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Purpose. It has been reported that telithromycin is primarily metabolized via hepatic CYP3A1/2 in rats,
the expression and/or mRNA level of hepatic CYP3A1/2 increase in rat model of diabetes mellitus
induced by alloxan (DMIA) or streptozotocin (DMIS), and intestinal CYP3A1/2 enzyme activity
decreases in rat model of DMIS. Thus, the pharmacokinetic changes of telithromycin in both models of
diabetes mellitus compared with those in the control rats were evaluated.
Methods. Telithromycin was administered (50 mg/kg) intravenously or orally to both rat models of
diabetes and their respective control rats.
Results. After intravenous administration of telithromycin to both models of diabetes, the non-renal
clearance (CLNR) was significantly faster (32.3 and 53.1% increase for rat models of DMIA and DMIS,
respectively) and the AUC was significantly smaller (25.0 and 33.8% decrease, respectively) than those in
their respective controls. However, after oral administration of telithromycin, the AUC was comparable
to that in their respective controls.
Conclusions. The faster CLNR after intravenous administration was due to increased hepatic CYP3A1/2
in both models of diabetes. The comparable AUC after oral administration was mainly due to decreased
intestinal CYP3A1/2 activity. Alloxan and streptozotocin appear to influence some pharmacokinetics of
telithromycin in a different fashion.

KEY WORDS: diabetes mellitus; hepatic and intestinal CYP3A1/2; pharmacokinetics; rats;
telithromycin.

INTRODUCTION

Telithromycin, a ketolide, is the first of a new class of
semisynthetic agents derived from erythromycin. It was devel-
oped for the treatment of upper and lower community-acquired
respiratory tract infections. It inhibits bacterial protein synthesis
via two mechanisms; the first by directly blocking translation of
mRNA and the second by interfering with the assembly of new
ribosomal units (1). Telithromycin has potent activities both in
vitro and in vivo against common respiratory tract pathogens
(2), and its spectrum of activity also extends to atypical and
intracellular pathogens (3). The clearance, the volume of
distribution, the half-life, the plasma protein binding, the
urinary excretion, and the extent of absolute oral bioavailabil-
ity (F) of telithromycin in humans are 12–16 ml/min/kg, 2.1–
4.5 l/kg, 7–23 h, 70%, 19–27% of the dose, and 41–112%,
respectively (4–6). Recently, Lee and Lee (7) reported that
telithromycin is primarily metabolized via hepatic microsomal
cytochrome P450 (CYP) 3A1/2 in male Sprague–Dawley rats.

Kim et al. (8) reported that in male Sprague–Dawley rats
with diabetes mellitus induced by either alloxan (rat model of

DMIA) or streptozotocin (rat model of DMIS), the protein
expression and mRNA level of hepatic CYP3A1 increase
than those in the control rats. The increase in hepatic
CYP3A1 (9,10) and 3A2 (10,11) in rat model of DMIS based
on the Western analysis and/or various enzyme activity tests
have also been reported. Borbás et al. (10) reported that there
is a significant decrease (50.7% decrease) in the intestinal
testosterone 6β-hydroxylase (a CYP3A1/2 marker) activity in
rat model of DMIS than that in the control rats. Thus, it could
be expected that the pharmacokinetic parameters of intrave-
nous or oral telithromycin would alter in both rat models of
DMIA and DMIS.

Watkins and Sanders (12) reported that major differences
exist in the diabetogenic effects of streptozotocin and alloxan.
Structural alteration in pancreatic beta cells (total degranula-
tion) occurs within 48 h after administration of streptozotocin
and lasts for up to 4 months. Alloxan causes a decrease in
hepatic glycogen within 24 to 72 h, an effect that is partially
reversible by insulin. Alloxan generally produces greater
cytotoxicity because of its conversion to anionic radicals.

Diabetes mellitus is associated with an increased suscep-
tibility to infection and is the most frequently recognized
coexisting illness in patients with community-acquired respi-
ratory tract infections (13). Thus, we studied telithromycin in
both rat models of DMIA and DMIS.

The purpose of this study was to examine changes in the
telithromycin pharmacokinetics after its intravenous or oral
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administration at a dose of 50 mg/kg to both rat models of
DMIA and DMIS with respect to changes in hepatic (8–11)
and intestinal (10) CYP3A1/2 in rat model of diabetes
compared with those of respective control rats. It has been
reported (14) that the total area under the plasma concen-
tration–time curve from time zero to time infinity (AUC)
values of telithromycin are dose-dependent after intravenous
(20, 50, and 100 mg/kg; each dose was significantly different)
or oral (20, 50, and 100 mg/kg; each dose was also
significantly different) administration to rats. Thus, the
intravenous or oral dose of telithromycin, 50 mg/kg, was
arbitrarily chosen for the study.

