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By use of microdialysis we assessed the concentrations of telithromycin in muscle and adipose tissue to test
its ability to penetrate soft tissues. The ratios of the area under the concentration-versus-time curve from 0 to
24 h to the MIC indicated that free concentrations of telithromycin in tissue and plasma might be effective
against Streptococcus pyogenes but not against staphylococci and human and animal bite pathogens.

The spread of resistant pathogens that result in treatment
failures is an increasing problem worldwide (16, 19). There-
fore, the development of new antimicrobial agents with low
potentials to select for resistance is desirable. The ketolides
were designed to overcome the resistance of macrolide-resis-
tant gram-positive cocci and have also been shown to possess
activities against atypical and anaerobic pathogens (7, 8, 10).
The mechanism of action of ketolides is similar to that of
macrolides, but due to the presence of a 3-keto group in the
ketolides, the development of resistance is unlikely to occur
(1). Furthermore, the C-11 and C-12 carbamate side chain of
ketolides enables binding to macrolide-streptogramin-lincos-
amide (MLS)-resistant ribosomes, which may explain the high
levels of activity of the ketolides against MLS-resistant organ-
isms (17). Telithromycin is the first member of this new family
of antimicrobials and was recently introduced into clinical
practice.

Telithromycin reaches high concentrations in inflammatory
fluids, bronchopulmonary tissues, tonsillar tissue, and saliva (6,
13). As telithromycin may have some antimicrobial advantages
against streptococcal species, it has been speculated that this
compound may be an option for the treatment of skin and soft
tissue infections (STIs), although the majority of erythromycin-
resistant staphylococci are also resistant to telithromycin (10).

Therefore, the present study was carried out to determine
the concentration-versus-time profile of telithromycin in the
interstitial space fluid of soft tissues after administration of a
single dose to young healthy volunteers. The minimally inva-
sive microdialysis (MD) technique was used. This technique
has been shown to be an excellent tool for testing the concen-
trations of antimicrobials at the sites of bacterial infection (11,
14, 15).

MATERIALS AND METHODS

The study was performed in accordance with the local ethics committee; the
1964 Declaration of Helsinki, including current revisions; the Austrian Drug Law
(Arzneimittelgesetz); and the Good Clinical Practice guidelines of the European
Commission. Approval from the local ethics committee was obtained before
initiation of the study. Volunteers received a detailed description of the study
before any examination or intervention was undertaken. Written informed con-
sent was obtained prior to the conduct of the study.

Healthy volunteers. This study included 10 male volunteers ages 18 to 40 years.
The health of each volunteer was determined by one of the investigators by
obtaining a medical history; performing a physical examination, routine labora-
tory tests, and a 12-lead electrocardiography; and determining the blood pressure
and heart rate.

Study protocol. The volunteers were admitted to the clinical research ward on
the morning of the study day. A plastic cannula was inserted into an antecubital
vein to monitor the blood telithromycin concentrations at defined time points.
The concentrations in the interstitial space fluid of skeletal muscle and subcu-
taneous adipose tissue were determined by MD.

The principle of MD has been described in detail previously (11, 15). In brief,
a thigh muscle and subcutaneous adipose tissue of the lower extremity were
punctured with a steel guidance cannula without anesthesia. The MD probes
(CMA10 microdialysis probe; CMA/Microdialysis AB, Stockholm, Sweden) were
placed into the tissue by using this guidance cannula. The guidance cannula was
removed, leaving the MD probe in the tissue. The MD system was connected and
perfused with Ringer’s solution at a flow rate of 1.5 �l/min with a precision pump
(CMA100; CMA/Microdialysis AB). After a 30-min baseline sampling period in
vivo, the probe was calibrated for approximately 30 min. Then, telithromycin was
added to the perfusion medium and its rate of disappearance through the
membrane was used to determine the in vivo recovery. After a washout period of
40 min, 800 mg of telithromycin (Ketek 800 mg Tabletten; Aventis Pharma,
Romainville, France) was administered orally. Sampling of dialysates and venous
blood was performed at 20-min intervals for the first 4 h and afterwards at 30-min
intervals for up to 8 h. Blood was collected and placed into tubes containing
lithium and heparin, and after each sampling the venous catheter was rinsed with
physiological saline solution. Blood samples were kept on ice for a maximum of
60 min and were centrifuged at 1,600 � g for 5 min at 4°C, the cells were
discharged, and plasma was obtained. Plasma and dialysate samples were stored
at �80°C until analysis.

Chemical analysis. The telithromycin concentrations in the microdialysates
and the plasma samples were analyzed by a validated high-performance liquid
chromatography (HPLC) method (13).

Reagents and standard solutions. Pure telithromycin was a gift from Aventis
Pharma (Romaineville, France). Ringer’s solution was purchased from May-
rhofer Pharmazeutica GmbH (Linz, Austria). All other reagents were obtained
from Sigma-Aldrich (Steinheim, Germany). Calibration standards for the micro-
dialysates were freshly prepared each day by diluting telithromycin with Ringer’s
solution at concentrations ranging from 0.005 to 5 mg/liter. Calibration standards
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for the plasma samples were prepared by spiking plasma with telithromycin at
concentrations ranging from 0.01 to 5 mg/liter.

