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Table 1. In vitro antibacterial activity of doripenem and reference compounds against
clinical strains of Pseudomonas aeruginosa isolated in 2002

N

Range MICso | MICgo
doripenem 0 0.063-32 0.5 8
meropenem 0 0.063-32 1 16
imipenem 0.25-32 2 16
P. aeruginosall 710 panipenem L4 8 82
biapenem 0 0.063-32 0.5 16
ceftazidime 0.5-00 64 4 64
amikacin 0.25-00 64 4 16
sulbactam/cefoperazone 1-0 64 16 64
doripenem O 0.063-8 0.5 4
meropenem 0 0.063-16 0.5 8
ceftazidime-susceptible imipenem 0.25-32 1 16
P. aeruginosall 56 panipenem 1-32 8 32
MIC of ceftazidime: biapenem 0 0.063-16 05 8
U 8ug/mL ceftazidime 0.5-8 2 8
amikacin 0.25-0 64 4 8
sulbactam/cefoperazone 1-64 8 32
doripenem 0.5-32 8 32
meropenem 0.5-32 8 32
ceftazidime-resistant imipenem 1-32 16 32
P. aeruginosall 150 panipenem 8-64 32 64
MIC of ceftazidime: biapenem 0.5-32 16 32
0 16 pg/mL ceftazidime 160 64 | 64 0 64
amikacin 0.5-0 64 16 0 64
sulbactam/cefoperazone 8-00 64 64 O 64
doripenem 0 0.063-4 0.25 1
meropenem [J 0.063-8 0.5 2
imipenem-susceptible imipenem 0.25-2 ! 2
P. aeruginosall 440 panipenem 1-16 8 16

MIC of imipenem: biapenem 0 0.063-2 0.5

U 4 pg/mL ceftazidime 0.5-64 2

amikacin 0.25-32 4 8
sulbactam/cefoperazone 1-64 8 32
doripenem 0.5-32 4 32
meropenem 0.5-32 8 32
imipenem-resistant imipenem 8-32 16 32
P. aeruginosall 270 panipenem 8-64 32 64
MIC of imipenem: biapenem 2-32 8 32
0 8 pg/mt ceftazidime 2064 | 16 0 64
amikacin 0.5-0 64 8 0 64
sulbactam/cefoperazone 4-00 64 32 0 64

MIC: broth microdilution method

Table 2. Susceptibility of doripenem and reference compounds against ceftazidime or imipenem-resistant
Pseudomonas aeruginosa

Resistant strains No. of susceptible strain(J susceptible strains/total strains, %O

0 No. of strainstJ DRPM MEPM IPM PAPM BIPM CAZ
CAZ-resistant strain(J 1500 6 2 1 0 1 —
MIC of CAZ: 0 16 pg/mL 400 0130 070 0oo 070 —
IPM-resistant strain(] 270 16 6 — 0 3 13
MIC of IPM: O 8 p g/mL 0590 0220 — ood 0110 0480

MIC: broth microdilution method
Susceptible strain: MIC of DRPM, MEPM, IPM, PAPM, and BIPM; O 4 pg/mL. MIC of CAZ; 0 8 pg/mL.
DRPM; doripenem, MEPM; meropenem, IPM; imipenem, PAPM; panipenem, BIPM; biapenem, CAZ; ceftazidime
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Table 3. Susceptibility of doripenem and reference compounds against mutants of Pseudomonas aeruginosa causing altered production of porin and efflux pumps
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MIC: broth microdilution method

Parent strain: IPM46, SO20, KG4001, and YY165 is PAO1. OFR504 is YY165.
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Table 4. MBC of doripenem and reference compounds against clinical strains of Pseudomonas aeruginosa isolated in 2002

