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The pharmacokinetics of penem CP-65,207 diastercomeric mixture were studied following
parenteral administration in mice, rats, beagle dogs and cynomolgus monkeys. As is characteristic
for most penems, the serum elimination T,;, of CP-65,207 in rodents was only 13 minutes for mice
and 18 minutes for rats. A linear relationship was obseérved between dose and Cmax following
subcutaneous injection of drug in mice. The T, in the beagle dog and monkey following intravenous
injection was approximately 23 minutes. CP-65,207 demonstrated binding to human serum proteins
of only 10%. In vitro studies using purified porcine renal dehydropeptidase-I (RDHP) indicated that
the pure S-isomer of CP-65,207 was 7-fold more stable to inactivation than imipenem. Urinary
recovery of CP-65,207 in the dog was 42% compared to 1% for imipenem without RDHP inhibitor.
Unlike results obtained with imipenem, coadministration of probenecid with CP-65,207 in the dog
doubled the elimination T,,, and AUC of the penem demonstrating its relative stability in vivo in
the absence of a RDHP inhibitor. The pivaloyloxymethy! esters of each pure isomer of CP-65,207
showed significantly different degrees of oral absorption in rats.

Carbapenem and penem antimicrobials are f-lactams that have demonstrated broad spectrum and

high potency in vitro>~*

. Aside from their antibacterial potency, some penems show oral absorption in
vivo, and all are susceptible to hydrolysis by renal dehydropeptidase-I (RDHP) found in the brush border
of the kidney in animals and man!®!?. Imipenem is the first carbapenem used clinically and it is
coadministered with a RDHP inhibitor to block its high degree of renal metabolism!2~ 14, Several reports
have studied the pharmacokinetics of experimental penem and carbapenem antimicrobials in an attempt
to predict the performance of these compounds in humans!?1519 Haipu ef al.'” determined that in
rodents, extensive extrarenal metabolism of some analogs occurred by dehydropeptidases and that
susceptibility to these enzymes significantly affected pharmacokinetic parameters in this model. In another
report!®), interspecies pharmacokinetic scaling in animals of penem SCH-34343 was useful in predicting
the plasma elimination Ty,, of this compound in man. Studies in several animal species were also helpful
in elucidating the renal metabolism of imipenem®?.

CP-65,207 (Fig. 1) is a new broad spectrum penem antimicrobial for parenteral administration that is
composed of an equal mixture by weight of S and R-stereoisomers!®. The current study evaluates the
pharmacokinetics of this compound in mice, rats, dogs, and cynomolgus monkeys. The oral absorption
of the pivaloyloxymethyl (POM) ester of CP-65,207 is also studied in rats and monkeys. Finally, the effect
of RDHP on the metabolism of CP-65,207 is compared relative to that of imipenem.

T Presented in part at the 28th Intersci. Conf. on Antimicrob. Agents Chemother.").
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Fig. 1. Stereoisomers of CP-65,207 and RDHP inhibitor.
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Materials and Methods

Test Compounds

CP-65,207 was synthesized at Pfizer Central Research as a diastereomeric mixture composed of equal
amounts of S (CP-70,429) and R (CP-81,054)-stereoisomers (Fig. 1). SCH-29482 was synthesized in-house.
SCH-34343 was obtained from the Schering Corp., Bloomfield, New Jersey. A renal dehydropeptidase
inhibitor (Fig. 1) that is different from cilastatin was synthesized in-house. Imipenem (without cilastatin)
in a sodium salt form was a gift from Merck Sharp and Dohme, Rahway, NJ. Benzylpenicillin and
probenecid powders were purchased from Sigma Chemical Co., St. Louis, MO.

Experimental Design

Male and female outbred CDI mice (average body weight 25 g) and male outbred CD rats (70 to
90 g) were purchased from Charles River Breeding Laboratories, Inc., Kingston, RI. Purebred male beagle
dogs (10~ 12kg) and female cynomolgus monkeys (2.5 to 4.0kg) were obtained from colonies maintained
at Pfizer Inc.

