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0.0086+0.0017 mg/mL 31 NN1TNa&ay DPPH (2,2-diphenyl-1-picrylhydrazyl) Han158UgIuUANLI
wudEIuanaNRandndudn 1398U9 Pseudomonas aeruginosa Wae Klebsiella pneumoniae 'la @
a o« & A A A A ' ' A o Y
7180 uazaunIadudiuuanisannriannasay (MIC agszning 10-80 mg/mL) @ IHENAN
=) o v o a QFQI aa a s a U 1 0/ a
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Abstract

Sterculia foetida Linn. is a Thai medicinal plant commonly used for healing many diseases such
as skin infection, dysentery, and diarrhea. This research aimed to analyze chemical components of S.
foetida extract, and to study synergistic effect of the extract against some opportunistic bacteria. From
chemical analysis of bark extract from S. foetida, flavonoid, phenolic compound, phenol, terpene,
steroid and sugar were found. The antioxidant activity determined by DPPH ( 2,2- diphenyl- 1-
picrylhydrazyl), of methanol extract was shown as the IC5, of 0.0086+0.0017 mg/mL. The bark extract
of S. foetida showed the highest antibacterial activities against Pseudomonas aeruginosa and Klebsiella
pneumoniae. In addition, the results showed that both methanol and ethanol extract from S. foetida
exhibited antibacterial activities against all opportunistic bacteria (MIC values between 10-80 mg/mL).
From the study of synergistic effect, the ethanol extract of S. foetida combined with ampicillin and
tetracycline showed the better synergistic effect than the methanol extract against some opportunistic
bacteria (FICI values between 0.03-0.5). The best times of synergistic effect against Escherichia coli
ATCC 25922, K. pneumoniae, P. aeruginosa and S. aureus ATCC 25923 were in the log phase at the
2-8 hours after inoculum. The reduced MICs of antibiotics alone for killing bacteria were between 1/32
- 1/4 MICs of MICs’ alone. Also, the reduced MICs of S. foetida extract were 1/512 - 1/8 MIC of MICs’
alone. Thus, S. foetida’s extract mixed with antibiotics may be a new medicinal alternative to treat

bacterial infection, and may be applied as a mixing in cosmetic products.
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foen Bevianuguuss iliwudihoFedialu Tamamanilindesnd fEmennuumn vinls
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iadufidasmmifiuzsialnifidaaassld
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VANWIULAZENIRNAT LA nIdaauuaz lavas
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U3278n15 TN 1TANIE1981I WY WAS
asguvl,wﬁﬂ‘ﬁu’ﬂnﬂasi'ml,l,wim'lsJ dnidu
sunanlusunulusanauedsidanudasany
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G13uen InaNnagn9871% HIlU AeN WA LAz
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dud1139 (Sterculia foetida Linn.) 396
Malvaceae LI u'ldindunsaaluanialng
dssinalnowvluniadau wnile 16 uas
azinaen JarTwamsiulaune duny wilafia
WRLANANNT WA bARANT LAZRUWLHA LN TELANY
wazd1 L& (El-Sherei et al., 2016) JasAlsznay
Yl’]{ll,ﬂﬁﬁﬁﬂﬂumw |@wri flavonoid, saponin, alkaloid,
tannin, triterpene LL 8 ¢ steroid (Shamsundar and

Paramjyothi, 2010) T184T%NN1TILEAN § WL
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sananaldandlssdgnigussunaiisy 1w
AU ilg 3 Bacillus subtilis, Streptococcus mitis,
S. aureus, Shigella flexneri, Salmonella Typhi
W as K pneumoniae (Khatoon et al., 2016)
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31 9 17u nya'luaiu sterculic acid 1NLuEa
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fumseniay uazanszauinanaluidan (Galla,
2012; Hussain et al., 2014; Raja et al., 2014)
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2. aUnsstuazisng
2.1 msm'%aumgﬂws

waendaudlsouis lasunsiugu
movuilay 8.07.1uya5Ios FruTm dinwge
AT AULININANEAT UMINUIRBY TN TR
Wysaela¥8n989 Ao ScBuu-MS01 (1w, 2557) 49
Wuswvasidand lsanlasuaniiuanssn
wHwlusim ENAALNET duaudUanasesn
§unaiiies 9aniazays ulugadeuiiuiay
W.F. 2559) 31%I% 3.3 kg HNIANNLAA IRLAS
valtidunsasdon uaziivsnen lludui

2.2 MSAINEIMINANLIL

anaRandndudlsemeisnsnan
(maceration) lastinwaazidaaifandaudlse
WAISIWIN 2.3 WAz 1 kg MRz I ULUMIUER
i (B@3182% 80:20) UIu1a7 6,900 mL waz
azateluloninen 51 (@389 80:20)
d3u1as 3,000 mL a1ud1au wanlilu
gonndvadiiuiia 51 INUUNTOIANE
gula haulatnaanaznawlyssinaunis
@28 rotary evaporator ﬁqmﬂqﬁ 55 °C 9z ladn
]NARYY (crude extract) W waaanilien
fnaudl59dman 97.09 g Aaidu 4.22 % (yield
%) Antinninisuaia 2.3 kg uazldgiuanae
muaadnilfendndndl59dman 29.03 g Aa

