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Abstract

The effect of endotoxin on glucuronidation and hepatobiliary transport of quinolone antimicrobial agents was investigated in rats using
sparfloxacin and p-nitrophenyl glucuronide as model drugs. The biliary clearance experiments were performed 24 h after a single

Ž .intraperitoneal injection of endotoxin 1 mgrkg . Endotoxin significantly delayed the disappearance of sparfloxacin from plasma and
Ž .increased plasma concentration of its glucuronide after intravenous injection of sparfloxacin 10 mgrkg . Significant decreases in the

systemic clearance of sparfloxacin and the biliary clearance of sparfloxacin and the glucuronide were observed. Endotoxin had no effect
Ž .on in vitro glucuronidation activity using p-nitrophenol as a substrate. When p-nitrophenyl glucuronide 8 mgrkg was administered in

endotoxin-pretreated rats, significant decreases in the systemic clearance, biliary clearance and renal clearance of p-nitrophenyl
glucuronide were observed. These findings suggest that endotoxin decreases the biliary excretion of sparfloxacin and its glucuronide
probably due to impairment of their hepatobiliary transport systems and renal handling. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Endotoxin, an active component in the outer membrane
of the Gram-negative bacteria, is well known to induce

Ždamage to numerous organs including the liver Hirata et
.al., 1980; Durham et al., 1990; Hewett and Roth, 1993 .

Among numerous organs, liver has an important function
Ž .for the detoxication phase I and phase II metabolism and

Ž .excretion hepatobiliary excretion of a variety of drugs
and their metabolites. The effect of endotoxin and inflam-
matory cytokines released by endotoxin on phase I me-
tabolism is well known. Studies in our laboratories with
antipyrine as a substrate showed that endotoxin treatment
induces time-dependent reduction in hepatic metabolism in
rats and the reduction is due to overproduction of nitric
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Ž . Žoxide NO in plasma Nadai et al., 1998; Kitaichi et al.,
.1999 . Furthermore, we previously reported that endotoxin

treatment impairs biliary and renal excretion of various
organic anion drugs by changing the ability of the biliary

Žand tubular secretory systems Nadai et al., 1993a,b, 1996;
.Hasegawa et al., 1994; Haghgoo et al., 1994 . However,

less is known about the effect of endotoxin treatment on
phase II metabolism and hepatobiliary transport systems.

It is well known that several drug transporters con-
tribute to the hepatobiliary transport of drugs; for example,

Žcanalicular multispecific organic anion transporter mrp2r
.cMOAT and P-glycoprotein, which belong to ATP-bin-

Ž .ding cassette ABC transporter superfamily, present in the
bile canalicular membrane and are considered to play a
central role in the excretion of numerous xenobiotics from
the liver. There are a number of papers suggesting that
organic anions, including glucuronide conjugates, can be

Žsecreted into the bile by mrp2rcMOAT Hirohashi et al.,
1999; Kamisako et al., 1999; Fukumura et al., 1998; Seitz

.et al., 1998; Keppler et al., 1997 .
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New quinolone antimicrobial agents are widely used for
the treatment of patients with Gram-negative bacterial

Žinfection. Many new quinolone antimicrobial agents en-
oxacin, levofloxacin, ciprofloxacin, sparfloxacin and gre-

.pafloxacin are known to primarily excrete into the urine.
Among them, sparfloxacin and grepafloxacin are typical

Žgroups of drugs excreted into the bile Matsunaga et al.,
.1991; Akiyama et al., 1995 . It has been suggested that

grepafloxacin and its glucuronide are exported into the bile
by mrp2rcMOAT and that grepafloxacin glucuronide has
higher affinity with the transporter than the parent drug
Ž .Sasabe et al., 1998 . The hepatobiliary transport mecha-
nism of sparfloxacin remains to be elucidated. We consider
that sparfloxacin may be also actively excreted into the
bile by the same transporter as grepafloxacin or by P-
glycoprotein since sparfloxacin is suggested to be a sub-

Žstrate for P-glycoprotein Cormet-Boyaka et al., 1998;
.Dautrey et al., 1999 . However, the effect of endotoxin on

the phase II metabolism and hepatobiliary transport of
sparfloxacin has not yet been fully clarified.