MATERIALS AND METHODS

Chemicals

Telithromycin was donated from Sanofi-Aventis (Paris,
France). Quinine hydrochloride [internal standard for the
high-performance liquid chromatographic (HPLC) analysis
of telithromycin], alloxan, streptozotocin, the reduced form
of β-nicotinamide adenine dinucleotide phosphate (NADPH;
as a tetrasodium salt), tris(hydroxymethyl)aminomethane
(Tris)-buffer, and ethylenediamine tetraacetic acid (EDTA;
as a disodium salt) were purchased from Sigma-Aldrich
Corporation (St. Louis, MO). Other chemicals were of
reagent grade or HPLC grade.

Animals

Protocols for the animal studies were approved by the
Institutional Animal Care and Use Committee of the Seoul
National University, Seoul, South Korea. Male Sprague–
Dawley rats (7–9 weeks old and weighing 200–310 g) were
purchased from the Taconic Farms Inc. (Samtako Bio Korea,
O-San, South Korea). They were maintained in a clean-room
(Animal Center for Pharmaceutical Research, College of
Pharmacy, Seoul National University) at a temperature of 20
to 23°C with 12-h light (07:00–19:00) and dark (19:00–07:00)
cycles, and a relative humidity of 50±5%. The rats were housed
in metabolic cages (Tecniplast, Varese, Italy) under filtered,
pathogen-free air, with food (Agribrands Purina Korea,
Pyeongtaek, South Korea) and water available ad libitum.

Induction of Diabetes Mellitus in Rats by Alloxan
or Streptozotocin Injection

Rats were randomly divided into four groups, rat
models of DMIA and DMIS, and their respective control
rats. Freshly prepared alloxan, 40 mg/kg (approximately
0.3 ml), was injected to the overnight-fasted rats via the tail
vein for two consecutive days (8). An equal volume of 0.9%
NaCl-injectable solution was injected into the control rats.
Freshly prepared streptozotocin, 45 mg/kg (approximately
0.3 ml), was injected once to the overnight-fasted rats via the
tail vein (8,15). An equal volume of citrate buffer (pH 4.5)
was injected into the control rats. On the fourth day after
the first alloxan administration (rat model of DMIA) or
0.9% NaCl-injectable solution (control rats for rat model of
DMIA), and on the seventh day after intravenous adminis-
tration of streptozotocin (rat model of DMIS) or citrate

buffer, pH 4.5 (control rats for rat model of DMIS), blood
glucose levels were measured using the Medisense Optium
kit (Abbott Laboratories, Bedford, MA), and rats with
blood glucose levels higher than 250 mg/dl were selected as
being diabetic.

Preparation of Rat Hepatic or Intestinal Microsomal
Fractions

The procedures used for the preparation of hepatic
microsomal fractions were similar to a reported method (8).
The livers of each rat model of diabetes mellitus and their
respective control rats (n=5; each) were homogenized (Ultra-
Turrax T25; Janke and Kunkel, IKA-Labortechnik, Staufeni,
Germany) in ice-cold buffer of 0.154 M KCl/50 mM Tris–HCl
in 1 mM EDTA (pH 7.4). The homogenate was centrifuged
(10,000×g, 30 min) and the supernatant fraction was further
centrifuged (100,000×g, 90 min). The microsomal pellet was
resuspended in the buffer of 0.154 M KCl/50 mM Tris–HCl in
1 mM EDTA (pH 7.4). Microsomal preparations were stored
at −70°C (Model DF8517; Ilshin Laboratory Company, Seoul,
South Korea) until use.

The procedures used for the preparation of intestinal
microsomal fractions were similar to a reported method (16)
with a minor modification. The small intestines of overnight
fasted each rat model of diabetes mellitus and their respective
control rats (n=4 or 5; each) were cut and washed two times
with ice-cold 0.154 M NaCl plus 1 mM dithiothreitol using a
squeeze bottle whose tip can fit in the proximal end of the
small intestine and the solution was squeezed into the lumen
until the content in the lumen was removed. The end of the
lumen was tied and filled with solution A [8 mM KH2PO4,
5.6 mM Na2HPO4, 1.5 mM KCl, 96 mM NaCl, 27 mM sodium
citrate, and 0.04 mg/ml phenylmethylsulfonyl fluoride
(PMSF)], and then the other end tied. The lumen was put
into a water-bath (37°C, 15 min) and the solution was
discarded. One end of the intestine was kept tied up and filled
with ice-cold solution B (8 mM KH2PO4, 5.6 mM Na2HPO4,
1.5 mM EDTA, 0.5 mM dithiothreitol, and 0.04 mg/ml PMSF).
Then, the lumen was wound around the fingers and tapped
gently with fingers to release upper villus cells into the solution
B. This process was repeated three times for each small
intestine and the solution B was collected in a centrifuge tubes.
After centrifugation (1,000×g, 5 min) at 4°C, the supernatant
was discarded. Then, approximately 20 ml ice-cold solution C
(5 mM of histidine, 0.25 M of sucrose, 0.5 mM of EDTA, and
0.04 mg/ml PMSF) was added, and each tube was inverted
twice. After centrifugation (1,000×g, 10 min) at 4°C, the
supernatant was discarded and approximately 5 ml ice-cold
solution C was left. The cells in solution C were homogenized
manually using a 15 ml Pyrex glass homogenizer (Ultra-Turrax
T25; Janke and Kunkel, IKA-Labortechnik, Staufeni, Ger-
many) and the homogenates were collected and centrifuged
(10,000×g, 20 min) at 4°C. The supernatant was collected, and
the fat layer and pellet were discarded. The microsomes were
pelleted by ultracentrifugation (100,000×g, 65 min) at 4°C. The
resulting microsomes were resuspended in buffer of 10 mM
KH2PO4, 250 mM sucrose, 1 mM EDTA, and 0.04 mg/ml
PMSF, and stored at −70°C until use. Protein contents in the
hepatic or intestinal microsomal fractions were measured using
a reported method (17).
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Measurement of Vmax, Km, and CLint for the Disappearance
of Telithromycin in Hepatic or Intestinal Microsomal
Fractions of Rat Models of DMIA and DMIS, and Their
Respective Control Rats

