
Abstract. Recently, it has been reported that total clearance
(CLtot) of vancomycin is significantly higher in patients with
malignancies compared to those without malignancies. In the
present study, to clarify the mechanism of this enhancement
in malignancy, we adopted rat animal models, using
chemical carcinogen-induced osteosarcoma, selected lung
metastatic lesions (C-SLM), transplanted into thigh muscles.
The CLtot and renal clearance (CLr) of vancomycin in the
tumor-bearing rats were increased compared to the ones of
the control rats without tumor. However, there was no
difference in the glomerular filtration rate. The plasma
concentrations of interleukin (IL)-1β and IL-6, were elevated
in the tumor-bearing rats. When renal proximal tubular
epithelial cells (RPTEC) were exposed to IL-1β, IL-6, and
tumor necrosis factor (TNF)-α simultaneously, the excretory
ratio increased significantly. These findings suggest that
tubular excretion or re-absorption by cytokines might be
associated with changes in the vancomycin CLtot
enhancement in the tumor-bearing rats.

Vancomycin is a glycopeptide antibiotic that is generally used
for the treatment of methicilin-resistant Staphylococcus aureus
(MRSA) (1, 2). Its use requires effective therapeutic drug
monitoring during the treatment period to keep the plasma
concentration within the therapeutic range, thus, reducing the
incidence of nephrotoxicity (3). Furthermore, in order to prevent
the spread of resistant strains, it is necessary to maintain an
adequate plasma concentration for a short period of time. It has
been reported in other countries that clearance is significantly
higher in elderly patients, infants, and children with malignancy
compared to those without malignancies (4-6). Likewise, in
Japan, we have reported that clearance of vancomycin was
significantly higher in patients with malignancy than in those
without malignancy (7). However, Omote et al. did not detect
such relationships, suggesting little effect of the malignancy on
the vancomycin clearance (8). More recently, other investigators
(9) have reported higher values of vancomycin clearance for
elderly patients with malignant tumors than in those without
tumors, thus supporting our findings. Moreover, a similar
phenomenon has been seen with aminoglycoside antibiotics,
such as amikacin and gentamicin (10-13). However, the
mechanisms are still unknown. Therefore, the aim of the current
study was to confirm enhanced clearance of vancomycin in a
tumor-bearing animal model and to try to clarify the
mechanisms of this enhancement.

Materials and Methods
Materials. Vancomycin hydrochloride was purchased from Shionogi
(Osaka, Japan). Probenecid, quinidine sulfate and cimetidine were
from Nacalai Tesque, Inc (Kyoto, Japan). Inulin was purchased from
Wako Pure Chemical Co. (Osaka, Japan). Interleukin (IL)-1β, IL-6,
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and tumor necrosis factor (TNF)-α were purchased from PeproTech
EC Ltd. (London, UK). All other chemicals were of reagent grade.
Transwell-COL® cell culture chambers (pore size 0.4 mm, diameter
12 mm, and surface area 1 cm2) were purchased from Costar
(Bedford, MA, USA). Dulbecco’s modified Eagle’s medium/nutrient
mixture F-12 (DMEM/F-12), fetal bovine serum (FBS), and other
culture reagents were purchased from GIBCO (Grand Island, NY,
USA). Epidermal growth factor (EGF), choleratoxin,
hydrocortisone, and insulin-transferrin sodium selenite media
supplement (ISL) were purchased from Sigma Chemicals (St. Louis,
MO. USA). Penicillin G and streptomycin were purchased from
Wako Pure Chemical Industries Ltd (Osaka, Japan). Human
fibronectin was purchased from Boehringer Mannheim GmbH
(Mannheim, Germany).

