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A a
The aim of the study was to determine the effects of levofloxacin on the phagocytic and intracellular 

killing functions of human neutrophils at different therapeutic concentrations and to investigate the 
possible differences between pure powder and pharmaceutical form of levofloxacin on the neutrophil 
functions. Neutrophils obtained from healthy volunteers were incubated with both pure powder and 
pharmaceutical form of levofloxacin at different concentrations (1.4 μg/mL, 2.8 μg/mL, 5.7 μg/mL, 11.4 
μg/mL). At concentrations of 2.8 μg/mL solutions, prepared from both pure powder and pharmaceutical 
form of levofloxacin, were observed to decrease phagocytosis and intracellular killing comparing to 
control samples, but only the decrease for the pharmaceutical form¶s effect on phagocytic function was 
statistically significant (p<0.05). At concentration of 2.8 μg/mL solution, prepared from pharmaceutical 
form of levofloxacin, was observed to statistically significant decrease phagocytosis comparing to 2.8 
μg/mL solution prepared from pure powder of levofloxacin (p<0.05). At concentration of 5.7 μg/mL 
solution, prepared from pharmaceutical form of levofloxacin, was observed to statistically significant 
decrease phagocytosis and intracellular killing comparing to 5.7 μg/mL solution prepared from pure 
powder of levofloxacin (p<0.05). Phagocytic activity of neutrophils was significantly decreased by 
levofloxacin solution prepared from pure powder at concentrations of 11.4 μg/mL when compared with 
control (p<0.05). As conclusion, the solutions prepared with pharmaceutical form have significantly 
inhibition on the phagocytic and intracellular killing functions of human neutrophils in vitro when 
comparing with the solutions prepared with pure powder. 
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(p<0.5). Levofloksasin¶
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INTROD CTION

Various studies have shown that there is an interaction between antibiotics and the function 
of host phagocytes distinct from their direct antimicrobial activity (1-3). The investigation of the 
possible immunomodulatory influence of well-known antibiotics could be a new approach to
the treatment of infections, instead of developing the newer generations of antibiotics for 
achieving higher efficacy, widening the spectrum and overcoming increased bacterial resistance 
(4,5).

The possible factors that affect the immune response of antibiotics were not well defined
previously (1-2). This study was designed to meet two main objectives: the effects of 
concentration and adjuvant materials on immune response of levofloxacin. First objective was 
to investigate the effects of levofloxacin on the phagocytic and intracellular killing functions of 
human neutrophils at different therapeutic concentrations. The second objective was to examine 
the possible differences between pure powder and pharmaceutical form of levofloxacin on the 
neutrophil functions.

E ERI ENTAL

Antibacterial agents
Levofloxacin were kindly provided by Aventis Farma Pharmaceutical Inc. (Istanbul, 

Turkey) in powder form and pharmaceutical form. Both pure powder (1.4 μg/mL, 2.8 μg/mL, 
5.7 μg/mL, 11.4 μg/mL) and pharmaceutical forms (2.8 μg/mL, 5.7 μg/mL) of levofloxacin 
were prepared as a stock solutions at the different therapeutic concentrations in Hank’s balanced 
salt solution (HBSS, Sigma) (6-8). The stock solutions were prepared with pharmaceutical form 
that contained at 2.8 μg/mL and 5.7 μg/mL concentrations of levofloxacin. 

Preparation of neutrophils
A 10 mL blood sample was collected from healthy volunteers by vein puncture in tubes 

containing heparin (Mustafa Nevzat Pharmaceutical Inc, Turkey). Neutrophils were isolated 
from heparinized whole blood by Ficoll (Sigma) gradient centrifugation as described by Boyum 
et al. (6) Contaminating erythrocytes were lysed by suspension of the PMN pellet in distilled 
water for 30 s, followed by the addition of hypertonic saline to correct the tonicity of the 
solution. Neutrophils were washed three times with 3 mL of ice-cold PBS (0.1 M phosphate-
buffered saline, pH: 7.2) and then they were resuspended in HBSS and adjusted to 1 x 107

neutrophils / mL (7). The neutrophils were found to be 99% viable by trypan blue exclusion. 

Neutrophil phagocytosis and intracellular killing function
A suspension of Candida albicans in HBSS was opsonized in 10% pooled fresh human 

serum at a proportion of 4:1 in a separate tube at 370C 30 minutes. Before adding the opsonized 
yeast, neutrophils were added to each sterile tube contained levofloxacin at different therapeutic 
serum concentrations and the mixture of neutrophils and drugs were incubated at 370C for 30
minutes in a shaking incubator. At the end of the preincubation, opsonized yeast cells were 
added to the mixture of neutrophils and drugs. This mixture was incubated for 30 minutes at 
370C and five minutes before incubation was complete, 1 mL of methylene blue (0.01%) was 
added to each tube at concentration 1:2 (v/v) in order to stain the dead yeast cells.  Then 
neutrophil functions were measured on a slide under the microscope. Phagocytic activity of 
neutrophils were calculated as the percentage of neutrophils that include yeast cells and 
intracellular killing activity of neutrophils were calculated as a percentage of neutrophils that 
include dead yeast cells (3, 8) All assays were performed in duplicate.
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Data analyses
Results are all expressed as means ± SD and the statistical significance was determined by 

the one-way analysis of variance (ANOVA). P values less than or equal to 0.05 were considered 
to be statistically significant.

