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The present study aimed to investigate the interaction
of zalcitabine with human organic anion transporter 1
(hOATI) during renal excretion. Contribution of OAT1 to
the renal transport of zalcitabine was examined using
the transfected cell lines overexpressing the human or-
ganic anion transporter1 (CHO/hOAT1 cells). Zalcita-
bine exhibited the inhibition effect on the cellular upta-
ke of [3H]-PAH in CHO/hOAT1 cells with an IC50 value
of 1.23 mM. Furthermore, the cellular uptake of zalci-
tabine increased threefold with the enhancement of
hOATI activity in CHO/hOAT1 cells, while it was signifi-
cantly reduced in the presence of OAT1 inhibitors such
as ketoprofen, naproxen, PAH and 6-carboxyfluore-
scein. Those results suggest that hOATI contributes at
least in part to the cellular uptake of zalcitabine across
the basolateral membrane of proximal tubular cells.

Over the past decade, a tremendous amount of work has
been done for the molecular characterization of transport
proteins in animals and humans (Kim 2000; Ayrton and
Morgan 2001). Subsequently, a number of studies have
suggested that the degree of expression and functionality
of transport proteins may directly affect the therapeutic
effectiveness, safety and target specificity of substrate
(Ayrton and Morgan 2001; Yamazaki et al. 1996). Further-
more, there is increasing evidence that clinically important
drug interactions can be caused by the modulation of drug
transporters in addition to a change in drug metabolism.
For example, unexpected side-effects in the combination
therapy of dofetilide and cimetidine resulted from the inhi-
bition effect of cimetidine on the organic cation transpor-
ter-mediated renal excretion of dofetilide at the basolateral
membrane of renal proximal tubules (Abel et al. 2000).
Therefore, considering the clinical significance of drug-
drug interactions mediated by drug transporters, it is im-
portant to evaluate the contribution of a carrier-mediated
mechanism to the membrane transport of drugs.
Zalcitabine (20,30-Dideoxycytidine or ddC), a pyrimidine
nucleoside, is highly active against human immunodefi-
ciency virus (HIV) and also hepatitis B virus (HBV)
(Dahlberg et al. 1987). Zalcitabine is rapidly and exten-
sively absorbed after oral administration, and the primary
route of elimination is renal excretion of unchanged drug
with 60–70% of an oral dose recovered in urine within
24 h (Gustavson et al. 1990; Klecker et al. 1988). Renal

clearance of zalcitabine exceeds glomerular filtration rate,
implying that the drug undergoes the active tubular secre-
tion in the kidney (Klecker et al. 1988). Massarella et al.
(1996) has reported that tubular secretion of zalcitabine
was inhibited by co-administration of probenecid in hu-
mans at least in part. Furthermore, brain perfusion experi-
ments suggested that the removal of zalcitabine from the
CNS by both the blood-brain barrier and choroid plexus
was sensitive to probenecid (Gibbs and Thomas 2002).
Therefore, the organic anion transporter family has been
implicated in the distribution of zalcitabine to the CNS
and the proximal tubular cells in the kidney. However,
since previous studies mainly relied on the inhibition stu-
dies to demonstrate the interaction of zalcitabine with or-
ganic anion transporters, the cellular uptake characteristics
of zalcitabine needs to be further clarified for more detail.
Among organic anion transporters, organic anion transpor-
ter 1 (OAT1) localized in the basolateral membrane of re-
nal proximal tubular cells plays a pivotal role in the renal
excretion of a wide variety of chemically unrelated organ-
ic anions such as endogenous metabolites, hormones, sec-
ond messengers, toxins, xenobiotics and fluorescent dyes
(Burckhardt et al. 2003; Sekine et al. 1997). Therefore, the
present study examined the contribution of OAT1 to the
renal transport of zalcitabine using transfected cell lines
overexpressing human organic anion transporter 1 (CHO/
hOAT1). As illustrated in Fig. 1, zalcitabine exhibited the
strong inhibition effect on the uptake of [3H]-para-amino-
hippurate (PAH), a representative substrate of organic an-
ion transporters, with an IC50 value of 1.23 � 0.13 mM. In
the comparison of other inhibition studies against hOAT1
(Mulato et al. 2000; Khamdang et al. 2002), zalcitabine
appeared to be a less potent inhibitor of hOAT1 than non-
steroidal anti-inflammatory drugs or probenecid. To evalu-
ate the potential contribution of hOATI to the translocation
of zalcitabine across the cellular membrane, the cellular
accumulation of zalcitabine was examined using CHO/
hOAT1 cells as well as untransfected CHO cells (wild
type). As shown in Fig. 2, the cellular accumulation of
zalcitabine was threefold higher in CHO/hOAT1 cells than
the uptake in the untransfected CHO cells, implying that
the cellular uptake of zalcitabine was related to the en-
hancement of the hOATI activity in CHO/hOAT1 cells.
Furthermore, the cellular uptake of zalcitabine decreased
by approximately 35–50% in the presence of OAT1 inhi-
bitors such as ketoprofen (0.5 mM), naproxen (0.5 mM),
PAH (0.5 mM) and 6-carboxyfluorescein (0.1 mM). These
results indicated that zalcitabine should be translocated by
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Fig. 1: Inhibition effect of zalcitabine on the uptake of [3H]-PAH in CHO/
hOAT1 cells (Mean � SD, n ¼ 6)



hOATI. Considering the short plasma half-life of zalcita-
bine (1–3 h), the inhibition of renal excretion of zalcita-
bine by the concomitant use of OAT1 inhibitors may pro-
vide a therapeutic benefit whereby it prolongs the duration
of action of zalcitabine with longer plasma half-life, result-
ing in less frequent dosing of zalcitabine. Therefore, the
clinical significance of a potential drug interaction of zal-
citabine via hOATI transporters needs to be further eval-
uated at therapeutic dose levels.
In conclusion, the present study has demonstrated that zal-
citabine could be translocated by hOATI across the cellu-
lar membrane.

Experimental

1. Inhibition studies in CHO/hOAT1 cells

Chinese hamster ovary cells stably expressing hOAT1 (CHO/hOAT1 cells)
have been generated and characterized as described by Ho et al. (2000).
Cells were seeded in 12-well culture plates at a density of 105 cells/cm2.
At 3–4 days post-seeding, the inhibition effects of zalcitabine on the cellu-
lar uptake of [3H]-PAH (20 mM, 0.1 mCi/mL) were examined as described
by Mulato et al. (2000). IC50 was determined from the nonlinear regression
of a dose-response curve by using the SigmaPlot1 9.0 (Systat Software
Inc., Point Richmond, CA, USA).

2. Uptake studies

Cells were seeded in 6-well culture plates at a density of 105 cells/cm2. At
4 days post-seeding, the uptake studies of zalcitabine (0.25 mM) were per-
formed as described by Mulato et al. (2000). The cellular concentrations of
zalcitabine were determined by a HPLC assay reported by Ibrahim and
Boudinot et al. (1989) with minor modification.

3. Statistical analysis

All the means are presented with their standard deviation. Student’s t-test
was used to determine the statistical significance of the difference in the
parameters. A P value < 0.05 was considered statistically significant.
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Fig. 2: Cellular accumulation of zalcitabine (0.25 mM) in CHO/hOAT1
cells as well as in the untransfected CHO cells (Mean � SD, n ¼ 6)


