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Purpose. To study the effect of probenecid on the stereoselective
pharmacokinetics of oxprenolol and its glucuronides in the rabbit.
Methods. An oral dose of 50 mg/kg racemic oxprenolol was given to
nine rabbits twice, in random sequence with and without the con-
current administration of probenecid. Oxprenolol enantiomers were
determined in plasma and urine by an enantioselective HPLC
method. Oxprenolol glucuronides were measured in plasma and
urine after enzymatic hydrolysis.

Results. The disposition of the oxprenolol enantiomers in rabbits is
stereoselective, mainly due to a difference in metabolism. Renal
excretion is only a minor elimination route for unchanged oxpre-
nolol, and the renal clearances of the enantiomers are similar. Pre-
treatment with probenecid did not affect the plasma concentrations
of the oxprenolol enantiomers, but there was a slight decrease in
their urinary excretion. The plasma concentrations of the oxprenolol
glucuronides are much higher than those of the parent enantiomers,
and those of (S)-glucuronide are about twice those of its antipode.
About 10% of the oxprenolol dose is excreted in the urine as glucu-
ronides. The renal clearances of both glucuronides are similar, and
markedly higher than the creatinine clearance. After probenecid, the
mean glucuronide plasma levels were markedly higher, with for both
glucuronides a more than twofold increase in mean AUC. Probene-
cid decreased the renal clearance of both glucuronides to about 30%.
Moreover, it decreased slightly the formation clearance of (S)-
glucuronide, while the formation clearance of (R)-glucuronide was
not significantly influenced.

Conclusions. Our results show that in the rabbit, both oxprenolol
glucuronide diastereomers are actively secreted by the kidney, and
that this process is inhibited by probenecid.
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oxprenolol glucuronides; probenecid; active renal secretion.

INTRODUCTION

The B-blocking agent oxprenolol is a chiral drug of
which the (—)-S-enantiomer is 10 to 35 times more active
than the (+)-R enantiomer. The drug is extensively metab-
olized by oxidation and glucuronidation'. We found after
oral administration of racemic oxprenolol in humans small
differences in the plasma concentrations between the oxpre-
nolol enantiomers, but marked differences between the
plasma concentrations of the glucuronide diastereomers?.
This latter difference is mainly related to the enantioselec-
tivity of the renal excretion of the glucuronides: the renal
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clearance of (R)-oxprenolol glucuronide is in humans mark-
edly higher than the creatinine clearance, suggesting active
tubular secretion, whereas for the (S)-glucuronide the oppo-
site is found. Active secretion has already been described for
other glucuronides®~* but the finding that one of the glucu-
ronides is actively secreted while its antipode is not, has not
been reported for other drugs. More insight about this un-
usual finding could possibly be obtained by studying the ef-
fect of probenecid on the disposition of oxprenolol glucu-
ronides. Probenecid is, indeed, a potent inhibitor of the renal
tubular secretion of organic acids, including glucuronides®-
5. As afirst step we wanted to see in how far an animal model
could be of help, and therefore studied in the rabbit the
disposition of oxprenolol, and the influence of probenecid
administration thereupon.

METHODS

Materials

rac-Oxprenolol.HCI, B-glucuronidase (from Helix
pomatia) and probenecid (4-(dipropylaminosulfonyl)benzoic
acid) from Sigma Chemical Company (St.-Louis, Missouri).
[C*]-Oxprenolol (spec. activity 65.3 uCi/mg; radiochemical .
purity more than 99.0%) was a gift from Ciba Geigy (Basel,
Switzerland). (+)-(S)-NEIC [(+)-S-1-(1-naphthyl)-ethyliso-
cyanate] was purchased from Aldrich (Bornem, Belgium).
Solvents of HPLC-grade and other analytical reagents were
obtained from Merck (Darmstadt, Germany).

Animals

Male rabbits (New Zealand) were purchased from Ro-
scam (Merelbeke, Belgium). Oxprenolol was administered to
the conscious rabbits by oral gavage after an overnight fast.
The nine animals were given a single oral dose of 50 mg/kg
oxprenolol on two occasions, with and without concurrent
administration of probenecid in random sequence. There
was at least a one week interval between the two adminis-
trations. On one of these occasions, probenecid (50 mg/kg)
was given to the animals also by oral gavage, once 1 hour
before, and once simultaneously with the oxprenolol admin-
istration®. On the control day, water was administered in-
stead of probenecid.

