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Abstract
Limsuwan, S., Vanmanee, S., and Voravuthikunchai, S.
Effect of Thai medicinal plant extracts on cell aggregation of

Escherichia coli O157: H7.
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 2) : 545-554

Medicinal plants have been used for treating diarrhoea but the interference mechanisms are not clearly
understood. One possible hypothesis is that of an effect on cell surface hydrophobicity of microbial cells. In
this study, we examined cell aggregation affected by crude extracts of Thai medicinal plants on cell surface
hydrophobicity of Escherichia coli strains by salt aggregation test. Correlation between minimal inhibitory
concentration and cell aggregation was performed. Aqueous and ethanolic extracts of 8 medicinal plants
including A cacia catechu, Holarrhena antidysenterica, Peltophorum pterocarpum, Piper sarmentosum, Psidium
guajava, Punica granatum, Quercus infectoria, and Tamarindus indica were tested with E. coli O157: H7 and
other E. coli strains isolated from human, porcine, and foods. Aqueous extracts of Peltophorum pterocarpum,
Psidium guajava, and Punica granatum were highly effective against E. coli 0157: H7 with the MIC values of
0.09 to 0.39, 0.19 to 0.78, and 0.09 to 1.56 mg/ml, respectively. Ethanolic extract of Quercus infectoria and
Punica granatum demonstrated good MIC values of 0.09 to 0.78, and 0.19 to 0.78 mg/ml, respectively. It
was established that aqueous extracts of Punica granatum and Piper sarmentosum at high concentration
(25 mg/ml) enhanced cell aggregation of almost all E. coli strains while aqueous and ethanolic extracts of
Quercus infectoria enhanced cell aggregation of some E. coli strains. Correlation between minimal inhibitory
concentration and cell aggregation was not found in this study.
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Enterohaemorrhagic Escherichia coli (EHEC)
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Escherichia coli $1uu 15 ewiug  ldud

RIMD 0509952 O157: H7, RIMD 05091078 O157:
H7, RIMD 05091083 O157: H7, RIMD 05091055
026: H11, RIMD 05091556 022 RIMD
05091056 O111: NM u,em"lé’mﬂﬂufﬁﬂu“lumﬁ:mﬂ
U a.d. 1997 Taglasuanueyiaziain Professor
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Takeshi Honda, Research Institute for Microbial
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1998)
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melted Mueller Hinton agar (Difco) Tudas " 1:10
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o1md  I¥dareduesendnaanyedulvnesuan
Q’ o v v Y I 1
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test (SAT) (Aaudasnn Turi et al, 1997)

BoadeuuafiGeuy NA @ 35 C iflunm 18
84 24 $alua  nhunidesndsuanundudlilg s
McFarland Tagl¥ 0.04 M phosphate (Pp) buffer pH
6.8 @A ammonium sulfate (Sigma) udazANMTNTY
01M,05M,1.0M,1.5M uaz 5.0 M)Gl " microtiter
plate viguaz 50 pl LLé’J@m%a 5103 50 wl 1 'aqlu
u@ia:wquﬁﬁ 50 pl wdd 199¢018Y ammonium sulfate
Taglundazanududuves ammonium sulfate 1 2

H1 weguwnq 5 i lddun 35 ¢ duna 30 i
Mg uranInndesgansaminmawens 40 wh ula
Halaee1uaNA1 SAT titer AaFANNITNTUM Avea

. A o 4 &I a '
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6. SAT assay Y 13 NA

