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Objectives: The aim of this study was to compare doripenem with imipenem and meropenem in an experimen-
tal rabbit model of Pseudomonas aeruginosa pneumonia and then to compare different doripenem doses and
methods of intravenous administration.

Methods: Using a rabbit experimental model of pneumonia, efficacy was assessed following 2 days of treat-
ment by colony counts of different tissues (lung, spleen and blood culture).

Results: Mean pulmonary bacterial loads were 3.17+0.53, 3.42+0.61 and 2.75+0.59 log10 cfu/g for imipe-
nem, doripenem (0.5 g three times daily) and meropenem, respectively, compared with 7.57+0.99 cfu/g for
control animals. At a higher dose (1 g three times daily), doripenem showed significantly better efficacy
(2.70+0.65 log10 cfu/g) than the standard regimen of doripenem. Sterilization of spleen cultures was achieved
with standard regimens of imipenem (1 g three times daily) and a higher dose of doripenem.

Conclusions: In this model of P. aeruginosa pneumonia, doripenem had an efficacy equivalent to that of mer-
openem and imipenem at a high dose of 1 g three times a day and lower efficacy at a standard dose (0.5 g
three times daily) than the other two agents in terms of bacteria cultivated from spleens. Doripenem is a
new drug that offers new therapeutic options, especially for difficult-to-treat infections such as pneumonia
due to non-fermenting Gram-negative bacteria.
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Introduction
Pseudomonas aeruginosa is one of the most common Gram-
negative organisms associated with nosocomial infections,
particularly in immunocompromised and critically ill patients. It
is responsible for a broad range of clinical manifestations, includ-
ing respiratory tract infections, intravascular device-associated
infections, urinary tract infections and post-operative infections.
The increasing frequency of multidrug-resistant strains is of
great concern as efficacious antimicrobial options are severely
limited.1 – 3

Doripenem is a new 1-b-methylcarbapenem with a low MIC
for P. aeruginosa. The drug has been approved for use in nosoco-
mial pneumonia as well as in complicated abdominal and
urinary tract infections. However, a comparison with other carba-
penems has not yet been performed in vivo.

The aim of this study was to compare doripenem with
imipenem and meropenem in an experimental rabbit model of

P. aeruginosa pneumonia and then to compare different doripe-
nem doses and methods of intravenous administration.

Materials and methods

Antimicrobial drugs
Clinical forms of the following antibiotics were used for the experiments:
doripenem (Janssen-Cilag, Issy-les-Moulineaux, France); imipenem/
cilastatin (Merck Sharp & Dohme-Chibret, Paris, France); and meropenem
(AstraZeneca, Rueil-Malmaison, France). The drugs were dissolved in
saline just before administration, according to the manufacturers’
recommendations.

Bacterial strain
P. aeruginosa PAO1 was used as the infective strain. Bacteria were
cultured on Mueller–Hinton agar plates (bioMérieux, Marcy l’Étoile,
France) at 378C. Drug MICs were determined by standard agar dilution
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as recommended by the Comité de l’antibiogramme de la Société
Française de Microbiologie.4

The experimental protocol was approved by the Committee of Animal
Ethics of the University of Nantes. Animals were treated in accordance
with national regulations on animal regulation.

Experimental P. aeruginosa pneumonia in rabbits
Female New Zealand White immunocompetent rabbits (body weight
2.5–3.2 kg) were obtained from CEGAV (Saint Mars d’Egrenne, France)
and placed in individual cages. Food and water were provided ad libitum.

Venous and arterial catheters were inserted and pneumonia was
initiated as described previously.5 – 7 In brief, bacterial pneumonia was
induced by endobronchial challenge with 1 mL of saline containing
P. aeruginosa at a final concentration of 9.5 log10 cfu/mL. Antibiotic treat-
ment was started 5 h after bacterial challenge and lasted 2 days. Anti-
biotics were delivered through a venous catheter, with changing
infusion rates delivered by a computer-controlled electric pump, in
order to simulate the pharmacokinetics observed in human serum.8,9

Animals were randomly assigned to six groups: (i) no treatment (con-
trols); (ii) discontinuous imipenem group [computer-controlled syringe
pump infusion simulating a human equivalent (HE) dose of 1 g three
times daily]; (iii and iv) discontinuous doripenem groups (simulating
either an HE dose of 0.5 g three times daily or an HE dose of 1 g three
times daily); (v) continuous doripenem group (continuous infusion of dor-
ipenem at a dose reproducing an AUC equivalent to 1.5 g a day); and (vi)
discontinuous meropenem group (simulating an HE dose of 1 g three
times daily). These simulations reflect typical recommended clinical
doses.10,11 Eight animals were randomly assigned to each treatment
group and 10 animals were assigned to the control group. Antibiotic infu-
sions were stopped 4 h before the animals were euthanized.

