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An antibacterial drug can exert its therapeutic action if it is present in tar-
get tissue at proper concentration. Cutaneous microdialysis is a relatively
new technique, which allows to determine drug concentration in the skin.
The aim of the study was to evaluate the ofloxacin concentrations in plasma
and skin following a single oral dose of 0.4 g. Drug concentration in the skin
was assessed by applying cutaneous microdialysis. The penetration of the
studied agent into dermal microdialysate was compared with its penetration
into theoretical peripheral compartment.

Maximum ofloxacin concentration in plasma was 9.26 �mol/l on aver-
age and was achieved after about 1.7 h. Mean peak concentrations in cutane-
ous microdialysate and in theoretical peripheral compartment were compara-
ble (4.16 versus 4.50 �mol/l), but time to peak concentration in theoretical
peripheral compartment was significantly longer than in microdialysates (5.8
and 2.0 h, respectively). Degree of penetration into cutaneous microdialysate
was about 0.54. Cutaneous microdialysis seems to be a valuable technique to
evaluate drug penetration into the skin.
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INTRODUCTION

Primary and secondary bacterial skin infections
are common. The increasing role of Enterobacte-
riaceae and other Gram-negative aerobic bacteria as
etiological factors in skin infections has prompted
the search for alternative therapies, which have in-
cluded some of the orally and intravenously admin-
istered quinolones. A representative of this group
of drugs, ofloxacin, is a 6-fluoroquinolone with
broad antimicrobial activity against both Gram-ne-
gative and Gram-positive microorganisms. This
compound is structurally related to nalidixic acid.

Mechanism of action of quinolones including
ofloxacin involves the inhibition of bacterial topoi-
somerase II (DNA-gyrase) and probably topoiso-
merase IV. They inhibit tertiary negative supercoil-
ing of bacterial DNA [6]. This is perhaps associ-
ated with binding of quinolones to DNA-gyrase
complex, which leads to rapid bactericidal effect.

Ofloxacin is effective in the treatment of micro-
bial infections also affecting skin and soft tissues
[3, 12]. This drug can be also applied in the treat-
ment of chlamydial as well as N. gonorrhoeae in-
fections [4, 10]. The drug is characterized by good
bioavailability [2]. Ofloxacin is similar to cipro-
floxacin except that it is better absorbed and me-
tabolized more slowly by the liver, which results in
its increased bioavailability and higher tissue levels
[1, 2].

The prime objective of antibacterial chemother-
apy is to help the host to eliminate invading organ-
isms by providing an optimal amount of the drug in
infected tissues. From the dermatological point of
view, the drug concentration in skin is of impor-
tance. The aim of the study was to evaluate the
ofloxacin concentrations in plasma and in dermal
tissue assessed by cutaneous microdialysis techni-
que following a single 0.4 g oral dose of the drug.

MATERIALS and METHODS

Ten healthy drug-free adult male volunteers,
aged 19–24 years, weighing 60–77 kg, gave written
informed consent to participate in the study per-
formed according to the Declaration of Helsinki
and approved by the Ethics Committee of Pomera-
nian Medical University. Each subject passed
a screening examination including history record
and physical examination, complete blood cell
count with differential white blood cell count and

determination of blood urea, creatinine and trans-

aminases. On the study days, volunteers fasted for

about 12 h prior to the start of the investigation.
On the day of the study, a local anesthetic cream

