 msmilvimiulassa1anFauves O--mangostin lagld NMR
. Ao I~ = A o [} 1 Y
@15 O-mangostin Uanvazitlunidimaodgnineg lungu xanthone  IAseas
Usenousaenuseg 2 ouda laaonisdu la Tasiou U 1 methoxyl group #ag 3 hydroxyl group 44 1a
uanalugi/32 m131 3.1 uaz 3.2 uaaedoya 'H NMR #az "C NMR ¥8d Ol-mangostin 1 1A a7

= = [ =2 A1
WseumneunumMsAE IR (Ee et al., 20006)

3 1l 3.2 Structure of Ol-mangostin from NMR chromatogram reported by Ee et al. (2006)
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@1519 3.1 The 300 MHz 'H NMR (acetone-d6) spectral data of Ol-mangostin

Chemical Shift
(0, ppm)

Assignment

Chemical Shift (6, ppm)

from reference (Ee et al, 2006)

13.78

singlet, OH-1

13.72

6.82

singlet, H-5

6.72

6.40

singlet, H-4

6.25

5.27

triplet, H-12, H-17

5.26

4.13

doublet, H-11

4.10

3.80

singlet, 7-OMe

3.78

3.35

doublet, H-16

3.37

2.07

singlet, H-20

1.83

2.05

singlet, H-15

1.82

1.81

singlet, H-14

1.71

1.65

singlet, H-19

1.68

GHL-1 in Acetone-dB,
STANDVRD 1H DESERVE

wxpd  sipul
SPLCIAL
date Feb 2 2012 temp 0.0
solvent Acetone gain not used
file exp  spin not used
ACOUISITION hst 0,008
w 5396.7 pwild 9.500
at 2,000 alfa 20.000
np 21588
o not used 11
bs 4 in n
dl 1.000 dp ¥
nt 15 hs nn
ct 18 PROCESSING
TRAMSHITTER 11 ] 1.00
tn HI n ot used
&frg 299,986 DISPLAY
tof 9.9 sp =31l
tpwr 9w 7712
o 4750 1 810.1
DECOUPLER rip
m c13 rp -31.8
ol o oIp ~38.4
m FLaT
dma € Wt 50
dpur 0oz
dmf 200 ws 288
th 10
o gn
-
2
"
14 13 12 11
.46

6.83%

5.407

5.284

5.279

%£.261

wolelhio=wn
Sahlklmen
frt e gty
FYRYEN 1 SRR
|
|
|
w
] | =
@ o )
g | 4% i
e " i
"2 |
| |
n
2
| ~
|
| | i
|
| I
! WAWY | U LT RS
5 4 3 2 1 -0
.70 27.8418,00 1.75
6.08 5.88 18.00 1.38

3 13.3 'HNMR spectroscopic data of Ol-mangostin extracted
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A1519 3.2 The 300 MHz "C NMR (acetone-d6), spectral data of Ol-mangostin

Chemical Shift Assignment Chemical Shift (6, ppm)
(6, ppm) from reference (Ee et al, 2006)
182.81 C-9 181.8
162.92 C-3 161.6
161.40 C-1 160.2
157.39 C-6 155.4
156.23 C-10a 155.2
155.65 C-4a 154.8
144.51 C-7 142.7
138.14 C-8 137.2
131.39 C-13 131.7
124.82 C-17 123.4
123.50 C-12 122.1
112.06 C-8a 111.7
111.00 C-2 109.7
103.63 C-9a 103.1
102.67 C-5 101.6
93.15 C-4 92.4
61.31 7-OCH, 61.2
26.89 C-11 26.3
25.92 C-14 25.7
25.88 C-19 20.7
22.00 C-16 21.3
18.29 C-20 18.1
17.90 C-15 17.7
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GML-1 in Acetonerd6,
13C OBSERVE & R L
< o0
5 mewodn
expd stoul Eg - snadN
SAMPLE | SPECIAL LY
date Feb 2 2012 temp
solvent Acetope gain 30
file exp spin not used
ACQUISITION hst 0.008
W 18859.0 pwid 9.600
at 1.815 alfa 6.600
np 68452 FLAGS
b not used i1
bs 6 in n
dl 1.000 dp y
nt 5000 hs nn
t 3184 PROCESSING
TRANSMITTER b 1.00
tn a3 fn not used
sfrg 75.489 DISPLAY
tof 736.8 sp -1082.
tpwr B2 wp 18858.7
1% 4.800 rfl 1083.2 =
DECOUPLER rfp 0 i
dn HL rp 2.6 3
dof 0 1p -31. o
dm y PLOT |
dmm WoWC 25 o
dpwr B0 sc 0 ©
anf 1235 vs 594 ®
th 5 @
nm ph o
we
L2
7%
it
- " [ )w
Sy a 2 B
o 4 N 2 | 8%
So g 4 " -1
3t | @ ~ "‘
@ © ‘
|
anoewN E
" sSaon g 2 | g
b Shee S F R
: igeeE L g T g2 8 F
b Lkl & = O I
w n o 0 L]
A , w 2
s | < | IR ”
d g o s
& o
] | ‘ =
| \‘ |
‘ |
| ‘ |
|
‘ |
L LA e e AL i e T
220 200 180 160 140 120 100 80 60 40 20 0 ppm