Animal model preparation. All animal experiments were carried out
in accordance with the Declaration of Helsinki and with the
Kanazawa University Guide for the Care and Use of Laboratory
Animals. The chemical carcinogen-induced osteosarcoma, selected
lung metastatic lesion (C-SLM) (14) tumor was kindly provided by
Dr Mii (Nara Medical School, Japan) and maintained in male Fisher
344 rats by repeat inoculation with a tumor block (~10 mm3)
subcutaneously on the back. In this experiment, we introduced 
C-SLM tumor into the hind limb thigh muscles in 7-week old rats.
Sham operations were performed for the control group. When tumor
size reached approximately 1000 mm3 (11-12 weeks old),
vancomycin (5 mg/kg) was administered intravenously to the tumor-
bearing rats and the control rats. Blood was collected from the jugular
vein at 2, 5, 15, 30, 60, 90, 120, 150, and 180 min after vancomycin
administration. Plasma was separated by centrifugation at 12,000 ×g
for 10 min and stored at –30˚C until analysis. The concentration of
vancomycin in plasma was determined by high-performance liquid
chromatography (HPLC). After plasma samples were deproteinized
with acetonitrile, the supernatants were injected onto the HPLC. A
chromatogram (model LC-9A; Shimadzu Corporation, Kyoto, Japan)
was equipped with a variable wavelength UV detector (model SPD-
6A; Shimadzu Corporation) and a 4.6×150 mm stainless steel ODS
Column (Shim-pack CLC-ODS (M); Shimadzu Corporation, Kyoto,
Japan). The mobile phase was 8% acetonitrile in 0.05 M phosphate
buffer (pH 5.5). The detection UV wavelength was 235 nm. A flow
rate of 1.0 ml/min was used. 

Biochemical laboratory data in plasma were measured by SRL
Inc. (Tokyo, Japan). IL-1β, IL-6 and TNF-α were measured using
a rat IL-1β immunoassay kit (IBL International Corp., Toronto,
Canada), and IL-6 and TNF-α immunoassay kit (R&D Systems, Inc.
Minnesota, USA), respectively. 

Determination of plasma protein binding. The plasma protein binding
of vancomycin was determined by an ultrafiltration technique with
the MPS-3 Centrifree (Amicon Corporation, Denver, MA, USA) as
described by Ichimura et al. (15). After equilibration at 37˚C for 20
min, samples of the ultrafiltrate were obtained by centrifugation at
37˚C for 5 min (1000 ×g). The unbound concentration of vancomycin
in the filtrate was determined by HPLC.

Clearance study at steady state. The clearance study was conducted
using the methods described in Nakamura et al. (16) A catheter was
inserted into the femoral vein of the rats for blood sampling at
designated stages. Urine was collected from a catheter inserted into
the urinary bladder through a suprapubic incision. Vancomycin was

administered alone or with probenecid, cimetidine, or quinidine.
The loading dose of vancomycin (2.0 mg), required to reach a
steady state drug plasma concentration, was administered with
inulin (10 mg) and mannitol (40 mg) through the femoral vein. A
continuous infusion of vancomycin (1.36 mg/h) was started
concomitantly with inulin (13.6 mg/h) and mannitol (68.2 mg/h) at
1.5 ml/h. Due to the rapid circulation of quinidine, the loading dose
was omitted. After one-hour infusion for equilibration, urine
samples were collected of three consecutive 20 min intervals.
Blood was sampled at 70, 90 and 110 min after starting the
infusion. In addition, we extracted infusion solution for 20 min
after completion of the experiment. Plasma was separated by
centrifugation at 12,000 ×g for 10 min and stored at –30˚C until
analysis. The concentration of vancomycin in plasma and urine was
determined by HPLC. The inulin concentrations were also
determined by using a cysteine/tryptophan reaction measured by
photometry as described in Waugh et al. (17). 

Cell culture. Human renal proximal tubular epithelial cells
(RPTECs) (18), obtained from Bio-Whittaker (Walkersville, MD,
USA), were cultured in Renal Epithelial Cell Basal Medium(REGM
BulletKit®) from Takara Bio Inc. (Shiga, Japan) supplemented with
addition factor set (0.5 mg/ml hydrocortisone,10 μg/ml hEGF, 10%
FBS, 0.5 mg/ml epinephrine, 6.5 μg/ml triiodothyronine, 10 mg/ml
transferrin, 5 mg/ml insulin, GA-1000 (Gentamicin/Amphotericin-
B)). Cells were passaged using standard trypsinization procedures
and cultured in an atmosphere of 95% air and 5% CO2 at 37˚C. 

Permeability study using RPTEC. RPTECs were seeded at a density
of 3×104 cells/cm2 on the filter membrane of a Transwell-COL
insert and cultured in an atmosphere of 95% air and 5% CO2 at
37˚C for 7 to 9 days until confluence. In the permeability study, the
RPTECs grown on a filter membrane were washed twice with
Hank’s balanced salt solution (HBSS) (1.3 mM CaCl2, 5.0 mM KCl,
0.3 mM KH2PO4, 0.8 mM MgCl2, 138 mM NaCl, 0.3 mM
Na2HPO4, 5.6 mM D-glucose, and 10 mM HEPES, pH 7.4). HBSS
was added to the apical side (200 μl) and to the basal side (800 μl)
and preincubated for 30 min at 37˚C.

