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Abstract: Objective: To characterize the pharmacokinetics (PK) of differently administered levofloxacin drug in the
lung tissues of rats Streptococcus pneumoniae pneumonia. Methods: The rat model of pneumococcal pneumonia
was established. Levofloxacin was administered through oral or intravenous route such that it simulated the 400
mg/d dose in patients. Microdialysis technique was used to collect the blood and lung samples simultaneously from
rats with pneumonia infection. Microdialysis technique also helped to characterize the changes in the concentra-
tion of free levofloxacin. Results: 1. 20 minutes after intravenous administration, the concentration of levofloxacin
reached its peak value (C__) (28.08+9.88) pg/mL in lungs: the peak concentration was approximately equal to
the concentration in blood. Then, the concentration decreased simultaneously in both lungs and blood. The pen-
etrate rate (PR) of levofloxacin in lungs is 1.0111+0.21. Elimination half-life (tl/z) is (229.9455.6) min in blood and
(232.84£74.2) min in lungs. The Area Under Curve (AUC(O_W)) values of drug-time curves are (4167.6+1721.6) uygmin/
mL in blood and (3372.7+1086.4) uygmin/mL in lungs, respectively. The distribution coefficient (AUCMng/AUCbmod) is
(1.0394+0.85). 2. After oral administration, there were similar trends of increase and decrease in free levofloxacin
concentration of blood and lungs. After 20 minutes, the average concentration in the lung tissue tends to be higher
than that in the blood. The PR of levofloxacin in lungs is (1.1678+0.06). The free form of levofloxacin concentration
C,..is (1.29£0.41) yg/mL in blood and (1.56+0.7) ug/mL in lungs. The t, is (534.4+381.6) minutes in blood and
(591.4+416.1) minutes in lungs. The AUC , is (920.3+473.6) minug/mL in blood and (1196.2+992.4) minug/mL
in lungs, respectively. The AUCIung/AUCbIocd is (1.2188+0.56). 3. Comparing between groups, the C__ and AUC in both
blood and lungs are significantly lower in case of oral administration. In contrast, compared with the intravenous
administration, the PR in lungs is higher (P<0.05) when the drug is administered orally to the subjects. Conclusion:
At the 400 mg/d dose, levofloxacin concentration reached the peak faster when it was administered through intra-
venous injection. In this case, the free drug concentration was also found to be higher in blood and lungs of rats
with pneumonia. But, the drug concentration continues to be within the mutant selection window, which would
potentially lead to the emergence of drug-resistant mutant bacteria. When delivered orally, the C__and AUC are
lower in blood and lungs; therefore, the levofloxacin antibiotic may not kill the bacteria effectively. The application of
microdialysis technique in the lung tissue is safe and reliable. Moreover, the microdialysis technique can accurately
characterize the pharmacokinetics of drugs in tissues. The technique of microdialysis is demarcated with higher
objectivity.
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Introduction ized with high mortality and morbidity [1].
Several research studies have included large-
Community-acquired pneumonia (CAP) is a scale studies to investigate this disease. These

common infectious disease, which is character- r studies suggest that Streptococcus pneu-
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moniae (Sp) is the most common pathogen that
causes CAP [2]. In fact, the infection caused by
this pathogen is so severe that most patients
succumb to death, despite being hospitalized
in an intensive care unit [3].

Since the 1940s, penicillin and other broad-
spectrum antibiotics have been widely used.
However, there has been no significant
decrease in the mortality rate of patients diag-
nosed with CAP [4]. One of the reasons could
be that at the site of infected lung tissues, the
concentration of antibiotics is insufficient [5].
Furthermore, the bacteria causing CAP shows
formidable drug-resistance. These two major
factors are responsible for the high mortality
rate of patients diagnosed with CAP.

The earlier pharmacokinetic (PK) studies of
antimicrobial agents often provided insufficient
information as they only reported the data
associated with the plasma of subjects partici-
pating the study. However, most infections
occur in the extracellular fluid of tissues.
Therefore, it is more important to determine the
free drug concentration in the intercellular
space at the infectious site [6].