Pharmacokinetic analysis
For each animal, plasma antibiotic concentrations were determined in
blood samples obtained through an arterial catheter. Antibiotic concen-
trations were determined by microbioassay using antibiotic medium II
(Difco) and Bacillus subtilis ATCC 9466 as the indicator organism (sensi-
tivity threshold of 0.1 mg/L). Standard curves were established with anti-
biotic solutions in plasma. The linearity of these curves was ≥0.98 (r2). If
necessary, plasma samples were diluted to ensure that concentrations
were within the range of those on the standard curve. Standards were
assayed for each experiment and plasma concentrations were deter-
mined in duplicate.

Evaluation of infection
At the end of the treatment (2 days), animals were euthanized following
international guidelines. The spleen and both lungs from each animal

were weighed and homogenized in 1 mL of saline buffer and used for
quantitative cultures on agar for 24 h at 378C.

Dilutions at 1021, 1022 and 1024 were performed to eliminate poten-
tial carry-over effects. Viable counts, after 24 h of incubation, were
expressed as the mean+SD log10 cfu per g of lung.

Blood cultures were also performed. Spleen and blood culture results
were expressed qualitatively (positive or negative).

To evaluate whether doripenem, imipenem and meropenem treat-
ment could induce the selection of in vivo resistant variants, undiluted
vegetation homogenates were spread on agar plates containing the
appropriate antibiotic at a concentration corresponding to 4-fold the
MIC. Bacterial counts were determined after 48 h of incubation at 378C.

Spontaneous mortality was 20% (2 out of 10 in the control group).

Statistical analysis
Statistical analyses were performed using Microsoftw Office Excel 2003,
SPSSw 13.0 and Graphpad Prismw 4 for Windows (Graphpad Software,
San Diego, CA, USA). Results were expressed as means+SD. Quantitative
variables were compared using one-way ANOVA. This analysis was com-
pleted with a post hoc Bonferroni test. Proportions (percentages) were
compared using Fisher’s exact test. P,0.05 was considered statistically
significant.

Three treatment groups were compared: imipenem; doripenem (0.5 g
three times daily); and meropenem. Different dosage regimens for dori-
penem (0.5 g, 1 g and continuous infusion) were then analysed.

Results

MICs

The MICs for P. aeruginosa PAO1 were 2 mg/L for imipenem and
meropenem and 1 mg/L for doripenem.

Pharmacokinetics

Pharmacokinetic/pharmacodynamic parameters are summar-
ized in Table 1. The actual exposure curves are presented in
Figures S1 to S4 [available as Supplementary data at JAC
Online (http://jac.oxfordjournals.org/)].

Comparison of the efficacy of doripenem, imipenem and
meropenem

Two of the 10 control animals died before evaluation. This differ-
ence was not statistically significant.

No resistant mutant was isolated among the surviving bac-
teria from any treated animal. Mean pulmonary bacterial loads

Table 1. Pharmacokinetic/pharmacodynamic parameters for the different treatment groups (imipenem, meropenem and doripenem)

Imipenem 1 g
three times daily

Meropenem 1 g
three times daily

Doripenem 0.5 g
three times daily

Doripenem 1 g
three times daily

Doripenem 1.5 g a day
(continuous infusion)

Cmax, mean+SD (mg/L) 91+16 57+10 52+11 73+8 13+3
t1/2 (h) 1.18 1.38 1.72 1a NA
Percentage of time above MIC 88 88 100 100 100
Estimated AUC (mg.h/L) 76 53 89 102a 78
AUC/MIC 38 26.5 89 102a 78

NA, not available.
aThese parameters must be interpreted with caution because of the low number of available data in this group (,50% of the animals).
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were statistically different (treatment groups versus controls;
P,0.0001). However, pulmonary bacterial load did not differ sig-
nificantly when the three antibiotic treatments were compared
(Table 2).

