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B E: HY B HSBRSHEE Y (biofilm, BF) BRI, ¥R & IR R DR BB 2R 4 M 5 B2 BF 1B
W, ik PHIEFEEFRSERAET d, /528 BF, F13## 1 55 (scanning electron microscope ,SEM ) SRR & R R Xt
BF 45t AR5 R s SOG4k B 58485 (confocal laser scanning microscopy , CLSM) £54 BF BS54 24844 (image struc-
ture analyer,ISA) Xf BF G514 58047 ; 0t BB e tE MR HIRE XY BF RIGEM1ER il ERE R MEAU R 5H
AU EBKRE BF ATERIREERE, 4R HRREAGHEWEN W BF Sl , REEYERR, (UL B BTEN
o SARBGEEMMTE/R:2 mg/ml EIREVER/G,BF B FE XY #EE & (average diffusion distance, ADD) 145 ¥ 45
(textual entropy,TE) #3570 (P <0.05) ; R I FL 3 (areal porosity, AP) Hj( P <0.05), 0.75 mg/ml ERETHE, HF R
B ERMNAMERERE., ARCEMEEENE, YERRKE KT 0.49 mg/ml Bt ,BF NIEEHE, R, 2%
RERRY EHFERRWER(F=15.1,P<0.05) , HEEERRRKEA S, hEEANR., 48 ERRTERFASREA
MBS R BF JEAR45H , NS sa bt AE B R S,
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Effect of ambroxol on the structure of Pseudomonas aeruginosa biofilm

LI Fang, YU Jia-lin,LIU Guan-xin, YANG hua (Department of Neonatology, Children’s Hospital, Chongqing Medical University,
Chongging 400014, China)

Abstract; Objective To observe the effect of ambroxol on the structure of Pseudomonas aeruginosa bio-
film (BF) in an established biofilm model in vitro. Method Mature BF was formed after 7 days’ culture of
Pseudomonas aeruginosa on plate. The BF structure was observed by scanning electron microscope { SEM ).
The parameters of BF structure were analyzed though pictures from confocal laser scanning microscopy ( CLSM)
with Image Structure Analyzer (ISA) software. Fluorescence intensity of the viable bacteria in BF treated by
ambroxol alone and together with ciprofloxacin were determined with fluorescence microscopy. Results  After
the treatment of ambroxol, the BF was destroyed and the matrix outsides became thin and abnormal compared
with the control by SEM, and small amount of bacteria dispersed. The results of ISA showed that with the treat-
ment of 2 mg/ml ambroxol, BF was decreased in thickness, average diffusion distance (ADD) and textual en-
tropy (TE) were decreased in comparison with the group without ambroxol treatment ( P <0.05) , however are-
al porosity (AP) was increased (P <0.05). Whereas the same tendency of these parameters was seen in the
group treated by 0. 75 mg/ml ambroxol though not so obvious. Fluorescence microscopy indicated the viable
bacteria in BF was reduced significantly ( F =18, P <0.05) when ambroxol concentration was higher than
0.49 mg/ml, and ambroxol showed synergistic effect when combined with ciprofloxacin (F =15.1,P <0.05)
in a dose-dependent manner. Conclusion Ambroxol can affect the BF structure of Pseudomonas aeruginosa,
and thus enhance the bactericidal ability of antibiotics.

Key words: ambroxol; Pseudomonas aeruginosa; biofilm

A Yy ( biofilm , BF ) R 4H M E Y AR T LY
EEWER . BRARPEEAE(30772363) ; BK T A RB¥E L& (BRI ﬁﬁ%—ﬁﬁﬁ%ﬁ%ﬁ]‘ﬁ HERESY, ﬁi?ﬁjﬁﬁ‘
F 2007-340)

Supported by the National Natural Science Foundation of China (30772363) RAE W SN LR AR R, BF Al{E 4
and Natural Science Foundation of Scientific Committee of Chongging mmﬁiﬁﬁ%%ﬂﬁ%%%%ﬁﬁfﬁ , »\ﬁﬁjﬁﬁ;‘xﬂ‘

(2007340) P25 00 B T 25 (AT A B BER A I 10 ~
EEEN 2 F, 4, \BRHA,BI05A, TENSEH LR 'O N
3. EiK:(023)63612756, E-mail : rematali@ hotmail. com 1 OOO%) 7%&@%%”%%[2] ) ﬁﬁﬁﬁﬁﬂﬂ%%m

SEAEAEE  AInAK, #1345« (023)63632756-3531, E-mail ; yujialind86@ sohu. com jg 'ﬁg’ﬂ EI(J éﬂi%ﬁa%ﬁ*ﬁ%@%ﬁﬁ% o %TEEJL Hﬂ ?E