The Vmax (the maximum velocity) and the Km (the
apparent Michaelis–Menten constant; the concentration at
which the rate is one-half of the Vmax) for the disappearance
of telithromycin in hepatic or intestinal microsomal fractions
were determined after incubating the above hepatic or
intestinal microsomal fractions (equivalent to 1 mg protein
for both hepatic and intestinal microsomes), a 10-μl or 20-μl
aliquot (for hepatic or intestinal microsomes, respectively) of
microsomal buffer solution containing telithromycin, and a
50-μl or 20-μl (for hepatic or intestinal microsomes, respec-
tively) aliquot of 0.1 M phosphate buffer (pH 7.4) containing
1.2 mM NADPH in a final volume of 300 μl or 600 μl (for
hepatic or intestinal microsomes, respectively) by adding
0.1 M phosphate buffer (pH 7.4), in a water-bath shaker
[37°C, 500 oscillations/min (opm)]. The final incubation
concentrations of telithromycin were 0.01, 0.02, 0.05, 0.075,
0.1, 0.2, 0.5, and 1 μM for hepatic microsomes and 0.05, 0.075,
0.1, 0.2, 0.5, and 1 μM for intestinal microsomes. All of the
above microsomal incubation conditions were linear.

The reaction was terminated by addition of 300 μl or
500 μl (for hepatic or intestinal microsomes, respectively) of
acetonitrile after 30 min incubation. Then, a 50-μl aliquot of
distilled water containing 50 μg/ml of quinine hydrochloride
(internal standard) was added. Concentrations of telithromy-
cin in the above hepatic or intestinal microsomal samples
were determined using an HPLC method (18).

The kinetic constants (the Km and the Vmax) for the
disappearance of telithromycin in the hepatic or intestinal
microsomes were calculated using a non-linear regression
method (19). The intrinsic clearance (CLint) for the disap-
pearance of telithromycin in the hepatic or intestinal micro-
somes was calculated by dividing the Vmax by the Km.

Pretreatment of Rats for Intravenous or Oral Study

The procedures used for the pretreatment of rats
including the cannulation of the jugular vein (for drug
administration in the intravenous study) and the carotid
artery (for blood sampling) were similar to a reported method
(20). Early in the morning on the fourth day after starting the
treatment with alloxan (rat model of DMIA) or 0.9% NaCl-
injectable solution (control rats for rat model of DMIA), or
on the seventh day after streptozotocin (rat model of DMIS)
or citrate buffer, pH 4.5 (control rats for rat model of DMIS),
the carotid artery and the jugular vein of both rat models of
diabetes and their respective control rats were cannulated
with a polyethylene tube (Clay Adams, Parsippany, NJ) while
each rat was under light ether anesthesia. Both cannulas were
exteriorized to the dorsal side of the neck, where each
cannula was terminated with a long silastic tube (Dow
Corning, Midland, MI). Both silastic tubes were covered with
a wire sheath to allow free movement of the rats. A
heparinized 0.9% NaCl-injectable solution (15 units/ml),
0.3 ml, was used to flush the cannula to prevent blood
clotting. Each rat was housed individually in a metabolic cage
(Daejong Scientific Company, Seoul, South Korea) and

allowed to recover from anesthesia for 4–5 h before
beginning the experiment. Thus, each rat was not restrained
in the present study.

Intravenous Study

Telithromycin (dissolved in distilled water adjusted to
pH 3 with acetic acid) at a dose of 50 mg/kg (approximately
0.6 ml) was infused over 1 min via the jugular vein to rats in
each group (n=7, 8, 10, and 8 for the rat model of DMIA and
their controls, and rat model of DMIS and their controls,
respectively). A blood sample (approximately 220 μl) was
collected via the carotid artery at 0 (control), 1 (at the end of
the infusion), 5, 15, 30, 60, 120, 180, 240, 360, 480, and
600 min after the start of the intravenous infusion of
telithromycin. After centrifugation of blood sample, a 100-μl
aliquot of plasma sample was stored at −70°C until used for
the HPLC analysis of telithromycin (18). At the end of 24 h,
each metabolic cage was rinsed twice with 15 ml of distilled
water and the rinsings were combined with the 24-h urine
sample. After measuring the exact volume of the 24-h urine
output and the combined urine sample, two 100-μl aliquots of
the combined urine sample were stored at −70°C until used
for the HPLC analysis of telithromycin (18). At the same time
(24 h), each rat was exsaguinated and sacrificed by cervical
dislocation. Then, the abdomen was opened and the entire
gastrointestinal tract (including its contents and feces) of each
rat was removed, transferred into a beaker containing 100 ml
of methanol (to facilitate the extraction of telithromycin), and
cut into small pieces using scissors. After manual shaking and
stirring with a glass rod for 1 min, two 100-μl aliquots of the
supernatant fractions were collected from each beaker and
stored at −70°C until used for the HPLC analysis of
telithromycin (18).

