ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2001, p. 825-836
0066-4804/01/$04.00+0 DOI: 10.1128/AAC.45.3.825-836.2001

Vol. 45, No. 3

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

In Vitro and In Vivo Properties of Ro 63-9141, a Novel Broad-

Spectrum Cephalosporin with Activity against
Methicillin-Resistant Staphylococci

PAUL HEBEISEN,' INGRID HEINZE-KRAUSS,? PETER ANGEHRN,' PETER HOHL,'
MALCOLM G. P. PAGE,?> axp RUDOLF L. THEN**

Pharmaceutical Research, F. Hoffmann-La Roche Ltd.," and Basilea Pharmaceutica,”> CH-4070 Basel, Switzerland

Received 26 September 2000/Returned for modification 31 October 2000/Accepted 19 December 2000

Ro 63-9141 is a new member of the pyrrolidinone-3-ylidenemethyl cephem series of cephalosporins. Its anti-
bacterial spectrum was evaluated against significant gram-positive and gram-negative pathogens in compar-
ison with those of reference drugs, including cefotaxime, cefepime, meropenem, and ciprofloxacin. Ro 63-9141
showed high antibacterial in vitro activity against gram-positive bacteria except ampicillin-resistant entero-
cocci, particularly vancomycin-resistant strains of Enterococcus faecium. Its MIC at which 90% of the isolates
tested were inhibited (MIC,,) for methicillin-resistant Staphylococcus aureus (MRSA) was 4 pg/ml. Ro 63-9141
was bactericidal against MRSA. Development of resistance to the new compound in MRSA was not observed.
Ro 63-9141 was more potent than cefotaxime against penicillin-resistant Streptococcus pneumoniae (MIC,, =
2 pg/ml). It was active against ceftazidime-susceptible strains of Pseudomonas aeruginosa and against Entero-
bacteriaceae except Proteus vulgaris and some isolates producing extended-spectrum (3-lactamases. The basis for
the antibacterial spectrum of Ro 63-9141 lies in its affinity to essential penicillin-binding proteins, including
PBP 2’ of MRSA, and its stability towards 3-lactamases. The in vivo findings were in accordance with the in vitro
susceptibilities of the pathogens. These data suggest the potential utility of Ro 63-9141 for the therapy of in-
fections caused by susceptible pathogens, including MRSA. Since insufficient solubility of Ro 63-9141 itself pre-
cludes parenteral administration in humans, a water-soluble prodrug, Ro 65-5788, is considered for development.

Methicillin-resistant staphylococci (MRS) have become a se-
rious problem in many parts of the world. Although the inci-
dence of strains of methicillin-resistant Staphylococcus au-
reus (MRSA), methicillin-resistant Staphylococcus epidermidis
(MRSE), and other MRS varies from country to country and
from hospital to hospital (3, 5), it has been steadily increasing
worldwide in the last decade (10, 18, 19). MRS are resistant
not only to the available B-lactam antibiotics, but also, in most
instances, to structurally unrelated classes of antibacterials (for
mainly unknown reasons) and thus represent a prime target in
the current search for new antimicrobials.

MRS are characterized by the expression of a special peni-
cillin-binding protein (PBP), PBP 2’, that is not present in
methicillin-susceptible staphylococci. This PBP is causally con-
nected with methicillin resistance, as it functions as a transpep-
tidase and is not efficiently inhibited by commercially available
B-lactams, in contrast to the other transpeptidases in staphy-
lococci, PBP 1, PBP 2, and PBP 3. However, the poor affinity
of PBP 2’ for B-lactam antibiotics does not seem to be inherent
in the B-lactam structure since new carbapenems and cepha-
losporins that are good inhibitors of PBP 2’ have recently been
described (1, 6, 11, 12, 14, 20).

Ro 63-9141, the active principle of the water-soluble pro-
drug Ro 65-5788, is a novel parenteral cephalosporin with
broad-spectrum activity against gram-positive and gram-nega-
tive pathogens. It differs from older, broad-spectrum cephalo-
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sporins in that it has antibacterial activity against MRS isolates.
Its in vitro and in vivo antimicrobial properties and its mode of
action are described below.

(Part of this work was presented previously [Abstr. 38th Conf.
Antimicrob. Agents Chemother., abstr. F-22 to F-24, 1998].)

MATERIALS AND METHODS

Antimicrobial compounds. Ro 63-9141, Ro 65-5788, ceftriaxone, and linezolid
were prepared for this study in the research laboratories of F. Hoffmann-La
Roche Ltd., Basel, Switzerland. The other compounds were purchased from
commercial sources. The chemical structures of Ro 63-9141 and its prodrug Ro
65-5788 are shown in Fig. 1.

Bacterial strains. Except for some standard strains (American Type Culture
Collection strains), the isolates used in the in vitro experiments were clinical
isolates obtained from various, mainly European, Japanese, and American, hos-
pitals over a 10-year period, except MRS, for which fresh clinical isolates from
1996 were employed. They were identified by standard methods and kept as stock
cultures at —70°C or below. The strains used in the in vivo experiments were
clinical isolates or standard strains that were adapted to the respective models
through animal passage before use.

MIC determination. MICs against aerobes were determined by an agar or
broth dilution method as recommended by the NCCLS (15) and against Bacte-
roides fragilis by agar dilution on Wilkins-Chalgren medium (Difco Laboratories,
Detroit, Mich.) supplemented with 5 mg of hemin chloride per liter and 0.5 mg
of menadione per liter (16).

PBP affinity. Penicillin binding was determined using fluorescein isothiocya-
nate-labeled ampicillin (FAMP) (Fig. 2).

FAMP was prepared according to established conjugation methods. Mem-
brane fragments of S. aureus strains were prepared from frozen cell paste. Frozen
cell paste (30 to 40 g) was suspended in 200 ml of 20 mM Tris-HCI, pH 7.8,
containing 10 mM MgSO,, and the cells were pretreated with lysozyme (1
mg/liter) and lysostaphin (0.1 mg/liter) for 30 min before addition of DNase (1
mg/liter) and the following protease inhibitors: chymostatin (1 mg/liter), antipain
(5 mg/liter), pepstatin (0.1 mg/liter), leupeptin (0.1 mg/liter), phenylmethanesul-
fonyl fluoride (10 M), 5-aminocaproic acid (5 mM), and aprotinin (10° Ulliter).
The slurry was passed twice through a French press at about 2,500 MPa at 0 to
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FIG. 1. Chemical structures of Ro 63-9141 and its prodrug Ro 65-5788.