1w 2.903 % MNIABNITURAA 1 kg N
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iusnen1Sluida
2.3n159129AU5ENaUNIILANAIY

mannlasailnas i

WEIBENARLILLINNIBEANLLREN
§rdudlss daniin 26.1787 g UNLENA2Y
aaanitlasulnnnAlasldszuudivinazans
LU Y gradient elution (MeOH : EtOAc) 10 %
nniwmasfUsznaumtaiiasdudands thin
layer chromatography lagn1saidsd3iatauy
1 % aluminium chloride Lﬁﬂﬂ@ﬁﬂuﬂmi’maﬂﬁ
sisda13a2a18 p-anisaldehyde-sulfuric acid
wazlwaanuden naseunignTlsznavin 9
laun fAues H1A18 FLABTOUE LAZINOSAL
713681582818 DPPH tWanagouqniau
9488832 (Houghton and Raman, 1998) L&
1368382818 Dragendoff LADNARALAISAN
8886 (Maria et al., 2018)

2.4 MIe38uLUANLIY

uuafit3e leun E. coli ATCC 25922,
Proteus mirabilis, P. aeruginosa, Serratia
marcescens, K. pneumoniae, S. aureus ATCC
25923 W8z Bacillus subtilis (Vl,ﬁ%‘um’]&lmguﬂi’]:ﬁ
LLazﬁuﬁumﬂw”uﬁfﬁaﬂ?%ﬂﬂaauma%uﬂﬁam
mﬂﬁm'«g‘a%ﬁw 87 AZINYIAIEAT NAITNEN
auuINT) Buuafiie 34 laladl wnasslu
81% 197 nutrient broth (NB, Becton Dickinson,
USA) U3u1as 2 mL ﬂwﬁQMﬁQﬁ 37 °C1du
1187 24 hr 91n%BiuLA 9l wa1115 nutrient
agar (NA, Becton Dickinson, USA) ﬂuﬁ'qmwgﬁ
37 °C 1w 24 hr TWiaSyidvlaetoauysal
nawnasay

7
o o

A a
DYVFINITLIIYVAY

2.5 n1sANBIN
S A
wuafitse
WunInaseunliudi9anis agar

diffusion  susceptibility test (Clinical and
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Standard Institute, 2006) shuuafiisy 3-4 lalail
31N871%15 NA 3 uw1zLasslua1nns Mueller
Hinton broth (MHB, Becton Dickinson, USA)
Usu1@35 3 mL 1wan 3 hr annsiuiuuadise
v ufinuanugulidsiuiumin iy McFarland
No. 0.5 la8L38919878 0.85 % NaCl 91n%eutin
L%ﬂﬁﬂ%'umw@uuﬁ'sﬂ%mm 1 mL (1.5x108
CFU/mL) nanlwidrnuiuamsiasiie Mueller
Hinton agar (MHA, Becton Dickinson, USA)
3u1a7 19 mL mnifum:%quLﬁumuﬂuﬁnmu
6 mm us?laamasay (13991981INATAUALY
3% 2-fold serial dilution NANLTNTY 80 mg/
mL 22 lemInamaufidanududuasud 0.3125-
80 mg/mL) U331a5 40 pL lunsnanasitlden
waNNFaauuaziaaToafudueIIaIZIN ¥
Lwawﬁ?ﬂmmwﬁ'qmmgﬁ 37 °C \Juian 18-24
hr nagaun treatment 31%7% 3 ‘g’l ﬁ]’m‘lfl.?u
#X1I@A" inhibition zone WaXWANKA inhibition
zone w%faumml,ﬁimLuummg'mua:mm MIC
2.5.1 MI08NN5IINVIEINETADIN
wasndaus lsanuend fiiue
1455 agar diffusion susceptibility
test lagnnsunumsnasaumssangnasiules
1 checkerboard assay W& ﬁﬂiﬂ@ﬁau‘n{‘l 2
wiia laglgmmagoufiszauanuitutuansg 2
¥ @aue 80-0.3125 mg/mL U3Na3a19as 20
uL Taptharuanaaniddend lsaunNaunuen
UfFauz 20 pL wausrsnansa it uaz
ﬁ'mﬂﬂuﬁqwﬁmfz Lﬁmﬁmﬁumimaaqu§
ﬂ'uﬂeomiw'%tgmaumﬂﬁﬁﬂ wIWaNNaray
wzmma_iuﬁqmﬁgﬁ 37 °C w181 18-24 hr
Yufinua inhibition zone w¥anna Lo ILUW
N1AIFIRUAZAIAT MICco (MIC YaIN138aNaNTD
frnwwesmmasaunueUiiug) nagaudn
3031 wazth lUBudunanagaumssangnssau
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va98nU §Fuzlundazaisnanis broth dilution
susceptibility test 421161 MIC 2838UTUs
wazd 139 uazd1 MiCco 7ildn1niduszdng
mwmmanqw%iiw (fractional inhibitory con-
centration index, FICI) (Chung et al., 2011) lay
ﬁwmmvlﬁmﬂgm FICI = (1 MICco ¥a3n13aan
gnisanvasdlss + @1 MIC d1ls) + (fn MICco
PaInI0anNiTINTaIUfTuz + @1 MIC
UFFauz) lasudanadn FICI 69dt FICI0.5
W89 LESugNETI (synergistic); FICI=0.51-
0.99 Ku8Bf4 La’%quﬁfﬁ’uuwmu (partially
synergistic); FICI=1 #anaila ﬁLLmMma’%quﬁ{
(additive); FICI=1.01-4 #a18fi4 r]‘nﬁqlai@mmr]
MILTa13A2LA7 (indifferent); FICI>4 #anaiia
ﬁﬁuqvl%{fﬁl, (antagonistic)
252 nsanwinisasyidulaves
LUANLIBGanwIIaT (time kill curve)
LA UNBINITLANILT 8 MHB
31105 2,800 pL lawuaiitsadSu1as 100 pL
uazt@usInasay 100 pL (@uanaannidfen

