Q‘ﬁ‘ J.h.iu 9 ‘;‘u)b th,: QL;.:E;J L;ﬁ.h}}_»:—ggo.lﬁ iallad
(WFAQ) VE-AY G N &)l YV Ul

2 PUE bl dw wdy G183k Sctalé Blas 3 ies” Sodads 5

TGV e dass 5 7S dds bl 55300 a s gy gl ¢ sk Smge e Ul g < gobTing ame S
Aals oS5l carly pshe 0dSTils ¢ pmlid i3 03,8 Ayl B8 (g gomitils )
owlia@shahed.ac.ir 1S5 2SI Gy cdalds o815 (K3 0aSLSls ¢ ol s Koo 05,8 ealial o stens o 35 — %Y
Lals olSals carly ple 0dSTEls (b3 0y S 3liul Y
dals o8y Ky 0dSCils cpwlids Soo 05 8 litils —
23S Bl 5 Wl Dl ai o 22 SV eame 5 05003 OIS Dliiow i bl -0
O Sy pske ol ils (bl adSiils ¢ ulid(s S os 8 sl -1

WA OLT oy WA OLT: e ool WAA jga ndl s b

oS
Flse 6 8L pl ik e 0 s Abiis b laligoles S (Pseudomonas aeruoginosa) By b 5993 gne
L, 5l edSmiles lacble Plus 5l 28 glacdale 31 b5l caadlas o el 5l Sda 1S s Mg gadaie g5k
sl OLS sl o 15 s 3T abge s gy 3 il 5 Szl 5« Siodmn ol JS25 3T 5 1 (Sub-MIC)
3 - (Eucalyptus camaldulensis Dehnh.) .5 JS1 3 (Myrtus communis L.) 5. «(Zataria multiflora Boiss.) !,
sty Spps Sle gy a4 bl MIC e 80 (6,8 lal ST b ks 5y, & 5 s S a3 (5pslmer
Sirod g ok S T A5 5 S3e bl HATYOMIC 5 +/YOMIC /0MIC (slacdale 1 sy ol ot
MIC s oS sls Ol b iolesl 51 Josl> W s (5 Se3lul 8821 M oy, 5 3 51 ol 3833 e 55 Ll 5 Ko
old i 5k sy /YOMIC 5 +/OMIC glaclile 53 ba bl plos iomas A3k o WpgmL oles ilol av o sl
OLES 1y 35 31 55k ssbay 33 NYOMIC Clale 55 (6350 piasl & (6 sbay il 55k 1 2lesl 550 sl3c ko slay 556
i3l Gl SUB-MIC (slaclale S sl OLas andllae cpl o isls OLES 1) slize sl Bl cpl s Kos il s Lol cols
ol 3303 e s 5T ol g5 gy 53 Il 5 S 55« Siad s ok g S5 (I A5y ST 55550 (310t

8 aslizad 13 e s 51 ol g0 93 g 3 30 Glacs pie Olays 53 OLLS -l 5l Olsn 4 51 5 5 S|
\)}M_}jjﬂ LI»U)A_}J)M.; c@l.:g U"‘"L"”" ‘rl:-éjc-.l cs_”)L.L}ﬂ g;§).>r_7 6.&:15 6\.&53‘}

0S5l 53 Olas Ol o 4 St Olslay « (S 5 s b sl solew S e s AT ol sa 93 5y

ubub@;rﬁhwuﬁj_wéu})b WLQ‘)W)J‘)LAQ)&P)‘W}%JG&W‘



vo

Lo s 3 2l 3 0T sl sl e sl (6 SL
S 5L cpl 5l 6ol slad s oS (55 sbas AL s
ol Jglize (acSs g S 4 5 des Sk oo slie
G 2903 DLS & s G 5555 035l L Liledd
sl 0 5 S b 3l ge Ol e LT Sl eslinal | glase
Slitie I S aS Sl osls 0L Olallas &S (g, 5bas
LS i ge (g SL a1 OIS shtg e Ll o ALS
Ol lu 4y ol &el U (Ogunlana et al., 1987)
53 =5 (Cox etal, 2000) 552 Lacy S slis
o S 05555 0330 3 I sbow sLi iy b5 500
Gaoetal.,, Turietal., 1997) cul sy, SLSN 4
ol g LSCET 53 A5 e eds S350 50 4an (2003
s s 5 SIS Gk cpl Sl crl Rl i e
Morris & Monier, ) J_as 5,3 J..J\_, o Ll e |
sub-MIC gL ac Ll 5l el ul ol ;3 (2003
Sl 4 Ky Jo ol S Ol e G g 5T
Ol bl Sl e i 5 pl el oS e (g sae
i sl Gl bl sub-MIC glaclale oo canlllas
Ay dlash oS > o esdUST 52050 (g3l
U 3m 53 5 (S8 50 s g 3 b g JSC25 5 3l