Microdialysis (Microdialysis, MD) is a novel in
vivo technique. It can be used to collect sam-
ples in a real-time, continuous manner. MD is a
unique technique as it does appreciably inter-
fere with the normal metabolism of the subject
during the process of sample collection. It is a
minimally-invasive procedure, which monitors
the free drug concentration in target tissues.
However, very few studies have described the
monitoring of lung tissues by microdialysis
technique. Furthermore, the use of microdialy-
sis technique in the study of antibiotics has
been rarely reported in research studies.

In this study, we established the rat model of
pneumococcal pneumonia. The rats were treat-
ed with the antibiotic levofloxacin, which was
administered through the oral or intravenous
routs. Samples were collected using the tech-
nique of microdialysis. The drug concentrations
in blood and lungs were detected simultane-
ously through microdialysis. The subsequent
results were combined with the in vitro pharma-
codynamic data. In this way, the pharmacoki-
netics of levofloxacin delivered with different
methods was characterized in the lung tissues
of rats with pneumococcal pneumonia.
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Materials and methods
Animals

Twelve male SD rats (SPF level, 220~250 g)
were provided by the Experimental Animal
Center that is affiliated to the Second Military
Medical University [Experimental animal pro-
duction license number: SCXK (Hu) 2007-0003;
Experimental animal use license number SYXK
(Hu) 2007-0003]. The maintenance of animals
follows the Experimental Animal Use Protocol
of the People’s Republic of China. During the
experiment, the following conditions were main-
tained: temperature 18°C-28°C; relative hu-
midity 40%~80%; light cycle 12L/12D. Before
performing the experiment, animals had free
access to food and water. In this study, the
experiments were approved and supervised by
the Ethics Committee of the Second Military
Medical University. The rats were randomly
divided into 2 groups: the intravenous adminis-
tration group and the oral administration group.
Each group consisted of 6 rats. There was no
significant difference in the total body weights
of rats belonging to these two groups
(238.17+11.62 g vs. 234.67+13.29 g, P>0.10).

Experimental bacteria strain

Clinical strains of Streptococcus pneumoniae
were supplied by the Bacteria Room of Changhai
Hospital’s clinical laboratory. The hospital is
affiliated to the Second Military Medical
University. The bacteria were inoculated 1 day
before the experiment on blood agar plates and
cultured at 37°C for 24 h. Bacteria were diluted
with sterilized physiological saline. In this way,
we prepared a suspension solution having a
concentration of 4 McFarland units (deter-
mined by the turbidimetric method). The quali-
ty-controlstrainwasthe standard Streptococcus
pneumoniae (ATCC49616, Bao Mi Ke Biotech,
Shanghai, China).

Equipment

Micro pump (CMA402), fraction collector (CMA
820), 1 mL syringes, vascular probes (CMA/
20PAES, dialysis membrane length: 10 mm,
molecular weight cut-off 100 kD, diameter: 0.5
mm), and Lung probes (CMA/15PAES, dialysis
membrane length 5 mm, molecular weight cut-
off 100 kD, diameter 0.5 mm) were purchased
from CMA Microdialysis (Sweden). LC-2010AHT
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HPLC was purchased from Shimadzu (Japan).
Kromasil C-18 column (150 x 4.6 mm, 5 ym)
and ALC-V8S small animal respiration machine
were supplied by Shanghai Alcott Biotech
(China).

Chemicals and reagents

Levofloxacin Hydrochloride standards (National
Institute for the Control of Pharmaceutical and
Biological Products, purity 99.8%); Levofloxacin
Hydrochloride bulk drugs (Wuhan Hengzhong
Biochemical Co., China. Purity 99%. Catalog
Number 20090901); Sodium pentobarbital
(Sigma-Aldrich, purity >98%, Catalog Number
P3761); ACD buffer (Sodium citrate 22 mg/ml,
citrate 8 mg/ml and glucose 24.5 mg/ml;
Shanghai Transfusion Technology, Catalog
number 09081621B); methanol (TEDIA, chro-
matographic pure); ultrapure water; Triethy-
lamine and phosphoric acid (Analytical grade).