o v

81aud1139 50 uL + p1UJFauz 50 uL lag

anlfauiduduiinaizas %uagszwj’m
0.25-512 1¥11 MIC va3&113suaze1Ufiiug)
#niuganIugy Aa MHB Aduinaulneaan
Wouazendfiuadumniounnasgu vai
gounnil 37 °C nuswanuuaiiseiseadialu
21397 0, 2, 4, 6, 8, 10, 12, 24 Uaz 48 AUEIGL
lasn131389196UATILSY (10-fold serial dilution)
W& spread 13815873 100 pL UKE1HIT NA
LLﬁ?ﬂ&lﬁqm%Qﬁ 37 °C 1Jul281 18-20 hr %y
sruamlalafiuuafiSoussiufinns aniunidl
ﬂs:ﬁ'ﬂ%mwmaamsﬂ'mfamsw%tyLﬁuimaa
wuaiSpans wInLLasefisaadia (effect-
tiveness antibacterial activity, EAA) (Sedlarik et

al., 2010) lag@uIUIINGAT EAA (%) = [(N, -



Vol. 9 * No. 3 » May - June 2020

Thai Journal of Science and Technology

Ng) + Nol x 100 lag N, Ao §1u2ulalafivas
WUANLIY (CFU/ML) 184N§uAIUAA; Ne AD
Frwrulalafivasuuafiiis (CFU/ML) vasnga

NAREY WAIFT1INTIN semilog INMNAMUTNNWS

TERINIRLAZAT log10 BBITIWIBULANILTE
(CFU/mL)
2.6 mswmaauqnééﬁuaqgaaaizfﬂﬂ

25 DPPH (2,2-diphenyl-1-picrylhydrazyl) Lag
FRAP (ferric reducing antioxidant power)

WFEIURNALNNIBERINNILRANS 16w
#1590 W% 1 mg/mL YSu1as 50 pL waw
AuanIaza18 DPPH 0.2 mM luwunmuaad3unas
100 uL eafe 13 luddia 30 wad uiIadgana
LLm‘ﬁﬂ’J’mU’]’mﬁlu 517 nm @28 microplate
reader lasldans butylated hydroxytoluene
(BHT) LflumimmgwmﬁaLﬂ%ﬂmﬁﬂu INTHb
AWk radical scavenging (%) LRZATWITRANAN
ICs, 87130 FRAP @1 UANALUNIHANIN
WRendadud 1159 1 mg/mL YSu1as 30 pL Tu
LWNORNINENND FRAP reagent 300 mM L8N
T asielfidwna 4 wid Tad1ganan
W97 596 nm §8 microplate reader (NAFOU 3
)

2.7 M3IANHYDYANEN

ANIILATIZRAN VLU TUTIULDDNNY
L@e (one-way ANOVA) mmﬂ'wmﬁﬂ inhibition
zone LATWIAINNLANG19VITBYAGI8TT
Tukey Tagl4lUsunsa Minitab17 fiszeuaaa
\Wasuiauaz 95 uAzN1IIA I LULUNALNG
Foaluwnuuuugulunasasuysol (factorial
experiment in a randomized complete block
design) LNENARALBNTNAIINITZNINIBILANT-
TaRuUATIAAINTAIUNUEIBENANNLURaN
grdudlsolunmssudinuafitofszauainu
\Hosusauaz 95
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3. HAN1TIVBUALI T
3.1 mimaaﬁﬂsxﬂaumamﬁuazqﬂ"ﬁf

Twmssussnmsiedyasuuailie

ATIATEArIaITUTznaunai
YgdEIRANALNNIRERN N AN dud 139678
aoauilasunInns @ uonaslavsnua 46
fraction LL@iVL&iwumsu'%qwﬁgLﬁmwuduma:
fraction Ja9RUsznavuvod flavonoid, phenolic
compound, steroid, terpene LLa:‘&ﬁma CPPAREY
qw%yef'fmakl,gaﬁmz Wi fraction dUSH™
mn'ﬁ'qm‘hmu 5 fraction WUA1UN fraction
\&un fraction 7i 2.2 uaz 5.5 F1NTDHUHINT
L33 VB9 E. coli ATCC 25922 uas S. aureus
ATCC 2592316 (20 mg/mL) (@13197 1) &9
FOAANINLILINTWAIIITLVDY Mari Laza b
(2016) wuUdend 1598 flavonoid, triterpene,
steroid, saponin, tannin, alkaloid, protein L&
carbohydrate TudSuannn wazudas fraction ‘ﬁl
WUNNA polyphenol sl,uﬂ%mmﬁgomﬂéfidmwm
z‘]’usﬁamsm?zyma\‘umﬂﬁﬁuv[ﬁ LW312 polyphenol
fignssunumsrugheanvasiiialaslarian
Lﬁaﬁmmm{ LR EUHINTTURTEONUENLTAR
YILuAfiLIY (Dey et al., 2012)

3.2 nﬁﬁnmqn%{éﬁua%gaamz

FIBENALUNIBERINNLURENR 1AW
z%ﬂwﬁnw%?ﬁuawaﬁm: uazdlen 1C4, 0.0086+
0.0017 mg/mL (gﬂ‘ﬁ' 1) wazanuaansalums
Iadineiin 12.16£0.62 dadniuauyavadnad
TRTANAADNARNTNVDIFIBRNALNNIUORIIN

