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ABSTRACT

The effect of quinolones ciprofloxacin (CPX), norfloxacin (NOR), pefloxacin (PFX), am_i oﬂo'xam.n (OFX) on t‘he
acdherence and on the preformed biofilms of P, aeruginosa to vascular catheters (VC) was studied in an in-vitro model using
modified Robbins device. The presence of adherent viable bacteria was determined by culture on blood agar plgles and
quantitation of CFUs after dislodging the adherent cells into normal saline by sonication. The_ gl?'cpcalyx fonnathn and
adherence were also studied by ‘scanning electron microscopy (SEM). In the presence of subinhibitory concentration of
quinolones (0.5-, 0.25-, & 0.125-MIC) no or slight growth was observed around the segments and the n‘umb-er of the adherent
cells was reduced to 21-23%, 40-46%, and 55-70% of the controls, respectively. S:gplﬁcant reduction in the glycocalyx
formation and adherent bacteria was observed by SEM. In a separate set of experiments, the catheter segments were
precolonized with P. aeruginosa for 24h and exposed to the quinoIones_in concentration S0 pg/ml (5 MIC) and 100 ]ig/ml for
2hrs. Slight or no growth was observed around the treated segments, while a heavy growth was reduced to less than 5 % of the
controls in VC treated with 50 pg/ml of the quinolones and complete removal of the.adhercm cells was achieved w:lgh 100
ig/ml. By SEM a very small amount of glycocalyx and a few scattered microcolonies were seen after treatment with 59
ug/ml, no organisms were seen in the presence of 100 pug/ml. These data §how that the subinhibitory con§e'ntrauons of CPX,
NCR, PFX,eand OFX sgnificantly inhibit the adherence of P. aeruginosa to vascular catheters. Clinically achievable
concentration of quinolones were able to eradicate the preformed biofilm on the VC.

INTRODUCTION

The use of various medical devices including
indwelling vascular catheters, cardiac pacemakers,
prosthetic heart valves, chronic amt.aul'at'ory
peritoneal dialysis catherters and proslhgllg joints
has greatly facilitated the management c.)f serious
medical and surgical illnesses. Bacterial xnfc?cllons
following colonization and biofilm forma}tqn on
these devices are a major cause of morbidity in

patients receiving prosthetic devices“)._ Bioﬁln?s
have also been demonstrated on tissues in c.hromc
bacterial discases that are characterized by resistance
to antimicrobial chemotherapy. Extracellular slin)e
or glycocalyx production is an important factor in
the adherence of bacteria and their protection from
host defence mechanisms. Extensive glycocalyx
production has been demonstrated on cultures of
Staphylococcus epidermidis , Staphylococcus aureus,
Pseudomonas aeruginosa, E. coli, and Bacteroides

sp. (2). .

Different approaches (including the use of
various antimicrobial agents) to eradicate biofilm
bacteria have been studied, The combinatig_n of
bramycin and piperacillin 32 the combinaugn of
tosufloxacin and erythromyen'™/, clindamycin( ?and
clarilhromycin(5'6 have been reported 10 be
- ¢ffective in eradication of biofilm associated
bacteria, However, the clinical usefulness of these
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experimentally effective strategies remains to be
established®).

In this study, we investigated the effect of
subinhibitory concentrations of quniolones on
glycocalyx production and adherence of
Pseudomonas aeruginosa 1o the plastic surfaces and
to the vascular catheters in an in-vitro model of
vascular catheter colonization. The interaction
between preformed biofilms of P, aeruginosa and
the quniolones was also studied.

EXPERIMENTAL

Organisms:

‘A total of 50 P. aeruginosa isolated recentlly
from clinical specimens (mainly from blood),
submitted to Clinical Pathology Department, Kasr
El-Aini Hospital, Cairo University were used.