Establishment of pneumonia model in rats

Rats were anesthetized with an intraperitoneal
injection of 3% sodium pentobarbital. Sub-
sequently, they were fixed in an overhead posi-
tion on a 37°C warm pad. Successful anesthe-
sia was confirmed by no reflex when footpads
were squeezed. Neck skin was sterilized. The
trachea was exposed through a longitudinal
incision. Thereafter, a puncture was made
between the tracheal rings. 0.2 MI of Strep-
tococcus pneumoniae suspension (about 2.4 x
108 CFU/rat) was injected into these rats. In
order to ensure a uniform distribution of bacte-
rial solution in the lungs, the rats were keptin a
standing position for 20 s. After 5 days, the
same injection procedure was repeated. The
pneumonia model was successfully estab-
lished 9 days after inoculation.

Animal experiment methods

After the rats were anesthetized, tracheal intu-
bation was performed. The breath was main-
tained using a small animal ventilator (frequen-
cy 80 beats/min, tidal volume 2.5 ml). In order
to expose the right lobes, an inclined incision
was made on the right side of the chest. The 5™
rib was also partially broken for this purpose.
The right middle lobe was suspended with the
help of non-toothed forceps. The microdialysis
probe was implanted in the hilar direction of
the lung tissue. After fixing the probe, the lobe
was carefully brought back and the chest was
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closed [7]. Vascular probe was implanted in the
inferior vena cava through the left femoral vein.

Determination of probe recovery rate

Reverse dialysis method was used. After suc-
cessful probe implantation, the lung probe was
perfused with Ringer buffer, while the vascular
probe was perfused with ACD buffer. Thus, any
chances of coagulation at the dialysis mem-
brane of the probes were minimized. After a
stabilizing period of 2 hours, the Ringer and
ACD buffers were replaced with buffers con-
taining 1 ug/mL standard levofloxacin hydro-
chloride. The lungs and vessels were perfused,
while maintaining a flow rate of 2 ul/min. Thus,
the solutions were collected every 10 minutes.
The drug concentrations in the perfusion solu-
tion (Cperf) and dialysis solution (C, ) were
determined using the analytical technique of
high pressure liquid chromatography (HPLC).
The in vivo recovery rate of probes was calcu-
lated using the formula: R, = (Cperf-CdiaI)/Cperf'
The measured in vivo drug concentration C,
was calculated using the formula C = C_/R . .
Here, the dialysis concentration C_ was deter-
mined by continuous in vivo monitoring.

Pharmacokinetic analysis

Based on the ratio of body surface area in rats
and human-beings, we calculated the dosage
of levofloxacin antibiotic that would be suitable
for rats (42 mg/kg).In this way, we could simu-
late the levofloxacin dosage of 400 mg/d,
which is recommended for adult patients. The
dosage specifications of levofloxacin antibiotic
have been fixed after taking into account the
instructions of the Chinese State Food and
Drug Administration. The levofloxacin solution
was diluted to 1 mL. The levofloxacin solution
was intravenously injected through the tail vein
in rats. On the other hand, gastric tube was
used to orally administer the antibiotic in rats.
The process of administering the injection was
completed within 15 seconds. Thereafter, dialy-
sis samples were immediately collected from
these injected rats.

During the first 240 minutes of the experiment,
the samples were collected at regular time
intervals of 10 minutes. Thereafter, the sam-
ples were collected every 20 minutes. At this
stage, the process of sample collection was
performed for 360 minutes. Meanwhile, chang-
es in drug concentration in blood and lungs
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were simultaneously monitored for 360
minutes.

The pharmacodynamic data were obtained
with the help of Phoenix Win Nonlin (Pharsight
Corporation, Version 6.1, 2009) software. Non-
compartment models were used for this
purpose.

Based on the measured value, area under the
curve was calculated using the formula: AUC =
AUC, . + AUC )= AUC . +C_/A,.

(0-1) (t-inf (0-1)

Area under the first moment was calcula-
ted using the following formula: AUMC =
AUMC,_ + (g X /A, + C /(M)

last

Here, A, is the slope of the tail index section on
the log drug concentration-time curve. C__ and

1, are the drug concentrations of the terminal

observed value. Mean residence time MRT =
AUMC/AUC.

Drug elimination half-life: t,= In(2)/A,.