Blood Sampling and Analytical Methods

One ml blood samples were withdrawn from a right ear
vein before oxprenolol dosing and 0.15, 0.5, 1, 1.5, 2, 3, 4
and 6 hours thereafter. Blood was collected in heparinized
tubes and after centrifugation at 3000 rpm; the plasma sam-
ples were stored at —20°C until analysis. Urine was col-
lected from O to 24, from 24 to 48, and from 48 to 72 hours,
using rabbit metabolic cages (Technoplast, Italy). After cen-
trifugation and measuring the total volume, aliquots were
stored at —20°C.

Plasma and urine samples were assayed for oxprenolol
and oxprenolol glucuronides by a HPLC method as de-
scribed before?. The glucuronides are hydrolyzed to their
parent enantiomers which are then measured. Plasma (50 pl)
and urine (5-200 pl)samples are incubated for 24 hours at
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37°C with 250p] acetate buffer (0.2M,pH 4.8) and 500 units
B-glucuronidase containing 50 units sulfatase. In preliminary
experiments the hydrolysis conditions were optimized and it
was ascertained that the results obtained with pure glucuron-
idase not containing sulfatase, were similar. The enantiomer
concentrations are calculated from calibration curves, con-
structed by least-squares regression analysis of the peak
height ratios enantiomer/internal standard. The glucuronide
concentrations are expressed as oxprenolol equivalents. For
the determination of the plasma oxprenolol concentrations,
all samples from one rabbit, without and with probenecid,
are analyzed in two runs: one run for unhydrolyzed samples,
one run for hydrolyzed samples. With each run of unhydro-
lyzed samples, two quality control samples (0.1 and 1.0 pg/
ml rac-oxprenolol, made from a different stock solution, by
another person) were analyzed, together with the calibration
curve (0.02 to 1.5 pg/ml rac-oxprenolol). For the determina-
tion of the plasma oxprenolol concentrations after hydroly-
sis, three quality control samples (1, 4 and 8 wg/ml) were
analyzed with each run, together with the calibration curve
(0.1 to 10 pg/ml rac-oxprenolol). Accuracy and reproduci-
bility measured on these plasma quality control samples
were acceptable, with coefficients of variation and devia-
tions of the nomimal value below 15% (n=9).

The urine samples of all rabbits, without and with
probenecid, were assayed in two runs, one without and one
with hydrolysis. With each run two quality samples were
assayed (0.25 pg/ml and 1.25 pg/ml without and 10 pg/ml and
75 wg/ml with hydrolysis) together with the calibration curve
(0.05 pg/ml to 1.5 wg/ml without and 5 pwg/ml to 200 wg/ml
with hydrolysis).

Protein binding of the oxprenolol enantiomers was mea-
sured by equilibrium dialysis on blank samples as described
before’.

Creatinine was measured in plasma and urine with the
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Jaffe colorimetric method, using a Merckotest kit (Merck,
Darmstadt, Germany).

Data Analysis and Statistics

Kinetic parameters were calculated by non-compart-
mental analysis. The areas under the plasma concentration-
time curve(AUC) values were determined from 0 h to the
time of the last measured plasma concentration, using the
linear trapezoidal rule . For the oxprenolol enantiomers, the
oral clearance (Cl,) was calculated from Cl, = D/AUC
where D is the dose of each enantiomer i.e. 25 mg/kg. The
intrinsic clearance (Cl,,,,) was calculated from CI_/f,, where
f, is the free fraction in plasma. The renal clearances of the
oxprenolol enantiomers and of the glucuronide diaste-
reomers were calculated by dividing the amount of sub-
stance in the urine recovered over 72 hours, by the plasma
AUC value of the corresponding product. The formation
clearances of the glucuronide diastereomers were calculated
by dividing the amount of each glucuronide recovered over
72 hours in urine, by the plasma AUC value of the corre-
sponding oxprenolol enantiomer. The creatinine clearance
was calculated from the average of the values obtained for
the three consecutive 24 hours. All results are given as
means = SEM. For all parameters the (R)/(S) ratios were
calculated. Comparison between (R)-and (S)-enantiomers,
and between control state and probenecid pretreatment was
done with the Wilcoxon rank test. Significance was assumed
when p < 0.05.