The aim of the present study is to clarify the effect of
Klebsiella pneumoniae endotoxin on the hepatobiliary ex-
cretion of quinolones using sparfloxacin and p-nitrophenyl
glucuronide as model drugs.

2. Materials and methods

2.1. Materials

Endotoxin was isolated from K. pneumoniae LEN-1
Ž y.O3: K1 , which was identical to that used in previous

Ž .studies Nadai et al., 1998; Kitaichi et al., 1999 . Spar-
floxacin was kindly donated from Dainippon Pharmaceuti-

Ž .cal Tokyo, Japan . b-Glucuronidase, UDP–glucu-
ronic acid, p-nitrophenol and p-nitrophenyl glucuronide

Ž .were purchased from Sigma St. Louis, MO . All other
reagents are commercially available and were of analytical
grade.

2.2. Animals and experiments

Eight- to nine-week-old male Wistar rats weighing
Ž .280–300 g Japan SLC, Hamamatsu, Japan were used for

all experiments. The rats were housed under controlled
Ženvironmental conditions temperature 23"1 8C and hu-

.midity 55"5% with a commercial food and water freely
available. All animal experiments were carried out accord-
ing to the guidelines of Nagoya University School of
Medicine or Faculty of Pharmaceutical Sciences, Meijo
University for the care and use of laboratory animals and
the European Community guidelines for the use of labora-
tory animals.

Just before the experiments, rats under light anesthesia
Ž .with pentobarbital 25 mgrkg were cannulated with poly-

ethylene tubes, in the left jugular artery and the femoral

vein for blood sampling and drug administration, respec-
tively. The bile duct was also cannulated with polyethylene
tube for bile collection. In the clearance experiment of
p-nitrophenyl glucuronide, urinary bladder was cannulated
with polyethylene tube for urine sampling. In all experi-
ments, the rats were placed in plastic metabolic cages
Ž .Natsume, Tokyo, Japan under anesthesia with pento-
barbital. Body temperature was maintained at 37 8C
throughout the experiments with the assistance of heat
lamps.

The rats received an intraperitoneal injection of K.
Ž .pneumoniae endotoxin 1 mgrkg 24 h before intravenous

injection of each drug. The control group was treated with
isotonic saline in place of endotoxin. To elucidate the
effect of endotoxin on the biliary excretion of sparfloxacin
and the glucuronide, the rats received a bolus injection of

Ž .sparfloxacin 10 mgrkg . Blood samples of approximately
0.25 ml were collected at appropriate intervals after the

Žadministration of sparfloxacin 5, 10, 20, 30, 45, 60, 90,
.120, and 180 min . Bile samples were collected in

Žpreweighed tubes at designated intervals 0 to 10 min and
.thereafter 20-min intervals for 180 min.

To elucidate the effect of endotoxin on the biliary
excretion of p-nitrophenyl glucuronide, the rats received a

Ž .bolus injection of p-nitrophenyl glucuronide 8 mgrkg .
The dose of p-nitrophenyl glucuronide used in this study

Ž .was chosen on the basis of a report Machida et al., 1982 .
After injection of p-nitrophenyl glucuronide, blood sam-

Žples were collected at designated intervals 5, 10, 15, 20,
.25, 30, 45, and 60 min after injection . Bile and urine

samples were collected at three consecutive 20-min time
points for 60 min.

Blood samples in all experiments were immediately
centrifuged at 6000=g for 10 min to yield plasma sam-
ples. The volume of bile and urine was measured gravi-
metrically, with specific gravity assumed to be 1.0. Plasma,
bile and urine samples were stored at y40 8C until
analysis.