4°C and then centrifuged at 10° X g for 90 min at 4°C. After centrifugation, the
pellets were collected and washed by resuspension in 20 mM Tris-HCI, pH 9.0,
containing 10 mM sodium EDTA to remove extraneous proteins. The mem-
branes were resuspended in 0.1 M sodium phosphate, pH 7.0, at around 50 mg
of protein/ml and stored frozen at —20°C. After thawing, the membranes were
sonicated briefly before use in labeling experiments. The membranes were used
at a concentration of 10 mg of protein/ml, the fluorescent penicillin was added in
0.1 M sodium phosphate buffer, and the mixture was incubated at room tem-
perature for 15 min before the addition of an equal volume (usually 0.02 ml) of
sample buffer for sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
The sample was applied directly to a discontinuous sodium dodecyl sulfate-
polyacrylamide gel (stacking gel, 2% polyacrylamide; separating gel, 7.6% poly-
acrylamide) for analysis. After electrophoresis, the unstained gels were placed in
70% ethanol to remove unbound fluorescent penicillin and then scanned in a
Fluorimager (Molecular Devices) and the amount of fluorescence was deter-
mined using ImageQuant software from the manufacturer.

Labeling of soluble recombinant PBP 2’ (preparation described elsewhere [B.
Mensch et al., submitted for publication]) was performed with 0.1 to 0.5 mg of
protein per liter in 0.1 M sodium phosphate buffer. The protein solution (0.01 ml)
was mixed with an equal volume of a solution of the test substance in the same
buffer, and the mixture was incubated for 15 min. Then, 0.1 ml of 10 mM FAMP in
0.1 M sodium phosphate was added and the reaction was allowed to continue for a
further 15 min. The reaction was stopped by the addition of 0.1 ml of ice-cold 10%
aqueous trichloroacetic acid solution. The precipitate formed was collected by fil-
tration through Whatman GF/F glass fiber filter paper. The filters were washed with
70% ethanol and air dried before reading of the fluorescence in a Cytofluor 2000
microtiter plate fluorimeter. For direct competition, the test substance and fluores-
cent penicillin were added in the same solution and the reaction mixture was
incubated for 5 min before the trichloroacetic acid solution was added.

Stability towards B-lactamases. B-Lactamases were purified to homogeneity, and
their hydrolytic activities and inhibition were studied by standard methods (17).

Bactericidal activity. Overnight cultures of the test strains (four MRSA strains
and one MRSE, one methicillin-susceptible S. aureus [MSSA], and one Escherichia
coli strain) grown in 30 ml of Mueller-Hinton broth (MHB; Remel, Lenexa, Kans.)
were diluted into fresh medium to yield an inoculum of 10° CFU/ml or higher. Drug
was added either with the inoculum or at intervals of 1.5 h (early log phase) and 3 h
(log phase) after its addition. Drug concentrations of 0 (control), 0.5, 1, 2, or 5 times
the MIC were used. Ten-microliter aliquots of appropriate dilutions were plated on
Mueller-Hinton agar (MHA), and colonies were counted after 24 h of incubation.
To check whether resistant clones had been selected, the MICs were determined for
those cultures which showed growth after 24 h.

Population analysis. The standard procedure described by Tomasz et al. (21)
was followed. Single colonies from staphylococcal plates were inoculated into 30
ml of MHB in 100-ml Erlenmeyer flasks and incubated overnight at 35°C.
Dilutions of the fully grown cultures were prepared in phosphate-buffered saline,
and aliquots of 100 pl were plated out on MHA plates containing increasing
concentrations of the compound to be tested, including controls with no antibi-
otic. Each experiment was run in triplicate, and the the numbers of CFU per
plate were averaged. Plates were read after 2 days of incubation at 35°C.

Resistance development. Development of resistance to Ro 63-9141, imipenem,
linezolid, and ciprofloxacin was studied with three MRSA strains and one MSSA
strain by serial passage over graded concentrations in 2 ml of MHB and appli-
cation of an inoculum of 10° CFU/ml.

Since exposure to Ro 63-9141 at this inoculum did not lead to resistant
mutants, a comparative study for Ro 63-9141, imipenem, ciprofloxacin, and
linezolid was performed with an MRSA strain (S. aureus 745) using a much
higher inoculum. MHA was used as the medium. The compounds were dissolved
in water (imipenem) or in a small volume of dimethyl sulfoxide (Ro 63-9141,
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FIG. 2. Structure of FAMP.
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ciprofloxacin, and linezolid), diluted in water, and incorporated in twofold serial
dilutions in the agar. An inoculum of about 2 X 10® CFU/plate was applied by
plating aliquots of 0.1 ml of an overnight culture. The plates were incubated at
35°C for 48 h, and the MICs were recorded as the lowest concentrations that
prevented visible growth of colonies. For the second and further passages, the
inoculum was prepared from the highest concentration of each test compound
that gave rise to growth. At least five colonies were suspended in 1 ml of MHB,
and this suspension was adjusted to yield an inoculum of approximately 2 X 10®
CFU/plate. The plates were incubated at 35°C for 48 h, and the MICs were read.
A total of six passages were performed for Ro 63-9141, and a total of five each
were performed for the comparator drugs.

Experimental septicemia in mice. Septicemia was induced in outbred Swiss
albino mice (Jbm MoRo; weight, 16 to 20 g). Mice were infected by intraperi-
toneal (i.p.) injection of diluted overnight cultures of the test organisms. All
strains, with the exceptions of Streptococcus pyogenes B15, E. coli 25922, Klebsiella
pneumoniae 418, Enterobacter cloacae MRW, Serratia marcescens 69438, and
Pseudomonas aeruginosa BA, were injected as suspensions in 4% hog gastric
mucin (Fluka Chemie AG, Buchs, Switzerland). Bacterial challenge doses were
4 to 10 times the number of organisms required to kill 50% of infected, but
unmedicated, animals within 48 h. The test compounds were administered sub-
cutaneously (s.c.) 1, 3, and 5 h after bacterial challenge in the P. aeruginosa BA
infection and 1 and 3 h afterward in all other infections. The test compounds
were used as solutions in saline, except for Ro 63-9141, which was administered
as a suspension together with 2% (vol/vol) Tween 80 (Sigma Chemical Co., St.
Louis, Mo.). Control and treatment groups at each dose were composed of five
mice each. The 50% effective dose (EDs, in milligrams per kilogram of body
weight) was calculated by probit analysis as described by Finney (4) from the
survival rates on day 4 after infection.

Experimental s.c. abscesses in mice. The test strains S. aureus 1-6 and S. aureus
Mu50 were grown for 18 h in semisolid brain heart infusion (BHI) medium
(Difco Laboratories, Detroit, Mich.) (supplemented with 0.25% agarose) and
subsequently diluted 103-fold in the same medium. Samples of 0.5 ml of this
dilution were used as inocula for infection.