Isolation, purification and maintenance of the
isolates was carried out on brain heart infusion a
or Mueller-Hinton agar media: The organisms were
stored in skim milk at -70°C. Before use, the
organisms were subcultured in Mueller-Hinton broth
for 18-24 h at 379C. The inoculum was standardized

to contain 105.106 CFU/ml by McFarland standards
and verified by viable counts,

gar
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Antimicrobial agents:

Antimicrobial agents were Kindly |)rm"idcd by

the following manufacturer: Miles L:lhnrul(‘mcs Ine.,
West Haven CT (ciprofloxacin); Merck Sharp and
Dohme, Rahway NI (norfloxacin); Roger Ilcl.lnn
Laboratories, Neuilly Surseine, France (I’L"]"’X“C“‘)3
Ortho pharmaceuticals, R:xrimn..NJ (uﬂoxacm‘). The
quniolones were stored and diluted :xcco.rdmg (o
manulacturer's instructions. All four quninolones
were used in all the experiments except where
pefloxacin was used for scanning electron
microscopy where pefloxacin was used.
Glycocalyx (slime) production:
The isolates were cxamined for slime
production as described by Christensen et al.{?), In
brief, two (o three colonics of P. aeruginosa were
inoculated into 5 ml of Trypticase Soy Broth (TSB)
in plastic conical tubes (Falcon, Oxnard, CA) in
triplicate. Glucose free basal medium that lacks the
substrate for polysaccharides (glycocalyx) was used
as a control. The cultures were incubated at 37°C for
18-20 hrs. The contents were aspirated; one tube was
examined unstained and one each stained with
trypan blue and safranin. The isolate was Judged o
be slime positive if there was a visible unstained or
stained film Tining the wall of the tube. Formation of
aring at the liquid-air interface was not considered a
positive test. The presence of adherent microcolonics
was also detected by phase contrast microscopy.

Quantitative measurement of glycocalyx
production was determined by the method of
Christensen et al.(®), Briefly, st

cultures of P. aeruginosa in 5 m of Trypticase Soy
Broth (TSB) were washed, diluted with fresh TSB
and standardized 1o contain 5 x 105 - 106 CFU/ml,
Aliquots (0.2 ml) of the diluted cutlures were added
10 the wells of sterile polystrene 96 flat hotiom tissue
culture plates, The plates used were Microtest 111
(Falcon no. 3072, Bectlon Dickinson). The
~manufacturer sterilized (hese plates with gamma
irradiation, and clectrically charges the surfaces 1o
diminish the hydrophobicity of (he polystyrene.
Following an I8 hrs incubation at 379C, the contents
of the tissue culture plates were gently aspirated,
using a pasteur pipette connecied 10 low vaccum,
The plates were then washed four times wigly sterile
PBS (pH 7.2). Slime and adherent organisms were
fixed overnight with Bouin fixative, The fixative
was removed by washing the wells several times
with 50% ethanol. The wells were stained by Huckr
crystal violet. Placing the plates under running
distilled water, the excess stain was removed, and

ationary 18 hrs
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(he plates were then air dried, The npli(;u'] density o
the stained adherent films was read with a Mi.,,
ELISA Auto Reader Cliter TEEK, Flow b,
Mclean, VA) at a wavelength of 550 fin,
Measurements were performed in triplicate sy
repeated three times, The values for cach jooly,.
were then averaged, The bacleria were classified
into three categories, 1 the average O way Jeo,
than 0.12, the isolate was considered nonadhereny, |
the OD was greater than 0,12, but less than 0,24, the
isolate was considered weakly adherent, If the 03
was greater than 0,24, the isolate was considered
strongly adherent.

Effect of subinhibitory concentration of

quinolones on the glycocalyx production and
adherence of P. aeruginosa:

Minimum inhibitory concentrations of the
quinolones (ciprofloxacin, norfloxacn, pefloxacin,
ofloxacin were determined by broth microdilution

lcchniqucw). The concentrations of the drugs in the
medium ranged from 0.125 pg/ml to 128 pg/ml. The
MIC was defined as the lowest concentration of the

drug which inhibited visible growth at 379C after
overnight incubation.

The quinolones in 1/2 MIC, 1/4 MIC, and 1/3
MIC were used (0 study their effect on glycocalyx
production and adherence as described above.
Various concentrations of antimicrobial agents (02
ml) were added to the wells in triplicate. Drug free
medium was used in control experiments.