Blood and lung drug distribution coefficient
AUC _/AUC

lung blood”

Penetration rate of levofloxacin in lungs PR =
Clung/C

blood”

Statistical analysis

Statistical analysis of data was performed with
the help of SPSS13.0 statistics software.
Measurement data were expressed in terms of
mean + SD. Pharmacokinetic parameters that
required statistical analysis were subjected to
homogeneity of variance analysis. This analysis
helped us to confirm the normal distribution of
the pharmacokinetic data. Thereafter, the data
were analyzed with two-sample t test (P<0.05
indicates statistical significance).

Results
Levofloxacin chromatographic conditions

Specificity: Under current experimental condi-
tions, there was no endogenous interfering
substances affect the measurement. The peak
shape of levofloxacin concentration and resolu-
tion were good. The retention time was 3.58
minutes.

Linearity and scope

Levofloxacin hydrochloride standard was accu-
rately weighed and dissolved in ultrapure water
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to prepare stock solution. The concentration of
the stock solution was 1 mg/mL. In order to
prepare a series of standard solutions in tripli-
cates, the stock solution was subjected to
further dilutions. The concentrations of these
diluted standard solutions were 0.0304,
0.0608, 0.2435, 0.487, 1.95, 7.8125, 31.25,
62.5, and 125 ug/mL, respectively. All these
standard solutions were prepared by diluting
the different aliquots of stock solution. 10 uL of
each standard solution was tested by HPLC,
and the peak area was recorded. The plot of
levofloxacin peak area (Y) vs. concentration (X)
was subjected to linear regression in order to
obtain the standard curve Y = 54680.4X-
12610.8 (r? = 0.9998). According to the stan-
dard curve, the linearity of levofloxacin concen-
tration is good for dialysis solutions where the
concentration lies between 0.0304~125 pg/
mL.

The precision and accuracy

The standard solutions of low, medium, and
high concentration of levofloxacin were pre-
pared by diluting the stock solution appropri-
ately. Thus, the respective concentrations of
the standard solutions were 0.0608, 1.95, and
62.5 ug/mL. The standard solutions were con-
tinuously tested six times in one day. Thereafter,
the actual concentration was determined using
the standard curve of the day. Within-day preci-
sion, the Relative Standard Deviation (RSD)
values of the measured concentrations were
0.62%, 6.45%, and 3.18%, respectively. With
the help of this method, measured concentra-
tions were determined for three consecutive
days. Thereafter, the RSD values were calcu-
lated after taking into account the day-to-day
precision. These RSD values were found to be
0.87%, 6.28% and 5.55%, respectively. It is
interesting to note that the RSD values of the
within-day precision and day-to-day precision
were less than 15.0%. In other words, this
method meets the requisite requirements of
methodological precision. Solutions of different
concentrations were prepared, 5 replicates for
each concentration, and analyzed with HPLC.
The signals were used to determine the mea-
sured values with standard curve regression
equation.

Relative recovery was calculated using the fol-
lowing formula:

Relative recovery = (measured value/added
concentration) x 100%.
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Table 1. The within-day and day-to-day precision and accu-
racy of the measurements of biological samples

centration in blood. Thereafter, levo-
floxacin concentrations decreased

simultaneously in blood and lungs.

Added concentration Found concentration RSD Recovery . o
(ug/mL) (ug/mL) (%) (%) The drug—yme curves d_eplct.lng free
Inter-day levofloxacin concentrations in lungs
0.0608 0.0577+0.0036  0.62 94.8+5.94 and bloods were so similar that they
1.95 186+0.12 6.45 95.945.93 almost overlapped each other. On
) o ' T the other hand, after oral administra-
625 61.38+1.95 818 98.2:3.11 tion of levofloxacin, the concentra-
Intra-day tions of this free drug in increased in
0.0608 0.0596+0.0052 0.87 98.06+8.62 blood and |ungsl Furthermore, the
1.95 1.91+0.12 6.28 100.97+5.89 free drug concentrations in blood
62.5 60.58+3.36 5.55 99.9+6.69 and lungs also showed a subsequent

According to the results, the accuracy of this
method varied between 94.8% and 101%. The
results were in the range of 100+15%.
Therefore, this method is suitable for measur-
ing biological samples (Table 1).