¥ o

wienddudlse @ smwamsmaaumsmuauwa
Sa3eiifiAnd1ninspaunisisuaes Khatoon
LazAme (2016) uNazlT@InanaluNIBEAINN
wWasngrdudlsamdendu @qnilunisdiu
auNABATL IC, 66.84 mg/mL) waadlwiAnd

WRINEFUE I TIRINALINWARINGIINK 819
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fignFduanuyadaszid1enule (Boutakiout et
al., 2018)

Lo &
3.3 HANIIANBIOND

gUHINIILIIQY
vasgawnidalslania
fuananlfenddui lsszunTm
5l Eigdmil,ﬁﬁnumammﬁﬁﬂmsﬂamann’ﬁﬁ@ﬁ
NAFOY (MAFOLNINNA 7 FIWNUT) LFAIA
a13197 2 lapduanauninosainasndian
flssdudanaaiyes P. aeruginosa lddigo
(10 mg/mL) LazRINFNALANIKEaINNLLREN
§raudlasdudimaaiyaes K. pneumoniae l&
ﬁ‘ﬁa\g@ (20 mg/mL) uaz@rnanaanilfansean
59N aNHEALAL N MWOAFINNTASUEINS
L'ﬂ%{y U E. coli ATCC 25922, P. mirabilis, P.
aeruginosa WWa ¢ S. aureus ATCC 25923 n19
ANBIAIMNTFNABTIZRINIANNLTNT UV IFIH
ganaantfand1dud1 1390y inhibition zone
wuindanasauda Ummm‘]’m]”uﬁgaifm:ﬁﬂﬁ
@1 inhibition zone WaILUATILSHNINT LI
woRAYNIIED& (p<0.05) wenaniauisoit

WuIEInEnaanLlaansndudnlsiaIu1In

SUE3 E. coli uaz S. aureus 1éwid s nuiy
gananaanluilssflannssanumiisues
Vital uazAm (2010) UWAZNTBENANISUHINT
winiulavesuuaiiSuandenddudnlsed
dnwisoluassilinalnadssnudinanaain
NTIAAUINUNUAITII 1T% LU Fanddu
Sterculia setigera Del. 81150518 ILUATILTY
adolanta lawn S. aureus, P. mirabilis W8z K.
pneumoniae (MIC =25 mg/mL) (Anyiin et al.,
2011) sasnuispituaasliiiuingwanaan
wWasndduilssfgnisudimaesudulaves
wuafiseldguisanudinin 9 vaadudles
wazldredlnaidesny wenwiloanislulred
anlsauaslndidssfianunsadussuneioans
Tomaldudnin szsnldinnmsaiaw fonddu
flsasomriasaowmues Iiasaangnd
Sussuuafise ldarwasniuiunIanaNztig
133 21 e1laanla wasdusu@IinazansLIN
1OA %ammmﬂ'uﬂ'iimiw%mulﬁﬂmmaa E. coli,
K. pneumoniae Was P. aeruginosa (MIC = 32-

1024 pg/mL) (Dzotam and Kuete, 2017)

] = a AGL o & a aa X A & a
MN139N 1 L‘L]SEJ‘]JL“/]EI‘]J(]‘Y]‘E WNITLUEINITLATIYVBILUANLIL VDY fraction NMNIVBIALIZNAUNIILAN
Antibacterial Activity
Methanol | Weight
Rf Compounds MIC
extract (9) Bacteria
(mg/mL)
Fraction flavonoids + phenolic compound, phenol, E. coli ATCC 25922 n
0.2699 | 0.60 B
21 terpenoid, steroid LLRZWIHA S. aureus ATCC 25923 20
Fraction a2 | flavonoids + antioxidants + phenolic compound, |E. coli ATCC 25922 n
4.2 ' ’ phenol, terpenoid, steroid Laz#1AA S. aureus ATCC 25923 n
Fraction 0.4228 | 0.40 flavonoids + antioxidants + phenolic compound, |E. coli ATCC 25922 n
5.2 ' ' phenol, terpenoid, steroid a1 S. aureus ATCC 25923 n
Fraction e antioxidants + phenolic compound, phenol, E. coli ATCC 25922 20
55 ' " |terpenoid, steroid Laz#1eNa S. aureus ATCC 25923 20
Fraction 0.2861 0.36, |antioxidants + phenolic compound, phenol, E. coli ATCC 25922 n
6.2 ' 0.90 |terpenoid, steroid UazH1aa S. aureus ATCC 25923 n

*n run8n lUWLY inhibition zone

316




Vol. 9 * No. 3 » May - June 2020

Thai Journal of Science and Technology

{ ~ o & a ' o o ¥ o
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o
Uoin
R, —— Diameters of zones of inhibition from various of concentration (mg/mL) — 6
est substance acteria ontrols
0.1563 0.3125 0.625 1.25 25 5 10 20 40 80

E. coli ATCC 25922 n n n n n n n n 0.80+0.00° 1.10£0.00° n 40

S. marcescens n n n n n n n 0.83:0.05" 0.97+0.06" 1.00£0.05% n 20
Methanolic | P. mirabilis n n n n n n n n 0.97+0.06" | 1.10£0.00° n 40
extract from | P. aeruginosa n n n n n n 0.89+0.03 0.99:0.06° 1.1310.06° 1.31£0.01% n 10
S. foetida K. pneumoniae n n n n n n n n n n n n