In the permeability study with cytokines (IL-1β, IL-6, TNF-α),
the cell layer was preincubated with cytokines on both the apical
and basal sides for 6 and 24 h. The concentrations of cytokines used
were 0.1 and 10 ng/ml. In the assay of drug permeability from the
apical to the basal side, the basal side contained vancomycin. A
sample (80 μl) was collected from the apical side and was
subsequently replaced with an equal volume of HBSS at 37˚C. In
the assay of drug permeability from the basal to the apical side, the
apical side contained vancomycin. A sample (200 μl) was collected
from the basal side and was subsequently replaced with an equal
volume of HBSS at 37˚C. The initial concentration of vancomycin
was 5 μg/ml on the apical side and 10 μg/ml on the basal side. The
collected samples were subsequently used for vancomycin
determination with HPLC. 

Pharmacokinetic analysis. The plasma concentration data after
intravenous bolus administration of vancomycin were analyzed by a
non-compartmental method. In the clearance study at steady state,
total clearance (CLtot) of vancomycin was calculated as the infusion
rate divided by the steady-state plasma concentration (Cpss). The
renal clearance (CLr) was obtained as the urinary excretion rate
divided by the Cpss. 
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Statistical analysis. Student’s t-test was used to compare the
unpaired mean values of two sets of data. The number of
determinations is noted in each Table and Figure. A p-value <0.05
indicated a statistically significant difference between data sets.

Results

Tumor-bearing animal model and pharmacokinetics of
vancmycin. Figure 1 shows the vancomycin concentration-
time profiles in plasma of the control and tumor groups after
intravenous bolus administration of 5 mg/kg vancomycin.
Plasma vancomycin concentration of the tumor group
decreased significantly compared to the one of the control
group at 2, 60, 90, 120, 150, and 180 min. The laboratory
data and estimated vancomycin pharmacokinetic parameters
of the tumor group and the control group are presented in
Table I. There was no difference in the volume of
distribution at steady state (Vss) between the control and
tumor groups. On the contrary, the CLtot value of the tumor
group was increased compared to the one of the control
group. There was no difference in the plasma creatinine, total
bilirubin, aspartate amino transferase (AST), glucose and
uric acid concentrations between the control and tumor
groups and all were within normal ranges. IL-1β and IL-6
plasma levels in the tumor group were higher than those of
the control group. The plasma albumin level decreased in
tumor-bearing rats but was within the normal range. The
plasma protein binding of vancomycin was determined for
control and tumor-bearing rats. The plasma protein binding
behavior of vancomycin was constant under these
experimental conditions. The values of plasma unbound

fraction of vancomycin (fp) for control rats and tumor-
bearing rats were estimated as 0.504±0.070 and 0.458±0.112,
respectively. 

Clearance study at steady state. Table II summarizes the effects
of various drugs on the renal handling of vancomycin at an
infusion rate of 1.5 mg/h for control and tumor-bearing rats.
The CLtot value of vancomycin was increased in the tumor
group compared to the one of the control group as well as
estimated CLtot by plasma concentration profiles after
intravenous bolus injection of 5 mg/kg vancomycin in Figure 1.
Moreover, the CLr of vancomycin was significantly increased
in the tumor group. However, there was no difference in the
glomerular filtration rate (GFR) between the control and tumor
groups. The GFR was not affected by co-administration of
drugs. The co-administered drugs, probenecid, cimetidine, or
quinidine, inhibited the increase in CLr in the tumor group
compared with the control group. To clarify the contribution of
renal tubular excretion and re-absorption, we compared the CLr
with the fp GFR (Table I). The CLr was greater than the fp
GFR in control rats. Therefore, net tubular excretion is
suggested, as Nakamura et al. (16) reported previously. Among
the control group, the level of suppression by co-administered
drugs cimetidine and quinidine was slightly larger than the one
of probenecid, but not significantly different. Among the rats
of the tumor group, co-administration of drugs significantly
inhibited vancomycin elimination compared with
administration of vancomycin alone.