The results of spleen cultures are also shown in Table 2. Treat-
ment with imipenem and meropenem resulted in significantly
more culture-negative spleen cultures than doripenem at a
dosage of 0.5 g three times daily (P,0.05). Conversely, there
was no significant difference in blood culture results between
the three groups (Table 2). Results for bacterial pulmonary load
are also shown in Figures S5 to S7 [available as Supplementary
data at JAC Online (http://jac.oxfordjournals.org/)].

When comparing the imipenem and meropenem groups with
doripenem at a dosage of 1 g three times daily, no difference
was noted either for pulmonary bacterial load or for spleen
and blood cultures.

Comparison of the different doripenem regimens

Mean pulmonary bacterial loads were significantly different
between these three groups (Table 3). Post hoc analysis
showed a statistical difference between doripenem 1 g three
times daily and doripenem 1.5 g a day (P,0.01).

Table 3 also shows the results of spleen cultures for the differ-
ent doripenem groups. Spleen cultures were more often negative
in the doripenem 1 g three times daily group compared with dor-
ipenem 0.5 g three times daily and doripenem 1.5 g a day
(P,0.001). However, there was no difference in blood culture
results between the three groups.

Discussion
This study provides efficacy data for doripenem compared with
the reference carbapenems imipenem and meropenem in an
experimental model of P. aeruginosa pneumonia.

Doripenem is a new drug that offers new therapeutic options,
especially for difficult-to-treat infections such as pneumonia due
to non-fermenting Gram-negative bacteria. Its activity in vitro is
comparable to meropenem, but it is more efficacious than imipe-
nem/cilastatin against P. aeruginosa.12 On the other hand, mer-
openem is often considered more active in vitro against
Acinetobacter baumannii strains than imipenem or doripe-
nem.13,14 The pharmacokinetic profile of doripenem is very
similar to that of imipenem/cilastatin and meropenem.15 Its
1-b-methyl side chain provides some resistance to dehydropep-
tidase, so that this molecule does not require the addition of
cilastatin for protection from this enzyme.16 It is also remarkably
stable after reconstitution (12 h after reconstitution in 0.9% NaCl
and 4 h in 5% dextrose), increasing the opportunity for prolonged
infusion and the potential to extend the pharmacodynamic par-
ameter fT.MIC (time that free plasma drug concentration
exceeds the MIC for the infecting pathogen).17 The rec-
ommended dosing for doripenem is 0.5 g every 8 h (adminis-
tered via 1 h or 4 h infusions).

Controlled clinical trials have been carried out comparing
doripenem with meropenem in complicated intra-abdominal
infections18 and with imipenem in ventilator-associated pneu-
monia.11 Non-inferiority of doripenem was reported in both of
these studies.

Our purpose in this study was to compare two doripenem
doses (the recommended regimen of 0.5 g three times daily
versus a high-dose regimen of 1 g three times daily) and two
infusion modalities (discontinuous versus continuous) in an
experimental model of pneumonia. This experimental model of
P. aeruginosa pneumonia is of interest because it allows simu-
lation of human pharmacokinetics; Cmax, t1/2 and AUC were all
consistent with available human data.19,20 The reproducibility
of this model was good; all animals had positive lung cultures
and 75% had positive spleen cultures. The severity of this

Table 3. Pulmonary bacterial load and spleen and blood culture results
for the different doripenem groups

Doripenem
0.5 g three
times daily

Doripenem
1 g three

times daily

Doripenem
1.5 g a day
(continuous

infusion) Pa

Pulmonary bacterial
loadb, mean+SD
(log10 cfu/g)

3.42+0.61 2.70+0.65 3.90+0.81 ,1022

Spleen cultures
positive/negative

6/2 0/8 7/1 ,1023

Blood cultures
positive/negative

0/8 0/8 3/5 0.083

aQuantitative variables were compared using one-way ANOVA.
Proportions (percentages) were compared using Fisher’s exact test.
bA post hoc Bonferroni test showed a statistically significant difference
between the doripenem 1 g three times daily and doripenem 1.5 g
groups.