RES LTS

At concentrations of 2.8 μg/mL solutions, prepared from both pure powder and 
pharmaceutical form of levofloxacin, were observed to decrease phagocytosis and intracellular 
killing comparing to control samples, but this was only statistically significant for the 
pharmaceutical form’s effect on phagocytic function (Figure 1).

Fig e 1 pharmaceutical form and 
pure powder effects on neutrophil functions compared to control  group.  

At concentration of 2.8 μg/mL solution, prepared from pharmaceutical form of levofloxacin, 
was observed to decrease phagocytosis and intracellular killing comparing to 2.8 μg/mL 
solution prepared from pure powder of levofloxacin, but this was only statistically significant 
for the effect on phagocytic function (p<0.05). 

At concentration of 5.7 μg/mL solution, prepared from pure levofloxacin, was observed to 
stimulate small increases in both phagocytic and intracellular killing comparing to control. By 
contrast, the solution of pharmaceutical form produced a slight decrease in both phagocytic and 
intracellular killing functions. Comparing to control the results at this concentration were not 
however statistically significant (p>0.05). 
pharmaceutical form and pure powder effects on neutrophil functions compared to control group 
was shown in Figure 2. At concentration of 5.7 μg/mL solution, prepared from pharmaceutical 
form of levofloxacin, was observed to decrease phagocytosis and intracellular killing comparing 
to 5.7 μg/mL solution prepared from pure powder of levofloxacin, these decreases were 
statistically significant (p<0.05).
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Fig e 2 n pharmaceutical form and 
pure powder effects on neutrophil functions compared to control  group.  

At concentrations of 1.4 μg/mL (subtherapeutic) and 11.4 μg/mL (above twice the 
therapeutic level) solutions prepared from pure levofloxacin produced decreases both in 
phagocytic and intracellular killing functions comparing to control, nevertheless, this was only 
significant for the phagocytic effect at concentration of 11.4 μg/mL solution prepared from pure 
powder levofloxacin. All the results are shown in Table 1.

Ta le 1 Effects of levofloxacin on neutrophil functions.

Le l a in T e a e i  
C n en a i n and F m

n ag y i  A i i y 
( ean±SE  )

In a ell la  Killing A i i y 
( ean± SE  )

Control 7 43.14±8.40 16.86±6.49
11.4 pure powder 3 29.67±3.21 9.33±1.15
1.4 pure powder 3 36.67±4.16 12.67±3.21
5.7 pure powder 7 45.71±9.64 21.86±6.01
5.7 pharmaceutical form 7 36.86±4.56 14.43±6.27
2.8 pure powder 7 38.57±7.00 16.43±7.57
2.8 pharmaceutical form 7 29.86±9.10 13.86±6.74

n number of experiments

DISC SSION AND CONCL SION

In the present study, all the solutions of levofloxacin (both prepared with pure powder or 
pharmaceutical form) decreased neutrophil functions except for 5.7 μg/mL pure powder 
solution when compared with control group. 2.8 μg/mL pharmaceutical form solution and 11.4 
μg/mL pure powder dosage form solution were significantly decreased neutrophil phagocytic 
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function when compared with control group (p<0.05). Nevertheless, the decreases on 
intracellular killing function by the levofloxacin solutions were not statistically significant when 
compared with control group (p>0.05).

Although, there are several studies conducted for evaluation of levofloxacin effect on
neutrophil functions, the data is conflicting due to non-standardized methods and use of 
different neutrophil functions by using various assays (2, 4).

Azuma et al. (9) demonstrated that ofloxacin (pure;
phagocytosis of (scherichia coli in PMNs. In the other study, both phagocytic activity and 
intracellular killing activity of PMNs were significantly increased by ofloxacin when compared 
with control (5).

Braga et al (10) found that gatifloxacin (pure; 1/16 and 1/32 of the minimum inhibitory 
concentration [MIC] for 106 bacteria/mL) only increased the neutrophil intracellular killing 
function and also showed that gatifloxacin had generally no effects on the other neutrophil 
functions.

The ciprofloxacin (pure; 0.5 mg/L;), lomefloxacin (pure; 1 mg/L;), fleroxacin (pure; 1
mg/L;) and ofloxacin (pure; 1 mg/L) were increased the intracellular killing of Staphylococcus 
aureus in human neutrophil granulocytes in a concentration- and time-dependent manner in the 
other study (11).

When comparing the effects of pure powder and pharmaceutical pharmaceutical forms of 
levofloxacin on neutrophil functions, both 2.8 μg/mL and 5.7 μg/mL pharmaceutical form 
solution had inhibitory effects on neutrophil phagocytic function when compared with pure 
powder solution at the same concentrations (p<0.05). 5.7 μg/mL pharmaceutical form solution 
was decreased the neutrophil intracellular killing function when compared with pure powder 
solution at the same concentrations (p<0.05).

There is only one study that investigated the possible difference between pharmaceutical 
form and pure powder clarithromycin solutions on the neutrophil functions in the literature. In 
this study, clarithromycin solution prepared with pharmaceutical form was decreased the 
neutrophil functions, which was similar with the present study (12). The solutions prepared with 
pharmaceutical form have significantly inhibition on the phagocytic and intracellular killing 
functions of human neutrophils in vitro when comparing with the solutions prepared with pure 
powder. Adjuvant materials in pharmaceutical form would be effect the response of 
levofloxacin on neutrophil function, so these materials will also be considered when evaluating 
the immunomodulator effects of antimicrobial agents. 
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