2.3. Protein binding experiments

To estimate the difference in the protein binding of
p-nitrophenyl glucuronide between the control and endo-
toxin-treated rats, the protein binding experiment was done

Žby equilibrium dialysis using a cellulose membrane Visk-
.ing Sheet, Sanplatec, Osaka, Japan with molecular weight

cut-off set at 10–20 kDa. Under light anesthesia with ethyl
ether, blood samples were obtained from the abdominal

Ž .aorta of control rats saline and rats 24 h after injection of
endotoxin, and plasma samples were immediately obtained
by centrifugation. Four-hundred microliters of pH 7.4

Ž .phosphate buffered saline PBS solution containing 5
mgrml of p-nitrophenyl glucuronide was dialyzed against
an equal volume of plasma samples at 37 8C for 8 h to
attain equilibrium. The concentration of p-nitrophenyl glu-
curonide was chosen on the basis of plasma concentration
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data obtained in vivo experiments. Concentrations of p-
nitrophenyl glucuronide on both sides of the membrane
were measured by high-performance liquid chromatogra-

Ž .phy HPLC .

2.4. Glucuronidation of p-nitrophenol in liÕer ho-
mogenates

Approximately 1 g of rat liver treated earlier 24 h with
endotoxin or saline was suspended in 5-ml cold 0.15 M
KCl solution and homogenized with a loose homogenizer
on ice. Liver homogenate equivalent to about 100 mgrml

Ž .in incubation medium pH 7.4 was incubated with 50 mM
p-nitrophenol, 2 mM UDP–glucuronic acid. The incuba-
tion medium contained 131 mM NaCl, 5.2 mM KCl, 0.9
mM MgSO 7H O, 0.12 mM CaCl P2H O, 3.0 mM4 2 2 2

NaH PO , and 10.0 mM Tris–ethanolamine. The final pH2 4

was adjusted to 7.4 with HCl. Incubation was carried out
for 30 min at 37 8C and was stopped immediately by
adding 10% perchloric acid into the incubation mixture.
Concentrations of p-nitrophenol glucuronide in the sam-
ples were analyzed by HPLC.

2.5. Drug analysis

The concentration of sparfloxacin and p-nitrophenyl
glucuronide in plasma and bile was measured by HPLC.
Bile samples were measured by appropriate dilution with
distilled water. Free sparfloxacin, released by hydrolysis of
glucuronide conjugate in the plasma and bile, was mea-
sured. Briefly, 50 ml of plasma and bile samples were

Ž .mixed with 100 ml of acetic acid buffer pH 5.0 contain-
Ž .ing b-glucuronidase 250 unitrml for 15 h at 37 8C to

hydrolyze the conjugate completely. The solution was
Žadded to 150 ml of 66 mM phosphate buffer solution pH

.7.4 .
For measuring sparfloxacin and the glucuronide, 50 ml

of each sample treated with or without treated with b-
glucuronidase, were mixed with 300 ml of methanol con-

Ž .taining norfloxacin 0.1 mgrml as an internal standard.
After centrifuging the mixture, the supernatant was evapo-
rated to dryness with N gas stream at 50 8C. The residue2

was reconstituted with 200 ml of the mobile phase and the
solution was subjected to HPLC.

For measuring p-nitrophenyl glucuronide in plasma or
bile, 50 ml of each sample was mixed with 10% perchloric

Ž . Ž .acid 100 ml containing p-fluorophenol 35 mM as an
internal standard. After centrifuging the mixture, the super-
natant was subjected to HPLC. Bile samples were diluted
adequately with distilled water. After centrifuging the mix-
ture, the supernatant was subjected to HPLC.

The apparatus used for HPLC was Shimadzu LC-6A
Ž .system Kyoto, Japan consisting of a LC-6A liquid pump

and an SIL-6A autoinjector. Sparfloxacin was separated on
Ža Cosmocil 5C column 4.6=150 mm, Nacalai Tesque,18

. wKyoto, Japan with a mobile phase 20 mM Na SO r2 4
Ž .acetonitriles80:20 volrvol solution containing 0.1%

x Ž .H PO at 40 8C with a column oven OTC-6A , and was3 4
Ždetected by a RF-535 fluorescence detector operated at
.emission l 540 nm and excitation l 310 nm . PN-G was

separated on a Cosmocil 5C column with a mobile phase18
w Ž .waterrmethanolracetic acids685:300:15 volrvol so-
lution containing 0.5 grl of KNO3 and 30 mgrl of

xtetrabutylammonium bromide at 40 8C; and was detected
Žby an SPD-6A UV spectrophotometric detector operated

.at 300 nm . The flow rate was 1.0 mlrmin for sparfloxacin
and 1.2 mlrmin for p-nitrophenyl glucuronide. These
assays were shown to be linear for the concentrations
measured with a correlation coefficient of 0.999. The
detection limit was 0.01 mgrml for sparfloxacin and 0.05
mgrml for p-nitrophenyl glucuronide. No interference
with the peak of each drug was observed in any samples.
The within-day and between-day coefficients of variation
for this assay were less than 6%.