Pharmacokinetic results

Before performing intravenous administration
of drugs, probe recovery was conducted in rats
using the method of in vivo reverse dialysis.
According to estimated reports, the recovery
was (36x12) % in blood and (28+11) % in lungs.
After completing the procedure of sample col-
lection, all animals were checked by thoracoto-
my. No pulmonary bleeding or significant pleu-
ral effusion was found in rats that participated
in this study. The probe was fixed inside the
lung tissues. These tissues were dissected in
presence of the probe. Thereafter, the dissect-
ed lung tissues were fixed with formalin and
subjected to paraffin section. Based on this
technique, we could confirm that probe implan-
tation sites consisted of lung parenchyma.

Drug-time curve

As shown in Figure 1, the log curves displayed
the concentrations of levofloxacin hydrochlo-
ride at different sample collection points in
blood and lungs. The standard of levofloxacin
hydrochloride was administered through oral or
intravenous routes. Twenty minutes after intra-
venous administration, the concentration of
free levofloxacin in lungs was measured. The
results showed that this concentration
increased significantly within a short time inter-
val of twenty minutes. In fact, the results sug-
gested that the concentration of free levofloxa-
cin in lungs was approximately equal to its con-
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simultaneous decrease. It is impor-

tant to mention that the concentra-
tion of free drug in lungs was slightly greater
than that in blood. In order to perform statisti-
cal analysis of the data, the concentrations at
different time points in blood and lungs were
analyzed with the help of t-test. All the P value
exceeded the threshold value of 0.05.

The drug-time curves that were plotted using
the time points from different drug delivery
methods could be clearly distinguished as each
of them had their own individual characteris-
tics. There was no intersection between the
curves depicting free drug concentrations in
blood and lungs. The curves were quite distinct
for both: intravenous and oral routes of admin-
istration. While comparing intravenous and oral
modes of administration, it was found that the
concentrations of free drug are higher with
intravenous administration in both blood and
lungs

Comparison of pharmacokinetic parameters
of blood

After intravenous and oral administration of
levofloxacin hydrochloride, the PK values in
blood were determined (Table 2). After intrave-
nous or oral administration of the drug, the C__|
values in blood were 40.39+21.83 yg/mL and
1.2940.41 pg/mL, P = 0.010. The AUC_  val-
ues were 4167.6+1721.6 min-ug/mL and
920.3+473.6 min-ug/mL, P = 0.009. The differ-
ence is statistically significant.

Comparison of pharmacokinetic parameters in
lung tissues

After administering the levofloxacin hydrochlo-

ride through intravenous or oral route, the PK
values in lungs were determined (Table 3). After
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Figure 1. The curves of levofloxacin concentrations at different sample collec-

tion sites. Two different drug delivery methods were employed in this process.
The data were represented as mean + SD.

Table 2. The comparison of PK parameters of levofloxacin hydro-
chloride in blood with intravenous and oral administration

AUC“mgS/AUCblood Intravenous (n = 6) Oral (n =6) P value
t1/2B (min) 229.91+55.6 534.4+381.6 0.116
tmax (min) 10 95+98.15 0.089
C, o (ME/mML) 40.39+21.83 1.29+0.41 0.010
AUC,, (minug/mL) 3035.3+1229.3 311.8+36.6 0.003
AUC,  (minug/mL) 4167.6+1721.6 920.3+473.6 0.009
MRT (min) 269.6+93.4 814.9+533.8 0.057

The data were presented as mean +sd. C__denotes the peak concentrations of
drug in tissues, whereas tmax represents the time elapsed in reaching the peak
value. AUC , -is the total area under the curve and AUC_, represents the cut-off area
that extends to the terminal observation point. MRT is the mean retention time of

drug molecules in vivo.