RESULTS

The mean plasma concentration-time curves of the ox-
prenolol enantiomers and their glucuronides in control and in
probenecid-pretreated rabbits are shown in Figure 1. The
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Fig. 1. Plasma concentration-time curves of the oxprenolol enantiomers and their glucuronides (expressed as
oxprenolol equivalents) after oral administration of 50 mg/kg racemic oxprenolol,in nine rabbits, in control state

(----) and after probenecid pretreatment (—).
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corresponding pharmacokinetic parameters are given in Ta-
bles I and II.

Control Experiments

In the control state, without probenecid pretreatment,
the plasma concentrations of (S)-oxprenolol are about two-
fold higher than those of (R)-oxprenolol, resulting in a
marked difference in AUC. (S)-oxprenolol is 5% more pro-
tein bound than (R)-oxprenolol. The Cl,,,, calculated from
these data is much lower for (S)- than for (R)-oxprenolol.
The amount of unchanged oxprenolol in the urine over 72
hours is less than 1%. The renal clearance values of both
enantiomers differ slightly, but not significantly, and are
somewhat higher than the creatinine clearance. The plasma
concentrations of the oxprenolol glucuronides are much
higher than those of the parent enantiomers, with AUC val-
ues about 7 to 8-fold higher. For (S)-glucuronide, the AUC
and the amount recovered in 72 hours urine are about twice
those of (R)-glucuronide. The renal clearances for both gluc-
uronides are similar, and markedly higher than the creatinine
clearance. The formation clearance of (S)-glucuronide is sig-
nificantly higher than that of (R)-glucuronide.

Influence of Probenecid

For the unconjugated enantiomers, probenecid pretreat-
ment causes a slight decrease in renal clearance but AUC,
oral clearance, free fraction and intrinsic clearance are not
affected. In contrast, the plasma concentrations of the gluc-
uronide diastereomers are increased markedly after
probenecid, with AUC values which are about twofold
higher. The amount of the glucuronide diastereomers ex-
creted in the urine is not changed, but the renal clearances
are markedly reduced by probenecid. The formation clear-

Table I. Pharmacokinetic Parameters of the Oxprenolol Enantio-
mers, After Oral Administration of 50 mg/kg Rac-oxprenolol in Nine
Rabbits in Control State and After Probenecid Pretreatment

Control Probenecid

n=29 n=29
Weight (kg) 29 = 0.1 29 = 0.1
Cl,ca (ml/min) 11.48 = 0.68 13.19 = 0.94
(R)-oxpr
AUC (pg - min/mi)® 136 = 19 13.9 + 2.1
Cl, (ml/min) 2132 + 274 2187 + 342
F, 0.78 = 0.004 0.77 = 0.01
Clipee (ml/min) 2749  + 358 2849 = 461
Cl,.,, (ml/min) 159 = 29 103 + 1.5
% of dose excr 0.31 = 0.05 0.22 + 0.04
(S)-oxpr
AUC (g - min/ml) 28.1 * 4.4¢ 301 + 4.0
Cl, (ml/min) 1074 = 153¢ 986 =+ 153¢
F, 0.73 = 0.01¢ 0.73 = 0.01¢
Cl,,, (ml/min) 1486  * 222¢ 1367  + 224¢
Cl,.,, (ml/min) 18.7 = 3.7 1.0 = 1.8
% of dose excr 0.72 =+ 0.13¢ 0.52 = 0.09¢

¢ Significantly different from (R) (p < 0.001, Wilcoxon test).

