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Learning versus confirming in (pre)clinical
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Quantitative systems pharmacology requires high-throughput data

P Schulthess & RC van Wijk et al, CPT: PSP, 2018
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Zebrafish as experimental vertebrate

Pubmed search (Zebrafish AND Pharmacology) on August 25th, 2021
K Lee et al, Bioscience Reports 37(3), 2017 Howe et al, Nature 496, 2013
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Imaging based high throughput infection study

R Carvalho et al, PLoS ONE 6, 2011
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Challenges for zebrafish in QSP

• Quantification of internal 
drug exposure

• Quantification of between-
species differences in disease 
and disease progression
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Zebrafish as disease model for tuberculosis

LM van Leeuwen et al, Cold Spring Harb Perspect Med 5, 2015

M. marinum Phagocytes Granulomae

Zebrafish shows TB hallmark of granuloma formation after Mycobacterium marinum infection



Van Wijk, PAGE 2021 8

Mycobacterium tuberculosis: fast, slow, or non multiplying state

Quantify between-species differences in TB

O Clewe et al, J Antimicrob Chemother 71:4 , 2016
C Chen et al, J Pharmacokinet Pharmacodyn 44, 2017

R Svensson et al, CPT:PSP 5(5), 2016

Successful 
prediction: 

- in vitro
- Mice
- Patients
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Quantify between-species differences in TB

Mycobacterium tuberculosis compared to Mycobacterium marinum

M. tuberculosis (in vitro) M. marinum (in vitro)
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O Clewe et al, J Antimicrob Chemother 71:4 , 2016

Multistate Tuberculosis Pharmacometric (MTP) model
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Quantify between-species differences in TB

Mycobacterium tuberculosis compared to Mycobacterium marinum

O Clewe et al, J Antimicrob Chemother 71:4 , 2016 RC van Wijk et al, Clin Transl Sci 13, 2020 
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Experimental design to quantify PKPD in zebrafish

Infection

Treatment

200 CFU (E11 strain)

0.25 - 10x MIC
isoniazid

Sampling

PK: Larval homogenate
Blood 

PD: Mycobacterial 
fluorescence

RC van Wijk et al, Br. J. Pharmacol 177, 2020
RC van Wijk et al, JPET 371(1), 2019
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Isoniazid exposure in larval homogenates

RC van Wijk et al, Br. J. Pharmacol 177, 2020
MIC = minimum inhibitory concentration

0.5x MIC 1x MIC  2x MIC  5x MIC  10x MIC  
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Nanoscale blood sampling

RC van Wijk et al, PAGE 25 (2016) Abstr 5909
RC van Wijk et al, JPET 371(1): 15-24, 2019

How to 
determine Vd?
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Integrated pharmacokinetics modelled

RC van Wijk et al, Br. J. Pharmacol 177, 2020
MIC = minimum inhibitory concentration

INH

keVd

ka =
ka,0 ⋅ ka,hpf

age
median age

age = 3 dpf

ka,0 ⋅ ka,hpf

age
median age

⋅ 1 + ka,GI age ≥ 4 dpf

Parameter Estimate Relative standard error (%)

ka,0 (µL/h) 0.00349 25

ka,hpf 7.61 17

ka,GI 0.171 51

ke (/h) 0.580 32

Vd (µL) 0.325 36
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Fluorescence microscopy shows infection
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RC van Wijk et al, Br. J. Pharmacol 177, 2020
dpi = days post infection, MIC = minimum inhibitory concentration



Van Wijk, PAGE 2021 16

Concentration-effect relationship quantified

RC van Wijk et al, Br. J. Pharmacol 177, 2020
INH = isoniazid, MIC = minimum inhibitory concentration, *age dependent ka

INH
Bac.ke

EFF = SLP * INH

Vd

Bac t = INOC ⋅ ekg⋅t

ka*
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Translate from zebrafish to human?

J. J. Wilkins et al, Br. J. Clin. Pharmacol. 72, 2011
S. Wicha et al, Clin Pharmacol Ther. 104 (6), 2018

RC van Wijk et al, Br. J. Pharmacol 177, 2020

INH
Bac.ke

EFF = SLP * INH

Vd

Bac t = INOC ⋅ ekg⋅t

ka

1. Mycobacterial sensitivity to isoniazid (MIC)
2. Stage of infection (logarithmic vs stationary)
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Translate from zebrafish to human?

J. J. Wilkins et al, Br. J. Clin. Pharmacol. 72, 2011 RC van Wijk et al, Br. J. Pharmacol. 177, 2020
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Translate from zebrafish to human!

R. Hafner et al, AJRCCM 156 ,1997 (Δ);  J.L. Johnson et al, IJTLD 10, 2006 (□); L Li et al, JCM 48, 2010 (Ο)
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Conclusion

Internal drug exposure 
quantified to determine the 
exposure-response relationship

Promising translation from 
zebrafish to humans based on 
between-species differences
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