W R B 3% :2007-07-12; #§ B B 3 : 2007-07-27


http://www.cqvip.com

E1H

D 0 00 http://www.cqvip.com|

ZF ¥ % AR ASB LN EE YRS GE W 61

AR, W R A RBE R AR, BRI RHETHI
HESHBIL REFRFAASBEREEK. Fk
1B B0 0 0 A AR BT B A LW IR AL O SR e
DERERRE. EMHRGE, LR25 N-Z B
EMRTREVBE R, BRRM N —Filh K% 25
5 N-Z. B e EMAEE APLE LA — & iAol , 3
RITENERRTEEE A BF fFH. AR HE
FARRMNFASBREME BF SSHHE WM, HS5HAER
WAV ERKARERA RER.

1 #R5HE

L1 EHf 22X N NE

FARBERREERY BEK(BERRERRELSEHRE),
Luria-Bertani 35582 (LB, FAEAYHEARAR) , BB EH
#E 5 (#5E Boehringer Ingelheim A 5]) ; RN E4n SR (F K
TERET) , AL (#8E Siemens A 7)) , B REESIR N (EE
BIORAD UV-3350 #) , %% B8 (= H Leica /2 7)) ,SEM( £
B Amary /2 &) KYKY3200, 58 = FE B K= R HE) ,24 KX 96
FLIEFH (PEE Coming A &) ) , KA HAH) SYTOI (MR WK
480 nm, X FF K 500 nm) , ISA #k{4 (3 E Montana M 37 K%
Haluk Beyenal #{###24t) .
1.2 &AW Z ZAKIFH XK E (microbial inhibition con-

centation, MIC) &8} 2

FRBBEHEE WERRY BN ESBRAKE R MIC,
R AR ATCC27853,
1.3 4A%BEME BF koA a2 5

AR RS EREKE BFY . RS RNSAER
RBPMER LB IZRWE, AL MAUEE 0.5 FRSBA, 545
W 1 ml fnA 24 FLIR (A 8 cm x8 em BE ),
0.1 ml INA 96 fLiR. 37 CIE3E, 4 48 /NI | IR, ELE
17 dJ5, MAIE AR E BFYY,
1.4 4RBMBEME BF % 6924 4% SEM 4l

ARFERSAFH: BABERREAKER
3.75 mg/ml) , MARFHREIEFMAET d 5,78 24 FLRAST
FMMA1 ml LB 35 BMERE,37 CHH 24 h FHUL, AR
BG 4% M ( phosphate buffer solution, PBS) K & 1§k, B
Bio S BIAI2.5% R "R PBS I HEE 2 h 5, £ 0.1 mol/ml
PBS w2 ;R (pH =7.2),30% ~ 100% R 5| ¥k Z IR AK )G,
% 50% ~100% T BB, THR B 7RI {UHEE, 214 SEM
MEHR R PMEE BF LS,
1.5 BF £&#5HG 54

AETEBAT N3 H A BRBRACKESFIA 2.
0.75 mg/ml) , B T MREIEFME 7 d 5,76 24 FLlRA S
FIMAZEFEMERER,T CHET S h 5, BSHERMIEF
BPBUE, S%KE 1 ml EBEFKBRREER3 K,BREBF X
AT, EEKIEH BF REHIN S0 pl B 485256
Yuyl,37 CEEHEE 15 min, A1 ml KB FKMBERE S K
FeRaRG B CLSM W%, BF @M BF 53 A A E
ZEREEMGE Z $13#) , 8 A8 S A FEVALE, B EF

158 ~16 B, FrikBE R EHIEAA ISA3D 8R4, RESH
J&,3217 1SA & ISA3D 5%, BT RO : OE WS T (tex-
tual parameter) ; 145 ¥4 4 ( textual entropy, TE) , @ L H S ¥
(areal parameter) : JllIX 3 FL 3. (areal porosity, AP) 5 #i
B (average diffusion distance, ADD) )45, % 145 B 1l Excel 4%
RIRF
1.6 @# BF REHRABREMHLE

AFHERS N6 A1 HE AR S AFRRKEERE
20 (WRBEK UK 3.75.1. 875.0.95,0. 49, 0.25 mg/ml), 7E 24
FARIIA 1 ml B, FIREIEFR T R, FIMA 1 ml BB
FHEREAMLBEFR 37T CHEFS hGRE. BHABEM
BABPEG, BRI ml ZBFKBRREK3 K.BE
BF XEIWHEAME. E5KH BF ZmERIN 50 wl Bk &9
WG, 37 CEAEE 15 min, HH 1 ml KB TGRS
BRARENG, B TREBHME T WE,
1.7 3B EELHALEREXRRIVELA