Oral Study

Telithromycin (the same solution used in the intravenous
study) at a dose of 50 mg/kg (approximately 1.5 ml) was
administered orally using a feeding tube to rats in each group
(n=9, 9, 10, and 9 for the rat model of DMIA and their
control rats, and rat model of DMIS and their control rats,
respectively) after overnight fasting with free access to water.
Blood sample was collected via the carotid artery at 0, 5, 15,
30, 60, 90, 120, 180, 240, 360, 480, and 600 min after oral
administration of telithromycin. Other procedures were
similar to those for the intravenous study.

Measurement of Rat Plasma Protein Binding
of Telithromycin Using Equilibrium Dialysis

It has been reported that the binding values of telithro-
mycin to 4% human serum albumin was independent of
telithromycin concentrations ranging from 1 to 10 μg/ml; the
mean value was 26.4% (14). Thus, a telithromycin concen-
tration of 5 μg/ml was arbitrarily chosen for this plasma
protein binding study. Protein binding of telithromycin to
fresh plasma from rat models of DMIA and DMIS and their
respective control rats (n=5 for each group except n=4 for rat
model of DMIS) was determined using equilibrium dialysis
(14). Plasma (1 ml) was dialyzed against 1 ml of isotonic
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Fig. 1. Lineweaver–Burk plots for the disappearance of telithromycin in hepatic (a) and intestinal (c) microsomal fractions of rat model of
DMIA (solid circles) and their control rats (open circles) and hepatic (b) and intestinal (d) microsomal fractions of rat model of DMIS (solid
circles) and their control rats (open circles). The ‘s’ and ‘v’ represent the telithromycin concentration and the velocity for the disappearance of
telithromycin, respectively.

Table I. Vmax, Km, and CLint for the Disappearance of Telithromycin after Incubation of Telithromycin with Hepatic or Intestinal Microsomal
Fractions of Rat Models of DMIA and DMIS, and Their Respective Control Rats

Parameter Control for DMIA DMIA Control for DMIS DMIS

A) Hepatic (n=5) (n=5) (n=5) (n=5)
Vmax (nmol/min/mg protein) 0.00836±0.00128 0.0128±0.00692 0.0101±0.00532 0.0528±0.0214a

Km (μM) 1.12±0.205 1.43±0.825 1.43±0.659 6.34±2.27a

CLint (ml/min/mg protein) 0.00756±0.00111 0.00924±0.000933b 0.00694±0.000688 0.00834±0.00114b

B) Intestinal (n=4) (n=5) (n=4) (n=5)
Vmax (nmol/min/mg protein) 0.0699±0.0219 0.0647±0.0180 0.0829±0.0454 0.0766±0.0276
Km (μM) 4.97±1.72 5.56±2.46 5.74±3.21 5.69±2.18
CLint (ml/min/mg protein) 0.0142±0.000647 0.0122±0.00191 0.0145±0.000339 0.0135±0.000311a

Data represent means ± standard deviations
aThe value was significantly different (p<0.01) from respective control
bThe value was significantly different (p<0.05) from respective control
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Sørensen phosphate buffer (pH 7.4) containing 3% (w/v)
dextran (‘the buffer’) to minimize volume shift (21) in a 1 ml
dialysis cell (Fisher Scientific, Fair Lawn, NJ) using a Spectra/
Por 4 membrane (mol. wt. cut off 12–14 KDa; Spectrum
Medical Industries Inc., Los Angeles, CA). To reduce
equilibrium time, telithromycin was spiked into plasma side
(22). The spiked dialysis cell was incubated in a water-bath
shaker (37°C, 50 opm). After 24-h incubation, two 100-μl
aliquots were collected from each compartment and stored at
−70°C until used for the HPLC analysis of telithromycin (18).

HPLC Analysis of Telithromycin

Concentrations of telithromycin in the samples were
determined using a slight modification of a reported HPLC
method (18); quinine hydrochloride instead of RU 66260 was
used as internal standard. Briefly, to a 100-μl aliquot of
biological sample, a 25-μl aliquot of distilled water containing
100 μg/ml of quinine hydrochloride (internal standard) and a
300-μl aliquot of acetonitrile were added. After vortex-
centrifugation (12,000 rpm, 5 min), the organic layer was
collected and dried (Dry thermobath, Eyela, Tokyo, Japan)
under a gentle stream of nitrogen gas at 40°C. A 100-μl
aliquot of the mobile phase was added to reconstitute the
residue and a 50-μl aliquot was directly injected onto a
reversed-phase (C18) HPLC column.

