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Protein Binding



Protein Binding

1 Zeitlinger MA, Sauermann R, Traunmuller F, Georgopoulos A, Muller M, Joukhadar C., 2004 Oct 7



Microdialysis
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Craig WA, Animal Models of Infection, ICAAC Workshop 2010



Ceftazidime
K. pneumoniae in neutropenic mice

Craig 2002



Temafloxacin
S. pneumoniae in neutropenic mice

Craig 2002



The activity of antibiotics may be concentration-dependent
and their characteristic antimicrobial activity increases with
progressively higher antibiotic concentrations. They may
also be time-dependent, where their antimicrobial activity
does not increase with increasing antibiotic concentrations;
however, it is critical that a minimum inhibitory serum
concentration is maintained for a certain length of time. A
laboratory evaluation of the killing kinetics of the antibiotic
using kill curves is useful to determine the time- or
concentration-dependence.

Antibiotics can be classified into 
concentration- and time dependent agents

Wikipedia 2010



PK/PD of Daptomycin
S. aureus

Safdar, Andes, Craig, AAC (2004)



Tigecycline
S. pneumoniae

Van Ogtrop et al., AAC 2000: 44:943-9.

R2=0.82 R2=0.83 R2=0.54



Dudhani et al. 2010

Colistin
P. aeruginosa

fAUC/MIC

fCmax/MIC

T>MIC (%)

Thigh Lung

R2=0.87

R2=0.66

R2=0.84

R2=0.89

R2=0.71

R2=0.88



Pharmacodynamics
Problems:

• MIC is imprecise
• MIC is monodimensional
• MIC is used as a threshold
• When MIC does not explain the data, 

patches are used
(post-antibiotic effect, sub-MIC effect)



The easier it is to do, the harder it is to change

Eng’s Principle



Kill Curves



Hollow Fiber Model
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Maximum Killing Rate Constant ks-kmax

PK-PD Model

Initially, bacteria are in log growth phase
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Nielsen et al. 2007



Nielsen & Friberg, Pharmacol. Rev. 2013



TB Microdialysis

 To determine the tissue pharmacokinetics of MOXI, PZA and LNZ in 
tuberculous cavitary lung among patients with MDR/XDR TB 
undergoing adjunctive surgical therapy

 Hypothesis: MOXI, PZA and LNZ cavitary concentrations                   
will differ from serum concentrations

25



Pharmacometrics of Antibiotic Combinations
S. K. Sy, M-E. Beaudoin, W. W. Nichols, V. J. Schuck, H. Derendorf



Susceptibility test
CAZ MIC with AVI

Avibactam (NXL-104) concentration (µg/mL)
P. aeruginosa isolate 0 1 2 4 8 16

244 256 256 64 16 16 8

2154* 64 64 32 4 4 4

5241 64 64 32 8 8 8

12432 64 64 8 8 8 8

9750* 256 256 128 32 16 8

1493 128 128 32 16 16 16

465 128 128 32 16 16 8

10783* 128 128 64 16 16 8

*Isolates selected to run time-kill experiments



Time-kill P ae 2154 (MIC: 64 mg/L)



MIC
The Current Paradigm

MIC is poison for the mind.

H. Mattie (1994), after a long after-dinner discussion



Why MIC is poison for the mind

• Our brains are not able to quantitatively integrate multiple 
simultaneous events and relationships

• That’s why we have computers

• Simple answers have a lot of appeal (Eng’s Law)

• A line in the sand (threshold) is an easy to understand concept
(How much do I need?) but frequently too simple

• Target attainment calculations are useless if the target is not 
appropriate



Albert Einstein



• Kill curves give a complete time course of drug 
effect which allows for modeling

• Kill curves can account for changes in sensitivity
• Kill curves can be linked to steady state and non-

steady state drug concentrations
• Kill curves can be linked to single dose or multiple 

dose situations
• Kill curves capture more completely the 

concentration/effect relationship

Advantages of Kill Curves



PK/PD Today

Serum Concentration vs. MIC
(AUC/MIC, Cmax/MIC, t>MIC)

PK/PD Tomorrow
Target Site Concentration vs. Kill Curve

(Integrated modeling and simulation with 
appropriate user-friendly software)
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