S. aureus ATCC 25923 n n n n n n n 0.750.05" 0.80+0.00" 0.83+0.06" n 20

B. subtilis n n n n n n n 0.80£0.00° | 0.90£0.00* | 1.100.00° n 20

E. coli ATCC 25922 n n n n n n n n 0.80+0.00° 1.10£0.00° n 40

S. marcescens n n n n n n n n n n n n
Ethanolic P. mirabilis n n n n n n n n n 0.80:0.06" n 80
extract from |P. aeruginosa n n n n n n n n n 1.10£0.00° n 80
S. foetida K. pneumoniae n n n n n n n 0.900.00° 1.00£0.00° 1.10£0.00° n 20

S. aureus ATCC 25923 n n n n n n n n n 1.20£0.00° n 80

B. subtilis n n n n n n n n n n n n

E. coli ATCC 25922 n 1.10£0.00% | 1.30£0.00% | 1.50+0.00°° | 1.800.00°* | 2.10£0.00%* |2.400.00*** | 2.60+0.00* | 2.80+0.00® | 3.13:+0.06 n 0.3125

S. marcescens 1.12£0.03° | 1.15:0.26 | 1.20£0.00% | 1.42+0.06™° [ 1.600.10° | 1.90£0.05 |1.9840.15”| 2.0540.09"° | 2.25¢0.13% | 2.45:0.13° n 0.1563

P. mirabilis n 1.10£0.00% | 1.30£0.00% | 1.53+0.06°* | 1.77+0.06°* | 2.0740.06" |2.37+0.06** | 2.57+0.06"* | 2.80+0.00® | 3.000.00° n 0.3125
Ampicillin P. aeruginosa n n n n n n n n n n n n

K. pneumoniae n n n n n n n 1.20£0.00™ | 1.30£0.00%° | 1.40+0.00” n 20

S. aureus ATCC 25923 n n n n n n 0.60+0.00"** | 0.70+0.00™ | 0.73+0.06® | 0.80+0.00" n 10

B. subtilis n n n n n n n n n n n n

E. coli ATCC 25922 n 1.10£0.00* | 1.43:0.06* | 1.60£0.00* | 1.80£0.00°* 2.10£0.00° 2.40£0.00" | 2.60+0.00° | 2.80+0.00* | 3.00+0.00% n 0.3125

S. marcescens n 1.02:0.06% | 1.18£0.21°" | 1.57+0.08" | 1.780.06°° | 1.90:0.08"° | 1.9740.33°° | 2.4240.12™° | 2.63:0.06™ | 2.8840.10° n 0.3125

P. mirabilis n n n 1.200.06® | 1.43£0.06° 1.60£0.00° 1.80£0.00° | 2.03+0.06™ | 2.33+0.06™ | 2.63:+0.06" n 1.25
Tetracycline | P. aeruginosa n n n n n n n n 0.72+0.08" | 0.9510.13° n 40

K. pneumoniae 0.96£0.06' | 1.23+0.06° | 1.50£0.00" | 1.730.06% | 1.90£0.00° | 2.13+0.06°° | 2.40£0.00° | 2.60+0.00" | 2.80£0.00® | 3.000.06" n 0.3125

S. aureus ATCC 25923 n n n n n n 1.70£0.00™° | 2.00£0.00°™ | 2.900.00” | 3.1740.23" n 10

B. subtilis n 1.40£0.00% | 1.73:0.00% | 1.90£0.00* | 2.12£0.00°* 2.33+0.06° 2.40£0.00" | 2.47+0.06™ | 2.60+0.00" | 2.96+0.06" n 0.3125

= N A 1 - e o .~ F I
n wanfis LaitfAa inhibition zone uaz ' iuddnwsNuandviulunauLEasANUEIIRaE Tl IR NeRAGNszAUANUTaUTaYA: 95 (p<0.05)

o— dnafaumuaaninianddiudils - BHT
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0
VF\TI‘L“:L{‘JJ;E3??13“‘"‘3.’»‘#\'3’.Ji""kﬂﬁaf‘ﬂ il :
31l 1 qw%iumiﬁ'ﬁi”@awaﬁm:mam’maﬁ'@

lwnuaaanldans1dudlse (DPPH)

WadTouauALaNINIAII W BHT

3.4 Nan'lsl,a'%uqﬂémaoehuaﬁ'ﬂmn
waananaudlssnuenl)auy
LEAINANIINATALAINNTIN 3 WU
suanawnuaannlfandrdud lseaanm
i@ SunninugLaatuaauiusIM IS e
S. aureus ATCC 25923 (FICI=0.156) LaZLRIN
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ATCC 25922 LLG]VLNG’]N’]EE]L?('ENE]'Y]ITTWU HILLDUN-