The mobile phase, ammonium acetate (0.05 M):
methanol: acetonitrile (52: 29: 24, v/v/v), was run at a
flow-rate of 0.9 ml/min, and the column eluent was
monitored using a fluorescence detector at an excitation
wavelength of 264 nm and an emission wavelength of
460 nm at room temperature. The retention times of internal
standard (quinine hydrochloride) and telithromycin were
approximately 4.3 and 9.5 min, respectively. The detection
limits of telithromycin in the rat plasma, urine, and
gastrointestinal samples were all 0.1 μg/ml. The coefficients
of variation of the assay were below 5.70, 7.94, and 6.31%
for the rat plasma, urine, and gastrointestinal samples,
respectively. The relative recoveries of telithromycin com-
pared with those in water were 92.6–110% (0.5–100 μg/ml),
83.4–86.0% (10–100 μg/ml), and 85.9–101% (0.5–5 μg/ml)
for rat plasma, urine, and gastrointestinal tract samples,
respectively. The corresponding values for internal standard
were 90.8–108% (0.5–100 μg/ml), 116–120% (10–100 μg/ml),
and 99.7–117% (0.5–5 μg/ml) for rat plasma, urine, and
gastrointestinal tract samples, respectively.

The HPLC system consisted of a model 717 autosampler
(Waters Corporation, Milford, MA), a model L-6000 pump
(Hitachi, Tokyo, Japan), a reversed-phase column (C18;
15 cm, l. × 4.6 mm, i.d.; particle size, 5 μm; CAPCELL
PAK, Shiseido, Tokyo, Japan), a fluorescence detector
(SpectraSYSTEM® FL3000, Thermo Scientific, MA), and a
data system (Autochro-2000, Young Lin Instrument Compa-
ny, Ltd., Seoul, South Korea).

Pharmacokinetic Analysis

The AUC was calculated using the trapezoidal rule-
extrapolation method (23). The area from the last datum point
to time infinity was estimated by dividing the last measured
concentration in plasma by the terminal-phase rate constant.

Standard methods (24) were used to calculate the
following pharmacokinetic parameters using a non-compart-
mental analysis (WinNonlin®; Pharsight Corporation,
Mountain View, CA); the time-averaged total body, renal,
and non-renal clearances (CL, CLR, and CLNR, respective-
ly), the terminal half-life, the first moment of AUC
(AUMC), the mean residence time (MRT), the apparent
volume of distribution at steady state (Vss), and the F (20).
The peak plasma concentration (Cmax) and the time to reach
Cmax (Tmax) were directly read from the experimental data.

Statistical Analysis

A p-value <0.05 was deemed to be statistically significant
using a t-test between the two means for the unpaired data.
All results are expressed as means±standard deviations
except medians (ranges) for Tmax.
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Fig. 2. Mean arterial plasma concentration–time profiles of
telithromycin after its intravenous infusion at a dose of 50 mg/
kg to rat model of DMIA (solid circles; n=7) and their control rats
(open circles; n=8) (a), and rat model of DMIS (solid circles; n=10)
and their control rats (open circles; n=8) (b). Vertical bars represent
standard deviations.
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RESULTS

Vmax, Km, and CLint for the Disappearance of Telithromycin
in Hepatic or Intestinal Microsomal Fractions of Rat Models
of DMIA and DMIS, and Their Respective Control Rats

Lineweaver–Burk (25) plots for the disappearance of
telithromycin in hepatic or intestinal microsomal fractions of
rat models of DMIA and DMIS, and their respective control
rats are shown in Fig. 1(a–d), respectively. The Vmax, the
Km, and the CLint for the disappearance of telithromycin in
the hepatic or intestinal microsomal fractions of all rats
studied are listed in Table I. In rat model of DMIA, the Vmax

and the Km for the disappearance of telithromycin in both
hepatic and intestinal microsomal fraction were not signif-
icantly different compared with those in their control rats,
suggesting that the disappearance (primarily metabolism) of
telithromycin and affinity of the enzyme(s) for the telithro-
mycin in the liver were not altered by alloxan. In rat model
of DMIA, the CLint for the disappearance of telithromycin
in hepatic microsomes was significantly faster (22.2%
increase) than that in the control rats, suggesting that
hepatic metabolism of telithromycin was significantly faster
in rat model of DMIA. Although the intestinal CLint values
for the disappearance of telithromycin were statistically
comparable, possibly due to the limited number of rats used
(n=5), there was a tendency (14.1% decrease; p=0.0858)
that the intestinal metabolism of telithromycin decreased in
rat model of DMIA (from 0.0142 to 0.0122 ml/min/mg
protein).