EmE BF AERXARE

EAMEREF 7 d )5, BERABAE 96 FLIRAAHIMMA 0.1 ml
AREEHRERRRE(EEKEK A 3.75.1.875.0.95.0.49 0. 25,
Omg/ml) MIKHYPE (KEMHRK N 8.4,2.1,0.5,0. 25,
0 pg/ml) ,37 CHF 8 h FEUE, FHERB bR KR A5,
ZINRERR B FLFORIRE
1.8 %itF o4

KH SPSS 11.5 Git R E#H T EAHEIHRE, HFEIE
EHEAHEHITR NEEFESH.

2 £R

2.1 ZF&AHYE MIC

HRYER MIC X 1 pg/ml,
2.2 SEM QLERBB LB BF B A

5 Z 4 RSB S BF 49 SEM RE 1, AE P
AR S, WS T d 5, JE RN BF, 34 BF 7E£R K
REEEFRY, ABEEEANE BRI REER —K
B RN R RO EAHSE LM BF AABHG,
AHEN LR/ B A
2.3 ISA B4R RBENE BF S HBHITE 5

%R

&4 BF 53547 CLSM HHi5 A ISA 34047, 183

BF MM ER A R(E1),

#1 BFHNEEESNINER

A5 JRERE(jum) AP ADD TE
AEEGKSTR 39.2:2.01  0.70:0.03  1.080:0.001  6.2510.2
HER(Q2 mg/ml)  10.09+2.32*  0.91£0.02° 1.000 +0.002* 5.19 +0.41°

FRR(0.75 mg/ml) 20.10+2.86*  0.820.04° 1.030 +0.04* 5.36:0.34°
a: P<0.05,5 £ 82 oKttt

2.4 RABMBMEREF TR BF 6590

BEAFHFETROCEMBE T UE, T REERENH
B, SR s FEVR AR E) 0.5 meg/ml B, 54 BE K A X
BOHY, ENENEEARET, KRR THAR BF, 4
HHash R A AL
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SEM T %, % BF 2HAREE, i THAMIEKRE
MRS EFY , HNHERER W ERRERIE
AT AR BF SSMBERR , AR 18 Mgt . A AL, T I
LEAEEAN . W —EWRENEIR K Z N BF i
B BARLEWHEEE. SA RG-SR ER,
2 mg/ml HIREMERG,BF BEEH(39.22 £2.01) pm
WA E(10.09 £2.32) um, YA R IR RBIR T BF [F
HEW, BATEM KRR BF W EE RS EIP
A I A R SR AR R AR AR . AP R ADD X
NSEEWR B B 451 & R B bR BRILE X E
FYRBERIE R R4, fER/E AP B1(0.70 £0.03)
HE3|(0.91 £0.02) ,ADD (1. 080 £0. 001) Jgi /3|
(1.000 +0.002) , LB AR K (E BF 245 F N, 5
¥ 18] B FLIE A ] BEE3E o , X REFT AR STAE R B E,
{f BF Z WA A IR B A A BHHAR, TE
Bk BF By —4E, 4858 BF (A — MR ME A
FHEEFR" . TE hyEART#(6.25 £0.22) /P>
2(5.19 £0.41) , ik — LR ABRRIF G, BF 1
AFg—PEm/, G5 T 17 B, XS S B SR BT T W o
[EJ#E,0. 75 mg/ml RIHRF A G Lol ff BF BEAH,
GHEFRBL R, ERAE R B R 2 mg/
ml BIAE . B RATRAEDROCE AR RUER
RRMHRBE M BF NG HE W, SR Bk
FRARREEMHA R, BF AEMAEERL, A A
BRAEX B PME BF ABIAE A EREE AT
AR NIRRT EXF BF 4R A i 5 4% B B0 MO B8 600 R K AE
AR, BATHZREER (VR A R ERHY 2
SEARRKES A AENOFEN, SRERENRA
PhRMEAE A, BB IR R E T =, h IR AF A
5%, BF NIGEE— B, R RY BRI RE S
RIEHARRBIRT BF K E8BHE, SRR B
3% T %t BF B‘J?ﬁﬁ'éjj FHRE T X BF EF'élH?%B‘J/TX

BEJT. HILBATAN, RIRR KB FE BF A
BOMERT, S HE MU A BB AT AR B R ERE T, A
RIRKYL BF N ARAE T B ERE, N H & LR
P SR B R B R I R T T IR R O B B . 1T
FAREDL BF MIE R BAYL ISR s — B .
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