Single subcutaneous doses of CP-65,207 dissolved in sterile saline (pH 7.0) were administered to mice
and rats (at doses up to 12.5mg/kg) while dogs and monkeys were dosed intravenously with drug
(10 mg/kg). All animals were given food and water ad libidum throughout the study period. For studies
measuring the oral absorption of the POM ester form of each isomer of CP-65,207, rats fasted for 24
hours were given drug doses of 50 mg/kg, as an oral suspension in a standard diluent*® containing methocel
15 (0.5 g), polysorbate 80 (1.0 g), carboxymethylcellulose (CMC 70 low) (10.0 g), sodium chloride (9.0 g),
and water (984 ml). Oral dose volumes were 0.5ml for rats. The oral absorption of each penem isomer
was determined following crossover studies with parenterally administered penem.

Mouse and rat peripheral blood samples were obtained by retroorbital bleeding into heparinized
capillary pipettes. Serial blood samples were obtained between 15 and 120 minutes after dosing in mice
and rats and up to 4 hours for dogs and monkeys.

In order to study the intestinal absorption of intact prodrug of CP-65,207, two cynomolgus monkeys
were anesthetized initially with ketamine followed by a mixture of fluothane/nitrous oxide, and a 5.1-cm
incision was made along the ventral midline. A suspension of CP-65,207 POM ester equivalent to 50 mg/kg
CP-65,207 was prepared in distilled water and injected directly into the duodenum. Samples of whole
blood were taken from the portal vein and femoral triangles at timed intervals after dosing. Samples were
tmmediately processed and analyzed by HPLC for content of unhydrolyzed POM ester and both isomers
of CP-65,207.

Antibiotic Detection Assays

Concentrations of CP-65,207 were determined in plasma, serum, or urine on the same day of collection
by an agar diffusion method with Bacillus subtilis ATCC 6633 that was equally susceptible to both isomers,
as the indicator organism. Standard curves of drug were prepared over a relevant concentration range
in each biological fluid analyzed. A UV-HPLC assay was developed to measure both diastereomers of
CP-65,207 in blood and urine. Samples were assayed using 1 ml solid phase extraction SAX Bond Elute
Cartridges (Analytical International, Inc., Harbor city, CA). Subsequent analysis was done with a Waters
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Nova Pak 5um C18 column (Waters Corp., Milford, MA), clearly separating the isomers with detection
at 313 nm.

Data Analysis

Plasma and serum pharmacokinetic parameters were calculated for individual animals over the entire
sampling period and subsequent mean values were determined where appropriate, by averaging the values
for all of the animals in a dose group. Pharmacokinetic data are expressed in terms of means and standard
errors.

Pharmacokinetic parameters were defined as follows. Tmax corresponds to the time that peak drug
levels Cmax were observed. Half-life was determined from the elimination rate constant as calculated by
linear regression analysis®”. Area under the curve (AUC,_ ) corresponds to the AUC from zero time
to infinity, as calculated by the trapezoidal rule through the last time point and the terminal areas as
determinéd from the ratio of the last concentration to the terminal rate constant.

Urinary Recovery

The effect of coadministration of a RDHP inhibitor (Fig. 1) on the renal elimination of CP-65,207
in the dog was compared to that of imipenem and benzylpenicillin in the presence and absence of probenecid.
An adult male beagle dog was used to test these combinations for each antibiotic in a muitiple crossover
study. CP-65,207 or imipenem was given as a single intravenous dose of 10mg/kg. The RDHP inhibitor
was administered subcutaneously at 100 mg/kg, 30 minutes before, along with, and 60 minutes after injection
of antibiotic*?. Probenecid was administered subcutaneously at 20 mg/kg 30 minutes before and 30, 60,
90, and 120 minutes after each antibiotic. Blood and urine were collected by standard methods and assayed
for bioactive antibiotic using B. subtilis ATCC 6633.