In rat model of DMIS, the Vmax and the Km for the
disappearance of telithromycin in the hepatic microsomal
fraction were significantly faster (423% increase) and higher
(343% increase), respectively, than those in the control rats,
suggesting that the disappearance of telithromycin and

affinity of the enzyme(s) for the telithromycin in the liver
significantly increased and decreased, respectively, than
those in the control rats. However, the Vmax and the Km

for the disappearance of telithromycin in the intestinal
microsomal fraction were comparable between two groups
of rats. In rat model of DMIS, the CLint for the disappear-
ance of telithromycin in hepatic or intestinal microsomal
fraction became significantly faster (20.2% increase) or
slower (6.90% decrease), respectively, than those in the
control rats, suggesting that the metabolism of telithromycin
increased or decreased by streptozotocin in the liver or
intestine, respectively.

Pharmacokinetics of Telithromycin after Its Intravenous
Administration to Rats

For the intravenous administration of telithromycin at a
dose of 50 mg/kg to both rat models of diabetes and their
respective control rats, the mean arterial plasma concentration–
time profiles are shown in Fig. 2, and the relevant pharmaco-
kinetic parameters are listed in Table II. After intravenous
administration of telithromycin to rat models of DMIA and
DMIS, changes in the pharmacokinetic parameters of telithro-
mycin compared with those in their respective control rats are
as follows; the AUC became significantly smaller (25.0 and
33.8% decrease for the DMIA and DMIS rats, respectively),
and the CL (32.0 and 52.7% increase, respectively) and the
CLNR (32.3 and 53.1% increase, respectively) became signif-
icantly faster than those in the control rats. In rat model of
DMIS, the MRT and the CLR were significantly shorter
(44.8% decrease) and faster (49.2% increase), respectively,
than those in the control rats. The terminal half-life, the Vss,
the percentages of the intravenous dose of telithromycin
excreted in the 24-h urine as an unchanged drug (Ae0–24 h;
less than 19.0% of the dose), and the percentages of the dose

Table II. Pharmacokinetic Parameters of Telithromycin after Its Intravenous Administration at a Dose of 50 mg/kg to Rat Models of DMIA
and DMIS, and Their Respective Control Rats

Parameter Control for DMIA (n=8) DMIA (n=7) Control for DMIS (n=8) DMIS (n=10)

Body weight (g)
Initiala 269±6.23 276±9.00 268±4.58 273±5.89
Finalb 297±11.0 267±20.0c 302±12.8 215±30.9d

Blood glucose (mg/dL) 156±30.2 327±123c 144±15.2 403±63.3d

Urine output (ml/24-h) 13.4±2.30 21.4±9.43e 9.00±5.01 17.2±9.70e

Telithromycin
AUC (μg min/ml) 2160±536 1620±389e 2,280±438 1,510±310d

Terminal half-life (min) 180±47.9 134±40.6 147±53.3 130±40.4
MRT (min) 143±40.5 102±36.0 143±56.6 79.0±15.5c

Vss (ml/kg) 3,340±641 3,180±1090 3,090±733 2,710±710
CL (ml/min/kg) 24.4±5.59 32.2±6.73e 22.6±3.72 34.5±6.82d

CLR (ml/min/kg) 4.52±1.09 6.03±2.03 2.97±0.933 4.43±1.50e

CLNR (ml/min/kg) 19.8±5.28 26.2±5.53e 19.6±3.89 30.0±5.79d

Ae0–24 h (% of the dose) 19.0±4.53 18.7±4.14 13.6±4.73 12.8±2.99
GI24 h (% of the dose) 5.15±1.49 4.66±1.22 5.22±3.17 5.50±4.06

Data represent means±standard deviations
aMeasured just before treatment
bMeasured just before experiment
cThe value was significantly different (p<0.01) from respective control
dThe value was significantly different (p<0.001) from respective control
eThe value was significantly different (p<0.05) from respective control
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of telithromycin recovered from the entire gastrointestinal
tract (including its contents and feces) at 24 h as unchanged
drug (GI24 h; less than 5.50% of the dose) were comparable
between both rat model of diabetes and their respective
control rats. And the MRT and the CLR were comparable
between rat model of DMIA and the control rats.

Pharmacokinetics of Telithromycin after Its Oral
Administration to Rats

For the oral administration of telithromycin at a dose of
50 mg/kg to both rat models of diabetes and their respective
control rats, the mean arterial plasma concentration–time
profiles of telithromycin are shown in Fig. 3, and the relevant
pharmacokinetic parameters are listed in Table III. Absorp-
tion of telithromycin from the rat gastrointestinal tract was
rapid; the drug was detected in plasma from the first blood
sampling time (5 min) for all rats studied. The pharmacoki-
netic parameters of telithromycin listed in Table III, such as
the AUC, the Cmax, the Tmax, the CLR, the Ae0–24 h (less than

9.60% of the dose), and the GI24 h (less than 7.90% of the
dose), were comparable (not significantly different) between
each rat model of diabetes and their respective control rats
except significantly shorter terminal half-life (32.2% de-
crease) in rat model of DMIS than that in the control rats.

Rat Plasma Protein Binding of Telithromycin

Protein binding values of telithromycin to fresh rat
plasma from rat model of DMIA and their control rats were
63.2±18.3 and 68.0±15.2%, respectively; they were not
significantly different. The corresponding values were 54.8±
5.03 and 70.0±12.5% for the rat model of DMIS and the
control rats, respectively; they were also not significantly
different.