doripenem meropenem imipenem ceftazidime
Strain MBC MIC MBC/MIC MBC MIC MBC/MIC MBC MIC MBC/MIC MBC MIC MBC/MIC
O pg/mLO Opg/mLO ratio Opg/mLO Opg/mLO ratio O pg/mLO O pg/mLO ratio Opg/mLO Opg/mLO ratio
SR24818 0.25 0.25 1 0.25 0.25 1 1 1 1 4 4 1
SR24822 2 1 2 4 4 1 4 2 2 16 16 1
SR24824 2 1 2 4 2 2 2 2 1 8 8 1
SR24825 0.5 0.5 1 1 1 1 0.5 0.5 1 16 4 4
SR24827 0.5 0.25 2 1 1 1 4 2 2 8 2 4
SR24828 2 1 2 4 2 2 4 2 2 4 4 1
SR24833 2 1 2 2 1 2 4 2 2 32 8 4
SR24842 1 1 1 2 2 1 2 2 1 32 8 4
SR24846 0.5 0.5 1 1 1 1 1 1 1 4 4 1
SR24847 05 0.5 1 1 1 1 4 2 2 8 8 1
SR24850 0.25 0.125 2 0.5 0.5 1 2 1 2 4 4 1
SR24854 1 1 1 4 2 2 2 2 1 16 8 2
SR24859 2 1 2 2 2 1 2 2 1 8 4 2
SR24862 1 1 1 2 2 1 4 2 2 2 2 1
SR24863 1 0.5 2 2 2 1 2 1 2 16 8 2
SR24864 1 0.5 2 1 0.5 2 2 2 1 16 4 4
SR24866 05 0.5 1 0.5 0.5 1 4 1 4 64 8 8
SR24868 2 1 2 0.5 0.5 1 4 2 2 32 8 4
SR24870 0.5 0.5 1 1 1 1 2 1 2 4 4 1
SR24871 0.5 0.5 1 2 2 1 2 1 2 4 2 2
Mean 0.84 0.60 1.50 1.37 1.15 1.25 2.30 1.46 1.70 9.85 5.10 2.45

MBC, MIC: broth macrodilution method

T-S €5 110N

0000000 wsuaduog

S8



86

oooooboooaoand JULY 2005

Viable cellsO Log CFU/mL[T]

00000 3mg/kg0000 CAZ10mg/kg 00 00 O
0D200000000000000000000000
O00000O0O00MM Table5D 0000000000
O0O00OMCOOOOOOOOO0OOOO0O0T.0000

[uny
P N W O OO N 00 © O

O

ceftazidime
O MIC: 2p g/mL]

doripenem
0 MIC: 0.25p g/mL[T]

meropenem
O MIC: 0.5u g/mL[T

imipenem
O MIC: 2p g/mLT

-@- control
—A— 1/4 MIC
-&- 1/2MIC
-O-1MIC
-2 MIC
-0 4 MIC
—+ 8 MIC

Incubation time h{1J

Fig. 1. Killing curve of doripenem and reference compounds against Pseudomonas aeruginosa ATCC27853.

Table 5. Pharmacokinetic parameters of doripenem and reference compounds in plasma of
neutropenic mice with Pseudomonas aeruginosa E-2 lung infection

AUCO 0- O

Compound Doseld mg/kg Cmaxdp g/mLO ti2 hQ O g0 himL0
doripenem 3 2.50 0.24 1.54
meropenem/cilastatin 3 341 0.29 2.25
imipenem/cilastatin 3 2.62 0.25 1.62
ceftazidime 10 111 0.33 8.45

Animal: ICR mouse, female, 5 weeks old, n 0 5. Neutropenic mice were produced by intraperitoneal
injection of cyclophosphamide at 400 150 mg/kgCl and 100 100 mg/kgCl days before infection.

Infection: intranasal injection, challenge dose; 1.0-1.2 x 107 CFU/mouse.
Admisistration: subcutaneous administration, 2.5 h after infection.

Table 6. Post-antibiotic effect of doripenem and reference compounds in neutropenic mouse lung infection
model with Pseudomonas aeruginosa E-2

Compound Dosel] mg/kgd Tod hO TcO hO TdO hO PAELD hO
doripenem 3 0.66 4.88 11.00 6.12
meropenem/cilastatin 3 0.82 4.92 10.82 5.90
imipenem/cilastatin 3 0.94 5.12 8.61 3.49
ceftazidime 10 0.85 4.98 5.33 0.35

Animal: ICR mouse, female, 5 weeks old, n 0 5. Neutropenic mice were produced by intraperitoneal injection of
cyclophosphamide at 400 150 mg/kg[l and 1[0 100 mg/kg[] days before infection.

Infection: intranasal injection, challenge dose; 1.1 x 107 CFU/mouse.

Treatment: subcutaneous administration, 2.5 h after infection.