Stability Studies with Purified Renal Dehydropeptidases

The in vitro stability of both isomers of CP-65,207 to purified porcine and human RDHP was
determined??. The catalytic activity.of each enzyme was standardized against 0.52 mM glycyldehydrophenyl-
alanine as substrate in 2 mum Tris-HCI buffer (pH 7.4) at 37°C using a spectrophotometric method?V. Each
test compound was made to 0.15mwm in MOPS buffer (pH 7.1) and the hydrolysis of the f-lactam ring
was monitored at 300nm at an incubation temperature of 37°C.

Binding to Human Serum Proteins

The binding and stability of CP-65,207 diastereomeric mixture to pooled human serum was determined
by a spectrophotometric assay as described previously??. The amount of drug bound to serum proteins
was determined by adjusting whole human serum (pH 7.4) to a drug concentration of 20 ug/ml at 25°C,
followed by centrifugation through a Centrifree (Amicon Corp., Lexington, MA) filter that retained > 99.9%
of serum protein. The degree of penem protein binding was determined spectrophotometrically by measuring
unbound drug in the ultrafiltrate at 322 nm.

Results

Plasma Kinetics after Parenteral Administration

The pharmacokinetics of CP-65,207 were studied following parenteral doses to mice, rats, dogs, and
cynomolgus monkeys. The data in Figs. 2 and 3, and Table 1, indicate that like most other penems and
carbapenems, the elimination T;,, of CP-65,207 is short in rodents (13 minutes for mice and 18 minutes
for rats). A linear relationship was observed between dose and Cmax in mice given subcutaneous doses
of CP-65,207 from 3.12 to 12.5mg/kg (Fig. 2). At intravenous doses of 10mg/kg, CP-65,207 had higher
serum levels in the dog and monkey, with at least 7-fold increases in Cmax and AUC compared to those
obtained in the rat (Figs. 4 and 5) and Table 1. When administered intravenously as a 1:1 mixture of
isomers in the monkey at 10 mg/kg, about equal amounts of each isomer of CP-65,207 were detected in
plasma by the HPLC method (data not shown). This similarity in the plasma pharmacokinetics of both
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Fig. 2. Plasma elimination curves of CP-65,207 dosed Fig. 3. Plasma elimination curve of CP-65,207 dosed

subcutaneously in mice. 10mg/kg subcutaneously in rats (+1 SEM) n=10.
® 3.12mg/kg, A 6.25mg/kg, ® 12.5mg/kg. Active drug measured by bioassay.
n=>5 per dose group. Active drug measured by 10.0 -
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Fig. 4. Serum elimination curve of CP-65,207 dosed
10 mg/kg subcutaneously in dogs (+1 SEM) n=6. 0.1
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Table 1. Pharmacokinetic parameters of CP-65,207 in various animals.
Species Dose Cmax® T8 AUC,_,
(number tested) (mg/kg) (ug/ml) (minutes) (ug-hours/ml)
Mouse (n=>5) sc® 12.5 21.1(0.2) 13.2 (0.6) 7.4 (0.4)
Rat (n=10) sc 10 4.6 (0.3) 17.9 (0.9) 2.4(0.1)
Beagle (n=6) iv® . 10 35.3(5.9) 23.4 (3.0) 21.7(2.4)
Cynomolgus monkey (n=2) iv
S-Isomer CP-70,429 10 51.4 22.8 15.5
R-Isomer CP-81,054 10 39.5 24.6 14.6
Measured 5 minutes post dose.
b sc dose.
¢ iv dose.

Fig. 6. Plotof interspecies correlation between elimina- Table 2. Interaction of penems with human serum.
tion T, and body weight for CP-65,207 dosed Bound® Relative
parenterally. Compound (%) hydrolysis®

i i int dose??.
Data for man obtained with 1 gintravenous dos CP-65.207 0 061
100 ¢ Man SCH-29482 94 1.0
o n SCH-34343 63 0.56
50

- i ?  As determined by ultrafiltration of whole serum.

b4 i b Relative molar velocity of hydrolysis in 50% serum

5 20f | Monkey at 37°C. SCH-29482 assigned a value of 1.0.