DISCUSSION

Induction of diabetes mellitus in rats by alloxan or
streptozotocin was evident based on the significantly higher
blood glucose level, larger 24-h urine output, and decrease in
body weight gain (Tables II and III).

The contribution of the gastrointestinal (including the
biliary) excretion of unchanged telithromycin to the CLNR of
the drug did not seem to be considerable in each rat model of
diabetes and their respective control rats; the GI24 h values
were less than 5.50% of the dose (Table II). However, the
small values of GI24 h, less than 5.50% of the dose, were not
likely due to chemical and enzymatic degradation of the drug
in rats’ gastric fluids; Lee and Lee (14) reported that
telithromycin is stable in various buffer solutions having pHs
ranging from 1 to 13 (more than 92.0% of the spiked amounts
of telithromycin were recovered) except at pH 4 (83.7% was
recovered) for up to 48 h incubation and in three rats’ gastric
juices (pHs of 1, 2.5, and 3, respectively) for up to 4 h
incubation (more than 90.5% was recovered). Thus, the
above data suggest that the CLNR of telithromycin listed in
Table II could represent the metabolic clearance of the drug.
Additionally, changes in the CLNR of telithromycin could
represent changes in the hepatic metabolic clearance of the
drug in rats.

After intravenous administration of telithromycin to
both rat models of DMIA and DMIS, the significantly smaller
AUC than that in respective control rats could have been due
to significantly faster CL (Table II). The faster CL was
primarily attributable to a significantly faster CLNR than that
in the control rats, because the contribution of the CLR to the
CL of telithromycin was not considerable; the ratios were
18.5, 18.7, 13.1 and 12.8% for the control rats for rat model of
DMIA, rat model of DMIA, the control rats for rat model of
DMIS, and rat model of DMIS, respectively (Table II).
Telithromycin was metabolized via CYP3A1/2 in rats (7); in
rats pretreated with dexamethasone phosphate or troleando-
mycin (a main inducer or a main inhibitor of CYP3A1/2 in
rats, respectively), the CLNR of telithromycin was significantly
faster or slower (129% increase or 31.3% decrease, respec-
tively), respectively, than that in the control rats. The
significantly faster CLNR of telithromycin could have been
due to increased CYP3A1/2 in rat model of DMIA or DMIS
(8–11). Because telithromycin is a low hepatic extraction ratio
drug in rats (14), its hepatic clearance depends more on the
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Fig. 3. Mean arterial plasma concentration–time profiles of telithro-
mycin after its oral administration at a dose of 50 mg/kg to rat model
of DMIA (solid circles; n=9) and their control rats (open circles; n=9)
(a), and rat model of DMIS (solid circles; n=10) and their control rats
(open circles; n=9) (b). Vertical bars represent standard deviations.
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intrinsic clearance (CLint) for the disappearance of telithro-
mycin rather than on the hepatic blood flow rate (26). The
faster CLNR of telithromycin in both rat models of diabetes
(Table II) could be supported by the significantly faster in
vitro hepatic CLint for the disappearance of telithromycin
than that in the control rats (Table I). Even though Sato et al.
(27) reported that the hepatic plasma flow rate was faster
(67.0% increase) in male Wistar rat model of DMIS, its effect
on the hepatic clearance of telithromycin is negligible as
above mentioned.

After oral administration of telithromycin to both rat
models of diabetes, the AUC of telithromycin was compara-
ble to that in their respective control rats (Table III).
However, this was not likely due to decreased gastrointestinal
absorption of telithromycin for both rat models of diabetes.
For comparison, the mean ‘true’ fraction of the oral dose of
telithromycin unabsorbed in this study could be estimated by
a reported equation (28); the values thus estimated were 5.87,
3.64, 4.81, and 4.05% for the rat model of DMIA and their
control rats, and rat model of DMIS and their control rats,
respectively. Thus, more than 94% of the oral dose of
telithromycin was absorbed for all groups of rats. Although
the AUC of intravenous telithromycin significantly decreased
due to increased hepatic metabolism of the drug (Table II),
the AUC values of oral telithromycin were comparable
between each model of diabetes and their respective control
rats (Table III). This could have been due to decreased
intestinal metabolism of telithromycin in rat model of DMIS.
The intestinal first-pass effect of telithromycin was consider-
able, 63.4%, after oral administration of telithromycin at a
dose of 50 mg/kg to controls rats (14). Because telithromycin
is an intermediate intestinal extraction ratio drug, its intesti-
nal clearance depends on the intestinal blood flow rate, the
CLint for the disappearance of telithromycin, and the free
fraction of the drug in plasma, assuming that the hepatic
clearance concept (26) could be applied to the intestine. The

decreased intestinal clearance of telithromycin in rat model of
diabetes could be supported by the slower CLint for the
disappearance of telithromycin in the intestine (Table I).
However, the contribution of the intestinal blood flow rate
and the free fraction of telithromycin in plasma to the
significantly decreased intestinal metabolism of the drug did
not seem to be considerable. Because, it has been reported
that the intestinal blood flow rate increased in rat model of
DMIA and DMIS (29,30) and the free fraction of telithro-
mycin in plasma was comparable between rat models of dia-
betes and their respective control rats as above mentioned.
Thus, the slower CLint in both rat models of diabetes (Table I)
could mainly be due to the decrease in intestinal CYP3A1/2 in
rat model of DMIS (10).