Female Swiss albino mice (Jbm MoRo; weight, 27 to 30 g) were injected
beneath the loose skin of the left groin. The test compounds were administered
i.p. 1 and 3 h after infection. Vancomycin was given as an aqueous solution, and
linezolid and Ro 63-9141 were given as suspensions with 2% (vol/vol) Tween 80.
Unmedicated mice developed visible abscesses at the site of infection by the third
day following bacterial challenge.

Mice were killed on the third day after infection. The abscesses were excised,
added to 2 ml of saline, and homogenized in a blender. Viable cell counts of the
bacteria per abscess were determined in duplicate by a standard plate procedure on
BHI agar.

RESULTS

MIC determination. The antibacterial activity of Ro 63-9141
was compared with those of cefotaxime, cefepime, meropen-
em, and ciprofloxacin. For gram-positive organisms vancomy-
cin was also used as a comparator, as were ampicillin for en-
terococci, ceftazidime for P. aeruginosa, and metronidazole for
B. fragilis. The results are presented in Table 1.

Ro 63-9141 showed consistent activity against staphylococci.
For MSSA, the MIC at which 90% of the isolates tested were
inhibited (MIC,,) of Ro 63-9141 was 1 pg/ml, which was lower
than those of the reference cephalosporins. Ro 63-9141 inhibited
all studied clinical isolates of MRSA and MRSE at =4 pg/ml.
Slightly higher MICs were obtained for Staphylococcus haemolyti-
cus (MICqy, 8 pg/ml). The MICyys of cefotaxime, cefepime,
meropenem, and ciprofloxacin against MRS were not in the
range of susceptibility. For the MRSA strain S. aureus Mu50,
which has decreased susceptibility to vancomycin (so-called
vancomycin-intermediate S. aureus [VISA] strain) and was iso-
lated after therapeutic failure with vancomycin (8), the MIC of
Ro 63-9141 (2 pg/ml) was not higher than those for vancomy-
cin-susceptible MRSA strains. For a B-lactamase-producing
strain of S. aureus showing borderline oxacillin resistance with
the same characteristics as those described by McDougal and
Thornsberry in 1996 (e.g., lowering of oxacillin MICs into

IN VITRO AND IN VIVO PROPERTIES OF Ro 63-9141 827

the susceptible range in the presence of B-lactamase inhibi-
tors) (13), the Ro 63-9141 MIC was 1 pg/ml. Addition of 2%
sodium chloride to MHA had little influence on the MIC of Ro
63-9141; it increased by at most one dilution step for some
strains. Penicillin-susceptible strains of S. pneumoniae were
highly susceptible to the new compound (MIC,, 0.03 pg/ml).
The MIC,, of Ro 63-9141 for penicillin-resistant pneumococci
was twofold lower than those of cefotaxime and cefepime and
equal to that of meropenem. In contrast to the reference ceph-
alosporins, which were inactive, Ro 63-9141 was equivalent to
ampicillin in activity against ampicillin-susceptible isolates of
Enterococcus faecalis and Enterococcus faecium. Ro 63-9141
did not inhibit ampicillin-resistant enterococci. In E. faecium
these isolates are generally also resistant to vancomycin.

Since the formation of extended-spectrum B-lactamases
(ESBLs) has a major influence on the susceptibility of Entero-
bacteriaceae to B-lactam antibiotics, MICs for ESBL-producing
and ESBL-nonproducing isolates were determined separately
for E. coli and K. pneumoniae. Likewise, isolates of P. aerugi-
nosa were categorized according to susceptibility or resistance
to ceftazidime before testing. Ro 63-9141 showed high and
consistent activity against ESBL-negative isolates of E. coli and
K. pneumoniae as well as against Proteus mirabilis, Morganella
morganii, Providencia spp., Vibrionaceae, Haemophilus influen-
zae, Neisseria gonorrhoeae, and Moraxella catarrhalis. Compa-
rable activities were obtained with the reference B-lactams.
About 15% of the ESBL-positive E. coli and K. pneumoniae
isolates were resistant to Ro 63-9141 (MICs, 4 pg/ml; MIC,,
>32 pg/ml). Cefepime and particularly meropenem were more
potent against these strains. Ro 63-9141 was slightly more
active than cefepime against Enterobacter aerogenes, of which
2 of the 10 strains studied were ESBL producers, but it was
intermediate to cefepime and cefotaxime against Enterobacter
cloacae and Citrobacter freundii. A concentration of 8 pg of Ro
63-9141 per ml was needed to prevent growth in 100% of these
strains. Ro 63-9141 did not inhibit most isolates of Proteus vul-
garis, in contrast to the comparator drugs. Ro 63-9141 was similar
to ceftazidime and cefepime in activity against ceftazidime-sus-
ceptible P. aeruginosa (MICys, 16, 8, and 16 pg/ml, respectively),
whereas cefotaxime was virtually inactive. No compound inhib-
ited ceftazidime-resistant P. aeruginosa at low concentration, and
cross-resistance between ceftazidime, cefepime, and Ro 63-9141
was noticed for most, but not all, strains. The activities of the
tested cephalosporins, including Ro 63-9141, against B. fragilis
varied widely, but for most isolates high MICs were exhibited.

Bactericidal activity. Ro 63-9141 exhibited time-dependent
bactericidal activity against MSSA, MRSA, E. coli, and other
species. Killing rates were dependent on the inoculum and
growth phase, as with other cell wall-active agents. For the
surviving cells after 24 h of exposure to Ro 63-9141, MICs were
not higher than those for the isolates before exposure.

The rapid bactericidal activity of Ro 63-9141 against both
MSSA and MRSA contrasted with the activity of vancomycin,
which produced a modest drop in the viable cell count (Fig. 3).

This rapid bactericidal effect was also achieved with resistant
gram-positive strains and against E. coli (Fig. 4).