2.6. Pharmacokinetic analysis

Plasma concentration–time data for sparfloxacin,
sparfloxacin glucuronide and p-nitrophenyl glucuronide
were analyzed using noncompartmental model. The area

Ž .under the curve AUC and the area under the first mo-
Ž .ment curve AUMC were calculated by the trapezoidal

rule with extrapolation to infinity. The systemic clearance
Ž .CL was determined as doserAUC. The mean resi-SYS

Ž .dence time MRT was calculated as AUMCrAUC. The
volume of distribution at steady state was calculated as
CL =MRT.SYS

The biliary clearance and renal clearance was calculated
by dividing the total amount of drug excreted into the

Žurine and bile, within the respective collection period 60
. Žor 180 min by the corresponding AUC AUC or60

.AUC .180

2.7. Statistical analysis

The results are expressed as means"S.E. for the indi-
cated numbers of experiments. Statistical analysis was

Ž .performed by one-way analysis of variance ANOVA .
Ž .When F ratios were significant P-0.05 , Scheffe’s

post-hoc tests between the two groups were done and P
values of -0.05 were considered statistically significant
post-hoc differences.

3. Results

3.1. Effect of endotoxin on the pharmacokinetics of
sparfloxacin and the glucuronide

We investigated the effect of endotoxin on the plasma
concentration and biliary excretion of sparfloxacin and the
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Ž . Ž . Ž .Fig. 1. Mean semilogarithmic plots of plasma concentration–time data for sparfloxacin left and sparfloxacin–glucuronide right in untreated rats `
Ž . Ž .and in rats treated with endotoxin v . Sparfloxacin 10 mgrkg was administered intravenously 24 h after a single intraperitoneal injection of endotoxin

Ž . Ž .1 mgrkg . Each symbol represents the mean"S.E.M. of five rats. a: Significantly different from control P-0.05 .

glucuronide in rats. Fig. 1 shows mean plasma concentra-
tion–time curves of sparfloxacin and the glucuronide in
the control and endotoxin-treated rats following an intra-

Ž .venous injection of sparfloxacin 10 mgrkg . As illus-
trated in Fig. 1, endotoxin dramatically delayed the disap-
pearance of sparfloxacin from plasma and significantly
increased the plasma concentrations of sparfloxacin glu-
curonide compared to the control rats. Table 1 shows the
corresponding pharmacokinetic parameters of sparfloxacin
and the glucuronide. The percentage of the dose of spar-
floxacin and the glucuronide excreted in the bile during

Ž .experimental period 0 to 180 min following administra-
tion of sparfloxacin in normal rats was 4.0% and 30.2%,
respectively. Endotoxin significantly decreased the sys-

Žtemic clearance and biliary clearance of sparfloxacin 2.1–
.1.3 and 0.1–0.06 lrhrkg, respectively . However, no

significant difference in the steady state volume of distri-
bution of sparfloxacin was observed between the control
and endotoxin-treated rats. On the other hand, endotoxin
significantly increased the area under plasma concentra-

Ž .tion–time curve 2.0 to 3.5 mg hrml and decreased the
Žbiliary clearance of sparfloxacin glucuronide 1.6 to 0.7

.lrhrkg .

Table 1
Effect of endotoxin on the pharmacokinetic parameters of sparfloxacin
and its glucuronide

Control Endotoxin

Sparfloxacin
aŽ .CL lrhrkg 2.06"0.17 1.33"0.18SYS

Ž .V lrkg 4.37"0.22 4.29"0.50SS
aŽ .CL lrhrkg 0.12"0.02 0.06"0.01BILE

Sparfloxacin glucuronide
aŽ .CL lrhrkg 1.64"0.27 0.72"0.17BILE

Each value represents the mean"S.E.M. of results from five animals.
Ž .Sparfloxacin 10 mgrkg was administered intravenously in rats 24 h

after injection of endotoxin. CL , systemic clearance; V , volume ofSYS SS

distribution at steady state; CL , biliary clearance.BILE
a Ž .Significantly different from control P-0.05 .