;z]ﬂ 3.4 "CNMR spectroscopic data of Ol-mangostin extracted

3.2 Bacterial suspensions viable absorption standard curve

HAN5ANE bacterial suspension viable count standard curve M UL“?;IE) Staphylococcus
saprophyticus DMST 27055 ‘ﬁé@@i 981 oxacillin (oxacillin-resistant S. saprophyticus; ORSS) L‘T;lﬂ
Escherichia coli DMST 19629 ﬁﬁ@@i 91 ceftazidime (ceftazidime-resistant E. coli; CREC) Lﬁ?;lﬂ
Enterobacter cloacae DMST 21394 ﬁﬁyﬂﬁi 981 ceftazidime (ceftazidime-resistant E. cloacae; CREnC) L“’f;lfl
Staphylococcus aureus ATTC 29213 ‘ﬁ'"lwiam oxacillin (oxacillin-susceptible Staphylococcus aureus;
OSSA) aziife Escherichia coli ATCC 25922 7 19#1061 ceftazidime (CSEC) 1uaaalugyl 3.5 5 71l
3.9

sU3.5 D339 1w e ORSS, CREC, CREnC, OSSA 1ay CSEC fipnuddu
/52319 1 x 10° CFU/mL ﬁmmsg@ﬂﬁuumﬁﬂf 0.19, 0.15, 0.14, 0.12 4ag 0.10 Mya 19y 35890817

dy Yo A o o 7 A A ]
Ll'ZﬂWHW@LIU@71!314!%’@27!!1/?77)!587)!!141!61!
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Absorption of bacterial suspension viable count
standard curve of S. saprophyticus DMST 27055

10° +

I W A
w

107 T T T T T T
.05 .10 .15 .20 .25 .30 .35 .40
Absorption at 500 nm.
gﬂ 3.5 Standard curves for suspensions of oxacillin-resistant Staphylococcus saprophyticus DMST
27055
Absorption of bacterial suspension viable count
standard curve of E. coli DMST19629
10° 4
T .
] ]
L
107 T T T 1
.05 .10 15 .20 .25
Absorption at 500 nm.

gﬂ 3.6 Standard curves for suspensions of ceftazidime-resistant Escherichia coli DMST 19629
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Absorption of bacterial suspension viable count
standard curve of E. cloacae DMST 21394

10°

107 T T T 1
.05 .10 15 .20 .25

Absorption at 500 nm.

gﬂ 3.7 Standard curves for suspensions of ceftazidime-resistant Enterobacter cloacae DMST 21394

Absorption of bacterial suspension viable count
standard curve of Saureus ATCC 29213

10° 4

cfu/ml

107 T T T 1
.05 .10 15 .20 .25

Absorption at 500 nm.

gﬂ 3.8 Standard curves for suspensions of oxacillin-sensitive Staphylococcus aureus ATCC 29213



10° 4

cfu/ml

107
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Absorption of bacterial suspension viable count
standard curve of E.coli ATCC 25922

.05

.10

.15

.20

Absorption at 500 nm.

;3:1] 3.9 Standard curves for suspensions of ceftazidime-sensitive Escherichia coli ATCC 25922

3.3 MIC determination

M19149 3.3 Minimum inhibitory concentration of the following B—lactams and bioactive compounds from

the pericarp of GML extract against clinical isolates of oxacillin-resistant S. saprophyticus, ceftazidime—

resistant E. coli, ceftazidime —resistant E. cloacae, oxacillin-sensitive S. aureus and ceftazidime-

sensitive E. coli determined by agar dilution method

Bioactive Susceptibility (MIC)

compounds S. S. aureus E. coli E. coli ATCC | E. cloacae | E.coli ATCC

(ng/mL) saprophyticus ATCC 29213 | DMST 25922 DMST 25922
DMST (sensitive 19629 (sensitive 21394 (sensitive
27055 strain) strain) strain)

Crude extract 50 20 >10,000 >10,000 >10,000 >10,000

(CH,CL)