AoadeunaiFouy NA @ 35 C Wune 18
84 24 s udnhiderndiuanududulify s
McFarland Tagl¥ 0.04 M Pp buffer pH 6.8 9
ammonium sulfate uAazANMENIU (0.1 M, 0.5 M,
1.0 M, 1.5 M uaz 5.0 M) 1" microtiter plate nuaz
50 w nnfnFeudii/3y McFarland u& 9 "
Wouiy 13 fa vieaz 1y Wldandadu ame
Y94 13 AW 25 un./ua. viedisn MIC) w1 15
A @m%aﬁ"l@fw Ay 15 Aadsines 50 wa. 1 'adlu
LLC‘iaZVIQN‘ﬁﬁ 50 ¥a. Y93 199ra18¥ ammonium sulfate
Wt q 5w udnhliund 35 ¢ June 30 wil
mﬂ{f‘l‘lﬁhuwaﬂ?ﬂﬂﬁﬂd@ﬁﬂiiﬁﬁﬁﬁ”lﬁd‘ljEJ”I‘EJ 40 wh
wazuiawalageiu  9na1 SAT titer MInaaeg 2
A High aggregative flo 1AAMITINAGH iU 0.04 M
Pp buffer pH 6.8 uaz/M3e il SAT titer 0.05 84 0.25
Low aggregative Ao Lﬁﬂm’iimﬂ’cjuﬁm SAT titer 8¢
3¢9 0.5 89 1.5 Non aggregative Ao ldinams
ERHLGH fianududuves ammonium sulfate iy
1.5 M %3911nnn

Wamsnaaed wazdnsal
91n Table 1 WU 13 AAMLILUNRANN 1350
duda¥e E. coli 1 15 1ewuglian efe 13 fa
. . % a
1e1WIn Quercus infectoria 91¢ ethanol Aol
MIC oglugi3 0.09 fia 0.78 un./xa. 599091170 13
AANEI1UN Peltophorum pterocarpum Mo lag
1e MIC aglugaa 0.09 89 1.56 un./ua. iei1san
oA X . oA o o
MuurdanINveu¥e E. coli Ao 19WuUINLININAY
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Table 1. Minimal inhibitory concentration (MIC) of aqueous and ethanolic crude extracts of medicinal

plants by agar microdilution method.

MIC (mg/ml)

I~
3 R 3 s s )
. . s R S S S S 2 .S S
E. coli strains S % % 3 5 & 5 S § § g 3 33 .E 3
S 3 £S =S 2= | % S S $3S 5=
S S CRES S QR 3 3 S § S S =
< 3 38 S 3 § < & ~E QF 5§+
T§ <1 S * R
RIMD 0509952 O157: H7 1.15% 1.56 0.09 25.00 0.78 0.09 1.56 12.50
0.97° >25.00 25.00 3.12 3.13 0.78 0.78 12.50
RIMD 05091078 O157: H7 1.56 25.00 0.39 12.50 0.19 1.56 0.78 12.50
0.78 6.25 0.39 6.25 1.56 0.19 0.09 >25.00
RIMD 05091083 O157: H7 3.13 25.00 0.39 12.50 0.39 0.09 25.00 1.56
0.78 6.25 1.56 0.39 0.78 0.19 0.78 25.00
RIMD 05091056 O111: NM 6.25 6.25 0.09 25.00 0.78 0.78 1.56 12.50
3.13 >25.00 0.39 3.13 3.13 0.39 0.78 12.50
RIMD 05091556 022 3.13 12.50 1.56 12.50 1.56 0.39 25.00 6.25
0.78 6.25 6.25 6.25 1.56 0.19 0.78 >25.00
RIMD 05091055 O26: H11 6.25 1.56 0.09 25.00 6.25 0.78 1.56 12.50
3.13 >25.00 25.00 3.13 12.50 1.56 0.78 12.50
238/1 1.56 >25.00 1.56 12.50 3.13 >25.00 25.00 6.25
0.78 6.25 25.00 6.25 6.25 6.25 0.78 25.00
3198/3 0.39 >25.00 1.56 12.50 0.19 1.56 25.00 0.78
0.19 1.56 1.56 12.50 1.56 1.56 0.78 >25.00
3732/3 1.56 25.00 0.78 12.50 1.56 3.13 25.00 12.50
1.56 12.50 0.78 >25.00 6.25 3.13 0.78 >25.00
3738/1 3.13 25.00 1.56 12.50 1.56 6.25 25.00 12.50
1.56 12.50 1.56 >25.00 6.25 3.13 0.78 >25.00
3740/1 1.56 25.00 0.78 12.50 0.39 3.13 3.13 12.50
3.13 12.50 25.00 >25.00 6.25 3.13 0.78 >25.00
PSU 001 O157: H7 078 2500 019 625 005 019 078 1250
0.78 6.25 0.09 12.50 1.56 0.39 0.39 25.00
PSU 002 O157: H7 3.13 >25.00 0.78 12.50 1.56 >25.00 25.00 12.50
1.56 6.25 3.13 6.25 6.25 12.50 0.78 >25.00
PSU 003 O157: H7 3.13 >25.00 1.56 12.50 1.56 >25.00 12.50 12.50
1.56 6.25 3.13 12.50 6.25 3.13 0.78 >25.00
ATCC 25922 3.13 >25.00 1.56 12.50 3.13 >25.00 25.00 6.25
0.78 6.25 3.13 6.25 6.25 3.13 0.78 25.00