50 5 ]

L9, g olge
AL g

P. @aeruginosa  (sis S s a5 s 3l asdllas pl s
~Osed) LSl Hlpl Gl kg & 882IM
Leitao et al., ) w5 3 eslizsl o5 ol clal (5
S m{.‘\ CiS s js HSde awsw (1992

7\ s (Difco Laboratories, Ditroit, MI)

\ AJLAJ‘Y-\.U;.-‘Q‘ﬁlJ,.Eu}&j)‘J QL&[:?QU.:};JMM

b 680l 2lisben SudE L e e S
5 O b o ol 3ol ol g 31 (6 S
Ol (2 ol Jloe ol e 058 o0
S adyea lagly s S8
Slack & Demko, 1980) 5,5 oLl sy Sl L 553
55 s s, baw sba, 556 51 s, (Nichols, 1981
5 b s LA e (6 SRy 5 JLa]
o)l ol Dddodamg o 05 5 S
<Van Delden & Iglewski, 1998) L3 o 5 S
4 S Sl o3ls OLES i collles (Wilson et al., 2002
Il Slesseaibes o ble Pl 5l S slacble
Minimal Inhibitory ) s S5 4o 1 51 & » (sub-MIC)
G5 sl sSb Ay SWyls3L o se (Concentration
WJhasl oy A ol dbe jsbay .l ol g 5SL o
S 5 oy LSS e e s
Tateda et Wilson et al., 2002) il sd_i osls Oli_
.(Hassett et al., 1999 Drago et al., 2001 <al., 1993
53 A0l gn B I3 23l L s s 2T el e 50 5
Nesliwl Ly 5 uss oS > o)) o mlo glakaoes
P Jate e m sl w4 LIS o IV 6 e e
L5 e IV 7 5 4 pad Sloslinad b (6 51l oo
Al il i S g0 5l oS e )
WJlasl 5 oS > &5 sl ascis (Horii et al. 2003)
ol ST e 6 8L ol el 5 sl lle 5o
Lol i 51l L5815 Cllae il
Shamws ol o Wld s ST (S S 50 Slaa s 2
S el ol sl e e 5 0k oy 58 Ly S
kol s Ks el sl il 5o (6 S el

Sygme 3 25 s B OIS s s e s g



gl Blas 5 S glackls jIf

bos (055 sl AdS 5l (18l S 51 e
pde 51 L as oS BT O - e dalr oS
Ot Ol g 58 Sl Olabl L St slias 58
/AYOMIC 5 +/YoMIC «+/0MIC slacbale 31 MIC
S sbcwnd 5y sub-MIC lackle Ol gew
slchle 3 0y K cole 4 dd eslizal anllas
Olgisn 3,10 il Ay 555 » bl Ses sub-MIC
13 13 asdlas 3550 Vs s by SB s 15 OF
o Db &S5 MIC 335 s ke ol 6y
bl 5l Al el s 1 Olebsl e 4 3L e

A )\jg: ‘)L.’M

&L Jlail p b uill 51
Ul Sl b 5o S skl 6l
4 C“‘b (Difco Laboratories, Ditroit, MI)(LB)
53 s (i ale S YVIC les s e S e
bow Wi e Ko Yorrpm e Loode
@ /OMIC YMIC lackle s [ Sie glacss
L 5l sy laslal 5 /A\YOMIC 5 +/YeMIC
Sl AE eslitad J xS Olgea ailel W86 coiS
030 b Sa sl Sl eslatad Lo lg S oGS s
LPBS 5 5L Y 5 odd I 4ids Yo oo 4 Vooog
03 LS 5 gty Bl 0dd S5 S5 4 4t pHEV/E
ChlE b J gl ol and sl S SE ol
S| e S ag PBS s V' CFU/mML
23 s S Yoo Slde ol 4y (WA gl 5
Gal S Salr A1 i S glack el
Cslize glackle ool LB lases 2y Ko VASs
CiS s 5l 6Ll sg o ulel sub-MIC