. ¢ g
Interaction between preformed biofilms of /-
acruginosa and quinolones:

The biofilm formation of P. acruginosa W4s
carried out by the same procedure used for
measurement of glycocalyx production in the
96-well flat bottom tissue culture plates. After 48 hrs
ol incubation at 379C, the contents of each well ‘.,/crc
aspirated and washed (wice with normal sal.mc‘
Then, 0.2 ml of various quinolone conccmrauo{;i
(12,5 pg/ml 1o 400 Hg/ml) were added to the wc“;
Drug free saline solution was used as control. T
plates were incubated at 37°C for 48 hrs.

After incubation, the contents of each wicl"
were aspirated and the wells washed twice ‘TaCC
hormal saline. The adherent cells were fixed in P of
with Bouin's fixative solution. The wells \Zwi“
stained by Hucker crystal violet and the ?"Ccsi.;,tcf-
removed by washing under running dis“"cdwin
After air drying, the optical density of the bcr at ?
film was read by the micro ELISA Autorcd
wavelenpth of 550 nm.
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In-vitro model of vascular catheter colonization:
) Preparation of inoculum:

The 18 hrs old culture, grown in TSB with
0.3% yeast extract, was harvested by centrifugation
and washed twice in normal saline. The suspension
was standardized using McFarland standards, The
inoculum size was confirmed by viable count on
trypticase soy agar plates, A 500 ml bag of sterile
normal saline containing 5% dextrose (DgNS) was
used as the reservoir for colonizing the catheter
sepments, Inocula sizes ranging from 105 10 107
colony forming units (CFU) were added to the
infusate,

b) Colonization of catheters:

A modified Robbins device was used (o study
the formation of biofilm and colonization of
catheters by P (mruginr)sa“()’. The device is
constructed of an acrylic block, 42 cm long, with a
fumen of 2 x 10 mm. Twenty-five evenly spaced
sampling ports are designed in a way so that the
catheter material (0.5 cmz) attached to sampling
plugs lies flush with the inner surface without
disturbing flow characteristics. The design prevents
the occurrence of artifacts of cell sedimentation on
the biomaterial and allows salient fuid dynamic
features 1o be defined. The device was modified to
fit 10 mm segments of vascular catheters across the
lips of the sampling ports. We have demonstrated
colonization of catheter segments in this model both
on the external and the luminal surfaces. A{Icr
placing the catheter segments in the samphpg
inserts, the entire apparatus was sterilized with
cthylene oxide.

¢) Biofilm formation:

To study the formation of biofilms of P.
aeruginosa on vascular cathelers, the bags of D5NS
containing the organism were infused through the
modified Robbins device. An intravenous infusion
pump (Gemini PC2; IMED, San Diego, CA) and an
infusion set (Travenol Lab., Deerfield, I1.) was uscd
o infuse 30 ml of solution per h (Fig. 1 and 2).

After infusing 500 ml DsNS solution, six
Vascular catheter segments werce removed with
sterile forceps and 1wo of these were cultured on
dgar plaies by embedding them slightly in agar. Four
sepments were sonicated in precooled saline for 30
Seconds ar 30% eycle and 3.5 oulput 10 dislodge the
sessile (adherent) cells. Two of these segments were
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cultured on agar plates, while the others were
washed in normal saline three times by vortexing
them for 10 sec, before culluring them on agar
plates.

The rest of catheter scgments, remaining in
the device, were flushed by running 250 ml of
normal saline through the device over 1 hr to
remove planktonic (free-floating) bacteria. After
flushing, the segments were divided into six groups.
Group one (3 segmenls each) was cullured on agar
plates without any further processing. Groups two
and three (3 scgments cach) were sonicated for 30
seconds at 30% cycle and 3.5 oulpul. Segments from
group 2 were cultured on agar without further
processing. Group 3 segments werce washed with
normal saline once by vortexing for 10 seconds.
Group four segments were sonicated and washed
(wice. Group 5 (5 segments) was sonicated for 2
minutes, vortexed for 1 minute and the number of
cells released from (he segments into normal saline
was determined by viable counts. Segments from
groups onc and three were also used for scanning

¢lectron microscopy.
d) Catheter cultures:

The presence of viable cells on the catheter
segments was evaluated by embedding the catheter
segments into Mueller Hinton agar plates. The plates

were incubated at 37°C and examined for growth
around the segments after 24 and 48 hrs.