=

E 10f - ) o

- = Table 3. Stability of penem isomers and imipenem to

N s [ purified renal dehydropeptidases.

e r Human RDHP Porcine RDHP

2r Compound
ompou Hydrolysis Initial ~ Hydrolysis Initial
1 11 1) tnn i1 oatain [ NI L L Lrilioy o/ eloc.t 0/ Velocit
0.01 0.05 0.2 1 2 5 20 100 (%) velocity (%) Y
0.02 0.1 0.5 10 50 Imipenem 2.96° 0.0086° 23.29 0.072
Body weight (kg) CP-70,429 1.43 0.0047 3.09 0.008
(S-isomer)
. . e - . . 4.01 011
isomers was confirmed in monkeys dosed individu- CP-81,054 225 0.0078 0.0
(R-isomer)

ally with the separate penem isomers CP-70,429 and
CP-81,054 (Fig. 5 and Table 1).
When a plot of the serum elimination T, and

species body weight is made, the relationship shown

*  Percent hydrolysis of a 0.15-mM solution of substrate

in 20 minutes using a spectrophotometric assay.
Initial velocity of the reaction in ymol/minute/u of
enzyme.

b

in Fig. 6 is found. T,,, correlated well with body weight among the species tested, suggesting that this
interspecies correlation might have predictive value for determining the T, of CP-65,207 in humans.

In vitro assays were performed in order to measure the interaction of CP-65,207 with human serum.
As shown in Table 2, the protein binding of CP-65,207 was low, in good agreement with the large volume
of distribution observed for the compound in both monkeys and humans?®. CP-65,207 was also stable

in the presence of 50% human serum when compared to penems SCH-29482 and SCH-34343 (Table 2).

Stability to Renal Dehydropeptidases

In order to compare the relative stability of CP-65,207 to hydrolysis by RDHP, each separate isomer
of the penem was tested against purified porcine and human enzymes in a spectrophotometric assay. The
results indicate that the S-isomer, CP-70,429 is 7.5-fold more stable than imipenem to hydrolysis by the
porcine enzyme and twice as stable against the purified human enzyme (Table 3). The S-isomer of CP-65,207
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Fig. 7. Effect of probenecid on the elimination of imipenem, benzylpenicillin, and CP-65,207 in the dog.

(A) Imipenem, (B) benzylpenicillin, (C) CP-65,207. @ Imipenem, O imipenem + probenecid, A
benzylpenicillin, A benzylpenicillin + probenecid, ® CP-65,207, 0 CP-65,207 + probenecid.
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Antibiotics given as single 10mg/kg dose intravenously. Probenecid dosed 20mg/kg 30 minutes
before and 30, 60, 90, and 120 minutes after each antibiotic. Active drug measured by bioassay.

was 1.6 times more stable against the human enzyme than the R-isomer in these studies.

Effect of a RDHP Inhibitor on the Metabolism of CP-65,207

Coadministration of the RDHP inhibitor cilastatin with imipenem has been shown to significantly
decrease the extensive renal metabolism of the carbapenem in both animals and man!®!%. Since both
isomers of CP-65,207 demonstrated some degree of increased stability to cell-free RDHP compared to
imipenem, further studies were performed i the dog to determine whether coadministration of a RDHP
inhibitor would decrease the renal metabolism of the penem. These tests also evaluated the effects of
coadministering probenecid with CP-65,207 compared with the effect of this compound on the elimination
of imipenem and benzylpenicillin. Fig. 7(A) illustrates the serum elimination curve in the dog following
a 10-mg/kg intravenous dose of imipenem (without RDHP inhibitor) in the presence and absence of
probenecid. In agreement with results of other investigators'?, probenecid had no effect on the elimination
of imipenem in the absence of RDHP inhibitor. Fig. 7(B) shows a similar study in the dog with
benzylpenicillin, a compound that undergoes significant tubular secretion but is not susceptible to hydrolysis
by RDHP. In this experiment, probenecid significantly extends the amount of circulating benzylpenicillin
as expected. In a similar manner, probenecid alone significantly prolongs the renal elimination of CP-65,207
(Fig. 7(C)). Since this effect was achieved without administration of a RDHP inhibitor, it is likely that
CP-65,207 is not as susceptible as imipenem to hydrolysis in the proximal tubule. The data in Table 4
support this conclusion. The percent of intravenous dose of CP-65,207 in the absence of a RDHP inhibitor

recovered in dog urine in 24 hours was 41%. In contrast, only 1% of the same dose of imipenem was
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Table 4. Renal elimination studies in the dog (n=1).