va

QT JW“S}ML;« L§J|J.G_<J—/\'°C DL J},M.Js“/
Difco ) BT Ogma =g i3S Lss 5,

R (ab.-v.;\ (Laboratories, Ditroit, MI

Zatarian ) g3l us sl ol andlas 550 OlalS

o581 s (Myrtus communis) s, (mutiflora
oo kw4« 54 (Eucalyptus camaldulensis)
Sl s W Sliies ande 250l LS Sliiss
53 oSk OlalS as pluls 6))T@~>.' o35S
Lot b b gy o el bl 5 et S wl
A Al s A Do a2 S ol Sl eslind
3 Al e Sl ekd gl sla il
80 ks S eslital b 5 WS o LS o)y htais
53 03,8 Do Sl KD Ot (SR SN
G £7C glos 3 w08 5 D ladnd b

TR

295590 Wb il gy
S a ekl sl gla il MIC laze
L s CLST Jaoe 5 o sl 5ol 5 S
.(Clinical and Laboratory Standards Institute, 2006)
CFU/mL bl U (g, SU wd) auls waods | ba
bl 5e=Yol pg/ml s slacble s s
Sl p Osten — Jse b S e 31 1) Je Y
Vi Ode 4 S0 gladae (23S 15 ) 5
3kl Blas a4l S YVIC s el
MIC Olgeas g sl (5,80 LS, 3l Bl &S el

MIC jldde oo (ons 5 55k opl (Sl KA oS



\a%

YO°C by s celdl S 4 ol il
CS i (Ol ol 3l e Ll (ISl S
Sl Sl Gk Sl clS lae s L SU
5ol Ll ak e Dbl gl
&l » .(Fonseca et al., 2004) . g ,Sejlul Sk
S ol 5SS s S bl S e
oot ol s Al elel usys LB gl
S Ol Gl b ks =il S Sose w4 S
Aoy 3 S o My peled s 8w G 28 S
wocele A Sl 4 YOC gles s (g liS wlka S
sedkd J sy 005 5l delr SiS lames el
S A S e b Ol L Ty
e & Aoy S Ay Jhs S sl b o
CS o dls Sope il A S5l S, iy S
g 3 eSOl Jel &S sy w3 s St
la s jlie (S o3ll b s o S5 o Smed 5
K sl JES i Uy (5SS i

.(Fonseca et al., 2004)

Sl HT adgi jladie (g 5o 31l

Yo sl glagl 4 ol 3T a5 S slul sl
Slac Bl L LB ls S Loy swe 51,2 s
S d s e 00 Sl e ¢ uilul sub-MIC 2 L
LI, BSe 20 Jolrs )5S L (6 8L 036 O il g
Al Ol gt 5 bl BB CoiS L 510 L)
ol 5 Sl T lie ke ol 51 e 5 LS eslizad
Sldie oM sba . (6 Sl Knutson sy, 4
Lol o 5 (SGn T e a sed 51 g S Ve
At sl e Ol 3 S g ol =G 5 g

\ AJLAJ‘Y-\.U;.-‘Q‘ﬁlJ,.Eu}&j)‘J QL&[:?QU.:};JMM

‘CA.L O e S eslinal dall Olgea 55 slad O
YVIC los s csle ) Sl w0 1) 255 S ol
L bSals Sde ol 51w 5 038 ol 8 b S
GleSU L U e 4 PBS leslizad Loy os 5 Jls
s S Sy e Lpd Ol fuate b s sl
yd S MlS b A e esls 15 0,85 I
Aoy K Jee N ke Y laie OT 1 e
Blol bSals 51 &G a0 4l Y e 4 sl sl
Sl s 4 L5 (55l S05 hate gle LG A
PBS l eslital L aSalr Doame (Lol s,
s S Slaek 03 5SS ) LA iz
o e 40 BT =05l b 2 e Y lae
ool w s sl ey 5SS e 4l
522 lT et sl SL b s sl Ol S,
Sl ol 5l eslanad L A492 s O Lol luie
—d= i ol ((O’Toole et al.,2007) i sl 4+
Gl bl 5 (Gelel W8B) J 58 Gei o