¢) Scanning electron microscopy:

The presence of organisms (dispersed or in
microcolonies) and a semiquantitative analysis of
biofilm including glycocalyx formalion was

ascertained by scanning electron micmscopy(“).
Catheter segments were prepared for scanning

microscopy by fixation for 3 hrs at 4°C in 2.5%
glutaraldehyde in 0.1 M cacodylate buffer
containing 0.15% ruthenium red. The segments were

rinsed in fresh 0.1 M cacodylate buffer for 10 min.
(repeated 3 times). This was followed by refixation
for 60 min at 4°C in [.5 osmium in the same buffer.
The catheters were washed in 0.1 M cacodylate
buffer for 10 min. (repeated 3 times). The segments
were dehydrated in a series of aqueous ethanol
solution (30 to 100%) and dried by critical point
dryer (Tousimis, Critical Point Dryer, Autosamdri
814) with carbon dioxide. The specimens were
mounted on aluminum stubs with silver paste,
allowed o dry for 3 h and then coated with
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gold/palladium by using Polaron cool-sputter coaler
ES100 11. The segments were examined in scanning
clectron microscope (S-500; Hitachi, Mounitain
view, CA) at 20 KCV,

f) Effect of subinhibitory concentrations of
quinolones on glycocalyx production and
adherence of P. aeruginosa:

For studying the effect of subinhibitory
concentration of the quinolones on glycocalyx
production and bacterial adherence in this in-vitro
model of vascular catheter colonization, the
quinolones at the 1/2, 174, and 1/5 MIC were added to
the inoculated infusate bags (500 m] DsNS) during
colonization. Drug free infusate was used as control.
For scanning lectron microscopy experiments
pefloxacin was the quinolone used.

g) Interaction between preformed biofilms of P.
acruginosa and quinolones:

For studying the effect of quinolones on the
preformed biofilms of P. aeruginosa, the 500 ml
bags of DgNS containing the organism were infused
through the device (30 ml per hr). Then 250 ml bags
of saline solution containing the quinolones (50 and
100 pg/ml) were infused through the device (125 ml

per hr) for 2 hrs. Drug free saline bags were used as
control.

RESULTS
Glycocalyx (slime) production:

The results of qualitative tests showed that 20
of the 50 P. aeruginosa isolates were positive for
glycocalyx production. Quantitatively, 7 isolates
were judged to be strongly adherent, while, the

others (13 isclates) were classified as moderately
adherent.

Effcct of subinhibitory concentrations of

quinolones on glycocalyx production and
adherence of P. aeruginosa:

The MICs of the quinolones for the 20
adherent isolates ranged from 1.0 Hg/ml to 80 pg/ml.
The MICs for the two isolated used for in-vitro
colonization of vascular catheters ranged from 2
ug/ml and 12 Kg/ml. Figure 1 shows that all four
quinolones at the subinhibitory concentrations
significantly reduced the optical density of the
biofilm-of P. aeruginosa. The optical density of the

~ biofilms was reduced 1o 30-33% of the control in the

presence of 1/2 MIC of the quniolones and to
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61-67% in the presence of 178 MIC. Ciprofloxacip,
was slightly more effective than NOR and PFX i,
reducing the biofilm formation and OFX had (he
Jeast aclivity.

Interaction between the preformed biofilms of p,
aeruginosa and quinolones:

Treatment of the preformed biofilms of p,
aeruginosa with the quinolone concentrationg
ranging from 12.5 pug/ml to 400 pg/ml caused
significant reduction in the optical density of the
preformed biofilms. Treatment with 400 pg/m
(approximately 5-100 times MIC) of the tested drugs
caused reduction in the optical density to 39-60% of
the controls and (0 69-77% at 12.5 pg/ml. The agents
in order of decreasing activity were Pefloxacin,
Norfloxacin, Ofloxacin and Ciprofloxacin (Fig, 2).