. Antibiotic + Antibiotic
Antibiotic alone® Antlblotxch; dipeptidase d?plell‘)tlhdasc
probenecid inhibitor® in 1b1to?
probenecid
Imipenem
AUC 17 25 22 34
Ty;>8 (minutes) 30 30 2 42
Urinary recovery® (%) 1 3 14 25
CP-65,207
AUC 17 44 26 34
T, 2B (minutes) 21 42 29 46
Urinary recovery (%) 41 38 38 46
Benzylpenicillin
AUC 12 50 — —
Ty2f (minutes) 23 53 — —
Urinary recovery (%) 32 46 — —

CP-65,207, imipenem, and benzylpenicillin single dose iv of 10 mg/kg.

Probenecid dosed sc 20 mg/kg—30, 30, 60, 90, and 120 minutes around antibiotic dose.

Renal dipeptidase inhibitor dosed sc 100 mg/kg—30, 30, and 60 minutes around antibiotic dose.
Percent urinary recovery of bioactive antibiotic over 24 hours.

a o ©

recovered. The 24-hour recovery of imipenem was  Fig. 8. Relationship between dose (mg/kg) and
increased to 14% by coadministration of three AUC,_, (ug-bours/ml) in mice given oral doses of

. CP-65,207 POM ester.
100 mg/kg subcutaneous doses of RDHP inhibitor.

In contrast, coadministration of the inhibitor had r

no effect on the urinary recovery of CP-65,207, a 6 °

finding in agreement with the greater relative g 5L

stability of CP-65,207 to RDHP in vitro (Table 3). g

Distinct differences between CP-65,207 and im- E br

ipenem with respect to the effect of probenecid :ﬁ:’. 3t

coadministration are also seen in Table 4. While 9 , L

coadministration of probenecid without RDHP <

inhibitor more than doubled the AUC and T;;,f r

for CP-65,207, only a modest increase in these 0 1 ! 1 )
0 10 20 40 60

parameters for imipenem was observed with
R L . Dose (mg/kg)
probenecid under similar conditions.

Oral Absorption of CP-65,207 Prodrug Esters

The in vitro activity and in vivo performance of CP-65,207 encouraged the development of a POM
ester formulation for testing as an oral delivery agent for parent drug. As shown in Fig. 8, good
proportionality was observed in rats between AUC and oral doses of CP-65,207 POM ester from 10 to
40mg/kg. The percent of parent drug absorbed from the CP-65,207 POM ester in these studies, was
determined from intravenous crossover tests to be from 52 to 68%.

Further studies in the rat revealed that there were significant differences in the degree of absorption
between the POM esters of the separate S and R-isomers of CP-65,207. At doses of 50 mg/kg, the oral
bioavailability of the S-isomer POM ester was 76% compared to 36% for the ester of the corresponding
R-isomer (Table 5). This differential in absorption of the isomers when tested individually, was not observed
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Table 5. Oral bioavailability in rats of POM esters of separate S and R-isomers of CP-65,207.
S-Isomer® S-Isomer R-Isomer* R-Isomer
(iv) POM ester® (po) (iv) POM ester® (po)
Cmax (ug/ml) 28.4 (3.1)° 2.7 (0.46) 30.0 (5.0) 0.7 (0.06)
AUC,_, (ug-hours/ml) 7.1 (0.55) 5.4 (0.76) 7.0 (1.3) 2.5(0.72)
Oral bioavailability (%) — 76¢ — 36

Intravenous crossover leg separate isomer dosed 50 mg/kg.
Oral dose leg with POM ester of separate isomer dosed 50 mg/kg.
Number in parenthesis designate +/—1 SEM (n=35).

e o ¢ 0w

Percent oral bioavailability generated by dividing AUC po dose by AUC iv dose.

in absorption studies with the POM ester of
CP-65,207 diastereomeric mixture. In the latter case,

Table 6. Comparative in vivo efficacy in mice of
CP-81,054, CP-70,429, and CP-65,207 against
Staphylococcus aureus and Escherichia coli.