Fr, 31 7 >10,000 >10,000 >10,000 >10,000

(Ol-mangostin 8 4 >1,024 >1,024 >1,024 >1,024

Ceftazidime - - >1,024 8 >1,024 8

Oxacillin 128 2 - - - -
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o U =1 U = @ o
AHAANNa13 'Zﬂy!!ﬁ'ﬂ\??ﬁ/lﬁuﬂﬁﬂ MIC "lli’)x?fﬁ?@@ﬂf]‘Vlﬁ‘VINﬂdf?ﬂ7W7]@ﬂﬁ’7§ﬁ'ﬂﬂﬂ7ﬂ!ﬂﬁ@ﬂﬂﬂ@ﬂ

ad A o Y dy . d’dy U 1. Ay v Aaa
uazmﬂgmuzwunnvmﬁm/?ummmmﬁa S.  saprophyticus NAOABYT oxacillin il lauenn1enaiin

v Y 4 ’
== U A

Y 4 Y v
%0 E. coli inonagl ceftazidime 1¥0 E. cloacae nnenee ceftazidime 1%9 S, aureus 1129087
Y ' 1
oxacillin 142 130 E. coli 1l 1371981 ceftazidime Fanaaov Ine 3 Agar dilution
~ Q( 4 | 4 U d’ aa
81 Oxacillin 1A879) ﬁﬂﬂﬁlgﬂ S. saprophyticus inenee1 oxacillin (ORSS) i lausnn1enaiin
4 ] ]
UazI¥e S. aureus 11391081 oxacillin (0SS4) fiuennAaLn laedn1 MICs (M1AY 128 uag 2 Og/mL
o w ° o § =3 U § o U o r
MUBIAY FIMTY MIC Y0981 oxacillin M1uiFe 0SSA waad lififtuiuveds laameerdana1d (Clinical
i < v 42,
Laboratory Standards Institute, 2013) 81 ceftazidime !ﬁf]?)“] 1’7&71/117@7"714497 o E. coli NAoA8 ceftazidime
dg, d’tﬂy U R dg, tﬂy . ~ U R ~ Y aa 1
%0 E. cloacae NAOABY ceftazidime UASIVO YO E. coli i1 laoen ceftazidime il lauennienaiany
9
T MICs >1024, >1024 uaz 8 Og/mL mua1ay luiheudsIdu MIC ¥e3e1 ceflazidime M111%0
a 4 U q o U o U
CSEC Wgniua11uded3 12@ee199na11 (Clinical Laboratory Standards Institute, 2013)
Y Y
A1 MIC YoNa1TaNANEIY CH,CI, fraction 3 4ag0l- mangostin Mo S. saprophyticus ine
7981 oxacillin (ORSS) A lalleAn19Aailn Ao 50, 31 uag § Og/mL mMuamy luvagiin MIC vedas
F4 " Y '
anaueIy CH,CL, fraction 3 UAZ0- mangostin A1 E. coli NABABYN cefiazidime 7l lAlonn1
[ ] Y
Aaundmegn >10,000, >10,000 uag >1,024 Og/mL MUEIFY (FIUAUNNY MICs A01¥0 E. cloacae
r Y r
inoADe ceftazidime U0 E. coli il lasioen ceftazidime)
~ Y v 1 ] 49[ Y < U = = o A o
WﬁTI?ﬂﬂ\?ﬂﬁ7?U\7?D’?7’f!74’1!37ﬁ'75@@ﬂf]7/lﬁ7/l7\7“])"Jf77W7]@ﬂﬁ75ﬁﬂﬂﬂ7ﬂ!ﬂﬁ@ﬂﬂ\7@@ (OL-
7 F4 r 2
mangostin) UgNFA11Fe ORSS §IN7181 oxacillin A8 U187 cefiazidime UAZAITOBNGNFTNN
=l [ A % g Yo u.gz/ a a == d’ o d”
"Iflﬂ7W7]8\7ﬁ'75ﬁ'ﬂ@ﬂ7ﬂ!7jﬁ8ﬂ3\l\7@ﬂ'Iil?ﬂflllfl\‘iﬂ"limifylﬁﬂ7(97‘1/@\7!!Uﬂ?’lliff!lﬂillﬁﬂ‘nu’)ll”l?’lﬂﬁ@ﬂ N
o ! ! Y o = " ~ 1 o dyd 4(9/ o A
Nﬁﬂ\?ﬂﬁ7??ﬂﬁ@@ﬂﬁ@\?ﬂﬂﬂ7ﬂﬂ7iﬁﬂy7ﬂl@\7 likubo et al. (2002) NWUNTITANAUNGNTATUILANITEY
9 dy . ) = J o U I~ A A ] < Ay ¥ U cg/
AUIYD Helicobacter pylori FUFOAINA TN UUUANITEUATNAY B8 ?5ﬂﬁ7llWﬁ‘Vl'Zﬂ!74ﬁ7LlLI
aOANROITUNANITANYIVON linuma et al. (1996) 19 Chomnawang et al. (2009) nwuNaITana
4 Y
AINAIAINITOTUEU YO MRSA, Staphylococcus epidermidis 8 Propionibacterium strains.
Q’I ~ A dg, d! Aad U ~ 45 091/ I
Tagia IWuuaiiGeunsuavaeedanywin luengFiugnguiinuanuny sunanaiu1vg
3 1 o 7 1 ~ A ~
l?fl!Wﬁ?J7ﬂ7ﬂﬂ37ll!!ﬁﬂ¢77\7W7\7Tﬂi\?ﬁ";NéU@\iWH\?!‘b'ﬁﬁ55‘/’%"J7\7!!Uﬂ74!55]!!ﬂ5311]’3ﬂ!!ﬁ35!!Uﬂ‘l/ll?flllﬂillﬁil
~ AN A =1 9 05/ = o Y A Y aa’ o Y ~ o ]
Tﬂﬂﬂ!!ﬂﬂﬂ!iﬂ!!ﬂiﬂﬁﬂﬂTﬂi\?ﬁ'iNWﬁ78?fultﬁ$ﬂﬂ?7ﬂ°1fﬂ‘1f@u !EJF)?jil"D"lJ‘lJ?)ﬂW”IW‘lJ7Wﬂ@ﬂﬂuﬁ'75ﬁ7\7‘]
3 Y
i)?ﬂﬁ'ﬂlliJﬁE%)lli?)ilﬁbW?fg“i?lJé’ (Eumkeb and Richards, 2004)
3.4 Checkerboard determination
~ o Y Y = ] o A A Aly I~ A Ao o Jo
!W@Wﬁ‘nﬁ'uﬂﬁ'yuﬂ7i?WEIW)TlJ?ﬁ“b’Wi?ilﬂlJ!W@?’lﬂé‘fﬁﬂﬂ75ﬂ@87 anA NI UNYNaVHUTAVYIAG
4 ’ 4
uazaamsaadouuniTenareyin (Lorian,  1999) fik1uuindve las1891un1500Ag NEA 1Y
A A A Y v o Aan 9 05/ A A .
l!ﬂﬂ?’l!iflinﬂw%'l!ﬁs‘i?“Ifi?ilﬂunﬂﬂnl{]ﬂfﬂ‘l!&'fﬂ"liﬂiﬂﬁ71!74\7!!1/?7W!if]!lﬂiﬂﬂ?ﬂ!lﬁgllﬁiﬂﬁﬂ (Darwish
o o Y 2 , v v
et al., 2002; Liu et al., 2000) @1M5U1%0 S. saprophyticus DMST 27055 1110081 oxacillin (ORSS) 11 Ia

