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Drug-Drug Interactions Between Cephalesporin
Antibiotics and Prebenecid

There are many reports on the drug-drug interactions between cephalosporin an-
tibiotics and probenecid (157). As both cephalosporins and probenecid interact
with QAT family transporters, some of these drug-drug interactions may be due to
an OAT-mediated uptake process. Most cephalosporins are excreted in the urine,
which may be partly mediated by OAT family transporters. The elimination rates of
cephazedone, cefazolin, cefalexin, cefradine, cefaclor, cefmetazole, cefoxitin, ce-
furoxime, cefmenoxime, ceftizoxime, and cedftriaxone were significantly reduced
by coadministration of probenecid, which may be partly caused by the inhibition
of their renal excretions (157).

Marino & Dominguez-Gil have shown that the pharmacokinetics of cefadroxil
is altered by coadministration of probenecid (158). In their report, the peak con-
centration and half-life of cefadroxil was increased 1.4- and 1.3-fold, respectively,
following coadministration of probenecid. Its nrinary excretion rate constant falls
by 58%, supporting the possibility of drug-drug interaction at the renal excretion.
Supplemental Table 1 suggests that OAT1- and OAT3-mediated transport should
be decreased to at most 25%—47% and 25%-69% of the control, and, therefore, it
may be partly explained by the OAT-mediated drug-drug interaction.

Probenecid has also been shown to alter the plasma concentrations of cefaman-
dole and ceftriaxone (159). The maximum plasma concentration and half-life of
cefamandole were increased 6- and 1.8-fold by coadministration of probenecid
(159). Also, 71% of cefamandole is excreted in the urine, and this was reduced to
66% of the control (159). The elimination of ceftriaxone was slightly affected by
coadministration of probenecid (160). Probenecid reduced the sernm clearance of
ceftriaxone to 73% of the control (160). It reduced the renal and nonrenal clear-
ance to 80% and 68% of the control, respectively, suggesting that this drug-drug
interaction is, to a minor extent, due to renal excretion (160).

Drug-Drug Interaction Between Methotrexate and NSAIDs

Todate, there are reports that coadministration of MTX with penicillin, probenecid,
and NSAIDs cause drug-drog interactions and several potential sites for these PDI
have been reported: an increase in the protein unbound fraction of MTX, a decrease
in the vrine flow rate resulting from the inhibition of prostaglandin synthesis, and
inhibition of the renal tubular secretion of MTX (161-164). Nozaki et al. analyzed
the uptake mechanism of MTX in rat kidney slices and examined the effects of
NSAIDs on its uptake (165). They showed that rat Qat3 and reduced folate carrier
1 (RFC-1) equally contribute to the renal uptake (30% each), with the remaining
fraction being accounted for by passive diffusion and/or adsorption, whereas rOat1
makes only a limited contribution (165}, Many NSAIDs inhibited both rDat3- and
RFC-1-mediated uptake of MTX, but the K; value for Qat3 was lower than that
for REC-1 (165). At their therapeutic concentrations, they inhibited only Oat3-
mediated uptake of MTX. Therefore, the affect of NSAIDs on the renal uptake of
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MTX is expected to be nonextensive and pastial. Many NSAIDs also inhibit human
OAT3-mediated uptake of MTX with therapeutic relevant plasma concentrations
of unbound drugs (26). However, also in humans, the contribution of OAT3 to
the total renal uptake of MTX needs to be clarified for the identification of the
mechanism of the ¢linically relevant DDI.

CONCLUSION

In addition to phase 1 and phase H enzymes, transporters also play an important
role in drug elimination and distribution. Therefore, it is possible that transporter-
mediated drug-drug interactions alter pharmacokinetics, and could result in severe
side effects.

A large number of transporters have been characterized in rodents and humans,
and the mechanism of the membrane transport of several compounds including
endogenous compounds and therapeutic drugs has been clarified. However, the
transport mechanism of most therapeutic drugs remains unknown. To predict a
transporter-mediated drug-drug interaction, the transporters involved in the mem-
brane transport of the drug need to be characterized. As multiple transporters have
been characterized in the kidney and liver and their expression systems are avail-
able, it should be possible to predict a transporter-mediated drug-drug interaction
by using these systems with the information of the contribution made by each
transporter to the net transport in the kidney and liver.

We have estimated the possibility of a transporter-mediated drag-drug interac-
tion from the R value calculated using the maximum unbound concentration of
inhibitors. This method may avoid false negative predictions of drug-drug interac-
tions. In conclusion, greater awareness of the possibility of transporter-mediated
drug-drug interactions is necessary.

The Annual Review of Pharmacology and Toxicology is online at
http://pharmatox.annualreviews.org
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