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In vitro efficacy of ciprofloxacin and
gentamicin against a biofilm of
Pseudomonas aeruginosa and its free-
living forms

GUNJAN AGARWAL, ARTI KAPIL, S. K. KABRA,
BIMAL K. DAS, S. N. DWIVEDI
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INTRODUCTION
Patients with cystic fibrosis (CF) develop recurrent and chronic
respiratory tract infections. These are a major cause of morbidity
and mortality in these patients.1

Infection due to P. aeruginosa has been implicated as the major
cause of morbidity and mortality in CF patients.2–5 During recur-
rent and chronic infections, there is activation of inflammatory
responses, which damages the lung tissue. The initial colonization
is with non-mucoid forms of P. aeruginosa but with damage to the
lung tissue the organism acquires alginate, an exopolysaccharide,
and gets converted to the mucoid form. Mucoid P. aeruginosa has
the ability to evade normal opsonization and phagocytosis. Due to
the mucoid phenotype, the organism forms microcolonies called
biofilms, which allow the organism to survive in hostile condi-
tions. These microcolonies in biofilm are the cause of many
persistent infections,6 as they are resistant to antimicrobial agents,
which makes it difficult to eradicate the infection.7 Free-living
forms of the organism remain susceptible to the action of antibi-
otics.8–11

We studied the minimal biofilm eradication concentration
(MBEC) of gentamicin and ciprofloxacin against an established
biofilm of P. aeruginosa ATCC 27853 and compared the MBEC
with the minimal bactericidal concentration (MBC) against the
free-living forms of the organism.

METHODS
Organism
The standard reference strain P. aeruginosa ATCC 27853 (ATCC,
USA) was used to develop a biofilm on a coverslip (solid surface).
The isolate was grown on Muller Hinton agar (MHA, Hi Media,
Mumbai) and further on Muller Hinton broth (MHB). Bacterial
counts were done on MHA.

Biofilm formation
A single colony of P. aeruginosa ATCC 27853 grown on MHA
was inoculated in 100 ml of MHB and grown to mid-log phase (8
hours) on the environmental shaker. After 8 hours of growth, the
viable counts were 8¥106. Two ml of the above cell suspension
was added to the coverslip kept in different wells of a 24 well
round-bottomed microtitre plate (Costar, USA). The plate was
incubated at 37 ºC for varying time intervals (0, 4, 8, 12, 24 and
48 hours). At each time interval, the coverslip was carefully picked
up with a pair of sterile forceps and washed thrice with 0.9%
sterile normal saline (NS) for 1 minute each, which removed the
unattached and loosely bound bacteria. Once the biofilm was
formed, it was detected and quantitated.12

Detection of biofilm
At different time intervals, 25 ml of 1% crystal violet solution was
added to each well of the microtitre plate containing MHB. After
15 minutes at room temperature, the wells were rinsed 4 times
with 0.9% normal saline to remove unattached and residual dye,
and the coverslip was blot-dried on tissue paper. The stained
biofilm was detected by light microscope at 200¥ and 400¥
magnification. The incubation time at which a uniform biofilm
was established was recorded.

Quantitation of biofilm
The formation of biofilm was quantitated by measuring the
absorbance of CV-stained biofilm at 575 nm and by total viable
counts.

To measure the absorbance at 575 nm, the CV was solubilized
in 95% ethanol (Merck) and the absorbance was measured at 575
nm (A

575
)

 
with a spectrophotometer (Spectronic Genesys 2, USA).13

The time at which maximum A
575

 was observed was recorded. The
biofilm was also quantitated by viable bacterial counts. Briefly,

All India Institute of Medical Sciences, Ansari Nagar, New Delhi 110029,
India

GUNJAN AGARWAL, ARTI KAPIL, BIMAL K. DAS Department of
Microbiology

S. K. KABRA Department of Paediatrics
S. N. DWIVEDI Department of Biostatistics

Correspondence to ARTI KAPIL; akpail_micro@yahoo.com

© The National Medical Journal of India 2005



185

the coverslip containing the adherent biofilm was suspended in 1
ml of 0.9% normal saline and sonicated mildly at 60 Hz for 10
seconds (Ultrasonic Processor Sonicator, Misonix, New High-
way, NY). Serial dilutions of the suspended cells were plated on
MHA plates and incubated overnight at 37 ºC. The viable counts
were recorded as total colony forming units (cfu)/ml. The time at
which maximal viable counts were observed was recorded.