Table 2. Pulmonary bacterial load and spleen and blood culture results for the different treatment groups (imipenem, meropenem and doripenem)
and controls

Imipenem 1 g
three times daily

Doripenem 0.5 g
three times daily

Meropenem 1 g
three times daily Controls Pa

Pulmonary bacterial loadb, mean+SD (log10 cfu/g) 3.17+0.53 3.42+0.61 2.75+0.59 7.57+0.99 ,1024

Spleen cultures positive/negative 1/7 6/2 4/4 6/2 0.04
Blood cultures positive/negative 1/7 0/8 1/7 2/6 0.886

aQuantitative variables were compared using one-way ANOVA. Proportions (percentages) were compared using Fisher’s exact test.
bBacterial load did not differ significantly when the antibiotics were compared using a post hoc Bonferroni test.
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experimental infection was also attested by the mortality rate
(20% among non-treated animals).

In this model, a standard doripenem dose of 0.5 g three times
a day exhibited efficacy similar to the reference carbapenems imi-
penem and meropenem. Nevertheless, sterilization of spleen cul-
tures (often considered a good reflection of systemic infection)
was achieved more effectively with standard regimens of imipe-
nem (1 g three times daily) and meropenem (1 g three times
daily) than with doripenem at a dose of 0.5 g three times a day.
However, increasing the doripenem dose from 0.5 g to 1 g three
times daily led to a significantly higher reduction in pulmonary
bacterial load and a higher rate of spleen sterilization. No differ-
ence was observed for blood cultures since sterilization was
already obtained with the standard doripenem dose.

For carbapenem antibiotics, the fraction of time during the
dosing interval that the drug concentration remains above its
MIC for the infecting pathogen(s) (fT.MIC) is considered the
target that best relates (directly) to patient outcomes.21 Never-
theless, in this work, fT.MIC was high in each group and cannot
explain the differences observed between the doripenem
groups since the study was not designed for this purpose.

These results confirm the high efficacy of doripenem at its
recommended dose, in comparison with imipenem/cilastatin
and meropenem. Nevertheless, sterilization of spleen cultures
was more effective with the higher-dose regimen. Since spleen
cultures reflect systemic diffusion of infection due to bacterae-
mia, this suggests that the high-dose regimen would be better
to treat more severe infections.

In this experimental model of P. aeruginosa pneumonia, dor-
ipenem at a dose of 0.5 g three times a day had equivalent effi-
cacy to that of other carbapenems (meropenem and imipenem)
in terms of pulmonary bacterial load, but lower efficacy in terms
of number of spleens with viable bacteria. However, at a higher
dose (1 g three times daily) doripenem showed significantly
better efficacy (greater reduction in pulmonary bacterial load
and higher rate of spleen sterilization) than other doripenem
dosing regimens.

The data are of interest to clinicians treating severely ill
patients, such as those on intensive care units. For these
patients, discontinuous administration of high doses (HE of 1 g
three times a day) seems to be more efficient than conventional
dosing (either discontinuous or continuous intravenous) and
should be recommended.

Acknowledgements
We would like to acknowledge the assistance of Cyndie Dessessard.

Funding
This work was supported by a grant from Janssen-Cilag,
Issy-les-Moulineaux, France.

Transparency declarations
None to declare.

Supplementary data
Figures S1 to S7 are available as Supplementary data at JAC Online (http://
jac.oxfordjournals.org/).

References
1 Navon-Venezia S, Ben-Ami R, Carmeli Y. Update on Pseudomonas
aeruginosa and Acinetobacter baumannii infections in the healthcare
setting. Curr Opin Infect Dis 2005; 18: 306–13.
2 Obritsch MD, Fish DN, MacLaren R et al. Nosocomial infections due to
multidrug-resistant Pseudomonas aeruginosa: epidemiology and
treatment options. Pharmacotherapy 2005; 25: 1353–64.
3 Rossolini GM, Mantengoli E. Treatment and control of severe infections
caused by multiresistant Pseudomonas aeruginosa. Clin Microbiol Infect
2005; 11 Suppl 4: 17–32.
4 Comité de l’antibiogramme de la Société Française de Microbiologie.
Recommandations 2009. 2009. http://www.sfm.asso.fr/doc/download.
php?doc=DiU8C&fic=casfm_2009.pdf (15 December 2009, date last
accessed).