In addition, the GFR in the tumor group was normal in
comparison with the control group, and only CLr was
increased in the tumor group. It is suggested that change of
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Figure 1. Vancomycin (VCM) plasma concentration versus time profiles
for control and intramuscularly transplanted tumor-bearing rats after
intravenous bolus injections with 5 mg/kg. Each point and vertical bar
represents the mean±standard error of the mean (SEM) (n=5).
*Significant difference between control and tumor-bearing rats at p<0.05.

Table I. Estimated vancomycin pharmacokinetic parameters and
laboratory data in plasma for control and tumor-bearing rats after 5
mg/kg intravenous bolus injection of vancomycin.

Control Tumor

Weight (kg) 0.231±0.023 0.254±0.022
Vss (ml/kg) 190±71 232±32
CLtot (ml/min/kg) 1.30±0.37 2.37±0.38*
Creatinine (mg/dl) 0.27±0.05 0.32±0.09

Albumin (g/dl) 4.41±0.38 3.78±0.50*
Total bilirubin (mg/dl) 0.65±0.34 0.49±0.31
AST (IU/l) 87±15 101±40
Glucose (mg/dl) 240±31 213±22
Uric acid (mg/dl) 2.29±1.37 1.95±0.85
IL-1β (pg/ml) <2.0 24.3±6.77*
IL-6 (pg/ml) 106±15 268±147*
TNF-α (pg/ml) 10.3±3.19 12.2±2.90

Vss: Volume of distribution at steady state of vancomycin; CL: Total
clearance of vancomycin; AST: Aspartate amino transferase; Each value
is the mean±standard deviation (SD) (n=5-13). *Significant difference
between control and tumor-bearing rats at p<0.05.



tubular excretion or re-absorption might be associated with
enhancement of CLtot for vancomycin in the tumor group. 

In vitro RPETC study. Vancomycin transport was measured
for 2 h with confluent RPTEC. Permeability ratio
proportionally increased over time and the ratio of apical to
basal, and basal to apical fluxes for 1 h were 36.0±1.8,
6.4±0.5%, respectively. The effect of cytokines on
vancomycin treatment in the RPTEC was examined for 1 h.
Vancomycin apical to basal transport is shown in Figure 2.
In the presence of TNF-α, vancomycin transport was
significantly increased. However, other cytokine stimulation
did not affect vancomycin transport. In the basal to apical
flux, none of the cytokine stimulations had any significant
effect on vancomycin transport, except for the use of mixed
cytokines (IL-1β, IL-6, and TNF-α), where vancomycin
transport increased by 40%. The excretory ratios were
calculated and are illustrated in Figure 3. The excretory ratio
increased 60% when a mixture of cytokines were present. 

Discussion

In this study, in order to aid in analyzing the mechanism of
enhancement of CLtot of vancomycin in cancer patients as
reported by Teramachi et al. (7), we developed an animal
model. We succeeded in developing tumor-bearing animals
that reproduced enhancement of CLtot of vancomycin by
transplanted osteosarcoma cells in the thigh muscles. 

Vancomycin is mainly eliminated through the kidneys and
is usually not metabolized, and the fp is generally high (19,
20). Therefore, we focused on the elimination process in the
kidney and carried out investigations into the mechanism of
the enhanced clearance of vancomycin with tumor-bearing
rats. There were no differences in the Vss and fp values
between control and tumor-bearing rats after an intravenous
bolus injection of vancomycin. In addition to CLtot, the CLr