Antibiotic susceptibility tests
Antibiotic preparation. Stock solutions (1 mg/ml) of cipro-

floxacin and gentamicin (Hi Media, Mumbai) were prepared in
MHB. Varying concentrations of antibiotics were used for deter-
mination of antibiotic susceptibility against biofilm and free-
living forms of P. aeruginosa ATCC 27853. For ciprofloxacin: 1,
2 and 4 mg/ml and for gentamicin: 4, 8, 16, 32 and 64 mg/ml
concentrations were used.

Antibiotic susceptibility of biofilm and free-living forms of P.
aeruginosa. The antibiotic susceptibility of established biofilm
and free-living forms of P. aeruginosa was determined.14 The
experiment was repeated thrice to check reproducibility.

Biofilm susceptibility testing. The appropriate time at which
maximal biofilm was established was selected for antibiotic
susceptibility. Different concentrations of ciprofloxacin and gen-
tamicin (1 ml) were added to the established biofilm followed by
incubation for 18 hours at 37 ºC. The coverslip was carefully
picked up with a pair of sterile forceps, washed thrice with 0.9%
normal saline and sonicated at 60 Hz for 10 seconds. The viability
of the biofilm was determined by cfu/ml. The MBEC of an
antibiotic was defined as the minimum concentration of an anti-
biotic required to eradicate the established biofilm.

Free-living susceptibility testing. The MBC of an antibiotic for
free-living forms was defined as the minimum concentration of an
antibiotic required for complete eradication of bacterial cells
during 6 hours of incubation in MHB. Complete eradication was
recorded if one or no colony of  P. aeruginosa was present on MHA
plates inoculated with undiluted culture.15

RESULTS
Biofilm formation assay
The biofilm started forming at 4 hours and was maximal at 12
hours on the coverslip. After 24 hours, the biofilm started disinte-
grating (Fig. 1).

The quantitation of the biofilm by absorbance at 575 nm and
viable bacterial counts is shown in Table I. The maximum A

575 
and

viable counts
 
were observed at 12 hours, which corresponded to

the maximal biofilm production. At 24 hours, both A
575

 and viable
counts declined  (Fig. 2).

Antibiotic susceptibility of P. aeruginosa ATCC 27853
Table II shows the MBEC and MBC of gentamicin and cipro-
floxacin. Organisms in biofilm showed a 4-fold greater resistance
against ciprofloxacin and gentamicin compared with free-living
forms.

TABLE I. Quantitation of biofilm of P. aeruginosa ATCC 27853

Incubation time (hours) Absorbance at 575 nm Total viable counts
(cfu/ml)

4 0.115 3.5¥104

12* 0.398 3.3¥105

24 0.020 2.1¥104

*Incubation time at which maximal biofilm was established

TABLE II. Antimicrobial susceptibility of ciprofloxacin and
gentamicin against free-living (MBC) and biofilm (MBEC) of
P. aeruginosa ATCC 27853

Antibiotic Breakpoints Free-living (MBC) Biofilm (MBEC)
(µg/ml) (µg/ml) (µg/ml)

S I R
Gentamicin ≤4 8 ≥16 4 16
Ciprofloxacin ≤1 2 ≥4 1 4

S sensitive I intermediate R resistant
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FIG 1. Development of biofilm on a coverslip at 37 ºC at different
time intervals. A: At 6 hours B: At 12 hours
C: At 24 hours

DISCUSSION
More than 99% of all bacteria live in biofilm communities. In
nature, biofilms are found on solid substrate in contact with moist
surfaces, on soft tissue surfaces in living organisms and at liquid–
air interfaces. They also grow within the human body. Despite the
use of a large number of antibacterial agents for the treatment of
biofilm-associated infections, none has been found useful. Persis-
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tent pulmonary infections in patients with CF are primarily due to
the formation of biofilms.6 The organism evades all host-specific
and non-specific defence mechanisms and is recalcitrant to anti-
biotic action.

We found that the MBEC of ciprofloxacin and gentamicin in
biofilm was 4-fold higher than the MBC of these antibiotics
against the free-living forms of P. aeruginosa ATCC 27853. The
results were in agreement with those of a study in which P.
aeruginosa ATCC 27853 in biofilm showed greater resistance
against ciprofloxacin and gentamicin than free-living forms.15

Thus, ciprofloxacin and gentamicin, which are effective drugs
against free-living forms of P. aeruginosa, have reduced efficacy
when used against biofilms of P. aeruginosa.
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FIG 2. Determination of the optimal incubation time for maximal biofilm production by

A: Absorbance at 575 nm. The optimal incubation time was 12 hours
B: Viable bacterial counts. The optimal incubation time was 12 hours
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