v
aa Y o
wennaain Id@enumaaey lumsanwil Tagansanane1y fraction 3 4% O mangostin QNG
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M1919 3.4 Summary the FICs for checkerboard assay of B—lactams used alone and in combination with

bioactive compounds from the pericarp of GML extract against the drug resistant bacteria

Test bacteria Combination of MIC MIC (A+B) FIC index FIC index
agents (ng/ml) value

S. Oxacillin 128 16 0.25 synergism

saprophyticus Crude extract 50 6.25

DMST Oxacillin 128 16 0.138 synergism

27055 Fr, 31 3.875
Oxacillin 128 16 0.375 synergism
Ol-mangostin 8 2

E. coli Ceftazidime >1,024 >1,024 >2 no interaction or

DMST 19629 Crude extract >10,000 >10,000 antagonism
Ceftazidime >1,024 >1,024 >2 no interaction or
Fr, >10,000 >10,000 antagonism
Ceftazidime >1,024 >1,024 >2 no interaction or
Ol-mangostin >1,024 >1,024 antagonism

E. cloacae Ceftazidime >1,024 >1,024 >2 no interaction or

DMST 21394 Crude extract >10,000 >10,000 antagonism
Ceftazidime >1,024 >1,024 >2 no interaction or
Fr, >10,000 >10,000 antagonism
Ceftazidime Ol- >1,024 >1,024 >2 no interaction or
mangostin >1,024 >1,024 antagonism

] I 4
WAMINAABY checkerboard laltaadlumsni 3.4 GamseengniiaiviusenINagI500n
=~ o Ao ax o 4 oy A& .
gNENNFINNVaNMTananInasniinauaze)yIiue minmaae umemuIYe S. saprophyticus
Y Y " Y Y " Y
nnenee oxacillin (ORSS) 1%0 E. coli 17061081 ceftazidime U 1%9 E. cloacae NA9ADE7 ceftazidime
d1M3UA FIC (Fractional inhibitory concentration) Y84M3TINAUVONGUAASTUAILYNAIUIUNIUN

laesune 13 Tuunn 2
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50.00
5
§ 25.00 #
5
Q
o)
5
12.50
6.25 + ° \
0.00 —+—+— : :
a4 8 16 32 64 128

oxacillin (png/ml)

3 1 3.10 Isobologram constructed from checkerboard MIC data showing antibacterial combination of

oxacillin plus CH,Cl, crude extract against clinical isolates of oxacillin-resistant S. saprophyticus DMST