was also increased in tumor-bearing rats, at steady state with
drip infusion of vancomycin. Furthermore, the GFR did not
change in tumor-bearing rats. However, quinidine, cimetidine,
and probenecid inhibited the elevation of CLr of vancomycin
in these rats. These results suggest that the enhancement of
vancomycin clearance in tumor-bearing rats might be caused
by changes in the tubular excretion or re-absorption
processes. Because the structure of vancomycin includes a
carboxyl group and a nitrogen radical, it is possible that it
behaves as both an organic cation and an organic anion. There
are only a few reports on the mechanism of vancomycin
transport in the kidney. Through studies of rabbit renal
basolateral and brush border membrane vesicles, Sokol (21)
suggested that vancomycin crosses the basolateral membrane.
Nakamura et al. (16) suggested the possible involvement of
the organic cation transport system in renal excretion of
vancomycin. Morover, it is reported that organic cation
transporters (OCT1, OCT2) and organic anion transporters
(OAT1, OAT2, OAT3) were expressed at the basolateral
membrane of proximal tubular cell (22, 23). In our present
study, probenecid, a potent inhibitor of the renal OAT system,
did not affect the renal handling of vancoycon in control rats.
Quinidine and cimetidine, which are organic cations that can
inhibit the renal OCT system, tend to reduce CLr of
vancomycin. Therefore, as has already been reported, the
OAT system may not be involved in the renal excretion of
vancomycin. However, in the present study using tumor-
bearing rats, probenecid, quinidine, and cimetidine inhibited
enhancement of vancomycin CLr. Therefore, the mechanism
of clearance enhancement of vancomycin in tumor-bearing
rats might be associated with functional variations of the
OCTs or OATs in the renal tubular membrane. Identification
of the responsible transporters with an inhibition study is
insufficient in clarifying the specific mechanism. Further
studies are needed to clarify the mechanisms of enhancement
of CLr in tumor-bearing rats. 
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Table II. Effect of co-administration of various drugs on the urinary excretion of vancomycin in drip infusion or control and tumor-bearing rats.

Additional CLtot GFR fpGFR CLr
agent (ml/min/kg) (ml/min/kg) (ml/min/kg) (ml/min/kg)

Control None 1.40±0.17 1.76±0.24 0.91±0.17 1.11±0.13
(n=3-6) Probenecid 1.00±0.17# 1.60±0.17 0.83±0.13 0.90±0.32

Cimetidine 1.03±0.31# 1.54±0.71 0.80±0.38 0.77±0.13#

Quinidine 1.12±0.09# 1.59±0.28 0.82±0.18 0.78±0.30
Tumor bearing None 1.78±0.32* 1.73±0.38 0.81±0.26 1.41±0.14*
(n=4-7) Probenecid 0.91±0.18# 1.44±0.34 0.68±0.23 0.44±0.08#

Cimetidine 1.44±0.29# 1.63±0.59 0.77±0.33 1.02±0.21#

Quinidine 1.57±0.19 1.60±0.59 0.75±0.33 0.72±0.14#

CLtot: Total clearance of vancomycin; GFR: Glomerular filtration rate; fp: Plasma unbound fraction of vancomycin; CLr: Renal clearance of
vancomycin; Each value is the mean±SD. Significant difference between *control and tumor-bearing rats at p<0.05. #with and without co-
administration of drugs at p<0.05.



In the animal model used in this study, there were no
notable changes in plasma laboratory data for creatinine,
AST, total bilirubin, uric acid, and glucose with the
exception of slightly low albumin levels in the tumor group.
It was reported that streptozotocin-induced diabetic rats
experienced decreased expression of both OCT1 and OCT2
proteins and also a decrease in OCT2 mRNA accumulation
(24). Habu et al. (25) showed decreased basolateral OAT

and OCT activity, accompanied by a specific decrease in
OAT1, OAT3 and OCT2 expression in hyperuricemic rat
kidney. However, in the current study, plasma glucose and
uric acid concentrations did not increase in tumor-bearing
rats. In this study, plasma levels of IL-1β and IL-6 in
tumor-bearing rats were significantly elevated compared
with the control rats. We analyzed whether cytokines affect
vancomycin transport in renal proximal tubular epithelial
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Figure 2. Vancomycin(VCM) transport (% of control) across RPTEC monolayers after exposure to several cytokines. Mix: IL-1β, IL-6 and TNF-α
were used simultaneously. Each value is the mean±SEM (n=3). *Significantly different from the control at p<0.05.