Sy dlasl cuas i Sl (ol

CS o g b gmilul 1
C.ASJ&- Cj; 93 cC_ASJ&- » L"‘u“’l““‘ JJ\ R 03
5 Sad g 3l s gy Dl oS 238 13 v 554
Siad g g5 5SS s sk 4 Sz
Difco Laboratories, ) 0o 5 Loy S sol>- ool
S8T dsys o 5 NaCl as,s +/0 (Ditroit, MI
slacbkle o5l (Difco Laboratories, Ditroit, MI)
55 bl BB Lass 515 ag5 WLl sub-MIC
a b sse L e A eslind dals Ol e



gl Blas 5 S glackls jIf

A 02 0 555 A s VXY (S 54 sub-MIC
il s
oS 3ls ol sl bl Sy Sl el =W
Jlail g5, »sub-MIC lachle )5 55 il ol
s JS5 5 Sl W S5  Sondpm
gl M5 el G 4 Cad 5 ol Sl
530 Jad) by 5ok ol ol diolen Jalse
SLYOMIC 5 +/oMIC slacdale sy30 oS 540
alas 5550 abolen Jolse adS @l SX050
Sz 53 ks 1 pl oNY0 Chle s bl s eys
Coli s b S Glday S5 5 ol W
Jal 5 Seadsw 2l Jolse 53 (solsbae
e B W RV VRN A RNU PRED I RY
bl 53 e 5 elal ol oS sls OLES 55 e g2 IS
dals glad god 4 Cans obbae (S50 S LS
Jelse aJS 55, 2 +/YeMIC 5 +/oMIC lacblale ;s
Lis NYOMIC s s Ll acaiils 63, (51506 ko
o3 S5 belse plu 6oy 5 b K5 s 2

O Jsdr) 5 dald € sad 4 ol 5oL T BB

b S s Sl I 5 (Jlast s >

Lo 5 =3l 03 Solae sla 8 Gyl
Algn aS gdul B Of Colate dizeen | i )
Olass am Al o A0 31 Jslye ool (555
o=l S SaS  8L pl Sl AU lac sas
L Ohlas Oleys 5 (6 nSiimy o 55 0505 4 4t
Fonseca) cul ol Sl ol gt i s
el osly i 13 ol s (et al, 2004

VA

Y Jslee Sl s See YA 03 S bgloe U E Iy
Yoo a5 el dlal o 4 LB s 5L S Ao
Sdee pl Sl e A e3ls 13 00°C plam 55 4i3>
Sl OF 55 (6 e gy Sl 5l eslanal b Ol s

.(Knutson & Jeanes 1968) 1 (s .Ss 3l

b g ST Hlado (5 S0 jl0l

KINNVPS WS- TP R W i PRNRY RSy JIL PSRN
bl s Bads (bl ol plosil (355 2 ol
03,5 wlosl 3l a8 Sl ol s s Jlall
CiS b YTmL ool slacls S 0 L 5SU
L ol sub-MIC Cilisee slackle sl LB
O U RSP SV b WP N U U KUK SO
el doys 270 Y0 ol sl Sl K, Jes (e
ot S ity b g 4z s 50 s opl 02 S
SHdie 5 S el 3 s an gt K il
Gl iy Al Y e s Ol ol
.(O’Toole et al., 2007)

Golol Jdoxi g 4y 3205
Qt-:}ﬂ My oS > (Jlasl 6L¢adi.iuﬂ BIRE CRe

)J°MJ¢B@.@)MJ‘J§JJL“W)?M}
3550 Cﬁytojﬂjﬂ osliial b dald e b avslie
Sl O g b 5 23 S 13 bl o 5 4

2S5 sl ssgeas/i0 L

MIC Jlaie S sls 0L MIC s 5 Jools sl
ool el e ug/mL Jsles il 4w a6l s
slachle olgea OF /\Y0 5 Yo /0 sl



\A)