27055

31.000 ¢
E
=y 15.500 #
;_:'1
(&
7.750
3.875 + ° -\
0.000 ——+— | :
®48 16 32 64 128

oxacillin (ug/ml)

;3:1] 3.11 Isobologram constructed from checkerboard MIC data showing antibacterial combination of

oxacillin plus Fr, extract against clinical isolates of oxacillin-resistant S. saprophyticus DMST 27055
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8 @

o-mangosteen (ug/ml)

a4 8 16 32 64 128

oxacillin (pug/ml)

gﬂ 3.12 Isobologram constructed from checkerboard MIC data showing antibacterial

combination of oxacillin plus Ol-mangostin against clinical isolates of oxacillin-resistant S.
saprophyticus DMST 27055
= Y Yy I ARy o ] % A
g1 3.10 Dzl 3.12 TauaasiiiumseongniiasunussnINTsHaVveImsaIAINLAoN
9 Y I

Wanauaze oxacillin M11F0 S. saprophyticus DMST 27055 Q06087 oxacillin (ORSS) 7 l@lenn1
AQYN (FIC < 0.5) (Johnson et al., 2004; Odds, 2003) A1 MICs YON@15aNANYI fraction 3 1AL O-
mangostin IBNANAYYT oxacillin aAv1n 50, 31 UAL 8 Og/mL il 6.25 (1/8 MIC), 3.875 (1/8 MIC)
2 Og/ml (1/4) MUBIAY FIMTVET oxacillin ana1n 128 Og/mL 111 16 Og/mL

NITNATOURIETD checkerboard IAIARN FICs index Y0IaNsanane 1 CH,CL, fraction 3 1az
Ol-mangostin HAUAYYT oxacilling WUMTOONYNFLATUAUN 0.25, 0.138 uag 0.375 mwawy lums
9 :ﬂy a o 1 t:ly Y I =R a P o A 1o 1 = o A
Muve ORSS Tneinawaasnariyliprunimsasugniey luszaugudiendingr 0.5 suiluain
185unseaus AN NATNYINTIAINITOUNUEADNMITIATUGNETEHINGIRINUUATISE 2 62
(Johnson et al., 2004; Odds, 2003) Wail lAv1AMTANYIATIHaBARABNAUNAMTAREIINIUINNYMT

4 4 d’ 4 U
!ﬁ’?&lf}?]ﬁié‘:ﬁ?%‘i Ol-mangostin HANNVY gentamicin (GM) M111%0 Enterococci 1A0ABYN vancomycin

9

(VRE) Uag O-mangostin HAUNY vancomycin hydrochloride (VCM) MuYe MRSA (Sakagami et al.,

2005) WONNINNUNANMTANYIN IAEIAOANRBNAY Eumkeb et al. (2010) AWUINAITHAY ceftazidime 5
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3.5 Killing curve determinations

{ < @
Killing curve vowuanseMdunaunnasananey CH,CI,, fraction 3 lag Ol-mangostin

=

lll@?‘]?lﬁffﬁ)”] UaEHAUAVE oxacillins A1UT0 S. saprophyticus DMST 27055 iAoA081 oxacillin (ORSS)

]
~

Y aa = Y U U =] o N A
W?ﬁllffﬂﬂ"l\?ﬂ@ﬂﬂ Wﬁﬂ75ﬂﬂy7?ﬁ!!ﬁ'ﬂ\7?u§7j 3.13 WU'J7ﬂ@1!ﬂ31/@ll'Zililf?”liﬁﬂi]"li«!’)iﬁlﬂ\?!!llﬂ?’l!if/ﬁ\?
v
v o < U U [ o
enmsdauans imunasnansenINasanae) CH,CL (3.125 Og/mL) 3INAVE oxacillin (8
Og/mL), fraction 3 (1.94 Og/mL) $INNVET oxacillin (8 Og/mL) 1ag O-mangostin (I Og/mL) FINAVE
4
o o 3
oxacillin (8 Og/mL) M I¥91uIude ORSS anadn s x 100 CFUmL W 100 CFUmL melu 6
¥ 190 unsei9 24 ¥ 10N (Eumkeb et al., 2010)
A Yo U I~ o A o = = 1% = o
WﬁW?ﬂﬁ\?ﬂﬁ73ﬂglll‘lJWﬁﬂj?uﬂuUi!??ﬁ'?j@@ﬂf)‘Vlﬁ‘Vl"N%ﬂ7W"U@\7§T7§ﬁﬂﬂ§)7ﬂ!ﬂﬁ@ﬂﬂ\7f]ﬂ (|19
’ 4
anaveny CH,CL, fraction 3 4ag Ol-mangostin) e 1955V oxacillin ﬁﬂﬁ?ﬂ@ﬂ?i!ﬁ’iﬂt)ﬂﬁﬁ%u
49’ . d’dy U R ~Y ¥ Aaa ] <1 Ay v .
%0 S.  saprophyticus NAOABY oxacillin il lausnnienaiin ed1 lspmunan laein killing  curve