A A
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a ﬂfﬁl
moniae W< P. aeruginosa Iﬂmmquﬁﬂu gl
wanduainladfngalunisduginiaigves
a qu’
P. aeruginosa (FICI = 0.156) LRI NINU YN
wanRFadulddngalunisgudinmaiyves K.
pneumoniae (FICI =0.039) uazinw3doituaasln
& a @ o P Y
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= ' o A
nuisnalnnseangnivasauanaanidian
v . A e
draudlsslunisdugsuazigsugninuen
YTuz azdasdnwarumaiiadu o 1w flow
cytometer lNa@nsM I WITI0aNVBIFYWINT

aa A e & aa Ao
wazsniusdaiariuimaduuaiise iy
= Y a Ao A e s o
UaluaRwNIETNONEAUNT AU 9 LT Ll
I uanalan1uaaannly Ficus exasperata 3¢
a ng ] L= Qq: L %
wingninuelungudugin1Idauaziui
> é | ad '
iaauazdATzildsdn SadumyjHusnga
LABINWNUNNINARaUATIH (Odunbaku et al.,
Qg Qs
2008) R13788NNTNITIAINWL9AL LU Ran

o ¥ o

faudlss enadn lUsunaunisiuusiam

4 o

WeWulTadvaduuAfiiiy niaa1Ingy
polyphenol §i8 eugenol 813 ldiaSugnanuen
WoNRTAAUIUE E. coli uaz S. aureus (Hemais-
warya and Doble, 2009) vﬁam‘imju terpene 114
LﬂﬁaﬂéﬂiumaﬂimLa%wqw'ﬁel,ﬁmuauﬁ%aﬁu

o & o & @ & a
YJULINIIRILATICHNWILTRRVDY S. aureus @

mﬁaumil,a%amﬂﬁiuad pentacyclic Lag triter-
penoid 38NV 81 methicillin L& vancomycin
(Chung et al., 2011) aztAulai1& 159818150
Lﬁ%&ﬂﬂﬁgﬁumﬂﬁ%aummﬂﬂﬁjwlfﬁwﬁmﬁu
mg‘uvl,w*i"ﬁﬁwé"u \B% Rubus fellatae, Passiflora
edulis Wae Manihot esculenta (Manekeng et al.,
2018)

wenNiuisuiiugasliiiuningn
YIFIBRNALUNIBBALAZLONIBARINLUREN
fraudlss WahunaniuguenRGaauua:
LAANTLARRIZRINTARAUSH MM T T BN 88N
FU3e@NnBAIW LWTZEINNTDRAAT MIC V898N
UJTIuead 0.25-321111910A7 MIC B8 I8
YT NITRALALY URzuILONNTaRULAL
LA THAIUANNITNAAUTUI UM TLITRIUENA
e uaaanilaanardudlslianag 8-512
L¥127N61 MIC LANVBIEIUFNALENIBARIN

Waanddud s (LFAIAIANTINN 4)

{ a a n€| 1 s o v o a
M13197 3 Lﬂ%ﬂ‘ULﬁﬂUﬂ’izﬁﬂﬁﬂ?Wﬂ’ﬁaaﬂq‘ﬂ'ﬁi’J3J°IJE]\‘Iﬁﬁuﬁﬂ(ﬂ"ﬂ’]ﬂlzﬂﬁaﬂEﬂ?@]uﬁ’]I'E{IﬂULLQZUW

UiTmelumsdudimatasyassuuaiiisy

The synergistic effect from S. foetida extract combined with antibiotics
Methanol extract Methanol extract Ethanol extract Ethanol extract
Bacteria combined with combined with combined with combined with
Ampicillin Tetracycline Ampicillin Tetracycline
FICI | Interpretations | FICI | Interpretations | FICI | Interpretations | FICI | Interpretations
Gram-negative bacteria
E. coli Partially
ATCC 25922 4.008 | Antagonistic | 0.750 synergistic 0.504 Synergistic 0.504 Synergistic
P. mirabilis 1.500 Indifferent 1.016 Indifferent 0.502 Synergistic 0.508 Synergistic
P. aeruginosa - - 1 Additive - - 0.156 Synergistic
K. pneumoniae - - - - 0.039 Synergistic 2.008 Indifferent
Gram-positive bacteria
S. aureus Partially
1.031 Indifferent 0.156 Synergistic 0.563 0.375 Synergistic
ATCC 25923 synergistic
B. subtilis - - 2.125 Indifferent - - - -
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LRZLUNIUER)

Bacteria

Minimum Inhibitory Concentration (MIC)

Methanol extract

alone/combination

Antibiotics

alone/combination

Ethanol extract

alone/combination

Antibiotics

alone/combination

Ampicillin

E. coli ATCC 25922

40/0.3125=128

0.3125/1.25=0.25

40/0.1563 =256

0.3125/0.1563 =2

P. mirabilis 40/20=2 0.3125/0.3125=1 80/0.1563 =512 0.3125/0.1563 =2
P. aeruginosa - - - -

K. pneumoniae - - 20/0.1563 =128 20/0.625=32
S. aureus ATCC 25923 20/20=1 10/0.3125=32 80/5=16 10/5=2

B. subtilis - - - -
Tetracycline

E. coli ATCC 25922 40/20=2 0.3125/0.078=4 40/0.1563 = 256 0.3125/0.1563=0.5
P. mirabilis 40/0.625=64 1.25/1.25=1 80/0.625=128 1.25/0.625=2
P. aeruginosa 10/5=2 40/20=2 80/10=8 40/1.25=32

K. pneumoniae - - 20/0.1563=128 0.3125/0.625=2
S. aureus ATCC 25923 20/2.5=8 10/0.3125=32 80/10=8 10/2.5=4

B. subtilis 20/2.5=8 0.3125/0.625=0.5 - -

3.5 NN3A@N®" time kill curve

MINAFBLLRDWI TN
lunaasugninuaesdinanalaninanain
waansendlssuazanlTiue lagnagauny
L%ﬂﬁlﬁwaﬁﬁq@ 4 §1uWuT Aa E. coli ATCC
25922, P. aeruginosa, K. pneumoniae WLas S.
aureus ATCC 25923 1ilafinmuazinau growth
curve TaIuUATIIELT WA 48 hr WLINEIHENG
tenuasanifendrdud lssnuendjiiue
iwsuaninulunstudimanaiyresuuaiise
TutsSudusaimaaiyidula (log phase) lu
910971 2-8 (61 EAA Sapas 91-100) (LXAIG
gﬂﬁ' 2A-2F) LAZNANITNARBUNIIROA WU
nALazEIUENAlaM sl Aanda a9
el §ius fanswasrunulunisduds