\ AJLAJ‘Y-\.U;.-‘Q‘ﬁlJ,.Eu}&j)‘J QL&[:?QU.:};JMM

2 o5l 53,0 (6 sl G ilul il glaclile 51—V Jgd

BB2LM 15 s 51 iy 3 5 o s 5 5 ST 5 oIl (S Kot o

bl il glachile I

chls Sl
E. camaldulensis M. communis Z. multiflora
s s s +/oMIC
s s s /Yo MIC Koo oo
n n s +/\YoMIC
s s s +/0OMIC
s s s +/YoMIC *—é:-‘:‘;}:
S s s «/\YoMIC
s s s +/oMIC
s s s +/YOMIC Jlas!
n n s +/\YoMIC
s s s +/oMIC
s s s «/YoMIC Sl T Al g
s s s +/\YOMIC
s s s +/oMIC
s s s +/YOMIC g S5
n s s +/\YoMIC

sub-MIC lac ble 55 Sl s 5 K 3
5 sabolen b n LS P bl
Slesliul Ly o Oladlas sy 5 o oL
(Pl U35/ ksl oy ¢ ppnliir) La S5 g 51
La el 3151 63 5dan il 5 ol 4 S &) 50
Sy 6,50 =l ey = sub-MIC glachkle ;s
3,0
aalllas s Ol 55 e b S ) po Dlallas ala )l
slacble Sl gy, o (YY) OLLSen 5 Owlia

(significant) dals 4 Cond Hlobas Sl glyls s

(not significant) dald 4 ol Slsbias sl A6 m

L) Sl edeS Cales e 3la- MIC

A aslizal Aals Ol geay eolud 05y SIS slalases

g Ul s el SUD-MIC glac bl o5
Sals alaslosl bl o 1 bl s lo 3l
Fonseca .(Behzadiyan-nejad et al., 1998) Jas
slac bl as alesls glas (Yref) 0,
= Soie sLa 1 pLS U3/ kel ey sUb-MIC
ot a5 508 g 3T lisass 5 (Slaey g
S Sl Al s den 5 (5550 50 3 i L)

s ol LSS 5 Ll il alS 4
M\j@g,jf oS alesls Ol dL«H‘u:.\M



gl Blas 5 S glackls jIf

B ":"—""‘):’.J:IU%JL-.‘;’."}LSJJF sz“)':'&i'wj Soladles
o3litsl LS5 s 51 3o Ol s ol o Ll OlaLS
o=l Gl syl iy aadllae 4 30 el pl bl s S
L 4 ool o o s ST i 053 5 (5 S0
! s st g OF 51 36 slem e Oleys Sk
Q\j_é‘«ﬁu b “’\:’.J‘" LSLﬁobJjT).é @ g;’L.'?:"‘”J QKA‘ QL&.SUQ.A

J;Su" Dans Q—U’iﬂl?

S Bl
534S dald oRls pjime OV s Sl by ot
253m om) Pl Sl m Y DUl 5 s g (s
S e Al Jany S5 lansls | p3Y el
LSl Sliios amwie 25015 OLS Sliis iy
GolSen b uilul 5 OLLS g 3 o8 55 5538 &1

S e Sl 5A8 (Klanls

solasw! 0590 ol

Behzadiyan-nejad, Q., Souri, E. and Owlia, P., 1998.
In-vitro effects of sub-inhibitory concentrations of
gentamicin on P. aeruginosa alginate production.
Pharmacy and Pharmacology Communication,
4: 489- 491.

- Clinical and Laboratory Standards Institute, 2006.
Methods for Dilution Antimicrobial Susceptibility
Tests for Bacteria That Grow Aerobically; Approved
Standard. Seventh Edition. CLSI document M7-A7.
Clinical and Laboratory Standards Institute, 940
West Valley Road, Suite 1400, Wayne,
Pennsylvania 19087-1898 USA, 1-64.

- Cox, S.D., Mann, C.M., Markham, J.L., Bell, H.C.,
Gustafson, J.E. and Warmington, J.R., 2000. The
mode of antimicrobial action of the essential oil of
Melaleuca alternifolia (tea tree oil). Journal of
Applied Microbiology, 88: 170-175.