{ 7 U Q o
ﬂ'71175i7?“]§'/€71481!Wﬁ@7ﬂ checkerboard assay ﬁﬂﬂﬂﬂ7’5!ﬁ'illi]7’)1756‘,’743Nﬂ'ﬁﬂ'ﬂﬂﬂ7ﬂ!1/ﬁﬂﬂﬂ\7@ﬂ!lﬁ§fﬁ7

ad
Upraue
1011
1010
10°
~ 108
£
g 100
= —@——  control
g — 0 — oxacillin (32)
S 106 — —W¥— —  o-mangostin (1.2)
2 —— D= F325)
_"% ~~~~~~~ 0o crude extract (6.25)
> 105 — - —fl—-—  oxacillin (8)+ o-mangostin (1)
__‘_ oxacillin (8)+Fr3 (2)
——O——  oxacillin (8)+crude extract (3)
10*
103
102 1
0O 1 2 3 4 5 6 723 24 25
Time (h)

3 1] 3.13 The effect of oxacillin combined with bioactive compounds from the pericarp of GML extract
on the clinical isolates of oxacillin-resistant S. saprophyticus DMST 27055. The values plotted are the

means of 3 observations, and the vertical bars indicate the standard errors of the means
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da
3.6 NABIYANIIAUDIANATOUNLUABINIY (TEM)
=2 Yy 9 Ja 3 Y <3 1 @ ' 1 e
manu lesldnaesganssmiodnasounaaliiMued TR UMM INANTE NI oxacillin
4 A '
LazA150eNgNINWTINNVeIAsananldentiinai i ultrastructure YOUTD S. saprophyticus

Y '
Aofve oxacillin A Isllennuaadnnan Nu@e e (31 3.14-3.21)

N

Pt

(a)

—{- il

(b)

3 1l 3.14 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), control (no antibacterial agent). x4,000, bar = 1 Wm (a);

x15,000, bar = 500 nm (b)

Y Y
51/ 3.14 uaasanBULIHAA 1 log phase UNAUOUTD S. saprophyticus NABABE oxacillin

{ aa U o 4 § a @
(ORSS) 7l lauennnaiin waising Nawsouensmiusaauazideny o Tawarain lasamu
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(b
3 1l 3.15 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), oxacillin (32 [Lg/mL). x4,000, bar =1 [lm (a); x19,500, bar =
200 nm (b)

Y " Y r
51 3.15 HARINAUD I oxacillin 32 pg/mL ABKYO S. saprophyticus NABABY oxacillin 1 1ALEN

aAa = U o = a’s} dy o A Ay Yo =]
NNAFUAFINANWY 107 oxacillin INTYNTA 1T ORSS UazyuImVeLsaauUAGef AT Ue1TvIIa

3 v
anaNlanNed



(b

3 1/ 3.16 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown

for 4 h in Mueller—Hinton broth: (a), (b), crude extract (6.25 ug/mL). x4,000, bar = 1 um (a); x29,000,
bar = 200 nm (b)

Y Y r
. ! 2 aa
g’ﬂ 3.16 UEAI micrograph VBUFD S, saprophyticus inoA0e oxacillin A lalleaneaain lu
o § o o % J g
log phase WaqIniitye Iasumsananerwnnasnionn 6.25 Og/mL WUINYUIAYSUFABADUY N

< 1 4 A A 9 o aA o [ Yo =~
!ﬁﬂﬂ')7l‘b’ﬁﬁﬂﬂﬁl!ﬁ&’!ﬁ@tflll‘b'ﬁﬁ"ll@\?!lllﬂ‘i’lﬁﬂﬂﬂﬂﬁ73 Yﬂiﬂﬂﬂnﬂﬁ'ﬂ?’ﬂﬂ



(b)

3 1] 3.17 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), Fr, (2.50 pg/mL). x5,000, bar =1 pm (a); x15,000, bar = 500
nm (b)

F4 4 '
31 3.17 uaa3 micrograph Yoo S. saprophyticus NAOAET oxacillin N laugnnieaaiin Tu
o o o o a o A A
log phase %a4910 1851 fraction 3 vevam1sanavINaenianal/suie 2.50 Og/mL 1wyaduuailTen
Yo o U = < ] =3 Yo A =) o o ;1 A v o
lasuasasnanivuimanasedoiu ldsadieouiuradniugy uenviniudeuyadiay

ANHALNNAUTININGIVBUTAE 15 UANMBI IS UAY
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(b)

3 1 3.18 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), O-mangostin (1.2 [lg/mL). x9,900, bar = 500 nm (a); x29,000,
bar =200 nm (b)