3.2. Effect of endotoxin on hepatic glucuronidation of
p-nitrophenol as a substrate

To confirm whether the endotoxin-induced increase in
plasma concentration of sparfloxacin glucuronide was due
to an increased activity of the enzyme, we investigated the
effect of endotoxin on the glucuronidation of p-nitrophenol
as a substrate using liver homogenates from rats pretreated
with or without endotoxin. No significant difference in the
glucuronidation of p-nitrophenol was observed between

Ž .the control 22.9"0.4 mMrminrg liver and endotoxin-
Ž .treated 22.5"0.4 mMrminrg liver rats.

3.3. Effect of endotoxin on the biliary and renal excretion
of p-nitrophenyl glucuronide

To confirm whether the endotoxin-induced decrease in
the systemic clearance of sparfloxacin and biliary clear-

Fig. 2. Mean semilogarithmic plots of plasma concentration–time data for
Ž .p-nitrophenyl glucuronide p-nitrophenyl glucuronide in untreated rats

Ž . Ž . Ž` and in rats treated with endotoxin v . p-Nitrophenyl glucuronide 8
.mgrkg was administered intravenously 24 h after a single intraperitoneal

Ž .injection of endotoxin 1 mgrkg . Each symbol represents the mean"
Ž .S.E.M. of five rats. a: Significantly different from control P-0.05 .
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Table 2
Effect of endotoxin on the pharmacokinetic parameters of p-nitrophenyl
glucuronide

CL V CL CLSYS SS BILE R
Ž . Ž . Ž . Ž .lrhrkg lrkg lrhrkg lrhrkg

Control 1.09"0.06 0.42"0.04 0.07"0.01 0.82"0.04
a a aEndotoxin 0.74"0.06 0.37"0.04 0.04"0.01 0.55"0.04

Each value represents the mean"S.E.M.of results from five animals.
Ž .p-Nitrophenyl glucuronide 8 mgrkg was administered intravenously in

rats 24 h after injection of endotoxin. CL , systemic clearance; V ,SYS SS

volume of distribution at steady state; CL , biliary clearance; CL ,BILE R

renal clearance.
a Ž .Significantly different from control P-0.05 .

ance of sparfloxacin glucuronide was due to a decreased
renal excretion, we investigated the effect of endotoxin on
the biliary and renal excretion of p-nitrophenyl glucu-
ronide as a model drug. The mean plasma concentra-
tion–time data for p-nitrophenyl glucuronide in the control
and endotoxin-treated rats, following an intravenous injec-

Ž .tion of p-nitrophenyl glucuronide 8 mgrkg , are illus-
trated in Fig. 2. Endotoxin significantly delayed the dis-
appearance of p-nitrophenyl glucuronide from plasma.
The corresponding pharmacokinetic parameters of p-nitro-
phenyl glucuronide are summarized in Table 2. Endotoxin
significantly decreased the systemic clearance, biliary
clearance and renal clearance of p-nitrophenyl glucuronide
by approximately 30%, 40% and 30%, respectively. How-
ever, no significant difference in the volume of distribution
at steady state for p-nitrophenyl glucuronide was observed
between the control and endotoxin-treated rats. The protein

Žbinding of p-nitrophenyl glucuronide was weak less than
.10% . No significant difference in the unbound fraction to

plasma protein was observed between the control and
Žendotoxin-treated rats 0.95"0.06 and 0.86"0.05, re-

.spectively .

4. Discussion

Our interest in the biliary transport of quinolones was
stimulated by a report that the transport of grepafloxacin
and the main metabolite, grepafloxacin glucuronide, across
the bile canalicular membrane is mediated by mrp2r
cMOAT and that the glucuronide has a much higher

Žaffinity for mrp2rcMOAT than the parent drug Sasabe et
. Ž .al., 1998 . Recently, Tamai et al. 2000 reported on the

possible involvement of P-glycoprotein in the bloodrbrain
distribution of grepafloxacin and sparfloxacin. Recently,
we reported that some quinolones reverse P-glycoprotein-
mediated drug resistance and that grepafloxacin is actively
excreted into the bile by P-glycoprotein andror mrp2r

Ž .cMOAT Zhao et al., in press . A series of experiments,
therefore, was designed in our laboratories to investigate
the effect of K. pneumoniae endotoxin on the biliary

transport systems for organic anions using sparfloxacin as
a model drug.