The terminal half-lives of telithromycin were comparable
between each rat model of diabetes and their respective control
rats after intravenous administration to rat models of DMIA and
DMIS (Table II) and oral administration to rat model of DMIA
(Table III). However, the terminal half-life of telithromycin was
significantly shorter after oral administration to rat model of
DMIS than that in control rats although the AUC values were
comparable between two groups of rats (Table III). Although
the exact reason is not clear, the similar results have been
obtained from zopolrestat (31) and omeprazole (32).

Some pharmacokinetic parameters of telithromycin were
significantly different between rat models of DMIA and DMIS
compared with those in their respective control rats; the Vmax

and the Km in hepatic microsomes, and the CLint in intestinal
microsomes (Table I), the MRT and the CLR after intravenous
administration (Table II), and the terminal half-life after oral
administration (Table III). Although the exact reason is not
clear, this could be partly due to the major difference existing
in the diabetogenic effects of streptozotocin and alloxan (12).

Kim et al. (8) reported that in rats pretreated with
streptozotocin (rat model of DMIS), the protein expression
and mRNA level of hepatic CYP1A2, 2B1/2, 2E1, and 3A1

Table III. Pharmacokinetic Parameters of Telithromycin after Its Oral Administration at a Dose of 50 mg/kg to Rat Models of DMIA and
DMIS, and Their Respective Control Rats

Parameter Control for DMIA (n=9) DMIA (n=9) Control for DMIS (n=9) DMIS (n=10)

Body weight (g)
Initiala 242±6.61 241±3.00 221±9.82 227±7.09
Finalb 259±8.46 234±17.4c 241±12.2 192±18.0d

Blood glucose (mg/dl) 108±12.2 184±55.4d 91.6±5.20 328±83.0d

Urine output (ml/24-h) 8.64±4.52 16.1±10.9e 8.11±5.11 15.0±6.38e

Telithromycin
AUC (μg min/ml) 846±363 707±309 608±188 559±183
Terminal half-life (min) 203±56.6 204±142 208±74.7 141±39.1e

Cmax (μg/ml) 2.44±1.19 2.07±1.34 1.87±0.646 2.31±0.806
Tmax (min)f 180 (60–480) 180 (90–360) 180 (15–240) 90 (15–240)
CLR (ml/min/ kg) 6.61±3.77 5.69±2.43 5.23±1.39 5.16±2.80
Ae0–24 h (% of the dose) 9.60±3.32 7.01±1.54 6.60±3.32 5.67±3.62
GI24 h (% of the dose) 5.66±4.04 7.90±3.35 5.44±2.44 6.86±4.32
F (%) 39.2 43.6 26.7 37.2

Data represent means±standard deviations
aMeasured just before treatment
bMeasured just before experiment
cThe value was significantly different (p<0.01) from respective control
dThe value was significantly different (p<0.001) from respective control
eThe value was significantly different (p<0.05) from respective control
f Tmax was expressed as median (ranges)
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increased, whereas CYP2C11 decreased compared with those
in the control rats. Similar results were also obtained from rats
pretreated with alloxan (rat model of DMIA) (8), although the
streptozotocin and alloxan are structurally dissimilar. Shimojo
et al. (11) reported that increased hepatic CYP2A1, 2C6, 2C7,
3A2, and 4A3 in rat model of DMIS were restored to the
levels in the control rats by treatment with insulin. In type I
and type II diabetes patients, the mRNA level of CYP2E1
increased (33) and in type I diabetes patients, CYP1A2
increased (34) as shown in rat models of DMIA and DMIS
(8). Thus, the pharmacokinetic changes of telithromycin in
both rat models of diabetes (Tables II and III) could be due to
changes in CYP3A1/2 induced by diabetes mellitus and not
due to streptozotocin or alloxan, itself.

In conclusion, after intravenous administration of telithro-
mycin to both rat models of diabetes, the CLNR (AUC) was
significantly faster (smaller) than that in the respective control
rats (Table II). This could have been due to increased expression
and/or mRNA level of hepatic CYP3A1/2 in rat model of
DMIA and DMIS (8), because telithromycin was primarily
metabolized via hepatic CYP3A1/2 in rats (7). After oral
administration of telithromycin, however, the AUC was compa-
rable between each rat model of diabetes and their respective
control rats. This could have mainly been due to decreased
intestinal first-pass effect of telithromycin in rat models of DMIS
caused by decreased intestinal CYP3A1/2 activity in rat model
of DMIS (10). Alloxan and streptozotocin appear to influence
some pharmacokinetics of telithromycin in a different fashion
after both intravenous and oral administration.
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