4 Y ’
31/3.18 HAAN micrograph YouFe S. saprophyticus 1ineABe1 oxacillin 7 lauennenain lu
o Yo . a J o AN v U 1 (=)
log phase Wad910 185U O-mangostin Uswas 1.2 Og/mL UsingiuvaduuaiiseanadaiuIngl
< 1 4 ] =] ] s A = A v Yo
"U‘Ll'mlﬁﬂﬁ\?ﬂ?'H%'ﬁﬁﬂ7)1]@1195/7\71!'lﬂ!lﬁ&’llg?fﬁ"lﬂ?l@ﬂl%’ﬁmljﬁfluuIIZN ?ﬂi?ﬂ?ﬂﬂﬂlﬁﬂ?jﬂl%ﬁﬁﬂﬂiﬂ

AN
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(b)

3 1] 3.19 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), oxacillin (8 [lg/mL) plus crude extract (3.125 pg/mL). x4,000,
bar = 1 Wm (a); x9,900, bar = 500 nm (b)

31/ 3.19 HAAIWAVBIATHANTEHINE oxacillin 8 Og/mL uazm1sanAne IV INAONITINA
U c!y .d'c!y U d’ Y Aaa r L% U
3.125 Og/mL Ae1T0 S. saprophyticus NABABET oxacillin 1 IallennNAaTn HaLs Ny IuYadAING1
1 = ] Y < ] 4 ] IAY Yo =] a dy A
mu?mywumﬂawmaﬂmu%ami}@y gﬂi?ﬂlﬂﬂﬂ?ﬂl‘b’@ﬁ?’l?ﬁiﬂﬁ'75ﬂﬁ'ﬂﬂﬂ751]@!1]8/3!!575‘5!8/9

Wuwad lasuanudenie



48

)

3 1/ 3.20 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown

for 4 h in Mueller—Hinton broth: (a), (b), oxacillin (8 [lg/mL) plus Fr, (1.938 pg/mL). x4,000, bar = 1

WUm (a); x19,500, bar = 200 nm (b)

31 3.20 HAAIWAYDIANTHEANTE NI oxacillin 8 Og/mL UASA1TANA fraction 3 VINIADN
o U dy d’dy r ~ 9 Aaa ~ 9 U o
WA 1.938 Og/mL ABIYO S. saprophyticus NABAOYT oxacillin il [dugnnenaiin wai lawynvaa

A Ay Yo o U ] 1~ o ] a dy A v 7 o
HUANMTEN 'Iﬂiﬂﬁ75ﬂ\7ﬂﬁ79ﬁ3u?Wiyllﬁﬂyﬂ!&’gﬂiwﬂﬂlﬂﬁl?!!ﬁ&’!é’@?jlll‘b’ﬁﬁgﬂ?’l"lﬁ"lfl
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(b)
3 1] 3.21 Ultrathin sections of log phase of clinical isolates of oxacillin-resistant S. saprophyticus grown
for 4 h in Mueller—Hinton broth: (a), (b), oxacillin (8 [lg/mL) plus O-mangostin (1 [lg/mL). x5,000, bar

=1 Um (a); x29,000, bar = 200 nm (b)

Eﬂ 321 UAAINAVDIETHANTZHI1NYT oxacillin 8 Og/mL uag O-mangostin 0@ 15ANAIN

A o r dy . d’d’, r I ~ 9 Aaa o

ll]ﬁ@ﬂlldf]ﬂ 1 Og/mL Ae1¥e S. saprophyticus NABAOYT oxacillin il lduennnaiin vuimveuyaa
o U [ o 1 <1 U o ] o y ] 7

ANNATINaN 'Zﬁliﬂﬁ'"IﬁWﬁ'i/WU'J'lﬁEU'lJ'lﬂ!ﬁﬂﬂf)’ll‘b’ﬁﬁﬂ'Jl]f]llﬂfn\?"]fmi)u ‘lJﬂﬂﬂ"lﬂﬁgljﬁ"l\?‘;Uﬂ\?l‘ﬂﬁﬁ!!ﬁZ