5 Croisier D, Chavanet P, Lequeu C et al. Efficacy and pharmacodynamics
of simulated human-like treatment with levofloxacin on experimental
pneumonia induced with penicillin-resistant pneumococci with various
susceptibilities to fluoroquinolones. J Antimicrob Chemother 2002; 50:
349–60.
6 Martha B, Croisier D, Durand D et al. In-vivo impact of the MexXY efflux
system on aminoglycoside efficacy in an experimental model of
Pseudomonas aeruginosa pneumonia treated with tobramycin. Clin
Microbiol Infect 2006; 12: 426–32.
7 Piroth L, Martin L, Coulon A et al. Development of a new experimental
model of penicillin-resistant Streptococcus pneumoniae pneumonia and
amoxicillin treatment by reproducing human pharmacokinetics.
Antimicrob Agents Chemother 1999; 43: 2484–92.

8 Boutoille D, Jacqueline C, Le Mabecque V et al. In vivo impact of the
MexAB-OprM efflux system on b-lactam efficacy in an experimental
model of Pseudomonas aeruginosa infection. Int J Antimicrob Agents
2009; 33: 417–20.
9 Bugnon D, Potel G, Caillon J et al. In vivo simulation of human
pharmacokinetics in the rabbit. Bull Math Biol 1998; 60: 545–67.
10 Alvarez Lerma F. Efficacy of meropenem as monotherapy in the
treatment of ventilator-associated pneumonia. J Chemother 2001; 13:
70–81.

11 Chastre J, Wunderink R, Prokocimer P et al. Efficacy and safety of
intravenous infusion of doripenem versus imipenem in
ventilator-associated pneumonia: a multicenter, randomized study. Crit
Care Med 2008; 36: 1089–96.
12 Jones RN, Huynh HK, Biedenbach DJ et al. Doripenem (S-4661), a
novel carbapenem: comparative activity against contemporary
pathogens including bactericidal action and preliminary in vitro
methods evaluations. J Antimicrob Chemother 2004; 54: 144–54.
13 Paterson DL, Depestel DD. Doripenem. Clin Infect Dis 2009; 49: 291–8.
14 Jones RN, Huynh HK, Biedenbach DJ. Activities of doripenem (S-4661)
against drug-resistant clinical pathogens. Antimicrob Agents Chemother
2004; 48: 3136–40.
15 Cirillo I, Mannens G, Janssen C et al. Disposition, metabolism, and
excretion of [14C]doripenem after a single 500-milligram intravenous
infusion in healthy men. Antimicrob Agents Chemother 2008; 52:
3478–83.
16 Anderson DL. Doripenem. Drugs Today (Barc) 2006; 42: 399–404.

Bretonnière et al.

2426

 at U
FR

 Sciences on February 19, 2014
http://jac.oxfordjournals.org/

D
ow

nloaded from
 

http://jac.oxfordjournals.org/cgi/content/full/dkq334/DC1
http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/
http://www.sfm.asso.fr/doc/download.php?doc=DiU8C&amp;fic=casfm_2009.pdf
http://www.sfm.asso.fr/doc/download.php?doc=DiU8C&amp;fic=casfm_2009.pdf
http://www.sfm.asso.fr/doc/download.php?doc=DiU8C&amp;fic=casfm_2009.pdf
http://www.sfm.asso.fr/doc/download.php?doc=DiU8C&amp;fic=casfm_2009.pdf
http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/


17 Berthoin K, Le Duff CS, Marchand-Brynaert J et al. Stability of
meropenem and doripenem solutions for administration by continuous
infusion. J Antimicrob Chemother 2010; 65: 1073–5.
18 Lucasti C, Jasovich A, Umeh O et al. Efficacy and tolerability of IV
doripenem versus meropenem in adults with complicated intra-
abdominal infection: a phase III, prospective, multicenter, randomized,
double-blind, noninferiority study. Clin Ther 2008; 30: 868–3.

19 Jaruratanasirikul S, Raungsri N, Punyo J et al. Pharmacokinetics of
imipenem in healthy volunteers following administration by 2 h or 0.5 h
infusion. J Antimicrob Chemother 2005; 56: 1163–5.
20 Zhanel GG, Wiebe R, Dilay L et al. Comparative review of the
carbapenems. Drugs 2007; 67: 1027–52.
21 Drusano GL. Antimicrobial pharmacodynamics: critical interactions of
‘bug and drug’. Nat Rev Microbiol 2004; 2: 289–300.

Doripenem in the treatment of P. aeruginosa experimental pneumonia

2427

JAC
 at U

FR
 Sciences on February 19, 2014

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/