(EMLA, Astra AB, Sweden) containing 2.5% lig-

nocaine and 2.5% prilocaine was applied to the

skin for about 2 h. Thereafter, four 0.7 × 40 mm

needles were inserted intradermally in a distance of

3 cm. The distance between the sequential probes

was 2 cm. Linear microdialysis probe consisted of

microdialysis fiber with outer diameter 216 �m,

wall thickness 8 �m and 2 kDa molecular-weight

cut-off, taken from ‘artificial kidney’ (GFE 18,

Gambro Dialysatoren, Hechingen, Germany), glued

to flexible nylon tubing (0.58 mm ID, 1.02 mm OD

– Portex, Hythe, Kent, England). The microdialysis

fiber was inserted into each needle, then the nee-

dles were removed and the fibers remained in the

skin. Nylon tubing was connected to microinfusion

pump (Core-Palmer type 74900-05) and the probes

were perfused with isotonic Ringer solution at a rate

of 5 �l/min. Collection of the microdialysis sam-

ples started 60 min after probe application to allow

insertion trauma to subside. An intravenous can-

nula (Venflon 2 18G, BOC Ohmeda AB, Helsin-

borg, Sweden) was inserted into cubital vein. Each

subject was given 0.4 g of ofloxacin (Tarivid,

Hoechst, Germany) and microdialysis as well as

blood sampling started. Microdialysis sampling in-

terval was 30 min and collecting of the samples

started 15 min after drug administration. The mid-

points of microdialysis sampling interval were

from 0 h to 8 h every 0.5 h. Blood samples were

taken before and 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6 and 8 h

after drug administration. Blood plasma and micro-

dialysis samples were stored frozen (–20°C) until

analyzed.
To obtain an absolute drug concentration in the

interstitial fluid from the established concentrations

in the dialysate, the microdialysis probes were cali-

brated for in vivo recovery rates by retrodialysis

method. The method was based on the assumption

that the diffusion process through the semiperme-

able membrane, i.e. the wall of the microdialysis fi-

ber, is quantitatively equal in both directions. In the

present investigation, ofloxacin was added to the

perfusate at a concentration of 10 mg/l. The in vivo

recovery was calculated according to the formula:

recovery (%) = 100 – (100 × analyte
concentration�%� × analyte concentration��

&").
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The interstitial concentrations were calculated

as follows:

interstitial concentration = 100 × dialysate
concentration × in vivo recovery (%).

These interstitial concentrations are referred to

in the legend for figures and table as ‘cutaneous

microdialysate’.
The concentrations of ofloxacin in plasma and

microdialysate samples were determined by high

performance liquid chromatographic method with

spectrofluorometric detection developed in our

laboratory. The system consists of HPLC Pump

type 64 controlled externally by HPLC Programmer

50B, all from Knauer (Berlin, Germany). Analyses

were performed using spectrofluorometric detector

(Shimadzu, Kyoto, Japan) operating at an excita-

tion wavelength of 295 nm and emission wave-

length of 495 nm. The concentration of ofloxacin in

the biological samples was calculated based on the

peak height ratio of the analyzed compound to the

internal standard. Measurements of peak height and

calculation of ofloxacin concentration in the studied

biological fluid were carried out with a Shimadzu

Chromatopac C-R1B. Separation was performed

on 120 × 4 mm ID analytical column (Knauer)

filled with LiChrosorb RP-8, particle size 5 �m

(Merck, Darmstadt, Germany) protected by preco-

lumn 11 × 4 mm ID, filled in our laboratory with

the same material. Mobile phase consisted of aceto-

nitrile and 0.1 M aqueous solution of monopotas-

sium phosphate adjusted to pH 2.5 with orthophos-

phoric acid (15 : 85 v/v), flow rate was 1.2 ml/min.

Detection limit defined as a signal-to-noise ratio of

3:1 was about 50 �g/l. Intraserial precision of the

method for the concentration range 0.3–12 �mol/l

in plasma varied between 1.2 and 5.3%, whereas in

microdialysate samples it was between 0.7 and

3.7%. Interserial precision for the same concentra-

tion range in plasma was between 0.5 and 10.4%,

whereas in microdialysates it ranged between 0.7

and 9.8%.
The preparation of plasma sample to which an

internal standard (pipedimic acid) was added, in-

volved protein precipitation with equal volume of

0.5 M perchloric acid, followed by centrifugation

at about 10000 × g for 10 min (High Speed Centri-

fuge type 310, Mechanika Precyzyjna, Warszawa,

Poland). Microdialysate samples were treated in

similar manner, but centrifugation was unnecessa-

ry, as samples were protein-free. 20 �l of clear su-

pernatant without prior filtration was injected onto
the column.

Pharmacokinetic parameters were calculated
according to the generally accepted procedure. Maxi-
mum concentration and time to maximum concen-
tration were taken directly from the time-concen-
tration curve. Area under the time-concentration
curves in plasma and dialysate was calculated by
the trapezoidal rule up to 8 h. The drug penetration
into cutaneous microdialysates was defined as a ra-
tio of area under time-concentration curve in the
studied fluid to that of plasma. Pharmacokinetic pa-
rameters in cutaneous microdialysates including
penetration were compared with the respective pa-
rameters in theoretical peripheral compartment.
The latter parameters were calculated as described
previously [8]. Statistical significance of the differ-
ences between the respective parameters was veri-
fied with Wilcoxon’s signed rank test [9]. All the
calculations were done using PSI-Plot v. 3.0 and
ProStat v. 1.5 (Poly Software International, Salt
Lake City, UT, USA).