In-vitro model of vascular catheter colonization:

Two isolates of glycocalyx producing P.
aeruginosa were used in these experiments. The
preliminary studies showed that the optimal
inoculum size for colonization of the catheter

segments was 108-108 CFU. The organisms were
grown from all segments cultured without any
further processing. When the catheters were
ultrasonicated without prior flushing and subsequent
washing, growth was also detected around all the
segments. The organisms grown under these
conditions represent both planktonic (free-floating)
and sessile (adherent) bacteria. Segments that were
flushed to remove planktonic bacteria but not
ultrasonicated also showed growth of organism
indicating the presence of adherent bacteria.
Catheters that were flushed before ultrasonication
bul not washed afterwards showed bacterial growth,
representing dislodged adherent organisms. No
growth was detected in the segments that were
flushed and ultrasonicated, followed by washing-
This sequence led to the loss of planktonic bacterid
by flushing and dislodgement of sessile bacteria by
ultrasonication that were subsequently washed off
(Table | and Fig. 4).

Effect of subinhibitory concentrations of
quinolones on glycocalyx production 37
adherence of P. aeruginosa in the in-vitro mode
of vascular catheter colonization:

Catheters colonized in the presence of
sub-MIC (172 ta 1/8 MIC) of quinolones sho\."“’
growth of the organism with and without sunicalfon
if they were not flushed before sonication, indica"’“ 5
the presence of planktonic bacteria. No growth _“ﬂ
seen in the unflushed, sonicated segments, if wash®
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after sonication. A few or no organisms were grown
from catheter segments with or without sonication
after tlushing. These included the catheter segments
without subsequent washing, indicating the
reduction or absence of adherent bacteria (Fig. 4
(ab.e]). The results (Fig. 3) show that the presence
of sub-MICs of quinolones significantly inhibits the
adherence of P, aeruginesa to vascular catheter.
There was a correlation between this inhibitory
effect and the concentration of the quinolones (Fig. 3
and Table 1.

Scanning electron microscopy showed a large
amount of glycocalyx and adherent microcolonies on
the untreated, flushed. unsonicated and unwashed
scgments, (Fig. 3). While, complete removal of the
adherent bacteria and traces of glycocalyx was
observed on the untreated, flushed, sonicated and
washed segments (Fig. 6). In the presence of
sub-MICs of pefloxacin, a small amount of
glycocalyx was present and a significant reduction in
the number of the adherent bacteria was observed.
This effect increased as the concentration of PEX
increased i.¢. the lowest number of adherent cells
was observed in the presence of 172 MIC (Fig. 7
la.b.c))

Interaction between preformed biofilms of P
aeruginosa and quinolones in the in-vitro model
of vascular catheter colonization:

The flushed, unsonicated and unwashed
catheter segments did not show any growth when
treated with 100 pg/ml of PEX, With 50 pg/ml, a few
organisms were cultured on some of the segments.
As shown in Figure (8 [a,b]). Scanning electron
microscopy revealed significant eradication of the
biofilms vn segments treated with PEX (50 pg/ml)
for 2 hrs. Complete eradication of the biofilms was
achieved by treatment with 100 pg/ml of Pefloxacin,

DISCUSSION

Adherence of micro-organisms to specific
substrates is considered a crucial step in the
initiation of colonization. and subsequent
infection'*?), Extracellular slime or glycocalyx,
produced by bacteria plays an important role in the
development and persistence of biomaterial-
associated infections. The matrix of bacteria and
endogenous factors (collectively termed as a biofilm
layer) which envelops the surface of a colonized
implant anchors the bacteria firmly to the surface of
the device!™, The adherent bacteria are protected

Table 1. The effect of sub-MIC of Pefloxacin on the adherence of
Pseudomonas aeruginosa in an in-vitro model of vascular

catheter colonization.