Figure 3. Excretory ratios of vancomycin(VCM) on RPTEC monolayers after exposure to several cytokines. Mix: IL-1β, IL-6 and TNF-α were used
simultaneously. Each value is the mean±SEM (n=3). *Significantly different from the control at p<0.05.



cells. Since RPTEC is a normal cell type and easy to
culture successively, these cells were adopted. According
to our in vitro RPTEC studies, mixed cytokine exposure
increased the excretory ratio of vancomycin. Therefore, it
is suggested that cytokines might be candidates which
mediate between tumor cells and the kidney. There are
some reports of cytokines serving as key mediators in
regulating hepatic expression of anion transporters in
inflammatory cholestasis (26, 27). In these studies, murine
Hepa 1-6 hepatoma cells were treated with different
concentrations of cytokines (IL-1β, IL-6, TNF-α; 1 or 10
ng/ml in DMEM) and harvested at 6 and 24 h. Therefore,
we followed the same protocol for the concentration of
cytokines and duration of exposure as in their study. Since
some synergistic relationships between IL-1 β, IL-6 and
TNF-α have been reported in several tissues (28, 29), we
exposed RPTEC to mixed cytokines. Although cytokine
cross-talk might be associated with enhancement of
vancomycin excretion, further studies are needed to clarify
the relationship between cytokines and vancomycin
transport in the kidney.

The present findings provide useful information for further
studies of the mechanisms underlying the renal transport of
vancomycin in the normal and the cancerous state. 

Acknowledgements 

The Authors wish to acknowledge the skilful technical assistance
of Miss K. Komatsu and Miss C. Shimono. This study was partially
supported by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science and Technology of
Japan.

References

1 Kirby WM, Perry DM and Bauer AW: Treatment of
staphylococcal septicemia with vancomycin: report of thirty-
three cases. N Engl J Med 262: 49-55, 1960.

2 Sorrell TC, Packham DR, Shanker S, Foldes M and Munro R:
Vancomycin therapy for methicillin-resistant Staphylococcus
aureus. Ann Intern Med 97(3): 344-350, 1982.

3 Teramachi H, Hatakeyama H, Matsushita R, Imai Y, Miyamoto
K and Tsuji A: Evaluation of predictability for vancomycin
dosage regimens by the Bayesian method with Japanese
population pharmacokinetic parameters. Biol Pharm Bull 25(10):
1333-1338, 2002.

4 Chang D: Influence of malignancy on the pharmacokinetics of
vancomycin in infants and children. Pediatr Infect Dis J 14(8):
667-673,1995.

5 Krivoy N, Peleg S, Postovsky S and Ben Arush MW:
Pharmacokinetic analysis of vancomycin in steady state in pediatric
cancer patients. Pediatr Hematol Oncol 15(4): 333-338, 1998.

6 Le Normand Y, Milpied N, Kergueris MF and Harousseau JL:
Pharmacokinetic parameters of vancomycin for therapeutic
regimens in neutropenic adult patients. Int J Biomed Comput
36(1-2): 121-125, 1994.

7 Teramachi H, Matsushita R and Tsuji A: Influence of malignancy
on the pharmacokinetics of vancomycin hydrochloride in
Japanese MRSA patients after dosage adjustment with the
Bayesian method. Jpn J Chemotherapy 53(6): 357-363, 2005 (in
Japanese).

8 Omote S, Yano Y, Hashida T, Masuda S, Yano I, Katsura T and
Inui K: A retrospective analysis of vancomycin pharmacokinetics
in Japanese cancer and non-cancer patients based on routine
trough monitoring data. Biol Pharm Bull 32(1): 99-104, 2009.

9 Sadoh S, Tsuji Y and Tsukamoto K: Correlation of
pharmacokinetic parameters with serum vancomycin concentration
in elderly patients with malignancies. Yakugaku Zasshi 130(1): 69-
73, 2010.

10 Zeitany RG, El Saghir NS, Santhosh-Kumar CR and Sigmon
MA: Increased aminoglycoside dosage requirements in
hematologic malignancy. Antimicrob Agents Chemother 34(5):
702-708, 1990.

11 Davis RL, Lehmann D, Stidley CA and Neidhart J: Amikacin
pharmacokinetics in patients receiving high-dose cancer
chemotherapy. Antimicrob Agents Chemother 35(5): 944-947,
1991.

12 Bertino JS Jr., Booker LA, Franck P and Rybicki B: Gentamicin
pharmacokinetics in patients with malignancies. Antimicrob
Agents Chemother 35(7): 1501-1503, 1991.

13 Romano S, Fdez de Gatta MM, Calvo MV, Caballero D,
Dominguez-Gil A and Lanao JM: Population pharmacokinetics
of amikacin in patients with haematological malignancies. J
Antimicrob Chemother 44(2): 235-242, 1999.