RESULTS

Individual time-concentration curves for plas-
ma, cutaneous microdialysates and theoretical pe-
ripheral compartment of three volunteers partici-
pating in the study were presented in Figures 1–3
and in Table 1. Each microdialysate concentration
is an arithmetic mean of 3–4 measurements taken
from separate microdialysis probes.

Maximum concentration in microdialysates were
significantly lower than in plasma (p = 0.005) and
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were achieved slightly later than in plasma but the
differences were not statistically significant. Maxi-
mum concentration in microdialysates and theoreti-
cal peripheral compartment did not differ signifi-
cantly, contrary to times to peak concentration
which was significantly longer in theoretical pe-
ripheral compartment (p = 0.005). Similarly, areas
under time-concentration curves for plasma were
significantly greater than in cutaneous microdialy-
sates (p = 0.005) as well as in theoretical peripheral
compartment (p = 0.005). The differences in this
parameter between dialysate and theoretical periph-
eral compartment were non-significant and also de-
gree of penetration did not differ significantly.

DISCUSSION

To obtain good results of the treatment of infec-
tious diseases, the antibacterial agent concentration
in the target tissue should be adequate. Several

methods have been applied to evaluate drug con-

centration in the skin, including skin biopsy [11,

15] and the most frequently used skin blisters, de-

veloped either by suction [7, 14] or by direct appli-

cation of cantharidin plaster [5, 13] or ointment [8].
Cutaneous microdialysis is another method ap-

plied in the studies of pharmacokinetics and drug

metabolism in the skin and soft tissue iv vivo. From

the pharmacokinetic as well as pharmacodynamic

points of view, the concentration of unbound drug in

the target tissue is of paramount importance, since

only free, protein-unbound drug can exert the phar-

macological effect and may penetrate into interstitial

space. Another advantage of microdialysis is easier

chemical analysis of dialysate, which is free of pro-

tein, and there is no need for sample purification and

no enzymatic degradation occurs. The dialysate sam-

ples can be directly injected into an HPLC system.
In the present study, skin levels of ofloxacin

were compared with simultaneously measured drug
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concentrations in plasma. According to our knowl-

edge, up to now the penetration of this drug into the

skin was evaluated by applying skin blister meth-

ods [7, 13]. As far as we know this is the first report

of evaluation of ofloxacin penetration into the skin

with the use of cutaneous microdialysis. The maxi-

mum concentration in cutaneous dialysate was

achieved somewhat later than in plasma since a cer-

tain time is required for drug penetration from the

blood circulation into skin interstitial space. As only

free, protein-unbound drug can penetrate, the dif-

ferences between times to maximum concentration

in the studied biological fluids were small. The de-

gree of penetration defined as a ratio of area under

time-concentration curve in dialysates to that of

plasma was high. Additionally, it should be taken

into account that only the unbound fraction of the

drug was determined in dialysates, whereas in plas-

ma, the sum of free and protein-bound drug was as-

sessed. According to literature data, the protein

binding of ofloxacin is about 25% [10].
In the previous study of other research group,

performed using suction blister method, the maxi-

mum drug concentration in blister fluid was about

50% of that in plasma and was achieved after 3–4 h

following single oral dose of 300 mg, whereas in

plasma it was reached after 1–2 h. Degree of pene-

tration, defined similarly as in the present study,

was 1.03 [7].
Wise et al. [13] evaluated penetration of this

drug into cantharidin-induced skin blister fluid. Af-

ter oral administration of 600 mg of ofloxacin, its

maximum concentration in blister fluid was also

about a half of that in plasma and was achieved

later than in plasma (5.3 and 1.2 h, respectively).

Degree of penetration into blister fluid was about

1.2 [13]. Higher values of this parameter in blister

fluids as compared to the present study may be

partly due to the fact that the samples were col-

lected for a longer period and in those studies, total

concentration of the drug in blister fluids were de-

termined. In the present study, only the protein-

unbound fraction was evaluated in microdialysate,

whereas in plasma, total concentration was deter-

mined.
Comparison of the presented results in cutane-

ous microdialysates with theoretical peripheral

compartment maximum concentration, area under

time-concentration curve as well as degree of pene-

tration showed no significant differences between

the studied compartments, whereas only time to peak

concentration in theoretical peripheral compart-
ment was significantly longer than in cutaneous
microdialysate. Therefore, one cannot predict the
kinetics of free, protein-unbound fraction of oflo-
xacin into skin using merely the theoretical calcula-
tions based on the plasma drug concentration.

Summing up, such studies as those presented in
this article will permit to characterize true systemic
drug disposition, which can lead to the design of
the drug treatment strategies that provide maxi-
mum benefit and reduce drug-induced toxicity.
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