- Demko, C.A., 1980. Thomassen M.G. Effect of

mucoid property on antibiotic susceptibility of

Sl ol 03l oL axlan U‘i‘ BE .JJS a)u‘ ‘J_}":‘."ﬁjﬂ
A5 Ol e 4L sub-MIC slacble 51 = oS
Ay pals bis,ee o SL s, vl:.ey)c)l,%ﬂ
aslae 5l ol @L:} Lol SKoss andlas ol @u
Al e LSS e ab ) LIS e, s 20l ol
5 =01 ALS Glagls 5l eslinal 5 A5 oS Ll
il L;\.0L>- L};JJ)\ ej:l.”.v _\J‘jj& ol JSJ CJL&SUQ.A “
AL
s sla i 6oy = 6ok sl Dladlas L a
S Soml slacble 5o sl opl 5 fl S e
)de,_J ou\_.iuﬁ.ﬁiﬁcj.,bb- NLEA)J‘)J\M‘)Q;G
el o5l sLaslud sub-MIC glaclale 51 =
543505 5 o ol Jalye Sl o M5
S e g dall glaas sl a4 s (5300 Sl
Sl sl pl s L85 sl la oS 5 Lls
eSS ol WUT 5 Ll sl ol 55 e
u_lliyj_au.k.o;).a.uubda Sos e S andllae dals]
bl il ol oS 5 S 51 ol L5 il g5 as a
el s L b S5 ol S s
S sls iy s 53 (8 0 a8 Ll 50 oS 5
S il ol Ko iy A a5l adls alS
oS A el o Olallas Ly ki s
Lol el 0l u..a.>=.:._p (S350~ G )}Su\.a LSLAUM.,L.J‘
dodr B LI e o Sl JsSe SIS 55l ass

C@‘JMM‘P&&‘ﬂ.&J@"})&)J



bacteria. Annual Review of Phytopathology,
41: 429-453.

- Ogunlana, E.O., Hoeglund, S., Onawunmi, G. and

Skoeld, O., 1987. Effects of lemongrass oil on the
morphological characteristics and peptidoglycan
synthesis of Escherichia coli cells. Microbios, 50:
43-59.

- O’Toole, G.A., Pratt, L.A., Watnick, P.I., Newman,

D.K., Weaver, V.B. and Kolter R., 2007. Genetic
approaches to study of biofilms. Methods in
Enzymology, 310: 91-105.

- Owlia, P., Rasooli, I., Saderi, H. and Aliahmadi, M.,

2007. Retardation of biofilm formation with reduced
productivity of alginate as a result of Pseudomonas
aeruginosa exposure to Matricaria chamomilla
essential oil. Pharmacognosy Magazin, 3: 83-89.

- Slack, M.P. and Nichols, W.W., 1981. The penetration

of antibiotics through sodium alginate and through
the exopolysaccharide of a mucoid strain of
Pseudomonas aeruginosa. Lancet, 2: 5020-5023.

- Tateda, K., Hirakata, Y., Furuya, N., Ohno, A. and

Yamaguchi, K., 1993. Effects of sub-MICs of
erythromycin and other macrolide antibiotics on
serum sensitivity of Pseudomonas aeruginosa.
Antimicrobial Agents and Chemotherapy, 37: 675-
680.

- Turi, M., Turi, E., Koljalg, S. and Mikelsaar, M., 1997.

Influence of aqueous extracts of medicinal plants on
surface hydrophobicity of Escherichia coli strains of
different origin. Acta Pathologica, Microbiologica,
et Immunologica Scandinavica, 105: 956-962.

- Van Delden, C. and. Iglewski, B.H., 1998. Cell-to-cell

signaling and Pseudomonas aeruginosa infections.
Emerging Infectious Diseases, 4: 551-460.

Wilson, JW., Schurr, M.J., LeBlanc, C.L.,
Ramamurthy, R., Buchanan, K.L. and Nickerson,
C.A., 2002. Mechanisms of bacterial pathogenicity.
Journal of Postgraduate Medicine, 78: 216-224.

\ AJLAJ‘Y-\JJ;.-‘Q‘ﬁlJ,.Eu}&j)‘J QL&[:?QU.:};JMU.AJ

Pseudomonas aeruginosa. Current Microbiology,
4: 69-73.

- Drago, L., De Vecchi, E., Mombelli, B., Nicola, L.,

Valli, M. and Gismondo, M.R., 2001. Activity of
levofloxacin and ciprofloxacin against urinary
pathogens. Journal of Antimicrobial Chemotherapy,
48: 37-45.