N33R vaIuUATTENg 4 auWul ARiun
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a ea o ’~ A o &
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(Dzoyem et al., 2013; Xie et al., 2015) L
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& Q- A€| %
A1 1/256 - 1/2 MIC AgdauNTnaangnisiuns
v > a U ad
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*— 5 foetida

—8— 5. foetida » Tetrocycline A Tetocydine " MHE

.
-

(E)
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(F)

{ a a 4 a Af 1 e
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wasnddud lsanuedjimzafiads 9 [A: E. coli ATCC 25922 (ampicillin), 2B: E. coli

ATCC 25922 (tetracycline), 2C: K. pneumoniae (ampicillin), 2D: K. pneumoniae

(tetracycline), 2E: P. aeruginosa (tetracycline) Was 2F: S. aureus ATCC 25923 (ampicillin)]



Vol. 9 * No. 3 » May - June 2020

Thai Journal of Science and Technology

) =)
5. naanIINUszn@
VOVILA b AMANLIFIRAS NRIINLRE
YT ﬁaﬁuagm'ﬁunu%’sﬂﬁ:mﬂL'Smwvlﬁ
Useddeudseuno 2561 Lmz"ua"nauqmmﬂﬁm
3N Aedrad Lazn1a3T198TIINN
AUZANYIFNFAT UM INEIRDY I NdaLie
A & a 2 P
g ui gUnval uazansiad lumsfneIaedn

2EN9IRHILFNDN

6. S18N1381999

ﬂm:mmmiﬂi:muua:y‘imﬁmimmﬁumi
éﬁuamﬁﬂuga%w, 2558, ndvindvadanu
m‘srﬁl,l,a:mﬁ@msmﬁam@i”mqaﬁwh
dszindng, sMvnRuenwsnuAauena
G, nyaunwy.

Wu afdtunid, 2557, Sawssmlduradszina
Tnpaduutloady we. 2557, TssRuw
ﬁﬂﬁfﬂdﬁuwszvgﬂﬁﬂﬁauﬂLwia"ma,ﬂ'guqu.

qﬂﬁmuﬁimmﬁ?ﬂmﬁ%;ﬂmmm@ﬂuwﬁﬂm
AUVRAR, WARITIAN - https://www.pharma
cy.mahidol.ac.th, 17 W*N1AN 2553.

Anyiin, T.A.T., Akpuaka, M.U. and Oluma,
H.O.A, 2011, Phytochemical  and
antimicrobial studies on stem bark extract
of Sterculia setigera, Del., Afr. J.
Biotechnol. 10: 11011-11015.

Braga, A.A., Rodrigues, L.R., Medeiros, G.K,,
Gongalves, G.F., Pessoa, H.L., Cardoso,
J.D., Gadelha, C.A.,, da Silva, B.A. and
Santi-Gadelha, T., 2015, Antibacterial and
hemolytic activity of a new lectin purified
from the seeds of Sterculia foetida L., Appl.
Biochem. Biotechnol. 175:1689-1699.

Boutakiout, A., Elothmani, D., Hanine, H.,
Mahrouz, M., Le Meurlay, D., Hmid, I. and

Ennahli, S., 2018, Effects of different
harvesting seasons on antioxidant activity
and phenolic content of prickly pear
cladode juice, J. Saudi Soc. Agric. Sci. 17:
471-480.

Chung, P.Y., Navaratnam, P. and Chung, L.Y.,
2011, Synergistic antimicrobial activity
between pentacyclic triterpenoids and
antibiotics against Staphylococcus aureus
strains, Ann. Clin. Microbiol. Antimicrob.
10: 25.

Clinical and Laboratory Standards Institute,
2006, Performance Standard for

Antimicrobial Susceptibility Testing, 16th

Informational Document

M100S16, CLSI, Wayne, P.A.

Dey, D., Debnath, S., Hazra, S., Ghosh, S., Ray,

Supplement,

R. and Hazra, B., 2012, Pomegranate
pericarp extract enhances the antibacterial
activity of ciprofloxacin against extended-
spectrum [3-lactamase (ESBL) and metallo-

B-lactamase (MBL) producing Gram-
negative bacilli, Food Chem. Toxicol. 50:
4302-4309.

Dhama, K., Singh, S.D., Barathidasan, R.,
Desingu, P.A., Chakraborty, S., Tiwari, R.
and Kumar, M.A., 2014, Emergence of
avian infectious bronchitis virus and its
variants need better diagnosis, prevention
and control strategies: A

perspective, Pak. J. Biol. Sci. 17: 751-767.

Dzotam, J.K. and Kuete, V., 2017, Antibacterial

global

and  antibiotic-modifying  activity  of
methanol extracts from six Cameroonian

food plants against multidrug-resistant



Thai Journal of Science and Technology

i1 9 « a1iuiil 3 - woumIAN - Ngwrzw 2563

Hemaiswarya,

enteric bacteria, BioMed Res. Int. 2017:
1583510.