# AUC, area under the plasma concentration-time curve; Cl,, oral
clearance; F,, unbound fraction; Cl;,,,. intrinsic clearance; Cl,,,
renal clearance; Cl_.,,, creatinine clearance.
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Table II. Pharmacokinetic Parameters of the Oxprenolol Gluc-

uronides (Expressed as Oxprenolol Equivalents), After Oral Admin-

istration of 50 mg/kg Rac-oxprenolol in Nine Rabbits in Control
State and After Probenecid Pretreatment

Control Probenecid

(R)-oxpr-gluc

AUC (pg - min/mb)¢ 100.0 = 10.3 228.1 = 20.1°
Cl,.,, (ml/min) 322+ 42 11.9 = 0.81°
% of dose excr 5.0 0.7 44 = 0.5
Cleorrm (ml/min) 290.5 = 73.4 262.3 = 64.6
(S)-oxpr-gluc

AUC (ug - min/ml) 224.6 = 22.7¢ 529.7 =+ 3939
Cl,., (ml/min) 342+ 38 12.33 = 0.61°
% of dose excr 12.8 = 1.4¢ 10.4 = 0.9¢
Clgyrm (ml/min) 373.8 = 90.2¢ 270.4 = 56.5¢

« Significantly different from (R) (p < 0.001, Wilcoxon test).

® Significantly different from control state (p < 0.001, Wilcoxon
test).

¢ Significantly different from control state (p < 0.05, Wilcoxon
test).

4 AUC, area under the plasma concentration-time curve; Cl
clearance; Cl,,,, formation clearance.

renal

ren>

ance of (S)-oxprenolol glucuronide is significantly decreased
after probenecid, but this is not the case for (R)-oxprenolol
glucuronide. i

DISCUSSION

We previously found in humans that the renal clearance
of (R)-oxprenolol glucuronide is markedly higher than the
creatinine clearance, while for the (S)-glucuronide, the re-
verse is true’. We studied the disposition of oxprenolol and
its glucuronides in rabbits, and the influence of probenecid
therapy thereupon. Probenecid is, indeed, known to inhibit
the renal secretion of organic acids, including glucuronides.?~>

Unchanged Oxprenolol

In the rabbit, the plasma concentrations of the oxpre-
nolol enantiomers are different, and this is mainly due to a
difference in metabolism. Renal excretion is only a minor
elimination route for the enantiomers; the renal clearance
values found are slightly, but not significantly higher than the
creatinine clearance in the same animals. In humans, only
small differences were found between the plasma concentra-
tions of the oxprenolol enantiomers; as in the rabbit, renal
excretion is only a minor elimination route but the renal
clearances of the enantiomers are much lower than the cre-
atinine clearance, probably due to the extensive plasma
binding of the oxprenolol enantiomers in humans.? In rab-
bits, in contrast, the plasma binding is very low.

Probenecid pretreatment did not lead to an increase of
the plasma concentrations of the oxprenolol enantiomers.
There was, likewise, no effect of probenecid on their plasma
protein binding. This latter finding is not unexpected as ox-
prenolol is only slightly protein bound in the rabbit, and,
moreover, it binds mainly to «,-acid glycoprotein®, while
probenecid binds mainly to albumin®. There was a small ef-
fect of probenecid on the renal clearance of both oxpre-
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nolol enantiomers, suggesting that some active secretion is
involved.

Oxprenolol Glucuronides

In the control experiments, the plasma concentrations
of the (S)-glucuronide are about twice those of (R)-
glucuronide. About 10% of the oxprenolol dose is found in
the urine as glucuronides, with the amount of (S)-
glucuronide being more than twice that of (R)-glucuronide.
The renal clearances of both oxprenolol glucuronides are
similar, and markedly higher than the creatinine.clearance,
indicating active secretion. In humans, only for the (S)-
glucuronide did the renal clearance value suggest active se-
cretion®.