The plasma samples were deproteinized by the addition of 50% trichloroacetic
acid and centrifugation at 12,000 � g at 4°C for 5 min. The supernatant was
neutralized with sodium hydroxide. The microdialysate samples were analyzed
without further preparation. The injection volume was 15 �l. The HPLC system
(all instruments were from Shimadzu, Kyoto, Japan) consisted of an LC9A
pump, a SIL6B autoinjection port, and an RF-551 spectrofluorometric detector
connected to a CR-6A Chromatopac integrator. Isocratic separation was carried
out at room temperature with a LiChroCART RP-18e analytic column (250 by
4.0 mm; column particle size, 5 �m; Merck, Darmstadt, Germany). The mobile
phase was composed of ammonium acetate (0.03 M), adjusted to pH 5.2 with
acetic acid, and acetonitrile at a 56:44 ratio, by volume. The flow rate was 1 ml
per min. The spectrofluorometer was set at 263 and 460 nm for the excitation and
emission wavelengths, respectively. The limit of quantification was 0.002 mg/liter
for both plasma and microdialysate samples. The within- and between-day ac-
curacy and precision were calculated by measuring spiked plasma samples and
analyte standards in Ringer’s solution at three different concentrations in trip-
licate on three different days. Coefficients of variations were below 8%.

Protein binding studies. Aliquots (0.3 ml) of plasma from each volunteer
obtained at 60 and 180 min were ultrafiltrated by centrifugation at 12,000 � g for
60 min at room temperature by using centrifugal filter units equipped with a
low-binding regenerated cellulose membrane (nominal molecular weight limit,
5,000; Ultrafree-MC; Millipore Corp., Bedford, Mass.). Ultrafiltrates were ana-
lyzed as described above by using spiked standards for calibration. For determi-
nation of the binding of telithromycin to the ultrafiltration membrane during the
filtration process, standards of telithromycin diluted in Ringer’s solution (1, 2.5,
and 10 mg/liter) were ultrafiltrated and analyzed in the same way as described
above for the plasma samples.

PK calculations and statistical analysis. The telithromycin concentrations in
interstitial fluid were calculated by use of the individual recovery values deter-
mined in our in vivo experiments. Pharmacokinetic (PK) analysis was carried out
with commercially available software (Kinetica, version 3.0; Innaphase Sarl,
Paris, France). The areas under the concentration-time curves (AUCs) for
plasma and interstitial fluid were calculated from nonfitted data by use of the
trapezoidal rule. The volume of drug distribution (V) and total drug clearance
(CL) were calculated for plasma by use of standard formulae, as follows: V �
dose/(AUC0–� � kel) and CL � V � kel, respectively, where AUC0–� represents the
AUC from zero to infinity and kel represents the elimination rate constant. The
dose was corrected for absolute bioavailability (F) of 60%. The half-life for the
terminal slope (t1/2�) was calculated by the equation ln(2)/kel. The ratios of the
AUC from 0 to 8 h (AUC0-8) for tissues (AUC0-8 muscle and AUC0-8 subcutis) to
the AUC0-8 for plasma (AUC0-8 plasma) were calculated as a measure of drug
penetration from the central compartment to peripheral sites. Statistical analysis
was performed with a commercially available computer program (Statistica;
StatSoft Inc., Tulsa, Okla.). All data are presented as means � standard devia-
tions (SD). Wilcoxon paired tests were used for comparison of parameters
between plasma and tissues.

RESULTS

The present study evaluated the PK profiles of telithromycin
in the tissue and plasma of healthy volunteers. Figure 1 shows
the mean concentration-versus-time profiles of telithromycin
in plasma, muscle, and subcutaneous adipose tissue after the
administration of a single oral dose of 800 mg to healthy
volunteers (n � 10).

The values of the PK parameters for telithromycin in tissue and
plasma are shown in Table 1. The mean AUC0-8 of telithromycin
was 4.1 � 1.5 mg � h/liter for total plasma (AUC0-8 total plasma) and
0.5 � 0.2 mg � h/liter for free telithromycin (AUC0-8 free plasma).
Mean AUC0-8s of 0.6 � 0.3 and 0.9 � 0.6 mg � h/liter were cal-
culated for muscle tissue and subcutaneous adipose tissue, respec-
tively. The AUC0-24s for total plasma, free plasma, subcutaneous
adipose tissue, and muscle were 6.1 � 2.4, 0.7 � 0.3, 1.6 � 1.0,
and 0.8 � 0.5 mg � h/liter, respectively. The AUC0-24s of free
telithromycin for plasma and tissues were not significantly differ-
ent (P 	 0.05).

AUC0-8s for muscle and subcutaneous adipose tissue were
significantly lower (P 
 0.005) than those for total plasma, and
the ratios of AUCtissue/AUCtotal plasma at 8 h were 0.2 � 0.1 for
muscle and 0.2 � 0.2 for subcutis. No significant difference (P
	 0.34) between the AUC0-8s for unbound telithromycin in
plasma and the AUC0-8s for telithromycin in soft tissues was
observed, with AUCtissue/AUCplasma ratios of 1.5 � 0.9 and 2.1
� 1.6 for muscle and subcutis, respectively.