14 Mii Y, Tsutsumi M, Shiraiwa K, Miyauchi Y, Hohnoki K,
Maruyama H, Ogushi H, Masuhara K and Konishi Y:
Transplantable osteosarcomas with high lung metastatic potential
in Fischer 344 rats. Jpn J Cancer Res 79(5): 589-592, 1988.

15 Ichimura F, Matsushita R, Tsuji A and Deguchi Y: Mutual
interaction between bilirubin and cefazolin in binding to human
serum albumin. J Pharm Sci 79(11): 1041-1042, 1990.

16 Nakamura T, Takano M, Yasuhara M and Inui K: In vivo
clearance study of vancomycin in rats. J Pharm Pharmacol
48(11): 1197-1200, 1996.

17 Waugh WH: Photometry of inulin and polyfructosan by use of
a cysteine/tryptophan reaction. Clin Chem 23(4): 639-645,
1977.

18 Nomura M, Matsunami T, Kobayashi K, Uchibayashi T, Koshida
K, Tanaka M, Namiki M, Mizuhara Y, Akiba T, Yokogawa K,
Moritani S and Miyamoto K: Involvement of ABC transporters
in chemosensitivity of human renal cell carcinoma, and
regulation of MRP2 expression by conjugated bilirubin.
Anticancer Res 25(4): 2729-2735, 2005.

19 Engineer MS, Ho DH and Bodey GP Sr: Comparison of
vancomycin disposition in rats with normal and abnormal renal
functions. Antimicrob Agents Chemother 20(6): 718-722, 1981.

20. Moellering RC Jr.: Pharmacokinetics of vancomycin. J
Antimicrob Chemother 14(Suppl D): 43-52, 1984.

21 Sokol PP: Mechanism of vancomycin transport in the kidney:
studies in rabbit renal brush border and basolateral membrane
vesicles. J Pharmacol Exp Ther 259(3): 1283-1287, 1991.

22 Sugawara-Yokoo M, Urakami Y, Koyama H, Fujikura K, Masuda
S, Saito H, Naruse T, Inui K and Takata K: Differential
localization of organic cation transporters rOCT1 and rOCT2 in
the basolateral membrane of rat kidney proximal tubules.
Histochem Cell Biol 114(3): 175-180, 2000.

ANTICANCER RESEARCH 32: 823-830 (2012)

828



23 Kojima R, Sekine T, Kawachi M, Cha SH, Suzuki Y and Endou
H: Immunolocalization of multispecific organic anion transporters,
OAT1, OAT2, and OAT3, in rat kidney. J Am Soc Nephrol 13(4):
848-857, 2002.

24 Grover B, Buckley D, Buckley AR and Cacini W: Reduced
expression of organic cation transporters rOCT1 and rOCT2 in
experimental diabetes. J Pharmacol Exp Ther 308(3): 949-956,
2004.

25 Habu Y, Yano I, Takeuchi A, Saito H, Okuda M, Fukatsu A and
Inui K: Decreased activity of basolateral organic ion transports
in hyperuricemic rat kidney: roles of organic ion transporters,
rOAT1, rOAT3 and rOCT2. Biochem Pharmacol 66(6): 1107-
1114, 2003.

26 Cherrington NJ, Slitt AL, Li N and Klaassen CD:
Lipopolysaccharide-mediated regulation of hepatic transporter
mRNA levels in rats. Drug Metab Dispos 32(7): 734-741, 2004.

27 Hartmann G, Cheung AK and Piquette-Miller M: Inflammatory
cytokines, but not bile acids, regulate expression of murine
hepatic anion transporters in endotoxemia. J Pharmacol Exp
Ther 303(1): 273-281, 2002.

28 McGee DW, Bamberg T, Vitkus SJ and McGhee JR: A
synergistic relationship between TNF-alpha, IL-1 beta, and TGF-
beta 1 on IL-6 secretion by the IEC-6 intestinal epithelial cell
line. Immunology 86(1): 6-11, 1995.

29 Brebner K, Hayley S, Zacharko R, Merali Z and Anisman H:
Synergistic effects of interleukin-1beta, interleukin-6, and tumor
necrosis factor-alpha: central monoamine, corticosterone, and
behavioral variations. Neuropsychopharmacology 22(6): 566-
580, 2000.

Received January 15, 2012
Revised February 15, 2012

Accepted February 16, 2012

Shimada et al: Enhanced Renal Clearance of Vancomycin in Rats with Osteosarcoma

829