Table 3. The comparison of PK parameters of levofloxacin hydro-
chloride in lungs with i.v. and oral administration

AUC,, ./AUC, 4 Intravenous (n = 6) Oral (n = 6) P value
t1/2p (min) 232.8+74.2 591.4+416.1  0.096
tmax (min) 20 70+£56.57 0.084
C,.. (Mg/mL) 28.08+9.88 1.56£0.7 0.001
AUC,, (minug/mL) 2361.2+550.6 351.4+124.6  0.0002
AUC,,  (minug/mL) 3372.7+1086.4 1196.24992.4 0.017
MRT (min) 287.7+£107.3 883.61599.6  0.062
AUC,, /AUC, 1.0394+0.85 1.2188+0.56  0.729
PRvalue (C, /C,..) 1.0111+0.21 1.1678+0.06  0.0002

the AUC, . values were
3372.7+1086.4 min-ug/mL
and 1196.2+992.4 min-ug/
mL, respectively (P = 0.017,
the difference is statistically
significant). Similar distribu-
tion coefficients were associ-
ated with the two drug deliv-
ery methods. After oral
administration, the penetra-
tion rate of levofloxacin was
higher in lungs, 1.1678+0.06
vs.1.0111+0.21 (P=0.0002,
the difference is statistically
significant).

Discussion

In the past few decades, the
strains of Streptococcus
pneumoniae have become
quite resistant to penicillin
and other antibiotics. In fact,
the resistance rate of these
strains has been growing rap-
idly. This trend has been
observed in many parts of
the world, especially in recent
decades. In other words, their
drug resistance has become
a problem of worldwide con-
cern. The SENTRY monitoring
results of 1998 to 2004 sug-
gested a gradual decrease
in the sensitivity of Strep-
tococcus pneumonia species
to B-lactam and macrolide
antimicrobial drugs. Strep-
tococcus pneumonia species
were isolated from the respi-
ratory tracts of patients visit-
ing the community healthcare
centers. The SENTRY moni-
toring operation was per-
formed in 123 centers, which
were spread across 39 coun-
tries [8].

In 2007, the Infectious
Diseases Society of America
and American Thoracic So-
ciety (IDSA/ATS) revised the

intravenous or oral administration of levofloxa-
cin, the C__ values in blood were found to
be 28.08+9.88 pg/mL and 1.56+0.7 pg/mL,
respectively (P = 0.010). Furthermore,
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guidelines of CAP treatment [9]. According to
revised guidelines, respiratory quinolones
should be used initially in empirical therapy
used for treating CAP clinically. This approach is
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recommended in instances where Strep-
tococcus pneumoniae show high resistance to
macrolide antibiotics. While using levofloxacin
antibiotic in the treatment of pneumococcal
pneumonia, the drug concentration in blood
should be maintained above the mutant pre-
vention concentration (MPC). Thus, one can
ensure successful treatment also prevent the
emergence of drug-resistant mutants.

In 1999, Zhao and Drlica et al. in the US first
proposed the hypotheses of mutant prevention
concentration (MPC) and mutant selection win-
dow (MSW), which provided novel insights to
the practice of clinical optimization of antibiot-
ics. Their hypotheses took into account the
drug dosing regiments of antibiotics and
restricted the selective amplification of drug-
resistant mutants. Some scientists have sug-
gested that the MPC-related PK/PD parame-
ters are more appropriate parameters in this
issue. In addition, AUC,,/MPC and C__/MPC
could be considered as the ideal PK/PD param-
eters to predict the extent of drug resistance.
AUC,,/MIC = 20 h can be used as the lower
limit of MSW, while AUC,,/MPC = 25 h can be
used as the upper limit of MSW in vivo.

Several controlled clinical studies have proved
the bacteriological and clinical efficacy of levo-
floxacin antibiotic in CAP treatment. In addition,
sequential therapy can reduce the hospitaliza-
tion time and maintain the efficacy of the treat-
ment. Sequential therapy is provided to patients
through oral and intravenous routes of adminis-
tration. In earlier times, the PK was determined
with the help of samples procured from the
plasma or bronchoalveolar lavage of healthy
subjects. However, the free drug concentration
in target tissues is the most important PK
parameter. Moreover, the AUC of antibiotic
drugs administered to patients with bacterial
infections is not equal to the AUC of antibiotic
drugs administered to healthy subjects.

When lungs are infected by the bacteria, patho-
gens are primarily situated in interstitial lung
extracellular fluid, because it is the main target
of antimicrobial agents. Using microdialysis
technique, we investigated the PK characteris-
tics of levofloxacin drug in infected rat lungs.
For this investigation, the extracellular drug
concentration was determined in a real-time
and continuous manner.