* = Aqueous extracts, ' = Ethanolic extracts.
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e MIC aglugia 0.09 63 0.78, 0.78 uaz 0.39 64
0.78 un./ua. Muday sesasnldun 13 Aaveuan
Peltophorum pterocarpum &eth fien MIC agluYI9
0.09 83 1.56, 0.78 3 1.56 uaz 0.19 89 1.56 un./ua.
MuMey  mnwNIme E. coli 0157: H7 wui
i 15 Aaneudeih 3 silaRslgnaaumséuds E. coli
0157: H7 ldun 15 Aaveruan Peltophorum ptero-
carpum, Psidium guajava way Punica granatum 9%
e MIC aglugia 0.09 §3 0.39, 0.19 &3 0.78 uaz
0.09 §9 1.56 un./ua. MUMAY Uazr 15 AANYIUAIY

v oy
o o A

ethanol 2 siiaRiignadudaselda dud 13 fanew
N Quercus infectoria War Punica granatum e
MIC aglugia 0.09 91 0.78 uaz 0.19 &1 0.78 un./
ua.

E. coli teunn 1evughitiamsnunguiu
ammonium sulfate wlawa SAT titer @tiu non
aggregative on3u E. coli ATCC 25922  fiiiams
57UA§UAY ammonium sulfate fanududu 0.75

waz 1.5 M utlawa SAT titer 1o1Tu low aggregative
(Table 2) 15 AAvENUMEILAT ethanol NANMYNTY
25 wn/ua. 0 yulwaneunnsiiafamITINngy
AU ammonium sulfate ulnajuilana SAT titer &
< . . 4 .

1{u high aggregative n13U Piper sarmentosum Waz

. 4 ooy ¥ <
Punica granatum N Aaaei wilawaliu low aggre-
gative Uaz 13 AANOIUN Quercus infectoria N 1A
vy ¥ o @ . d'
aoiuag ethanol 91U non aggregative LUDJI91A
laifiamsnunguiy ammonium sulfate A9 AN
Waudunldme ou (Table 3)
189910 15 Aavieudletinay ethanol 1A

A A a Ao I . .
Wy yulwsineunnyiiadidnuaziu high aggregative
Werma sumstiamsTIunguiy E. coli wui 1y
high aggregative (Table 4) 33l 11130 jﬂ"lﬁﬁ 13
Aanenuan yulwsiinade A1z hydrophobicity vea
Wo oniu 15 Aanewuisia ldud 15 davey

fo1hn Piper sarmentosum \Wa¢ Punica granatum

Fadnaliiumsiiamssunguves E. coli ladiney

Table 2. Salt aggregation test (SAT) of Escherichia coli strains with ammonium sulfate.