Inhibition of PBPs. A number of PBPs have been cloned
and purified after expression of the genes in E. coli in soluble
form. These proteins were used to test Ro-63-9141 and refer-
ence compounds for inhibition (17).
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TABLE 1. In vitro activities of Ro 63-9141 and reference compounds

Organism(s) (no. of strains) MIC (pg/ml)
and compound MICs, MICy, Range
MSSA (19)
Ro 63-9141 0.5 1 0.25-1
Cefotaxime 2 4 2-32
Cefepime 2 8 2-16
Meropenem 0.12 0.12 0.06-0.25
Ciprofloxacin 0.5 1 0.25->8
Vancomycin 2 2 1-2
MRSA (77)
Ro 63-9141 2 4 0.5-4
Cefotaxime >64 >64 >64
Cefepime >32 >32 >32
Meropenem 32 >32 >32
Ciprofloxacin 0.5 >8 0.12->8
Vancomycin 1 2 1-8
MSSE (19)
Ro 63-9141 0.25 1 0.12-1
Cefotaxime 1 4 0.25-4
Cefepime 0.5 2 0.25-4
Meropenem 0.12 1 0.12-4
Ciprofloxacin 0.25 0.5 0.25->8
Vancomycin 2 2 2-4
MRSE (19)
Ro 63-9141 1 2 1-4
Cefotaxime 32 >64 8->64
Cefepime 16 >32 4->32
Meropenem 16 >32 4->32
Ciprofloxacin 0.25 >8 0.25->8
Vancomycin 2 4 2-4
Staphylococcus haemolyticus (31)
Ro 63-9141 4 8 0.125-8
Cefotaxime >32 >32 2->32
Cefepime >32 >32 1->32
Meropenem >32 >32 0.125->32
Ciprofloxacin 0.5 32 0.25->32
Vancomycin 2 4 1-4
Staphylococcus hominis (28)
Ro 63-9141 4 4 0.25-4
Cefotaxime >32 >32 1->32
Cefepime >32 >32 0.5->32
Meropenem >32 >32 =0.06->32
Ciprofloxacin 0.5 1 0.25->32
Vancomycin 2 4 1-4
Staphylococcus saprophyticus (55)
Ro 63-9141 0.25 0.5 0.06-4
Cefotaxime 4 8 0.5-32
Cefepime 2 4 0.5->32
Meropenem 0.25 0.5 0.06-32
Ciprofloxacin 1 2 0.25-2
Vancomycin 2 2 0.5-2
Staphylococcus sciuri (13)
Ro 63-9141 0.5 2 0.25-2
Cefotaxime 8 >32 1->32
Cefepime 4 >32 1->32
Meropenem 0.5 16 0.25-16
Ciprofloxacin 1 2 0.25-2
Vancomycin 2 2 1-2
Staphylococcus warneri (10)
Ro 63-9141 0.25 2 0.25-4
Cefotaxime 2 32 1->32
Cefepime 2 32 1->32
Meropenem 0.25 8 0.25->32
Ciprofloxacin 0.5 1 0.25-1
Vancomycin 2 2 1-4
Penicillin-susceptible Streptococcus pneumoniae (19)
Ro 63-9141 0.015 0.03 0.015-0.03
Penicillin G =0.06 =0.06 =0.06
Cefotaxime =0.03 0.06 =0.03-0.25
Cefepime 0.03 0.06 0.03-0.12

Continued on following page
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TABLE 1—Continued

Organism(s) (no. of strains) MIC (pg/ml)
and compound MICs, MICy, Range
Meropenem 0.015 0.03 0.015-0.03
Ciprofloxacin 2 2 1-4
Vancomycin 0.5 1 0.5-1
Penicillin-resistant Streptococcus pneumoniae (20)
Ro 63-9141 0.5 2 0.03-2
Penicillin G 1 16 1->16
Cefotaxime 1 4 0.12-4
Cefepime 2 4 0.25-4
Meropenem 0.5 2 0.06-2
Ciprofloxacin 1 2 0.5-4
Vancomycin 0.5 0.5 0.5
a-Hemolytic streptococci (21), Streptococcus salivarius (3),
Streptococcus sanguis (4), Streptococcus bovis (3), Streptococcus
intermedius (2), Streptococcus mitis (3), Streptococcus oralis (2),
Streptococcus mutans (3), Streptococcus gordonii (1)
Ro 63-9141 0.04 0.25 =0.008-2
Cefotaxime 0.12 2 =0.03-8
Cefepime 0.12 2 0.03-8
Meropenem 0.06 1 0.015-4
Ciprofloxacin 2 4 1->8
Vancomycin 1 1 0.5-2
B-Hemolytic streptococci (20), Streptococcus
pyogenes (10), Streptococcus agalactiae (10)
Ro 63-9141 0.03 0.06 =0.008-0.12
Cefotaxime 0.03 0.12 =0.03-0.12
Cefepime 0.03 0.12 0.03-0.25
Meropenem 0.03 0.12 0.015-0.25
Ciprofloxacin 1 2 0.5-4
Vancomycin 0.5 1 0.25-1
Enterococcus faecalis (14)
Ro 63-9141 0.5 4 0.25->32
Ampicillin 2 4 1->32
Cefotaxime 8 >32 4->32
Cefepime >32 >32 32->32
Meropenem 8 32 4->32
Ciprofloxacin 2 >8 0.5->8
Vancomycin 4 >32 2->32
Enterococcus faecium (16) for which the ampicillin
MIC is =8pg/ml
Ro 63-9141 4 8 1-8
Ampicillin 4 8 2-8
Cefotaxime >32 >32 16->32
Cefepime >32 >32 32->32
Meropenem 16 >32 4->32
Ciprofloxacin 4 >8 2->8
Vancomycin 4 >32 4->32
Enterococcus faecium (20) for which the ampicillin
MIC is =16 pg/ml
Ro 63-9141 >32 >32 8->32
Ampicillin >32 >32 16->32
Cefotaxime >32 >32 >32
Cefepime >32 >32 >32
Meropenem >32 >32 >32
Ciprofloxacin >8 >8 8->8
Vancomycin 4 >32 2->32
ESBL-negative Escherichia coli (24)
Ro 63-9141 0.06 0.06 =0.03-0.12
Cefotaxime 0.06 0.12 =0.03-0.12
Cefepime =0.03 0.06 =0.03-0.5
Meropenem =0.03 0.06 =0.03-0.06
Ciprofloxacin 0.015 0.12 =0.008-0.12
ESBL-positive Escherichia coli (17)
Ro 63-9141 4 >32 0.06->32
Cefotaxime 4 32 0.06->64
Cefepime 2 8 0.06-16
Meropenem 0.06 0.06 =0.03-0.12
Ciprofloxacin 0.06 0.25 =0.008-0.25

Continued on following page
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TABLE 1—Continued