The data of the biliary clearance experiment of spar-
floxacin demonstrate that endotoxin significantly delays
the disappearance of sparfloxacin and the glucuronide
from plasma and that it significantly decreases the sys-
temic clearance and biliary clearance of the parent drug.
Endotoxin was also shown to decrease the biliary clear-
ance of sparfloxacin glucuronide. On the basis of the
recovery of sparfloxacin from bile, it was concluded that
the biliary excretion of the parent drug is only minor.
Hence, it is unlikely that endotoxin-induced decrease in the
systemic clearance of sparfloxacin and increase in the
plasma concentrations of the parent drug are due to a
decrease in the biliary clearance. Rather, the endotoxin-in-
duced decrease in the systemic clearance of the parent
drug may be due to a reduction of its glucuronidation in
the liver andror renal clearance. On the other hand, the
endotoxin-induced decrease in the clearance of sparfloxacin
glucuronide appears to be due to impairment of the biliary
transport of sparfloxacin glucuronide.

To further clarify this phenomenon, we examined the
effects of endotoxin on the formation of glucuronide con-
jugate and its biliary excretion of p-nitrophenyl glucu-
ronide as a substrate, which is mainly excreted into the
urine and bile. On the basis of the extent of protein binding

Žand the normal value of glomerular filtration rate ap-
. Žproximately 3 mlrmin , the clearance ratio renal clear-

.ancerglomerular filtration rate for p-nitrophenyl glu-
curonide in normal rats was calculated to be about 1.4,
indicating that p-nitrophenyl glucuronide is at least partly
secreted into the urine by organic anion transport mecha-
nism. It is likely that endotoxin decreases the tubular
secretion of p-nitrophenyl glucuronide, expressed as renal
clearance for unbound drug minus glomerular filtration
rate. The data from the in vivo experiments using p-
nitrophenyl glucuronide demonstrated similar results to
those observed with sparfloxacin. These results suggest
that endotoxin-induced decrease in the systemic clearance
of sparfloxacin and delay in the disappearance of spar-
floxacin from plasma are caused by a decrease in renal
excretion andror rate of glucuronidation, but not by a
decrease in the biliary excretion.

To clarify whether endotoxin increases the plasma con-
centrations of sparfloxacin by changing the glucuronida-
tion, we examined the effect of endotoxin on the glu-
curonidation of p-nitrophenol in vitro. Endotoxin did not
change the rate of formation of p-nitrophenol to p-
nitrophenyl glucuronide, suggesting that endotoxin has no
direct effect on hepatic glucuronidation. These results con-

Ž .firm the study by Roelofsen et al. 1994 , who reported
that intravenous injection of E. coli endotoxin induces a
decrease in biliary transport of bilirubin and the impaired
transport of bilirubin is not due to impairment of conjuga-
tion of bilirubin. They also reported that ATP levels in
hepatocytes were slightly decreased 2 h after intravenous
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Ž .injection of endotoxin 1 mgrkg but returned to normal
Ž .levels within 18 h after injection Roelofsen et al., 1995 .

It is unlikely therefore that endotoxin-induced reduction of
ATP-dependent biliary transport of sparfloxacin glu-
curonide and p-nitrophenyl glucuronide might be due to a
decrease in ATP levels.