ammonium sulfate (M)

Controls

. . Results of
E. coli strains SAT titer
1.5 075 05 025 0.05 Pp buffer H,O DMSO

RIMD 0509952 O157: H7 - - - - - - - - Non aggregative
RIMD 05091078 O157: H7 - - - - - - - - Non aggregative
RIMD 05091083 O157: H7 - - - - - - - - Non aggregative
RIMD 05091056 O111: NM - - - - - - - - Non aggregative
RIMD 05091556 022 - - - - - - - - Non aggregative
RIMD 05091055 O26: H11 - - - - - - - - Non aggregative
238/1 - - - - - - - - Non aggregative
3198/3 - - - - - - - - Non aggregative
3732/3 - - - - - - - - Non aggregative
3738/1 - - - - - - - - Non aggregative
3740/1 - - - - - - - - Non aggregative
PSU 001 O157:H7 - - - - - - - - Non aggregative
PSU 002 O157: H7 - - - - - - - - Non aggregative
PSU 003 O157: H7 - - - - - - - - Non aggregative
ATCC 25922 + + - - - - - - Low aggregative

+ = Aggregation, - = Non aggregation.



<

2 WauAIUNS I, gnives yulnslny
U0 27 (@uuiey 2) 2548 : ylwslng s51 sANA Au 25500 uasAm

q

Table 3. Salt aggregation test (SAT) of aqueous and ethanolic extracts of medicinal plants (25 mg/ml)
with ammonium sulfate.

ammonium sulfate (M) Results of
Crude extracts Pp buffer SAT titer
1.5 0.75 0.5 0.25 0.05
Acacia catechu +% + + + - - High aggregative
! + + + + - High aggregative
Holarrhena antidysenterica + + + + + + High aggregative
High aggregative
Peltophorum pterocarpum + + + + + - High aggregative
+ + + + + - High aggregative
Piper sarmentosum + + + - - - Low aggregative
+ + + + + - High aggregative
Psidium guajava + + + + - - High aggregative
+ + + + + - High aggregative
Punica granatum + - - - - - Low aggregative
+ + + + + + High aggregative
Quercus infectoria - - - - - - Non aggregative
- - - - - - Non aggregative
Tamarindus indica + + + + + - High aggregative
+ + + + + + High aggregative
* = Aqueous extracts, ' = Ethanolic extracts, + = Aggregative, - = Non aggregative

nn 199ug Tasasudnyazn1snunguaIn non ag- MIAAMINIUAGNIENIN 15 AANIILNA YU-

4

gregative (1 high aggregative u 15 davenuimeih  lwsieanududuvhdudr MIC fu E. coli  1eviug
waz ethanol 910 Quercus infectoria Analiinms @199 (Table 5) wuhidanuuandafumy 101 sila
iamssunguves E. coli 113 189ug 150 E. coli  ved yulns uaz 15 da Tagmusinudin MIC ms
' . ed . - : P '
ATCC 25922 wasuan 1eviugmiu low aggregative  tiamsmunguveaseiuivanmdnduves yulnsn
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Table 4. Salt aggregation test (SAT) of Escherichia coli strains with crude medicinal plant extracts