HPLC analysis of serum indicated that both isomers

. . . PD k
in the mixture were absorbed to approximately the so (mg/ke)

same extent (data not shown). Treatment S. aureus E. coli
(01A400) (51A257)
Absorption of CP-65,207 POM Ester in Monkeys

CP-81,054 3.5 (1.4 1.0 (0.5)

In order to determine the efficiency of prodrug CP-70,429 1.0 3.4 2.2 (L.7)

. . S CP-65,207 2.0 (2.1) 3.0 (2.1)
hydrolysis during the process of absorption in the Ceftriagone 56(22) 61 (46)
intestine, studies were performed in the cynomolgus Imipenem 0.3 (0.3) 1.4 (0.5)

monkey to look for the presence of intact prodrug in Treatments given sc at 0.5 and 4 hours post-challenge.

®  95% confidence limits.

the portal circulation. Following surgical access to
the intestine, CP-65,207 prodrug was injected
directly into the duodenum in an amount calculated to deliver 50 mg/kg CP-65,207. Blood samples were
taken from the portal vein and femoral triangle and immediately processed for the presence of intact
prodrug by HPLC. Additionally, serum was prepared from blood samples collected from the femoral
triangle and assayed for both isomers of CP-65,207. Forty minutes after introduction of prodrug into the
duodenum, the portai blood concentrations of intact prodrug were less than 0.4 ug/ml and no prodrug
was detected in femoral blood. In contrast, peak portal blood concentrations of 3.8 ug/ml for CP-81,054
and 1.8 ug/ml for CP-70,429 were observed at 40 minutes. This suggests that the prodrug was efficiently
hydrolyzed during absorption to deliver both isomers of CP-65,207 to portal blood, liver, and the peripheral
circulation. The POM ester of CP-65,207 was also found to be stable in dog gastric fluid (pH 2.0), with
essentially no hydrolysis to free penem occurring over a 90-minute period as determined by the HPLC
method.
Comparative Efficacy of CP-70,429 and CP-81,054 Stercoisomers

Pharmacokinetic studies showed differences in absorption of the esters of the separate isomers of
CP-65,207 and in in vitro stability to human RDHP. However, previous studies showed no significant
differences between the isomers in antimicrobial activity?#. The data in Table 6 also indicate that there
was no significant difference in the efficacy observed following subcutaneous administration of the separate

isomers in protecting mice from lethal bacterial infections.
Discussion

In recent years there has been great interest in the discovery of new penem and carbapenem
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antimicrobials for clinical use. The interest in these f-lactams stems from their high stability to most
B-lactamases, which confers a broad antibacterial spectrum and high potency on these compounds. In
addition, some penems like SCH-29482 and the ester of FCE-22101 have shown oral absorption in humans,
providing potential as potent oral antibiotics. Despite the large number of penem and carbapenem analogs
that have been evaluated in vitro, only a small number have progressed to therapeutic trials. One of the
reasons for this undoubtedly involves the unusual susceptibility of these agents to RDHP!3**7 which
causes extensive degradation of some compounds in the kidney with subsequent low urinary recovery.
The inhibitor cilastatin (MK 0791) was developed for coadministration with imipenem in order to
compensate for the hydrolytic activity of the renal enzyme in man'?.