Organism(s) (no. of strains) MIC (pg/ml)
and compound MICs, MICy, Range
ESBL-negative Klebsiella pneumoniae (19)
Ro 63-9141 =0.06 0.25 =0.06-1
Cefotaxime =0.06 =0.06 =0.06
Cefepime =0.06 0.25 =0.06-0.5
Meropenem =0.06 =0.06 =0.06-0.1
Ciprofloxacin =0.06 =0.06 =0.06-0.25
ESBL-positive Klebsiella pneumoniae (22)
Ro 63-9141 4 >32 0.12->32
Cefotaxime 8 64 0.25->32
Cefepime 2 16 0.12-32
Meropenem 0.12 0.25 0.06-16
Ciprofloxacin 1 >8 0.03—>8
Klebsiella oxytoca (9)
Ro 63-9141 0.5 0.06->32
Cefotaxime =0.03 =0.03-1
Cefepime =0.03 =0.03-2
Meropenem 0.06 =0.03-0.12
Ciprofloxacin 0.03 0.015-0.06
Citrobacter freundii (19)
Ro 63-9141 1 8 0.12-8
Cefotaxime 32 64 1->64
Cefepime 0.5 2 =0.03+4
Meropenem 0.12 0.25 0.06-0.5
Ciprofloxacin 0.03 0.25 0.015-0.25
Enterobacter cloacae (25)
Ro 63-9141 4 8 0.12-8
Cefotaxime >64 >64 16—>64
Cefepime 1 4 0.12-8
Meropenem 0.12 0.25 0.06-0.25
Ciprofloxacin 0.03 0.12 0.015-4
Enterobacter aerogenes (10)
Ro 63-9141 0.25 4 =0.03-8
Cefotaxime 32 >32 0.12->32
Cefepime 1 8 0.06-8
Meropenem 0.12 16 0.06-16
Ciprofloxacin 0.25 8 =0.03-16
Pantoea agglomerans (10)
Ro 63-9141 0.12 16 0.06-16
Cefotaxime 0.12 8 =0.03—>32
Cefepime =0.03 0.5 =0.034
Meropenem 0.06 0.12 =0.03-0.5
Ciprofloxacin =0.03 2 =0.03-32
Proteus mirabilis (20)
Ro 63-9141 =0.06 =0.06 =0.06-0.12
Cefotaxime =0.06 =0.06 =0.06-0.5
Cefepime 0.12 0.12 =0.06-0.5
Meropenem =0.06 =0.06 =0.06-0.12
Ciprofloxacin =0.06 0.12 =0.06-0.25
Proteus vulgaris (10)
Ro 63-9141 >32 >32 0.25->32
Cefotaxime =0.03 0.5 =0.03->32
Cefepime 0.06 0.25 =0.03-16
Meropenem 0.25 0.5 0.25-2
Ciprofloxacin 0.06 0.12 0.015->8
Morganella morganii (15)
Ro 63-9141 0.06 0.12 =0.03-0.12
Cefotaxime 0.06 8 =0.03-16
Cefepime 0.06 0.12 =0.03-0.12
Meropenem 0.25 0.5 0.25-0.5
Ciprofloxacin 0.06 >8 0.06->8
Providencia spp. (11), Providencia rettgeri (6),
Providentia stuartii (5)
Ro 63-9141 =0.03 0.12 =0.03->32
Cefotaxime 0.12 4 =0.03->32
Cefepime 0.25 0.5 =0.03—>32
Meropenem 0.25 1 0.06->32
Ciprofloxacin 1 >8 0.03—>8

Continued on following page
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IN VITRO AND IN VIVO PROPERTIES OF Ro 63-9141 831

Organism(s) (no. of strains) MIC (pg/ml)
and compound MICs, MICy, Range
Enterobacter aerogenes (10)
Ro 63-9141 0.25 4 =0.03-8
Cefotaxime 32 >32 0.12->32
Cefepime 1 8 0.06-8
Meropenem 0.12 16 0.06-16
Ciprofloxacin 0.25 8 =0.03-16
Serratia marcescens (19)
Ro 63-9141 1 4 0.06->32
Cefotaxime 1 32 0.12->64
Cefepime 0.5 1 0.06-16
Meropenem 0.12 0.25 =0.03-0.25
Ciprofloxacin 0.25 >8 =0.03—>8
Acinetobacter spp. (21), Acinetobacter junii (2), Acinetobacter
Iwoffii (4), Acinetobacter baumannii (15)
Ro 63-9141 8 >8 =0.03—>8
Cefotaxime 32 >32 0.5->32
Cefepime 32 >32 0.12->32
Meropenem 2 8 0.06-8
Ciprofloxacin 4 >8 0.015->8
Ceftazidime-susceptible Pseudomonas aeruginosa (60)
Ro 63-9141 2 16 1-16
Ceftazidime 4 8 1-8
Cefotaxime 32 >64 2->64
Cefepime 4 16 1-16
Meropenem 0.5 2 0.25-8
Ciprofloxacin 0.25 1 0.12->8
Ceftazidime-resistant Pseudomonas aeruginosa (17)
Ro 63-9141 16 >64 2->64
Ceftazidime 16 >64 16—>64
Cefotaxime >64 >64 64—>64
Cefepime 32 32 4-64
Meropenem 2 16 0.5-16
Ciprofloxacin 2 >8 0.5->8
Vibrionaceae (20), Aeromonas spp. (9), Plesiomonas shigelloides (3),
Vibrio cholerae (4), Vibrio parahaemolyticus (4)
Ro 63-9141 0.12 0.5 0.06-1
Cefotaxime 0.03 0.25 =0.008->8
Cefepime 0.12 0.25 =0.008-0.25
Meropenem 0.03 0.5 =0.008-2
Ciprofloxacin 0.015 0.25 0.008-0.25
Haemophilus influenzae (18)
Ro 63-9141 0.06 1 0.06-1
Cefotaxime 0.015 0.25 0.015-0.5
Cefepime 0.06 2 0.06-2
Meropenem 0.12 1 0.06-1
Ciprofloxacin 0.03 0.03 0.015-0.02
Neisseria gonorrhoeae (19)
Ro 63-9141 0.03 0.12 =0.015-0.12
Cefotaxime 0.06 0.25 =0.015-0.25
Moraxella catarrhalis (18)
Ro 63-9141 0.12 1 =0.008-1
Cefotaxime 0.25 0.5 0.06-0.5
Cefepime 0.5 1 0.12-1
Meropenem =0.008 =0.008 =0.008
Ciprofloxacin 0.12 0.12 0.06-0.25
Bacteroides fragilis (21)
Ro 63-9141 16 32 0.25->64
Cefotaxime 16 >64 0.5->64
Cefepime 64 >64 2->64
Meropenem 0.12 0.5 0.06-2
Metronidazole 0.5 1 0.12->32

Fifty percent inhibitory concentrations (ICs,s), deter-

negative organism, was comparable to that of ceftriaxone

mined with a fluorescein-labeled penicillin, showed that Ro
63-9141 had a high affinity (ICs, = 0.87 uM) for S. epider-
midis PBP 2’, in contrast to all other B-lactams measured
(Table 2). The affinity for PBP 1b from C. freundii, a gram-

(ICsq of 0.16 versus 0.19 wM). It was also shown that Ro
63-9141 acylates PBP 2’ more rapidly than other pB-lactam
antibiotics do and forms a more stable acyl-enzyme complex
through a unique mode of interaction with the protein.
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FIG. 3. Bactericidal activity against an MSSA isolate in comparison with that of vancomycin.