After probenecid pretreatment, the plasma concentra-
tions of both glucuronides are markedly increased, while
their renal clearances are significantly reduced. After
probenecid the renal clearance of the glucuronides approach
the creatinine clearance value, suggesting complete inhibi-
tion of the active secretion. Inhibition of active secretion by
probenecid has also been described for glucuronides of other
drugs®>. In the absence of probenecid, the formation clear-
ances of the glucuronide diastereomers are slightly different.
This, together with the similarity of their renal clearance,
suggests that the difference in plasma concentrations be-
tween the glucuronides does not result only from a differ-
ence in their formation or elimination, but is a consequence
of the difference in concentrations of oxprenolol enantio-
mers available for glucuronidation. This finding is different
from that in humans, where the stereoselective difference in
plasma concentrations of the glucuronides was mainly re-
lated to the difference in their renal elimination. Probenecid
reduces significantly the formation clearance of S-glucuro-
nide, but not that of its antipode. Probenecid is known to
inhibit urine diphosphate glucuronyltransferase in vitro'®.
Inhibition by probenecid of the formation clearance, proba-
bly by competition, was also reported for glucuronides of
other drugs*~3. In these studies the inhibition found was,
however, more pronounced than in our experiments. Vree et
al found no inhibitory effect of probenecid on the formation
of the acyl glucuronides of furosemide'’.

Our results show that in the rabbit the stereoselective
disposition of oxprenolol and its glucuronides differs from
that in humans. In the rabbit, for both glucuronides evidence
for active secretion is seen, whereas in humans this was only
true for (S)-glucuronide. In the rabbit probenecid inhibits the
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active secretion of both diastereomers. On the basis of our
results, it would be of interest to study in humans how
probenecid affects the renal clearance of both the actively
secreted (S)-diastereomer and of its antipode.

ACKNOWLEDGMENTS

This work was supported by a grant of the Fund for
Medical Scientific Research, Belgium (Grant 3.0047.93).
M. E. Laethem is a Research Assistant of the National Fund
for Scientific Research, Belgium. The authors thank Mrs. P.
Rigole for technical assistance.

REFERENCES

1. W. Dieterle, J.W. Faigle, W. Kiing and W. Theobald. The dispo-
sition and metabolism of *C oxprenolol. HC] in man. Xenobi-
otica 16:181-191 (1986).

2. M.E. Laethem, R.A. Lefebvre, EM. Belpaire, H.L. Vanhoe
and M.G. Bogaert. Stereoselective pharmacokinetics of oxpre-
nolol and its glucuronides in humans. Clin. Pharmacol. Ther. 57:
419-424 (1995).

3. H.K. Kroemer and U. Klotz. Glucuronidation of drugs. A Re-
evaluation of the pharmacological significance of the conjugates
and modulating factors. Clin. Pharmacokinet. 23:292-310
(1992).

4. J.0. Miners and P.I. Mackenzie. Drug glucuronidation in hu-
mans. Pharmac. Ther. 51:47-369 (1991).

5. G.J. Mulder. Glucuronidation and its role in regulation of bio-
logical activity of drugs. Annu. Rev. Pharmacol. Toxicol. 32:
25-49 (1992).

6. E. Palylyk and F. Jamali. Ketoprofen-probenecid interaction in
the rat: a probenecid concentration dependent stereoselective
process. J. Pharm. Sci. 82:296-300 (1993).

7. F.M. Belpaire, M.G. Bogaert and M. Rosseneu. Binding of -a-
drenoceptor blocking drugs to human albumin, to «,-acid gly-
coprotein and to human serum. Eur. J. Clin. Pharmacol. 22:253—
256, 1982.

8. EM. Belpaire, R.A. Braeckman and M.G. Bogaert. Binding of
oxprenolol and propranolol to serum albumin and «,-acid gly-
coprotein in man and other species. Biochem. Pharmacol. 33:
2065-1069, 1984.

9. R.F. Cunningham, Z.H. Israili and P.G. Dayton. Clinical pharm-
cokinetics of probenecid. Clin. Pharmacokinet. 6:135-~151
(1981).

10. F. Sorgel, FE. Beyhl and E. Mutschler. Inhibition of uridine
diphosphate glucuronyl transferase caused by probenecid. Ex-
perientia. 36:861-863 (1979).

11. T.B. Vree, M. Van dan Biggelaar-Martea and C.P.W.G.M. Ver-
wey-Van Wissen. Determination of furosemide with its acyl
glucuronide in human plasma and urine by means of direct gra-
dient high-performance liquid chromatographic analysis with
fluorescence detection. Preliminary pharmacokinetics and ef-
fect of probenecid. J. Chromatogr. 655:53-62 (1994).