According to previous research studies in
China, the MIC,, and MPC_  of Streptococcus
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pneumonia have concentrations of 1 mg/L and
4 mg/L, respectively [12]. When single dose of
levofloxacin was given to simulate the 400
mg/d dose in human, the C__ values in blood
and lungs was significantly higher than the
MIC,,and MPC, of Streptococcus pneumonia.
Thus, we found that better bacterial removal
effects could be achieved through this
approach. On the other hand, according to the
MSW theory, the AUC(Ofinf/MIC90 is 69.46 h and
AUC ./ MPCis 17.37 h in blood; while AUC(O,
inf/MIC90 is 56.21 h and AUC, /MPCg, is
14.05 h in lungs. All the values lie between the
upper and lower limits of MSW. Thus, these PK
parameters can possibly induce drug-resistant
Streptococcus.

When the same dose of levofloxacin was admin-
istered orally, C__ and AUC_, . values were
found to be significantly lower than the intrave-
nous group (P<0.05). The C__ values are
1.29+0.41 pg/mL and 1.56+0.7 pg/mL,
respectively. Thus, they are slightly higher than
MIC,, but lower than MPC_ . In lung tissues, the
AUC, ./ MICg, is only 19.94 h. Thus, it is close
to the lower limit of MSW. Furthermore, the
AUC(O_W)/MIC90 is 15.34 h: a comparatively
lower time period. Therefore, while simulating
the 400 mg dose of human through oral admin-
istration, levofloxacin may not be able to attain
the effective tissue drug concentration in lung
tissues of infected rats. In addition, because
AUC/MIC, value is closer to the lower limit of
MSW, the possibility of induced drug-resistance
in Streptococcus cannot be ruled out. But the
results also indicate that, with both oral and
intravenous administration, levofloxacin has
good tissue distribution and penetration in rats
with pneumonia, and they are significantly high-
er than those in normal human lungs [13, 14].

Furthermore, after oral administration, the PR
reached 1.1678+0.06, which is higher than the
PR attained through intravenous administra-
tion. A possible explanation could be that in
inflammatory situation the local blood vessels
in the infected tissues get dilated and blood
flow gets accelerated. Meanwhile, with conges-
tion and edema in lung tissues, the permeabil-
ity of blood vessel walls increases, promoting
inflammatory cells entering the tissue space.
Thus, the penetration of levofloxacin into lung
tissues gets enhanced.

According to the findings of this study, oral
administration may not be the best choice
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under current dosage conditions of levofloxacin
in the initial stages. Therefore, intravenous
administration should be chosen. However, the
dose should be increased to prevent the emer-
gence of drug-resistant bacteria strains.
Nevertheless, further studies should include
human subjects as there are significant biologi-
cal differences between experimental animals
and human beings.

Conclusion

In this study, rats were infected with Strep-
tococcus pneumoniae. Thereafter, they were
treated with the antibiotic levofloxacin. It should
be noted that levofloxacin exhibited strong pen-
etration and tissue distribution coefficient in
lung tissues. This powerful penetration of the
antibiotic was found in both oral and intrave-
nous modes of administration. When the infect-
ed rats were intravenously administered with
the dose equivalent to 400 mg in humans, levo-
floxacin reached optimum concentration in
blood and lungs. Thus, the antibiotic could suc-
cessfully eliminate the Streptococcus pneumo-
nia from the infected rats. But, the concentra-
tion is still within the range of mutant selection
window. In other words, we cannot rule out the
possibility of induced emergence of drug-resis-
tant mutant strain. After oral administration,
the concentration and AUC value of levofloxacin
drug decreased significantly in blood and lungs.
The value is lower than the effective therapeu-
tic concentration. It is necessary to adjust the
dose and deeply investigated the PK/PD of
levofloxacin. Microdialysis technique is a reli-
able and safe procedure that can be applied to
lung tissues. In addition, the data generated
by this approach provide important informa-
tion, which can be used in the study of
Pharmacokinetics of antibiotic drugs.

Disclosure of conflict of interest
None.