These effects lead to 100% inhibition of PBP 2’ and hence
to potent antibacterial activity.

B-Lactamase stability. Like many third-generation cephalo-
sporins (e.g., ceftriaxone), Ro 63-9141 is a poor substrate for class
C B-lactamases and is hydrolyzed at very low rates compared to
those of cephalothin or penicillin G (Table 3). This appears to be
due to substrate inhibition induced by the 7-hydroxyiminoacet-
amido side chain (2, 17). Ro 63-9141 is also a poor substrate for
class A enzymes, particularly penicillinases (e.g., S. aureus PC1). It
is more readily hydrolyzed by the class A cephalosporinase from
Proteus vulgaris 1028 and by ESBLs (TEM derivatives), but it is
still relatively stable compared to good substrates.

Resistance development in MRSA. Serial passage on in-
creasing concentrations of Ro 63-9141 was performed with
three MRSA strains and one MSSA strain. In no case was
there an increase in the MIC of more than one dilution step
after six to eight passages, and the MICs remained below 4
pg/ml. In a more demanding approach, development of resis-
tance to Ro 63-9141 was studied with a high inoculum of an
MRSA strain (S. aureus 745) in parallel with that to imipenem,
ciprofloxacin, and linezolid, a compound that is reported to
show a very low incidence of resistance development (9). The
size of the inoculum was increased to 2 X 10® CFU per plate.
Resistance to imipenem, ciprofloxacin, and even linezolid

Ro 63-9141
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FIG. 4. Rapid bactericidal action against MRSA (S. aureus 42080) and gram-negative E. coli ATCC 25922.
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TABLE 2. Affinity for PBPs

1Cs, for competition with fluorescein-labeled ampicillin (uM)

Compound Staphylococcus ~ Enterococcus  Streptococcus Citrobacter
epidermidis faecium pneumoniae freundii
PBP 2’ PBP 5 PBP 2x PBP 1b
Ro 63-9141 0.87 >500 0.27 0.16
Ceftriaxone 115 >500 0.16 0.19
Imipenem >500 >500 0.16 2.1
Methicillin >500 >500 0.05 Not tested

emerged rapidly, resulting in final MICs of 32 wg/ml or higher,
whereas an increase in MIC of only a factor of 2 was observed
for Ro 63-9141 and was not sustained after reisolation (Fig. 5).

These data suggest that development of resistance to Ro
63-9141 due to chromosomal mutations seems to occur with
low frequency, if ever, in MRSA strains.

Experimental septicemia in mice. Ro 63-9141 was studied
against septicemias caused by pathogens that differed in their
susceptibilities to this compound. Cefepime, ceftriaxone, and
meropenem, were used as comparators. Ro 63-9141 was highly
effective upon s.c. administration (EDss, <3 mg/kg) to animals
with infections with strains for which MICs were =2 p.g/ml (Table
4). This includes isolates of MSSA, MRSA, Streptococcus pyo-
genes, Streptococcus pneumoniae, E. coli, K. pneumoniae, C. freun-
dii, Serratia marcescens, and Proteus mirabilis. In particular, Ro
63-9141 showed activity against three penicillin-resistant strains of
Streptococcus pneumoniae, including a strain (Streptococcus pneu-
moniae 23 F-CTR) that showed reduced susceptibility to third-
generation cephalosporins in vitro (MIC of ceftriaxone, 4 pg/ml;
MIC of cefotaxime, 8 pg/ml versus that of Ro 63-9141 1 pg/ml) as
well as in vivo (EDy, of ceftriaxone, 8.8 mg/kg; EDs, of cefo-
taxime, >12 mg/kg versus that of Ro 63-9141, 1.0 mg/kg). Against
the MRSA strain S. aureus 1-6, Ro 63-9141 (EDs, 2.4 mg/kg) was
more effective than vancomycin (EDs,, 6.7 mg/kg), in spite of
demonstrating the same in vitro activity. Meropenem and cefe-
pime were inactive at the highest dose tested (25 mg/kg). For a
strain of P. aeruginosa for which the MIC was 8 pg/ml (P. aerugi-
nosa BA) and one of Enterobacter cloacae for which the MIC was
4 png/ml (Enterobacter cloacae MRW) EDsgs of Ro 63-9141 were
4.0 and 3.8 mg/kg, respectively. The strain Proteus vulgaris 1028
with in vitro resistance to Ro 63-9141 was also resistant in vivo
(EDs, >12 mg/kg). The activity of Ro 63-9141 after oral dosing was
only marginal, as was found in MSSA septicemia (data not shown).

Experimental s.c. abscesses in mice. Ro 63-9141 was tested
against two MRSA strains in this model in comparison with lin-
ezolid and vancomycin. Ro 63-9141 (10 mg/kg i.p.) was more
bactericidal than vancomycin (10 mg/kg i.p.) and linezolid (20

IN

VITRO AND IN VIVO PROPERTIES OF Ro 63-9141 833
>32 1
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FIG. 5. Increase of MIC upon exposure to Ro 63-9141 or reference
compounds in S. aureus 745 (inoculum, 2 X 10° CFU/plate).

mg/kg i.p.) against the vancomycin-susceptible strain S. aureus I-
6 (Table 5). The median viable count in the Ro 63-9141 group was
5.12 log units lower than in the untreated control group, com-
pared to 3.42 log units lower in the vancomycin group and 0.80 log
unit lower in the linezolid group. The same dose of Ro 63-9141
was also very effective against the VISA strain Mu50, as the
pathogen was completely eliminated from most animals. Vanco-
mycin (40 mg/kg ip.) and linezolid (20 mg/kg i.p.) reduced the
viable count only by a very minor extent, compared to the number
of viable cells in the untreated control.

DISCUSSION

High affinity for PBP 2’ is crucial for the antibacterial activ-
ity of B-lactams against MRS. Unfortunately, none of the avail-
able B-lactam antibiotics sufficiently fulfils this requirement.
This fact increasingly limits the therapeutic potential against
staphylococcal infections of these otherwise very useful drugs.