MIC: broth microdilution method

[ doripenem; 1, meropenem; 1, imipenem; 0.5, ceftazidime; 4 p g/mL

To: time at plasma level less than MIC

Tc: time required for viable cell count in lung of control mouse to increase 10-fold from viable cell count at To
Td: time required for viable cell count in lung of treated mouse to increase 10-fold from viable cell count at To
PAE: post-antibiotic effect, PAEO Td O Tc

MEPM/CSO 0 0.82000IPM/CSO D 0.94 000 CAZ
ggosgooooooooobooboobobooood
MicCOOODODOOoOoooooooobooooboooo
gooogn

OOCOODRPMODO 066 00000 MM Table6d O OO
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Table 7. Therapeutic efficacy of doripenem and reference compounds against systemic infection caused

by Psedomonas aeruginosa in mice

Organism Compound MIC EDso 95%
0 Challenge dose, CFU/mousel] p Op g/mLD 0 mg/kg/dosel] | confidence limits
DRPM 0.25 0.17 0.13-0.24
P. aeruginosa SR10411 MEPM/CS 0.5 0.19 0.14-0.26
011lx 10°0 IPM/CS 2 0.46 0.34-0.63
CAz 2 1.56 1.13-2.15
DRPM 0.25 0.21 0.006-7.52
P. aeruginosa SR10163 MEPM/CS 05 0.20 0.07-0.63
01.0x 1060
CAZ-resistant strain IPM/CS 1 0.40 0.13-1.25
CAZ 32 0 128 N.C.

Animal: ICR mouse, female, 5 weeks old, n O 7.

Infection: intraperitoneal injection with bacterial suspension containing 5% mucin.
Treatment: subcutaneous administration. 1 and 5 h after infection.

EDso: EDso was calculated with logit method.
MIC: broth microdilution method.
N.C.: not calculated.

DRPM: doripenem, MEPM/CS: meropenem/cilastatin, IPM/CS: imipenem/CS, CAZ: ceftazidime.

Table 8. Therapeutic efficacy of doripenem and reference compounds against systemic infections
caused by Pseudomonas aeruginosa in neutropenic mice

Organism Compound MIC EDso 95%
[J Challenge dose, CFU/mouse[] p Ou g/mLO 0 mg/kg/dosel] | confidence limits
DRPM 0.25 0.61 0.31-1.23
P. aeruginosa SR10411 MEPM/CS 0.5 1.04 0.54-2.03
03.2x 10°0 IPM/CS 2 1.04 0.54-2.03
CAZ 2 12.9 6.61-25.3
DRPM 2 4.87 1.68-14.1
P. aeruginosa SR4967 MEPM/CS 2 6.10 2.01-185
03.8x 100
CAZ-resistant strain IPM/CS 1 6.10 201185
CAZ 32 0 128 N.C.

Animal: ICR mouse, female, 5 weeks old, n O 7. Neutropenic mice were produced by intraperitoneal
injection of cyclophosphamide at 400 150 mg/kg0) and 100 100 mg/kg) days before infection.

Infection: intraperitoneal injection with bacterial suspension containing 5% mucin.

Treatment: subcutaneous administration. 1, 4 and 7 h after infection.

EDso: EDso was calculated with logit method.
MIC: broth microdilution method.
N.C.: not calculated.

DRPM: doripenem, MEPM/CS: meropenem/cilastatin, IPM/CS: imipenem/CS, CAZ: ceftazidime.
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Table 9. Therapeutic efficacy of doripenem and reference compounds against lung
infection caused by ceftazidime-resistant Pseudomonas aeruginosa SR4967
in neutropenic mice

Viable cell count in the lungd Log CFU/g, Mean + SDO
Dosel] mg/kgl mero e
- penem/ imipenem/ "
doripenem cilastatin cilastatin ceftazidime
30 844+ 057"
10 349+ 25209 278+ 1.42° 185+ 0.227
3 196+ 0419 242+ 0.94Y9 466+ 2930
1 544+ 154° 413+ 137° 494+ 350°
0.3 755+ 1.92 743+ 201 8.39+ 0.49
Control 8.56 + 0.35
MICOp g/mLO 2 2 1 32

Animal: ICR mouse, female, 5 weeks old, n O 7. Neutropenic mice were produced by
intraperitoneal injection of cyclophosphamide at 41 150 mg/kgdand 1] 100 mg/kglldays

before infection.

Infection: intranasal injection, challenge dose; 2.2 x 10° CFU/mouse.
Treatment: subcutaneous administration. 3, 5, and 7 h after infection, and then twice a

day for 2 days.

Decision: The viable cell count in the lung was determined 3 days after infection.

MIC: broth microdilution method.