Address correspondence to: Yi Huang, Department
of Respiratory Medicine, Changhai Hospital of
Second Military Medical University, Shanghai
200433, China. Tel: +86-13386276532; E-mail:
huangliur@163.com; Heping Xiao, Department of
Tuberculosis, Shanghai Pulmonary Hospital, Shang-
hai 200433, China. E-mail: xiaoheping_sars@163.
com

7254

References

[1]  Thiem U, Heppner HJ, Pientka L. Elderly pa-
tients with community-acquired pneumonia:
optimal treatment strategies. Drugs Aging
2011; 28: 519-537.

[2] Pletz MW, Rohde G, Schutte H. Epidemiology
and aetiology of community-acquired pneumo-
nia (CAP). Dtsch Med Wochenschr 2011; 136:
775-780.

[3] Cilloniz C, Ewig S, Polverino E. Microbial aetiol-
ogy of community-acquired pneumonia and its
relation to severity. Thorx 2011; 66: 340-346.

[4] Anderson RN, Smith BL. Deaths: leading
causes for 2002. Natl Vital State Rep 2005;
53: 1-89.

[5] Dhanani J, Roberts JA, Chew M, Lipman J,
Boots RJ, Paterson DL, Fraser JF. Antimicrobial
chemotherapy and lung microdialysis: a re-
view. Int J Antimicrob Agents 2010; 36: 491-
500.

[6] Marchand S, Dahyot C, Lamarche |, Mimoz O,
Couet W. Microdialysis study of imipenem dis-
tribution in skeletal muscle and lung extracel-
lular fluids of noninfected rats. Antimicrob.
Agents Chemother 2005; 49: 2356-2361.

[71 Leandro Tasso, Clarissa C. Bettoni, Laura K.
Oliveira, Dalla Costa T. Evaluation of gatifloxa-
cin penetration into skeletal muscle and lung
by microdialysis in rats. Int J Pharm 2008;
358: 96-101.

[8] Jones RN, Sader HS, Fritsche TR. Comparisons
of parenteral broad-spectrum cephalosporins
tested against bacterial isolates from pediatric
patients: report from the SENTRY Antimierobi-
al Surveillance Program (1998-2004). Diagn
Mierobiol Infect Dis 2007; 57: 109-116.

[91 Mandell LA, Wunderink RG, Anzueto A, Bartlett
JG, Campbell GD, Dean NC, Dowell SF, File TM
Jr, Musher DM, Niederman MS, Torres A, Whit-
ney CG; Infectious Diseases Society of Ameri-
ca; American Thoracic Society. Infectious Dis-
eases Society of America/American Thoracic
Society Consensus Guidelines on the Manage-
ment of Community-Acquired Pneumonia in
Adults. Clin Infect Dis 2007; 44 Suppl 2: S27-
S72.

[10] Zhao X, Drlica K. Restricting the selection of
antibiotic-resistant mutants: a general strategy
derived from fluoroquinolone studies. Clin In-
fect Dis 2001; 33 Suppl 3: S147-S156.

[14] [44] Cui J, Liu Y, Wang R, Tong W, Drlica K,
Zhao X. The mutant selection window in rab-
bits infected with Staphylococcus aureus. J In-
fect Dis 2006; 194: 1601-1608.

[12] Guo P, Yu J, Zhang J. Mutant prevention con-
centrations of fluoroquinolones against clini-
cally-isolated Streptococcus pneumonia. Chi-

Int J Clin Exp Med 2016;9(4):7247-7255



Pharmacokinetics of levofloxacin by microdialysis

nese Journal of Infection and Chemotherapy [14] Hutschala D, Kinstnez C, Skhirtladze K, Mayer-
2010; 10: 13-16. Helm BX, Zeitlinger M, Wisser W, Muller M,

[13] Hutschala D, Skhirtladze K, Zuckermann A, Tschernko E. The impact of perioperative atel-
Wisser W, Jaksch P, Mayer-Helm BX, Burgmann ectasis on antibiotic penetration into lung tis-
H, Wolner E, Miller M, Tschernko EM. In vivo sue: an in vivo microdialysis study. Inten Care
measurement of levofloxacin penetration into Med 2008; 34: 1827-1834.

lung tissue after cardiac surgery. AAntimicrob
Agents Chemother 2005; 49: 5107-5111.

7255 Int J Clin Exp Med 2016;9(4):7247-7255