(25 mg/ml).
Result of SAT titer
s S @

E. coli strains 3 5 S E § § K ‘§ g8 s § S 'S 2

AN E O A - L

S &~ R 3

RIMD 0509952 O157: H7 H*/H H/H H/H H/H H/H H/H N/L H/H
RIMD 05091078 O157: H7 H/H H/H H/H N/H H/H H/H N/L H/H
RIMD 05091083 O157: H7 H/H H/H H/H H/H H/H H/H N/N H/H
RIMD 05091056 O111: NM  H/H H/H H/H H/H H/H H/H N/L H/H
RIMD 05091556 022 H/H H/H H/H H/H H/H H/H H/N H/H
RIMD 05091055 026: H11 H/H H/H H/H H/H H/H H/H H/L H/H
238/1 H/H H/H H/H H/H H/H H/H N/N H/H
3198/3 H/H H/H H/H H/H H/H H/H N/N H/H
3732/3 H/H H/H H/H H/H H/H H/H N/N L/H
3738/1 H/H H/H H/H H/H H/H H/H N/N L/H
3740/1 H/H H/H H/H H/H H/H H/H N/N H/H
PSU 001 O157: H7 H/H H/H H/H H/H H/H H/H L/L H/H
PSU 002 O157: H7 H/H H/H H/H H/H H/H H/H N/L H/H
PSU 003 O157: H7 H/H H/H H/H H/H H/H H/H L/L H/H
ATCC 25922 H/H H/H H/H H/H H/H H/H H/H H/H

* = Aqueous extracts,
silnamsnaaes

15 Raneuiiignslumséudase E. coli via
15 wﬁuﬁ"’l@fﬁﬁ A Wud 13 Aanewdie ethanol
9N Quercus infectoria 3990911AD 13 AANYIUAIY
“IEWTﬂ Peltophorum pterocarpum WamsAne SAT
WUl E. coli tieunn 1eviughitiamssungduiy
ammonium sulfate 3A1i1 non aggregative gL
E. coli ATCC 25922 fuilu low aggregative 13 fin
wﬂwuﬁaﬂﬁwﬁ]1ﬂ Punica granatum W< Piper sarmen-
tosum ﬁwa“hJLﬁ'uﬂmﬁﬂmsﬁmﬂdmaa E. coli 'l#d
ounn 1eWug 13 Fameugerinas ethanol 9110
Quercus  infectoria finalUifiunsiAamsunguuos

* = Ethanolic extracts, H = High aggregative, L = Low aggregative, N = Non aggregative.

4

E. coli 18113 19Wus
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na eulifinnu Wiusiumaifianmsnunguves E. coli
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v w R
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Table 5. Salt aggregation test (SAT) of Escherichia coli strains with crude medicinal plant extracts
at concentration of minimal inhibitory concentration (MIC).

Result of SAT titer
s 3 @

E. coli strains 3 % § :E § § 5 ‘§ § g S § § '§ § 3
S S N 2 S s bl g 8 $3S S
<% 3§ S§ ~§ &% <£§ &z §°%

S S TT 8

RIMD 0509952 O157: H7 L*/N N/ND N/H H/H H/H L/L N/N H/H

RIMD 05091078 O157: H7 L/N H/H L/H L/H L/H N/N N/N ND/H

RIMD 05091083 O157: H7 L/L H/H L/H L/H L/H N/N N/N N/H

RIMD 05091056 O111: NM  L/L N/H L/H H/H H/H N/N L/N L/H

RIMD 05091556 022 L/L H/H L/H L/H H/H N/L H/H L/ND

RIMD 05091055 O26: H11 L/L N/H N/H L/H H/H N/N N/N L/H

238/1 L/L ND/H H/H L/H H/H ND/H N/N L/H

3198/3 N/N ND/H H/H L/H H/H N/H N/L N/ND

3732/3 L/L H/H H/H L/ND H/H L/H N/L L/ND

3738/1 N/N H/H N/H L/ND H/H N/H N/N ND/H

3740/1 L/N H/H L/H L/ND L/H N/H N/N L/ND

PSU 001 O157: H7 N/L H/H N/H L/H L/H N/L N/L H/H

PSU 002 O157: H7 N/N ND/H N/H L/H H/H ND/H N/L ND/L

PSU 003 O157: H7 L/N ND/H N/H L/H L/H ND/H N/N L/ND

ATCC 25922 H/H ND/H H/H H/H H/H ND/H H/H L/H

* = Aqueous extracts, ' = Ethanolic extracts, H = High aggregative, L = Low aggregative,
N = Non aggregative, ND = Not done.
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