Statistical analysis:" ; vs control0 p 0 0.01, Dunnett’'s multiple comparison test(]
U; vs doripenem 10 mg/mgd p O 0.01, Welch’s t testl
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Table 10. Therapeutic efficacy of doripenem and reference compounds against urinary tract infection
caused by ceftazidime-resistant Pseudomonas aeruginosa SR10163 in mice

Viable cell count in the kidney Log CFU/g, Mean = SDO
Doseld mg/kgO mero P
- penem/ imipenem/ -~
doripenem cilastatin cilastatin - ceftazidime
30 135+ 0.05°°F 186+ 1.42°°¢ 424+ 2450 6.39+ 2.25°
10 3.04+ 18700 195+ 1.40°9° 531+ 2.00
3 468+ 25500 460+ 2.53° 6.29+ 2.23
1 720+ 0.23 3.74+ 2965 523+ 2.76
Control 794+ 0.27
MICOp g/mLO 0.25 0.5 1 32

Animal: ICR mouse, female, 5 weeks old, n O 7.

Infection: transurethral injection, challenge dose; 3.3 x 10° CFU/mouse.
Treatment: subcutaneous administration. 6 and 10 h after infection, then twice a day for 3 days.
Decision: The viable cell count in the kidney was determined 4 days after infection.

MIC: broth microdilution method.

Statistical analysis:"” , "% ; vs controlJ ” ; p 0 0.05, “" ; P 0 0.01, Dunnett’s multiple comparison test(]
5, vs doripenem p 00 0.05, sigmoid Emax model(]
9; vs doripenem 30 mg/kg p O 0.01, Welch’s t test(]
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Antipseudomonal activity of doripenem, a novel parenteral carbapenem antibiotic

Hideaki Miwa, Yoshiji Kimura, Yutaka Jinushi, Takaji Fujimura,
Toru Nishikawa, Tadashi Munekage, Naomi Kuroda, Yoshinori Yamano,
Masakatsu Tsuji, Kenichi Okazaki, Takafumi Sato and Hayato Matsuda

Discovery Research Laboratories, Shionogi & Co., Ltd., 3-1-1 Futaba-cho, Toyonaka, Osaka, Japan

Doripenerml] DRPMO a novel parenteral carbapenem antibiotic synthesized by Shionogi & Co., Ltd., has po-
tent antibacterial activity and a well-balanced spectrum against aerobic Gram-positive and negative bacteria,
and anaerobic bacteria. We evaluated its antipseudomonal activity.

DRPM exhibited potent activity with MICs of 8 ug/mL against clinical 71 strains of Pseudomonas aerugi-
nosa isolated in 2002, 2-4 times more active than other carbapenems, meropenem MEPMO imipenen] IPMO
biapenem, and panipenem, and 2-8 times more potent than antipseudomonal antibiotics such as ceftazidime

0 CAZ[] amikacin, and sulbactam/cefoperazone. DRPM was most active against CAZ-resistant and IPM-resistant
P. aeruginosa compared to other carbapenems and CAZ.

DRPM as well as MEPM reduced antipseudomonal activity against mutant strains deficient in pore-forming
protein OprD or overproduced efflux pump system, MexAB-OprM. Activity of DRPM against these strains was
only 2-fold less active than their parent strains, whereas that of MEPM was 4-fold less active.

Against 20 clinical isolates of P. aeruginosa, the mean MBC of DRPM was 0.84 11g/mL, which was lower than
that of MEPM, IPM, and CAZ. MBC of DRPM against each strain was equal to or only twice larger than its MIC
as well as other carbapenems, suggesting DRPM has strong bactericidal activity. In a time-kill study, DRPM ex-
hibited time-dependent bactericidal activity, almost equal to that of MEPM and IPM.

DRPM showed post-antibiotic effecil PAE[against CAZ-susceptible P. aeruginosa in both in vitro and mouse
lung infection models, while CAZ had no PAE. PAE of DRPM was similar to that of MEPM and IPM.

DRPM showed excellent therapeutic efficacy with EDs, of 0.17-4.87 mg/kg against systemic infection in both
immunocompetent and neutropenic mice infected with P. aeruginosa including CAZ-resistant strains. DRPM
was much more active than CAZ, more active than IPM/cilastatiil CS[] and similar to MEPM,/CS. DRPM also
exhibited excellent efficacy against both mouse lung and urinary tract infection due to CAZ-resistant P. aerugi-
nosa, equal to or more potent than IPM/CS and similar to MEPM/CS.

These results suggest that DRPM is clinically effective against P. aeruginosa infection.



