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PK/PD parameters and intracellular infections
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Objectives of the study
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Evaluation of antibiotic activity in a model of intracellular infection 
by P. aeruginosa

 To determine the activity of different neglected and disused antibiotics (NDAB) 
towards intracellular infection using a previously developed in vitro model

 To compare pertinent pharmacological descriptors of antibiotic activity 
(maximal efficacy, relative potency) 
between NDAB and old, conventional antipseudomonal drugs
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Old, conventional drugs Old, neglected and disused drugs
drugs MIC*

(mg/L)
Cellular 

accumul.
drugs MIC*

(mg/L)
Cellular 

accumul.
Colistin 2 ND Polymyxin B 4 ND

Meropenem 1 1 x Chloramphenicol 16 2-5 x
Amikacin 1 2-4 x (slow) Rifampicin 16 2-10 x

Ciprofloxacin 0.06 5 x Minocycline 16 2-4 x

ESKAPE pathogens
Enterococcus faecium
Staphylococcus aureus
Klebsiella pneumoniae

Acinetobacter baumanii
Pseudomonas aeruginosa

Enterobacter species

* P. aeruginosa PAO1



In vitro model of intracellular infection in THP-1 human monocytes
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Opsonization (60 min, 37°C)
9 mL RPMI-1640 +

1 mL fresh human serum

Extracellular Wash
gentamicin 100 µg/mL 

(60 min – 37°C)

• Cell washing, collection, and lysis

• Cell-associated CFUs counting
• Cell protein content determination

Buyck et al, AAC 2013; 57:2310-8

Phagocytosis (2 h)
750,000 cells/mL

10 bact/cell

Incubation
with antibiotics 

over a wide range of conc. 
(0.001-1,000 x MIC)

(0  24h)

Typical post-phagocytosis inoculum:
~ 1x106 CFU/mg prot.
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[Reference strain PAO1]



Definition of pharmacodynamic parameters for intracellular infection
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log CFU decrease (at 24 h) from the corresponding original inoculum, 
as extrapolated for an infinitely large antibiotic concentration. Emax:

extracellular concentration (total drug) 
resulting in no apparent bacterial growth (vs. initial inoculum), 

as calculated from the Hill equation of the concentration-response curve. 
Cs:



Intracellular activities of old, conventional antipseudomonal drugs
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Cs Cs Cs Cs

Emax
Emax

Emax

Emax

• Cs: close to the MIC
• Emax low (no bactericidal effect)• Emax: low (ciprofloxacin ~ bactericidal effect)

Pharmacological comparison at equipotent concentrations



Intracellular activities of old, conventional antipseudomonal drugs
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• Meropenem 1 log decrease in CFU
• Ciprofloxacin  ~ 3 log decrease in CFU
at clinically-achievable concentrations

Clinically-oriented comparison at serum concentrations



Intracellular activities of neglected and disused antibiotics
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Cs Cs
Cs Cs

Emax Emax Emax

Emax

Pharmacological comparison at equipotent concentrations

• Cs: close to the MIC
• Emax low (no bactericidal effect)• Emax: low (no bactericidal effect)



Intracellular activities of neglected and disused antibiotics
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Minocycline
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Clinically-oriented comparison at serum concentrations

• Polymyxin B  bacteriostatic
• Others  barely active
at clinically-achievable concentrations



Summary of antibiotic PD parameters against intracellular P. aeruginosa
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Pharmacological comparison - Relative potency: 

Intracellular MIC ~ extracellular MIC (2 dilution difference max)
whatever the cellular accumulation level of the drug



Summary of antibiotic PD parameters against intracellular P. aeruginosa
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Pharmacological comparison – Maximal efficacy: 

Intracellular efficacy low 
(<<< extracellular efficacy)

Emax against intracellular vs extracellular bacteria
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Summary of antibiotic PD parameters against intracellular P. aeruginosa
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E at Cmax for conventional drugs

Colistin Meropenem Amikacin Ciprofloxacin

-3

-2

-1

0

1

2

∆ 
log

10
 C

FU
 f r

om
 tim

e 0

E at Cmax for disused drugs

Polymyxin B Chloramphenicol Rifampicin Minocycline

-3

-2

-1

0

1

2

∆ 
log

10
 C

FU
 fr

om
 tim

e 0
21

Clinically-oriented comparison – Efficacy at Cmax: 

Neglected, disused antibiotics show no useful activity against intracellular P. aeruginosa
at clinically-achievable concentrations



Conclusions
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 Relative potency is close to the MIC (whatever the antibiotic cell accumulation)

 Activity as determined in broth can to some extent predict intracellular potency (~ MIC) 
but not intracellular efficacy.

 Both old conventional and neglected and disused antibiotics are poorly effective against 
intracellular P. aeruginosa, regardless their mode of action. 

 Among the antibiotics tested, only ciprofloxacin reached a bactericidal effect against 
intracellular P. aeruginosa at clinically-achievable concentrations.

 Neglected and disused antibiotics cannot be used alone 
to act against intracellular forms of [MDR] pathogens. 
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Still room for 
better ideas…
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