- Fonseca, A.P., Extremina, C., Fonseca, A.F. and

Sousa, J.C., 2004. Effect of subinhibitory
concentration  of  piperacillin/tazobactam  on
Pseudomonas aeruginosa. Journal of Medical
Microbiology, 53: 903-910.

- Gao, M., Teplitski, M., Robinson, J.B. and Bauer.

W.D., 2003. Production of substances by Medicago
truncatula that affect bacterial quorum sensing.
Molecullar Plant-Microbe Interaction, 16: 827-834.

- Hassett, D.J., Elkins, J.G., Ma, J.F. and McDermott,

T.R.,, 1999. Pseudomonas aeruginosa biofilm
sensitivity to biocides: use of hydrogen peroxide as
model antimicrobial agent for examining
resistance mechanisms. Methods in Enzymology,
310: 599-608.

- Horii, T., Morita, M., Muramatsu, H., Muranaka,Y .,

Kanno, T. and Maekawa, M., 2003. Effects of
mupirocin at subinhibitory concentrations on flagella
formation in Pseudomonas aeruginosa and Proteus
mirabilis. Journal of Antimicrobial Chemotherapy,
51: 1175-1179.

Knutson, C.A. and Jeanes, A., 1968. A new
modification of the carbazole analysis: application to
heteropolysaccharides. Annals of Biochemistry,
24: 470-481.

- Leitao, J.H., Fialho, H. and Sa-Correia, 1., 1992.

Effects of growth temperature on alginate synthesis
and enzymes in Pseudomonas aeruginosa variant.
Journal of General Microbiology, 38: 605-610.

- Morris, C.E. and Monier, J.M., 2003. The ecological

significance of biofilm formation by plantassociated



Iranian Journal of Medicinal and Aromatic Plants, Vol. 26, No. 1, 2010

The effects of sub-inhibitory concentrations of some essential oils on adherence,
motility, alginate production and biofilm formation in Pseudomonas aeruginosa

L. Moein Najafabadi', P. Owlia®, S. Mousavi Nadoushan®, I. Rasooli®, H. Saderi*,
F. Sefidkon® and M.H. Salari®

1- Department of Biology, Faculty of Basic Sciences, Shahed University, Tehran, Iran

2*- Corresponding author, Department of Microbiology, Faculty of Medicine, Shahed University, Tehran, Iran,
E-mail: owlia@shahed.ac.ir

3- Department of Biology, Faculty of Basic Sciences, Shahed University, Tehran, Iran

4- Department of Microbiology, Faculty of Medicine, Shahed University, Tehran, Iran

5- Department of Medicinal Plant Research, Research Institute of Forests and Rangelands. Tehran, Iran

6- Department of Bacteriology, Faculty of Public Health, Tehran University of Medical Sciences, Tehran, Iran

Received: September 2009 Revised: November 2009 Accepted: November 2009

Abstract

Pseudomonas aeruginosa is an important opportunistic pathogen with many virulence
factors. In this study, the effects of sub-MICs of three essential oils on alginate production,
biofilm formation, swimming, twitching and adhesion in P. aeruginosa have been evaluated.
The plants (Zataria multiflora Boiss., Myrtus communis L. and Eucalyptus camaldulensis
Dehnh.) were dried in shadow and were hydro-distilled for 90 minutes. Minimal inhibitory
concentrations (MIC) of essential oils were determined by macrodilution method. The virulence
factors in the mucoid P. aeruginosa 8821M were determined in the presence of sub-MICs (1/2,
1/4 and 1/8) of essential oils. The MICs of essential oils against P. aeruginosa for Z. multiflora,
M. communis and E. camaldulensis oils were obtained 64, 64 and 64ug/mL, respectively. The
results showed that all oils at 1/2 and 1/4 MICs significantly reduced all tested virulence factors.
At 1/8 MICs, Z. multiflora oil had significantly reduced virulence factors, but another oils had
different effects. This study showed that sub-MIC levels of Z. multiflora, M. communis and E.
camaldulensis essential oils affected alginate production, biofilm formation, swimming,
twitching and adhesion in P. aeruginosa and it is probable to use these medicinal plants for
treating.

Key words: Motility, alginate, biofilm, essential oil, Pseudomonas aeruginosa.
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