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P-glycoprotein (P-gp) is a transmembrane efflux trans- be attributed to enhanced (probably up to six-fold and seven-
porter that has many important functions in drug therapy, dispo- fold for rifampin and erythromycin, respectively, based on linear
sition and metabolism (1–6). We recently suggested (7) that P- kinetics) oral absorption due to absence of P-gp in the intestine
gp in the liver may be very critical to the metabolism of tacroli- (5,10), this is probably not likely to be a major factor since
mus, a P-gp substrate, in normal mice since its mean hepatic rifampin is rapidly and completely absorbed in fasted humans
intrinsic clearance was reduced by 10-fold in P-gp knockout and at least 70% of erythromycin was absorbed in rats (13).
mice compared to normal mice (7). This commentary extends The much higher plasma radioactivities of indinavir, nelfinavir
our earlier (7) findings by reporting similar trends of the P-gp and saquinavir in knockout mice (Table I) were attributed to
effect from our extensive review of many excellent studies on enhanced drug absorption due to the absence of intestinal P-
kinetics of many extensively metabolized drugs in normal and gp since no increases in plasma level were observed following
P-gp knockout mice. intravenous administration (14). Because total clearances for

As shown in Table I, in addition to tacrolimus, total clear- these drugs in rodents are known to be near hepatic blood flow,
ances of intact vinblastine (8) and paclitaxel (9) were also intravenous blood or plasma data may not be sensitive to detect
markedly reduced in knockout mice after intravenous dosing. modest changes in hepatic clearance or extraction (e.g., a change
Total plasma radioactivity levels at certain hours from erythro-

from 0.99 to 0.95 of the extraction ratio may result in about
mycin (10), cyclosporine (11) and quinidine (12) were also

4% decrease in hepatic clearance). On the other hand, oralmuch higher in knockout mice. The above data (Table I) may
plasma or bioavailability data may be more sensitive (in thesuggest that the hepatic metabolic clearances of these drugs
above example, the bioavailability may increase five-foldmay be significantly reduced in mice lacking P-gp. However,
assuming no effect on absorption) to reflect any change inone should caution that the fate of metabolites may complicate
hepatic intrinsic clearance (15). Thus, intestinal absorption maythe above interpretation when total radioactivities were mea-
not be a major factor in their low bioavailability.sured (10–12). Our finding on erythromycin appears to be

Since the absence of P-gp in knockout mice may indirectlydifferent from results based on the erythromycin breath test
result in reduced apparent hepatic intrinsic clearance of drugsindicating an increase in hepatic metabolism of the drug in the
due to potential inhibition of metabolism by accumulatedP-gp knockout mice (personal communication from Erin G.
metabolites (7), this may then trigger a natural defense mecha-Schuetz). The reason for this apparent difference remains to

be studied. Also, in view of apparent reduced clearance of nism by increasing the production of hepatic enzymes as having
erythromycin in the P-gp knockout mice, the appropriateness of been elegantly demonstrated using mice and human cell lines
using erythromycin breath test for CYP3A activity was recently (5). The enhanced enzyme production has also been validated
questioned (1). in vitro by the increased rate of midazolam hydroxylation (5);

Similar trends are also observed for five drugs after oral in such situation the impact of the P-gp knockout mice on
administration (Table II). The pattern of intravenous and oral the rate of metabolism may be quite different for some drugs
data for erythromycin appears to be similar to that reported for depending on whether one examines the in vivo system (reduc-
tacrolimus (3). Although these increased plasma levels might tion in rate) or the in vitro system (increase in rate probably

due to the lack of inhibition by metabolite in the much diluted
medium). Some reduced hepatic clearances in knockout mice
apparently were not entirely due to reduced biliary secretion1 Department of Pharmaceutics and Pharmacodynamics (M/C865),
(7; Table I). For tacrolimus, the potential of biliary secretionCollege of Pharmacy, University of Illinois at Chicago, 833 South
of metabolite(s) and its build-up in hepatocytes may accountWood Street, Chicago, Illinois 60612.
for reduced hepatic clearance observed. For cyclosporine (11)2 To whom correspondence should be addressed. (e-mail:

Chiou@UIC.EDU) there was unexpectedly a trend for increased biliary secretion
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Table I. Effect of Deficiency of P-Glycoprotein in the Knockout Mice on the Total Clearance (CL) or Plasma Level (Cp) and Biliary Secretion
of Six Extensively Metabolized Drugs After Intravenous Administration Compared to the Normal Mice

Effect on biliary
Drug Effect on CL or Cp secretion Reference

Tacrolimus 65% decrease in CL Noca 7
Vinblastine 34% decrease in CL No 8,16
Paclitaxel 51% decrease in CL No 9
Erythromycin 50% increase in Cp

b at 1 hr Unknown 10
Cyclosporine 90% increase in Cp

b at 24 hr Increasec 11
Quinidine 300% increase in Cp

b at 4 hr Unknown 12

a Significant reduction in knockout mice in terms of relative amount, but insignificance in terms of the total amount, less than 1% in all mice.
b Based on the total radioactivity; 3 other drugs in the Table being based on the parent compound.
c Only increased significantly at 24 hr.

of total radioactivities at 8 and 24 hr, perhaps due to the induc- and drug-food interactions involving enhanced or reduced
metabolism of drugs and metabolites; further studies on thistion of an unknown transporter or a shift in metabolic pathway

leading to more extensive biliary secretion of metabolite(s). are needed.
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