Fthcler Organism Untreated Treated )
Treatment Expected {control)
12-MIC  14-MIC  1/8-MIC
‘UNE'UNS FR (S: t\D +++ + ++ ++
-UNW
-FL-UNS AD ++ +- + +
-UNW
-FL-SN ‘ DG + +- +/- +/-
-UNW
-FL-SN none - - ) .
WS
- v
UNF = unflushed FR =free +++ =heavy growth

UNS =unsonicated
UNW = unwashed
FL = {lushed

SN = sonicated

AD =adherent
DG =dislodged
WS = washed

++  =moderate growth

+  =slight growth

- =no growth

+/~ = very few or now growth
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from host defense mechanisms and the aclivity of

antimicrobial agents!2). Biofilm associated bacteria
are a major concern in the treatment of device
related infections because of their resistance (o a
wide range of antimicrobial agenls“g' 24.25),

The effect of subinhibitory concentrations of
some of the antibiotics on glycocalyx formation and
adherence of bacteria has been studied by various
investigators. Clindamycin and trospectomycin have
been used in a previous study. Both antibiotics in
concentrations less than 2 pg/ml, significantly

reduced the glycocalyx formation{!?). As reported by

Lamb et al."), (he subinhibitory concentrations of
clindamycin inhibit the adherence ol Bacteroides sp.
and E. coli to bone surfaces in-vitro. On the other

hand, the data reported by Michael Dunne'® have
shown that sub-MICs of cclamandole and
vancomycn have a variable effect on the formation
of bacterial biofimls of selected strain of S.
epidermidis.

Our results show that the subinhibitory
concentrations (1/2 to 1/8 MIC) of the quinolones
significantly inhibit the glycocalyx production and
adherence of P. aeruginosa 1o inerl surfaces of the
microtiter plates. Such inhibitory effect was
dependent on the concentration; the maximum
inhibitory effect was achieved by 172 MIC of the
quinolones (optical density was 30-33% that of the
controls). At 1/8 MIC, the optical densily was
61-67% of the controls. Among the quinolones used,
there was no significant difference in their inhibitory
effect on the glycocalyx production and adherence of
bacteria. Among the isolates tested, there was a
difference in the inhibitory effect of the quinolones
and such differences decreased as (he concentration
of the quinolones increased. Carsent-Etesse et al. 4
reported similar effect of subinhibitory
concentrations of vancomycin and teicoplanin on the
adherence of S. epidermidis (o tissue culture plates.

It is now documented that many chronic
infections involve colonization by bacteria growing
as adherent biofilms within an  extended
polysaccharide glycocalyx(27), Despite some efforts
eradication of biofilm associated bacteria has been‘
found to be difficul((1+2:8.21) The slow growth rate
and the presence of glycocalyx matrix in the biofilm
slru.clure are considered importani mechanisms for
resistance of biofilm associated bacteria 1o
antimicrobial agents, Therefore, the reduction in
glycocalyx formation can potentially render these
bacteria more susceptible to antimicrobjal
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ugems(s‘g'%). Yasuda et al.??) reported (b,
reatment of the biofilms of P. aeruginosq With
clarithromycin (for 5 days) caused decrease iy the
quantity of hexose and alginate and also the quantiyy
of polysaccharides. Clarithromycin eradicate
alycocalyx produced by P. aeruginosa by unknowy
lnecllanisn1(27).

In our studies, the treatment of two-day o]
biofilms of P. aeruginosa in the wells of microtjte
plates with high concentrations  of the quinolones
(12.5 pg/ml to 400 pg/ml) resulted in reduction iy
the optical density of the adherent films, as a resylt
of eradication of the membranous structure (ha
covered the bacterial colonization. Also, the results
revealed that Pefloxacin was the most effective
quinolones in eradicating the biofilm produced by P,
aeruginosa, although it was not the most effective
antimicrobial agent as determined by in-vitro
susceptibility testing. The activity to eradicate the
biofilm may be independent of the antimicrobial
activity. Clarithromycin efficiently eradicated the
biofilms formed by P. aeruginosa, although it is
highly resistant to clarithromycin. Our resulls
indicate that the tested quinolones may be useful for
treatment of chronic infections that involve
colonization of bacteria growing as adheren!
biofilms within extended glycocalyx.