CP-65,207 is a new penem antibiotic demonstrating antibacterial potency equivalent to imipenem
against most clinical bacterial isolates with the exception of Pseudomonas aeruginosa'®. The advantages
of CP-65,207 over imipenem are its greater relative stability to RDHP and the existence of a prodrug ester
suitable for an oral dose formulation. CP-65,207 is an equal mixture by weight of two diastereomers.
HPLC analysis of serum obtained from cynomolgus monkeys dosed intravenously with the separate isomers
of CP-65,207, indicated that both the S and R-isomers were equally distributed in the bloodstream. Unlike
penem SCH-29482, CP-65,207 was not highly bound to human serum. Initial results with CP-65,207 dosed
parenterally in rodents, demonstrated relatively short elimination half-lives (13 and 18 minutes in mice
and rats, respectively) similar to those observed with other penems and carbapenems®!3:1®), SCH-34343
for example, is reported to have a Ty,B of 5.6 and 6.3 minutes respectively in mice and rats'®.
Dehydropeptidases have been found in extrarenal tissues in the rat, and the presence of these enzymes in
organs such as the lung, have been shown to be the major sites of metabolism for these compounds®”.
Given the extensive metabolism of penems reported in rats, it is interesting that in the plot of T,,f vs.
body weight*® shown in Fig. 6, the values of CP-65207 in mice, rats, dogs, cynomolgus monkeys, and
man aligned in a linear fashion. It is possible that the relative stability of CP-65,207 to dehydropeptidase
stabilizes its inactivation in rodent species, making its disposition proportional by weight when compared
with the other species tested. In this regard, CP-65,207 resembles other new penems and carbapenems that
demonstrate higher stability to RDHP2%:27),

It was of interest to note that the S-isomer (CP-70,429) was more stable than the R-isomer to both
porcine and human RDHP. CP-70,429 was 7.5-fold more stable than imipenem against the porcine enzyme
and almost 2-fold more stable than the carbapenem against purified human RDHP. A number of in vivo
studies have been performed with CP-65,207 in order to determine the significance of this greater relative
stability to the renal enzymes. First, studies in the beagle dog indicate that renal elimination of CP-65,207
diastereomeric mixture is significantly less affected by RDHP than imipenem. This is seen by the greater
urinary recovery of CP-65,207 in the dog (41 vs. 1% for imipenem) in the absence of RDHP inhibitor.
The recovery in the urine of bioactive CP-65,207 was not increased by coadministration of a RDHP
inhibitor. Published studies have indicated that in humans, one-third of the amount of imipenem undergoing
clearance by the kidney is eliminated by active tubular secretion®?. This event is not measureable in the
absence of RDHP inhibitor due to the rapid degradation of imipenem in the proximal tubule, thus
coadministration of probenecid has no influence on the elimination of this compound unless a RDHP
inhibitor is present as well*?. This relationship was confirmed in our studies in the beagle. In contrast to
imipenem, the elimination of CP-65,207 was significantly influenced by probenecid alone, in the absence
of RDHP inhibitor. This suggests that a significant proportion of the penem in the beagle is eliminated
in the kidney by tubular secretion and this process is relatively insensitive to the activity of RDHP.

Studies with CP-65,207 in man have indicated that approximately 2-fold more intact CP-70,429
S-isomer is recovered in urine compared with the R-isomer CP-81,054 (46 vs. 26%, respectively) following
intravenous administration®®. Thus the relative stability of the S-isomer of CP-70,429 to RDHP leads to
consistently higher recovery of intact drug in human urine compared to the R-isomer.

Another characteristic of CP-65,207 is the existence of an oral dosage formulation. The first penem
to have this characteristic was SCH-294822®. This compound was highly serum protein bound
(approximately 95%), and demonstrated a relatively long elimination T,,, with high peak blood levels
observed in all species tested compared to other penems®®. The development of this compound, however,
was halted due to unacceptable side effects following metabolism in man. Other more recently developed
oral penems include the ester of FCE-22101 (FCE-22891), where available data indicates that it has an
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oral absorption in rodents of 47% and a mean absorption in man of 29% following 40 and 14 mg/kg oral
doses, respectively'®?). At similar doses, the ester of CP-65,207 diastereomeric mixture gives slightly
better absorption in both species. Further results in the rat with the oral ester of CP-70,429 (S-isomer)
suggest that this single isomer may provide a better oral formulation in man. Thus CP-70,429 in vivo has
important advantages of being less susceptible to RDHP compared with imipenem and has the potential
of being orally absorbed as the POM ester. These results suggest that further clinical studies with this
penem isomer are warranted.
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