Dzoyem, J.P., Hamamoto, H., Ngameni, B.,

Ngadjui, B.T. and Sekimizu, K., 2013,

Antimicrobial action mechanism  of

flavonoids from Dorstenia species, Drug

Discov. Ther. 7: 66-72.

El-Sherei, M.M., Ragheb, A.Y., Kassem, M.E.S.,

Marzouk, M.M., Mosharrafa, S.A. and

Saleh, N.AM., 2016, Phytochemistry,
biological activities and economical uses of
the genus Sterculia and the related genera:
A review, Asian Pac. J. Trop. Dis. 6: 492-

501.

Fair, R.J. and Tor, Y., 2014, Antibiotics and

bacterial resistance in the 21st century,

Perspect. Med. Chem. 6: 25-64.

Galla, N.R., 2012, In vitro antioxidant activity of

Sterculia foetida seed methanol extract,

Am. J. Pharm. Res. 2: 572-581.

Hassan, S.T.S., Berchova, K., Majerova, M.,

Pokorna, M. and Svajdlenka, E., 2016, In

vitro  synergistic effect of Hibiscus

sabdariffa aqueous extract in combination
with standard antibiotics against
Helicobacter pylori clinical isolates, Pharm.
Biol. 54: 1736-1740.

S. and Doble, M., 2009,
Synergistic interaction of eugenol with
antibiotics against gram negative bacteria,

Phytomedicine 16: 997-1005.

Houghton, P. and Raman, A., 1998, Laboratory

Handbook for the Fractionation of Natural

Extracts, Chapman & Hall, London.

Huang, J., Amaral, J., Lee, J.W., Larrayoz, |.M.

322

and Rodriguez, |.R., 2012, Sterculic acid
7-ketocholesterol-mediated

inhibits

antagonizes

inflammation and choroidal
neovascularization, Biochem. Biophys Acta

1821: 637-646.

Hussain, S.S., Janarthan, M., Anusha, S.K. and

Ranjani, M., 2014, Preclinical evaluation of
antidiabetic and antihyperlipidemic activity
of methanol extract of Sterculia foetida
leaves by using wistar albino rats, Indian J.

Res. Pharm. Biotechnol. 2: 1430-1438.

Khatoon, A., Mohapatra, A. and Satapathy, K.B.,

2016, Studies on in vitro evaluation of

antibacterial and antioxidant activities of
Sterculia foetida L. bark, Int. J. Pham. Sci.
Res. 7: 2990-2995.

Manekeng, H.T., Mbaveng, A.T., Nguenang,

Mari,

J.A.,, Wamba, B.E.N,
N.R., Fankam, A.G.

G.S.,
Nayim, P., Yinkfu,

Seukep,

and Kuete, V., 2018, Anti-staphylococcal
and antibiotic-potentiating activities of
seven Cameroonian edible plants against
resistant phenotypes, Investigational Med.
Chem. Pharm. 1(1): 7.

K., Vadivu, R. and Radha, R., 2016,
Phytochemical screening on the
successive extracts of bark of Sterculia
foetida Linn., Imperial J. Interdisciplinary

Res. 2: 288-294.

Maria, R., Shirley, M., Xavier, C., Jaime, S.,

David, V., Rosa, S. and Jodie, D., 2018,
Preliminary phytochemical screening, total
phenolic content and antibacterial activity
of thirteen native species from Guayas

province Ecuador, J. King Saud Univ. Sci.



Vol. 9 * No. 3 » May - June 2020

Thai Journal of Science and Technology

30: 500-505.

Odunbaku, O.A., llusanya, O.A. and Akasoro,

K.S., 2008, Antibacterial activity of ethanol
leaf extract of Ficus exasperata on
Escherichia coli and Staphylococcus albus,

Sci. Res. Essay 3: 562-564.

Raja, T.A.R., Reddy, R.V.R. and Rao, K.U.M.,

2014, Evaluation of anticonvulsant effect of
Sterculia foetida (pinari) in Pentylenetetra
zole (PTZ) and mes induced convulsions in
albino rat, World J. Pharm. Pharm. Sci. 3:
1898-1907.

Sedlarik, V., Galya, T., Sedlarikova, J., Valasek,

P. and Saha, P., 2010, The effect of
hydrolysis degree on the properties of
antibacterial polymeric films based on
poly(vinyl alcohol) and zinc sulphate for
biomedical applications, J. Biomat. Sci.

Polym. Edit. 21: 1421-1440.

Shamsundar, S.G. and Paramjyothi, S., 2010,

Preliminary pharmacognostical and

323

phytochemical investigation on Sterculia
foetida Linn. Seeds, Afr. J. Biotechnol. 9:
1987-1989.

Thabet, A.A., Youssef F.S., EI-Shazly, M. and

Singab, A.N.B., 2018, Sterculia and
Brachychiton: A comprehensive overview
on their ethnopharmacology, biological
activities, phytochemistry and the role of
their gummy exudates in drug delivery, J.

Pharm. Pharm. 70: 450-474.

Vital, P.G., Velasco, Jr.R.N., Demigillo, J.M. and

Rivera, W.L., 2010, Antimicrobial activity,
cytotoxicity and phytochemical screening of
Ficus septica Burm and Sterculia foetida L.

leaf extracts, J. Med. Plants Res. 4: 58-63.

Xie, Y., Yang, W., Tang, F., Chen, X. and Ren,

L., 2015, Antibacterial activities of

flavonoids: Structure-activity relationship
and mechanism, Curr. Med. Chem. 22:

132-149.