The mean plasma protein binding (PPB) of telithromycin
was 88.5% � 1.0%, which is in accordance with the findings in
the literature (4). The mean recovery rates from the microdi-
alysis experiments were 62.9% � 2.9% and 61.0% � 2.8% for
muscle and subcutis, respectively.

DISCUSSION

Telithromycin was initially designed for the treatment of
upper and lower respiratory tract infections, but telithromycin
has also been shown to have good in vitro activity against
pathogens frequently isolated from skin infections and STIs in
humans (10). As a consequence, Goldstein et al. (10) specu-
lated that telithromycin qualifies as an alternative to macro-
lides for the treatment of STIs. Therefore, in the present study
we set out to determine the ability of telithromycin to pene-
trate soft tissues.

The central finding of our study was that the concentrations
in total plasma were significantly higher (P 
 0.005) than the
corresponding concentrations in the interstitial fluid of soft
tissues. The mean ratios of AUC0-8 tissue/AUC0-8 total plasma

were 0.15 and 0.20 for muscle and subcutis, respectively. The
incomplete tissue penetration was most likely related to the
high PPB of telithromycin, which is reported to be about 70%
(4, 17). Other studies indicate that the rates of PPB of an
antibiotic may vary highly among individuals (12). We there-
fore measured the rates of PPB of telithromycin for each of the
10 participating volunteers and found that they ranged from 85
to 93%.

The measurement of the non-protein-bound fraction of an
antibiotic is particularly important, because only the unbound
drug fraction penetrates soft tissues (11). For the description
of the tissue penetration of telithromycin, we related the free

FIG. 1. Mean time-versus-concentration profiles of total and free
telithromycin in plasma, muscle, and subcutis after administration of a
single oral dose of 800 mg.
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fraction of the drug in plasma to the corresponding concen-
tration in soft tissues. The mean ratios of the AUCtissue/
AUCplasma for free telithromycin were 1.5 and 2.1 for muscle
and subcutis, respectively. These ratios indicate complete
equilibration of unbound telithromycin in plasma and tissue
after approximately 150 min of drug intake. After drug equil-
ibration, the concentrations of telithromycin in the interstitial
space fluid of subcutaneous adipose tissue tended to be de-
scriptively higher than those in skeletal muscle tissue. This
phenomenon can be explained incompletely by a moderate
accumulation of telithromycin in fat cells, white blood cells,
and other cells, like fibroblasts (9, 21), from which telithromy-
cin is then slowly released (Fig. 1). The half-lives of telithro-
mycin in tissues and plasma were identical (P 	 0.05), although
blood perfusion of subcutaneous adipose tissue might be lower
than that of skeletal muscle (Fig. 1). Differences in the pH
gradient in the interstitial space fluid between muscle and
plasma and between the subcutis and plasma have been dis-
cussed (20) as a mechanism to account for the ion-trapping
phenomenon, but it appears to be unlikely that they are re-
sponsible for the differences in tissue telithromycin concentra-
tions in the present study. This is because subjects were in the
resting position throughout the study procedures, and pHs may
be expected to be similar in muscle and subcutis. However, in
our study, the pHs in the interstitial space fluid and plasma
were not determined.

Hence, our observation of descriptively lower concentrations
of telithromycin in muscle compared to those in the subcutis is
not fully understood at present. Further clinical studies that
will test the time-concentration profiles of telithromycin in the
interstitium of soft tissues and plasma at steady state are nec-
essary. In addition, the redistribution phenomenon needs to be
clarified by using simultaneously with the MD method other
techniques, such as positron emission tomography, which allow
description of the time-concentration profile of the total drug
in whole tissues. The use of these techniques combined will
help to reinterpret actual knowledge on the tissue penetration
characteristics of the drug (2).

The antimicrobial efficacy of ketolides was reported to be
best related to the AUC0-24/MIC ratio (6, 18). Given the MICs
at which 90% of isolates are inhibited (MIC90s) for pathogens
that frequently cause STIs (3, 10), the AUC0-24/MIC90 ratios
indicate that telithromycin will be sufficient to eradicate highly
susceptible bacteria such as Streptococcus pyogenes from tissues
and plasma (5, 22). However, the AUC0-24/MIC90 ratios for
telithromycin appeared to be too low for the treatment of
infections caused by Staphylococcus aureus or bite pathogens,
such as Prevotella canis. Nevertheless, it should be kept in mind
that our calculations for tissues were performed with the un-
bound concentrations of telithromycin, for which AUC/MIC
breakpoints have not yet been defined.

In conclusion, on the basis of our PK and pharmacodynamic
calculations, the present data show that the AUC0-24/MIC ra-
tio achieved with free telithromycin in plasma and soft tissue
might be sufficient to kill S. pyogenes. However, it seems un-
likely that telithromycin can reach concentrations adequate to
achieve activity against staphylococci, and thus, its role in the
treatment of STIs and skin infections appears to be limited.
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