However, the intensive search for new antistaphylococcal
drugs has shown recently (1, 7, 11, 12, 14) that it is possible to
achieve strong inhibition of PBP 2’ with selected B-lactam
structures. Ro 63-9141 is a member of the class of pyrro-
lidinone-3-ylidenemethyl cephems, which show high potency
against PBP 2’ of S. aureus but higher ICs,s against normal,
sensitive PBPs than other B-lactam antibiotics, e.g., methicillin
and imipenem. This appears to be a common property of the
pyrrolidinone-3-ylidenemethyl cephems, as it has been ob-
served before for other members of this structural class (7). Ro
63-9141 shares features of cephalosporins with 7-aminothia-

TABLE 3. Rates of hydrolysis by purified B-lactamases

Mol of substrate hydrolyzed/mol of enzyme/min

Class C Class A

Compound — -

Citrobacter Pseudomonas Proteus Staphylococcus Escherichia coli
freundii 1203 aeruginosa 18SH vulgaris 1028 aureus PC 1 TEMI1 TEM3 TEM4
Ro 63-9141 7.1 3.6 540 0.93 17 290 460
Ceftriaxone 4.1 6.8 900 19 900 4,900 640
Cephalothin 10,000 11,000 10,000 200 1,500 6,000 4,000
Penicillin G 900 760 1,000 10,000 12,000 9,000 15,000
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TABLE 4. Activities of Ro 63-9141 and reference compounds against experimental septicaemias in mice

ANTIMICROB. AGENTS CHEMOTHER.

Strain (CFU/mouse) and compound MIC (jpg/ml) EDsy" (mg/kg s.c.)

MSSA Smith (2 X 107)

Ro 63-9141 0.25 <0.2

Cefepime 1 0.89 (0.55-1.5)

Ceftriaxone 4 0.89 (0.55-1.5)

Meropenem =0.12 0.22 (0.095-0.53)

Vancomycin 1 0.73 (0.46-1.2)
MRSA 1-6 (5 X 107)

Ro 63-9141 2 2.4 (1.4-4.0)

Cefepime >16 >25

Ceftriaxone >16 >25

Meropenem >16 >25

Vancomycin 2 6.7 (4.8-9.4)
Streptococcus pyogenes B15 (1 X 10°)

Ro 63-9141 =0.06 <0.2

Cefepime =0.06 <0.2

Ceftriaxone =0.06 <0.2

Meropenem =0.06 0.27 (0.19-0.38)

Vancomycin 0.5 0.70 (0.37-1.2)
Penicillin-susceptible Streptococcus pneumoniae 4241 (2 X 10%)

Ro 63-9141 =0.06 <0.2

Benzylpenicillin =0.06 <0.4

Cefepime =0.06 <0.2

Ceftriaxone =0.06 <0.2

Meropenem =0.06 0.34 (0.19-0.60)

Vancomycin 0.5 0.69 (0.43-1.1)
Penicillin-resistant Streptococcus pneumoniae 1/37 (1 X 10°)

Ro 63-9141 0.5 1.1 (0.80-1.5)

Benzylpenicillin 1 1.1 (6.5-18)

Cefepime 0.5 4.2 (3.0-5.9)

Ceftriaxone 1 3.1(1.7-5.1)

Meropenem 0.25 1.8 (1.1-2.9)

Vancomycin 0.5 0.44 (0.27-0.72)
Penicillin-resistant Streptococcus pneumoniae 536 (1 X 10°)

Ro 63-9141 1 0.6 (0.35-1.0)

Benzylpenicillin 2 >12

Ceftriaxone 1 2.1 (1.5-3.0)

Meropenem 1 1.8 (1.1-2.9)
Penicillin-resistant Streptococcus pneumoniae 23 F-CTR (5 X 10%)

Ro 63-9141 1 1.0 (0.75-1.5)

Benzylpenicillin 1 >12

Ceftriaxone 4 8.8 (6.1-13)

Meropenem 0.5 1.2 (0.70-2.0)
Escherichia coli 25922 (5 X 10%)

Ro 63-9141 =0.06 <0.2

Cefepime =0.06 <0.2

Ceftriaxone =0.06 <0.2

Meropenem =0.06 <0.2
Klebsiella pneumoniae 418 (1 X 10%)

Ro 63-9141 =0.06 <0.4

Cefepime =0.06 <0.4

Ceftriaxone =0.06 <0.4

Meropenem =0.06 <0.4
Enterobacter cloacae MRW (2 X 10°)

Ro 63-9141 4 3.8 (2.2-6.0)

Cefepime 2 1.1 (0.8-1.5)

Ceftriaxone >32 >25

Meropenem =0.06 0.22 (0.13-0.36)
Citrobacter freundii 1982 (1 X 107)

Ro 63-9141 1 1.5 (0.92-2.3)

Cefepime 1 0.45 (0.19-1.1)

Ceftriaxone >32 >25

Meropenem =0.06 <0.2
Serratia marcescens 69438 (5 X 10%)

Ro 63-9141 0.25 0.68 (0.41-1.2)

Cefepime 0.12 <0.2

Ceftriaxone 0.25 <0.4

Meropenem =0.06 0.45 (0.27-0.72)

Continued on following page
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TABLE 4—Continued

Strain (CFU/mouse) and compound MIC (pg/ml) EDsy" (mg/kg s.c.)
Proteus vulgaris 1028 (1 X 10°)
Ro 63-9141 >32 >12
Cefepime 0.5 0.28 (0.09-0.84)
Ceftriaxone 0.12 <0.2
Meropenem =0.06 <04
Proteus mirabilis 2117 (2 X 10°)
Ro 63-9141 =0.06 0.35 (0.19-0.59)
Cefepime 0.12 <04
Ceftriaxone =0.06 <0.2
Meropenem 0.12 4.4 (3.0-6.4)
Pseudomonas aeruginosa BA (1 X 10°)
Ro 63-9141 8 4.0 (2.1-8.0)
Cefepime 4 1.0 (0.73-1.5)
Ceftriaxone 32 8.8 (6.1-13)
Meropenem 2 <04

“ EDs, after s.c. administration, with 95% confidence interval in brackets.

zolylhydroxyimino side chains in that it is remarkably stable to
hydrolysis by the S. aureus PC 1 enzyme.

Inhibition of PBP 2’ together with stability against the action
of B-lactamase translates into bactericidal activity against MRS
cells. Similar to those of other penicillins or cephalosporins,
the bactericidal activity of Ro 63-9141 was time dependent. Ro
63-9141 inhibited all 77 tested clinical isolates of MRSA which
stem from different parts of the world at a concentration of
4 pg/ml or below. These isolates also include strains highly re-
sistant to imipenem and strains showing homogenous or het-
erogenous resistance to methicillin (21). Sodium chloride
added at 2% hardly influenced the MICs of Ro 63-9141.
Decreased susceptibility to vancomycin does not seem to affect
the activity of Ro 63-9141 against MRSA, as the MIC of 2
pg/ml against the VISA strain S. aureus Mu50 is identical to
that observed for many vancomycin-susceptible MRSA strains.
It is vital for an antimicrobial agent that its antibacterial prop-
erties are not overcome easily by the rapid emergence of re-
sistant strains. In our experiments, development of resistance
to Ro 63-9141 could not be demonstrated during multipassage
exposure to the compound, even when high inocula were used.