Ay Yo =i ] < Yo
!88711!!%’2727/?@51]?737%!58%78667\7!‘””?ﬂ%’ﬂ
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Ay Y = o & v o = ~ ' ]
Haf 1aa1nMsAnEIAS I a0And0dnUNITANYIVDY Eumkeb et al. (2010) NWUIINADY
‘a3 9 Y (] [ 1 1 . .. o Y
i]a‘]/liiﬁuﬁ)mﬂﬁi@L!vl,ﬂLl,ﬁﬂﬂﬂmu’ﬂfﬂﬂ‘]fmi]uﬂﬁﬁWE‘TN‘JZW’JN galangin (lA¥ 8 ceftazidime M4
Y Y
ultrastructure  YBUFD MRSA 1@5UANNIFINIY UBAIINIHARINAITIA0AAABITUNMIANYIVDY
~ ‘a3 1 ] (] ] 1
Oonmetta-aree et al. (2006) ‘V]‘Iléllllﬁﬂ\iNﬂﬂWﬂﬂ%@\iﬂﬁﬂ‘i‘iﬁu@mﬂﬁﬁ’E]’HLL‘U’U’GT’ENW1H?JEJN“H?IWH’JTL’H?
[ [} o SId' 9 au;’f qu dy Yo = ~
aNAINNUI (galangal) 1/]']11’?!8'8’)1@%“1)’@?1%1!1&@ﬂLLﬁZGBuiu"U@QL‘Bﬂ S. aureus Ulﬂ‘iﬂﬂ'ﬂhlfffﬂﬂ'lﬂ VIONEN
Yo ' v . A & A 3 9 Y & . 4
Ulﬂﬂ\?ﬂﬁ'l’)ﬁ1h'liﬂﬁ§ﬂllﬂ’)'lﬁl'l oxacillin llq‘ﬂﬁlWﬂQlﬁﬂHﬂﬂiMﬂTﬁﬁ?Hl“}f@ S. saprophytlcus naeAedl
vy d’ Y Aaa d’ af ~ [ 4 = o = a A
oxacillin ‘W'Zﬂllﬁlﬂ‘VINﬂﬁuﬂ "llilJ&’Wﬁ'?i@@ﬂt]‘l’lﬁWN‘lﬂﬂ"I'Wéll?)\‘lﬁ"liﬁﬂﬂ?)"lﬂ!l]ﬁ@f)il\?@@ilﬂi&'fﬁ‘l’lﬁﬂ"lw
Y ’ v
Q’\?ﬂf)%ﬂ oxacillin ?Mﬂ75¢7/7‘l!!?§8 ORSS &4 ?ﬂﬂf)7‘lJ‘lJﬁ’75Wﬁ'ﬂ§'§5ﬁ’fJNEl7 oxacillin UQAEAI1TTANADIN

A o Y & A o ] Y ds, = Y
!l/ﬁi’)ﬂll\?@ﬂ 'ZﬂtmmmiaaﬂqWﬁmmﬂuafnmm?uﬂ75¢17u4ﬂf8 ORSS 9 'mem?ugﬂ 3.21

4 do
3.7 MBurudeRMIraatuMen (Outer membrane permeability)

—@— Control

—— TTX-100

— oxacillin (32)

—O— oxacillin (32)+TTX-100

—A— g-mangostin (1.2)

—@— o-mangostin(1.2) +TTX-100
-0- Fr,(25)

—7— Fry2.5)+TTX-100

—- crude (6.25)

—@— crude (6.25)+TTX-100

—A— oxacillin (8)+ a-mangostin (1)
—@— oxacillin (8)+ a-mangostin (1)+TTX-100
—@-— oxacillin (8)+Fr, (2)

- oxacillin (8)+Fr, (2)+TTX-100
—- oxacillin (8)+crude (3)

—&— oxacillin (8)+crude (3)+TTX-100

Absorbance (500 nm)

0.00 } } + } } } }
0 30 60 90 120

Time (Min)
;a:i] 3.22 Permeabilization of clinical isolates of oxacillin-resistant  S. saprophyticus by bioactive
compounds from the pericarp of GML extract alone and in combination with oxacillin and lysis caused by

subsequent treatment with 300 [Lg/ml TTX-100. The bars represent the standard deviations of 3 replicates

=< 1 A g 73 A . S4 . Ay y
g‘ﬂ 3.22 UAMNMTEUNIUIONUIFAAFUUDNVDIUYD S. saprophyticus NADABE oxacillin ila
ueANNAaIN1aY IA3U61 oxacillin, @3RN CH,CI2, fraction 3 A Ol-mangostin NAMNINYU

32 pg/mL, 6.25 pg/mL, 2.50 pg/mL 1ag 1.2 pg/mL My tie 15ae19 uas 195uAusenI9e7
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{ U 9 o o 3 $ {
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3.9 Electrophoresis

HanINAdoU SDS-PAGE Idueaaalugl 3.23

1 2 3 4 5 6 7 8 BSA std

250 kD
150 kD

100 kD

75 kD

50 kD

37kD

25kD

Figure 4.23 SDS-PAGE showing the bacterial membrane and peptidoglycan associated protein (BMPG)
of clinical isolates of oxacillin-resistant S. saprophyticus DMST 27055 grown in the absence of drug
(contron; lane 1), oxacillin 32 Llg/mL (lane 2), Ol-mangostin 1.2 llg/mL (lane 3), Fr,2.50 llg/mL (lane
4), crude extract 6.25 [lg/mL (lane 5), oxacillin 8 [lg/mL plus Ol-mangostin 1 Llg/mL (lane 6), oxacillin
8 lg/mL plus Fr, 1.94 Llg/mL (lane 7), oxacillin 8 [lg/mL plus crude extract 3.125 Ug/mL (lane 8),

BSA; standard Bovine serum and std; molecular weight marker proteins (kDa)
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