There is a possibility that the reduction of biliary excre-
tion of sparfloxacin glucuronide and p-nitrophenyl glu-
curonide might be due to a decrease in the ability andror
capacity of transporters related to their biliary excretion. It
has been suggested that sparfloxacin, lomefloxacin and a
newly developed quinolone, HSR-903, are actively se-

Žcreted into the bile via mrp2rcMOAT Murata et al.,
.1999; Sasabe et al., 1998 . Quinolones, which are signifi-

cantly excreted into the bile, appear to be actively secreted
into the bile by mrp2rcMOAT. There is a possibility that
the biliary transport of quinolones is mediated by other
transporters distinct from mrp2rcMOAT. For example,
there is evidence for P-glycoprotein-mediated transport of

Žquinolones Rabbaa et al., 1995; Ito et al., 1997; Tamai et
.al., 2000 . Indeed, it has been suggested that sparfloxacin

Žis a substrate for P-glycoprotein Cormet-Boyaka et al.,
1998; Dautrey et al., 1999; Tamai et al., 2000; Zhao et al.,

.in press . These observations suggest that quinolones,
which are excreted into the bile, are, at least in part,
excreted into the bile by mrp2rcMOAT and P-glyco-
protein.

There are many reports suggesting that the biliary trans-
port of substrates for mrp2rcMOAT is decreased by endo-

Žtoxin injection Roelofsen et al., 1994, 1995; Bolder et al.,
. Ž .1997 . Trauner et al. 1997 have reported that reduction of

the expression of mrp2rcMOAT mRNA was observed in
Ž .rat liver 18 h after injection of endotoxin. Vos et al. 1998

have reported that E. coli endotoxin largely decreased the
expression of mrp2rcMOAT at the mRNA and protein
levels in rat liver 6 h after injection, whereas the expres-
sion did not return to normal until 48 h. Yet, they also
reported that the expression of mdr1a mRNA did not

Ž .change until at least 48 h after injection Vos et al., 1998 .
Ž .To the contrary, Tang et al. 2000 have reported that E.

coli endotoxin induced significant reductions in the protein
and mRNA expression of mrp2rcMOAT and P-glyco-
protein in rat liver 12 h after injection. There is evidence
that cytokine induction in different bacterial strains and

Ž .endotoxin preparations vary Flad et al., 1993 . The dis-
crepancy in mdr1a regulation between the study of Vos et

Ž . Ž .al. 1998 and the study of Tang et al. 2000 may be due
Žto differences in bacterial strains E. coli serotype O127:B8

.and E. coli serotype O55:B5, respectively andror doses
Ž .of endotoxin 2 and 5 mgrkg, respectively . The present in

vivo results are, at least, supported by the study of Tang et
Ž .al. 2000 . On the basis of these findings, we assume that

the endotoxin-induced decrease in the biliary excretion of
sparfloxacin and glucuronide is due to the impairment of
both mdr1a- and mrp2rcMOAT-mediated transport of
sparfloxacin.

It has been shown that endotoxin induces increased
levels of cytokines, including tumor necrosis factor-a
Ž .TNF-a , interleukin-1, interleukin-2 and interleukin-6.
The elevation of these cytokines might play an important
role in endotoxin-induced changes in certain transporter-

Žmediated biliary excretion mechanisms Simpson et al.,
. Ž .1997; Hirsch-Ernst et al., 1998 . Nakamura et al. 1999

reported that anti-interleukin-1 or anti-TNF-a antibodies
restores endotoxin-induced reduction in the expression of
cMOATrMRP2, whereas IL-1 and TNF-a decrease the
expression. On the other hand, there is evidence that
TNF-a induces up-regulation of the expression of MRP1
in human colon carcinoma cells and mdr1 in rat hepatoma

Ž .cell line Chapekar et al., 1991; Stein et al., 1997 . We
have found that a nonselective inhibitor of TNF-a produc-
tion, pentoxifylline, significantly inhibits endotoxin-in-
duced reduction of biliary transport of rhodamine 123, a

Ž .substrate for P-glycoprotein unpublished data . On the
basis of these observations, we speculate that the endo-
toxin-induced decrease in mrp2rcMOAT- or P-glyco-
protein-mediated transport mechanism is due to the release
of such endogenous cytokines. However, further studies
are needed to confirm this idea.

In conclusion, in the present study we have found that
K. pneumoniae endotoxin significantly decreases the sys-
temic and biliary clearances of sparfloxacin and its glu-
curonide. We conclude that the endotoxin-induced de-
crease in the biliary excretion of sparfloxacin may be
caused by a lower ability andror capacity of transporters
involved in the biliary and renal excretion of sparfloxacin.
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