In contrast, resistant mutants could easily be selected for the
reference compounds, including linezolid. This result differs
from previously published findings (9), and it must be left open
whether this is due to the experimental conditions used or a
property of the particular strain used.

In keeping with the in vitro activities, Ro 63-9141 showed

therapeutic efficacy in septicemia models of the mouse against
both MSSA and MRSA after parenteral administration. The in
vivo bactericidal properties of Ro 63-9141 could be demon-
strated in a mouse abscess model. In this model the bacteri-
cidal effect is quantified by determination of the viable cell
count after exposure to a test compound. Administration of 10
mg of Ro 63-9141 per kg i.p. reduced the viable count of a
vancomycin-susceptible MRSA strain to a greater extent than
the same dose of vancomycin, a slowly bactericidal drug in
vitro. The cell count of a VISA strain fell below the limit of
detection in this model upon administration of Ro 63-9141.
The bactericidal properties of Ro 63-9141 (administered as the
prodrug Ro 65-5788) against MRSA became obvious also in
an endocarditis rat model, where it was more effective than
vancomycin and amoxicillin-clavulanic acid (J. M. Entenza,
P. Hohl, I. Heinze-Krauss, J. Vouillamoz, M. P. Glauser, and
P. Moreillon, Abstr. 38th Intersci. Conf. Antimicrob. Agents
Chemother., abstr. F-014, 1998).

Our findings suggest that Ro 63-9141 may have potential against
infections caused by pneumococci. Its in vitro activity against both
penicillin-susceptible and penicillin-resistant pneumococci was con-
firmed in vivo by its high therapeutic efficacy in mice. In particular,
Ro 63-9141 is still active against a strain (Streptococcus pneumoniae
23 F-CTR) that had reduced in vitro and in vivo susceptibility to
ceftriaxone (MIC of ceftriaxone, 4 pg/ml).

Ro 63-9141 was comparable to ampicillin in potency against
penicillin-susceptible enterococci, which are not inhibited by

TABLE 5. Activities of Ro 63-9141, vancomycin, and linezolid against experimental s.c. MRSA abscesses in mice

Median log-unit no. of Median decrease in log-unit no. of

Strain Compound MI.C Dos; Nf)' of CFU at the site of CFU compared to that of the
(mglliter) (mgfkg i.p.) animals infection” untreated control group”

MRSA I-6 No compound 21 7.42
Ro 63-9141 2 10 21 2.30 5.12
Vancomycin 2 10 21 4.00 342
Linezolid 2 20 5 6.62 0.80

S. aureus No compound 5 6.79

Mu50 Ro 63-9141 2 10 5 <2 >4.79

MRSA Vancomycin 8 40 5 6.66 0.13

VISA Linezolid 4 20 5 6.15 0.64

@72 h after infection.
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available cephalosporins. However, Ro 63-9141 lacked affinity to
PBP 5, which is overexpressed and mutated in penicillin-resistant
enterococci, and thus lacked activity against such organisms. Ro
63-9141 also showed strong inhibition of essential PBPs in gram-
negative organisms. The major targets in E. coli appear to be PBP
1b and PBP 2 and not PBP 3, the target for ceftriaxone and other
third-generation cephalosporins. High affinity for PBP 2 was ob-
served already with earlier pyrrolidinone-3-ylidenemethyl ceph-
ems (7) and again appears to be a general, novel property of this
class of cephalosporins. PBP affinities to and stability with differ-
ent classes of B-lactamases determine the antibacterial spectrum
of Ro 63-9141 against gram-negative pathogens. Relatively high-
level stability towards broad-spectrum class A B-lactamases al-
lowed high antibacterial activity similar to those of cefotaxime
and ceftriaxone to be obtained against Enterobacteriaceae pro-
ducing such enzymes. On the other hand, the new cephalospo-
rin was more labile than cefepime to some ESBLs, and as a
consequence, its inhibitory activity against ESBL-producing iso-
lates was weaker and inconsistent. Stability with class C chromo-
somal B-lactamases appears to be the determining factor for the
activity of Ro 63-9141 against cefotaxime-resistant isolates of
Enterobacter cloacae and C. freundii, which was, however, less
pronounced than that of cefepime. The lack of activity against
Proteus vulgaris relies on the efficient enzymatic hydrolysis of
Ro 63-9141.

Unlike earlier pyrrolidinone-3-ylidenemethyl cephems, Ro 63-
9141 showed substantial activity against strains of P. aeruginosa, at
least those susceptible to ceftazidime. The mere presence of the
7-aminothiadiazolylhydroxyimino side chain cannot explain this
activity because most cephalosporins bearing this substituent do
not inhibit P. aeruginosa. This finding suggests that the positively
charged 3’ substituent significantly contributes to Pseudomonas
activity.

Susceptibility against many anaerobic isolates, including
gram-positive cocci and a few strains of Clostridium difficile, has
been demonstrated (K. E. Bowker, M. Wootton, H. A. Holt,
and A. P. MacGowan, Abstr. 38th Intersci. Conf. Antimcrob.
Agents Chemother., abstr. F-20, 1998), but members of the
B. fragilis group were mostly resistant to the new compound. As
it was the case for gram-positive pathogens, the studied gram-
negative organisms responded to the therapy with Ro 63-9141
in animal models in line with their in vitro susceptibilities.

Ro 63-9141 is not sufficiently soluble in water to be used for
parenteral administration in humans. Thus, a soluble prodrug,
Ro 65-5788, has been prepared for development. Following
parenteral dosing, Ro 65-5788 is rapidly cleaved in the blood to
yield Ro 63-9141. The level of protein binding of Ro 63-9141 is
relatively low, i.e., 38% for human plasma (personal commu-
nication of A. Schmitt-Hoffmann), which is characteristic for
cephems with a basic 3’ side chain. A low level of protein bind-
ing, meaning a high fraction of freely available, active drug, is
a favorable prerequisite for in vivo efficacy.

In conclusion, Ro 63-9141 is a new B-lactam antibiotic that
combines activity against MRS with broad-spectrum activity
against gram-negative bacteria and other gram-positive bacte-
ria. The bases of its antimicrobial properties are inhibition of
essential PBPs, including PBP 2" of MRS, and stability against
the hydrolytic actions of B-lactamases. In vivo experiments
confirmed the potential utility of Ro 63-9141 against infections

ANTIMICROB. AGENTS CHEMOTHER.

caused by susceptible pathogens. A water-soluble prodrug, Ro
65-5788, was selected for developmental studies.
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