The (wo most common mechanisms of
colonization of vascular catheters are contamination
of insertion skin site and contamination of catheter
hub. Gram-negative bacilli may also be involved if

infections due to contaminated infusale(m- The
modified Robbins Device and the delivery syste™
are analogous to that used for intravenous therapy I"
humans. The same model was used previously b
Khardori et a} (13) (or studying the effect of
subinhibitory concentrations of clindamycin 2%
trospectomycin on the adherence of S. epider ""dri
to the vascular catheters, The results sugg"St?d. e
trospectomycin and clindamycin in Subi"h'?"o?
concentrations may have a role in the preventio"

o utd
the adherence of S. epidermidis 10 V3¢
catheters.

fl u 5 hed|
h v
jal

When the catheters were
ultrasonicated and washed, no bacterial Sro‘fﬂ
seen in the presence or absence. of a"‘imlcrot
agents. These three procedures remove adhefetv."’
well as, planktonic bacteria. When catheter ~
colonized in the absence of antimicrobid! ageshcd
bacterial growth was observed in segments uohiai
but not sonicated, In the presence of umirrucrhcl .
agents (1/2 MIC, 1/4 MIC and 1/8 MIC) the &
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Figure 3: Effect of Subinhibitory Concentrations (122 MIC, 14 MIC, 1/8 MIC) qf
Pefloxacin on the Adherence of P. aeruginosa in an In-Vitro Model of
Vascular Catheter Colonization.
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Figure 5: Scanning electron micrographs showing a large amount of mlcqocolonlcfs of P.
aernginosa covered with glycocalyx in absence of antimicrobial agents.
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Figure 7: Scanning electron micrographs showing reduction in glycocalyx and
microcolonies of bacteria in presence of Pefloxacine at a concentration of
a- /8 MIC
b- 1/4 MIC
c- 172 MIC
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showed no or slight growth after flushing and in (he
absence of sonication indicating a significant
inhibition in the adherence of the tested organisms (o
the vascular catheters. These findings were further
evaluated by observation of the glycocalyx
formation and adherent bacteria on the surface of the
catheter segments by scanning electron microscopy.
Significant reduction in the adherent bacteria in the
presence of 1/2 MIC, /4 MIC and 1/8 MIC of
pefloxacin was observed. Maximum reducing effect
was detecled in the presence of 1/2 MIC. Reid el

al.(23) reporled that pretreatment of urinary fracl
silicone latex catheters in-vitro with subinhibitory
concentration (0.1 pg/ml ) of Ciprofloxacin for 1, 24,
and 48 hrs significantly reduced the adherence of P.
aeruginosa AKI]. Our data show that the
subinhibitory concentrations of the used quinolones
significantly inhibit the glycocalyx production and
the adherence of P. aeruginosa lo the vascular
catheters. Low doses of the quinolones may be
useful as prophylactic agents to prevent biofilm
associated infections.

The activity of the quinolones in eradicating
the preformed biofilm and removal of the adherent
bacteria in the in-vitro model of vascular catheter
colonization was confirmed by scanning electron
microscopy. The colonized catheters that were
treated with 50 pg/ml of pefloxacin had most of the
adherent cells removed and a very small amount of
glycocalyx remained. No adherent cells were
observed on the segments that were treated with 100
pg/ml for 2 hrs. The activity of cprofloxacin in
cradicating the preformed biofilms of P. aeruginosa
was also reported by Reid et a).23).-The adherent
biofilms of P. aeruginosa were cradicated by 24 hrs
of interaction with 50 and 100 pg/ml of

Ciprofloxacin. On the other hand, Nickel et al.”()).
showed that the presence of 8 hrs old biofilms
produced by P. aeruginosa on the urinary tract
catheters, significantly increases the bacterial
resistance to tobramycin. The activity of tobramycin
against the sessile bacteria of P. aeruginosa was

enhanced in combination with pipracillin®).

The results indicate that the four guinolones,
ciprofloxacin, norfloxacin, pefloxacin, and ofloxacin
can be in low doses to prevent biofilm associated
infections. Treatment of preformed biofilms (sessile
bacteria) of P. aeruginosa with clinically achievable
concentrations of quinolones resulted in eradication
of the membranous structures of the biofilms and
consequently may increase the penetration of
quinolones and other antimicrobial agent into the
bacterial biofilms. Thereflore, the quinolones may be

649

effective in the treatment of biofilm associated
infections as single agents and/or enhance the
activity of other antimicrobial agents,
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