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Quantitative systems pharmacology requires high-throughput data
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Zebrafish as experimental vertebrate
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Imaging based high throughput infection study
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Challenges for zebrafish in QSP

e Quantification of internal
drug exposure (\

e Quantification of between-

species differences in disease OQ S—>s> Zﬁr&

and disease progression




Zebrafish as disease model for tuberculosis

Zebrafish shows TB hallmark of granuloma formation after Mycobacterium marinum infection

Van Wijk, PAGE 2021 LM van Leeuwen et al, Cold Spring Harb Perspect Med 5, 2015




Quantify between-species differences in TB

Mycobacterium tuberculosis: fast, slow, or non multiplying state

k
© 1 M. tuberculosis (in vitro) S f I
» uccesstu
> 8- . L.
— . prediction:
SF / S o Slow mult.
N AT
§ . Fast mult.
Ks - - In vitro
- Mice
l 0 50 Tim;?gays) 150 200 = PatlentS

Multistate Tuberculosis Pharmacometric (MTP) model

.. O Clewe et al, J] Antimicrob Chemother 71:4 , 2016 R Svensson et al, CPT:PSP 5(5), 2016
Van Wijk, PAGE 2021 (5)

C Chen et al, J Pharmacokinet Pharmacodyn 44, 2017



Quantify between-species differences in TB

Mycobacterium tuberculosis compared to Mycobacterium marinum
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Quantify between-species differences in TB

Mycobacterium tuberculosis compared to Mycobacterium marinum
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Experimental design to quantify PKPD in zebrafish
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Isoniazid exposure in larval homogenates
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Nanoscale blood sampling

RC vaAN WIJK ET AL, JPET 2019

The zebrafish as model for translational DOI: 10.1124/JPET.119.260299
systunsplm'macology

expanding the allometric scale in vertebrates with five orders of magnitude

How to
determine Vd?
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Integrated pharmacokinetics modelled
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Fluorescence microscopy shows infection
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Concentration-effect relationship quantified
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Translate from zebrafish to human?

35 150 mg 300 mg 450 mg
1004 é 6'

é -t S

E; ‘_’»'}E .‘.geo E 44

%10 ,$$ 83;'2"'“ a E

g 1t . a . of .= B ) ‘ . |

ciz %Bo - _ang-— 2

g—- i 50’ — - T EHE S 2 7

= 1 fﬁ//&ﬁ: ©

g ie)

5 o N
]
:E 'g 0- T T T 1 T T T 1
| , , | i S 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168
S S = Time after first dose (h)

EFF = SLP * INH < 1. Mycobac-terlal.sen5|t|V|tY to |§on|a2|d .(MIC)
2. Stage of infection (logarithmic vs stationary)

=TT Bac(t) = INOC - eKe't

‘\

Bacterial burden (logo)
N

s-___>

Treatment time (h)

J. J. Wilkins et al, Br. J. Clin. Pharmacol. 72, 2011 RC van Wijk et al, Br. J. Pharmacol 177, 2020
S. Wicha et al, Clin Pharmacol Ther. 104 (6), 2018

Van Wijk, PAGE 2021



Bacterial burden (logo)

Isoniazid internal exposure (pmole/larva)
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Bacterial burden (logo)

Isoniazid internal exposure (pmole/larva)
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Conclusion

Internal drug exposure
guantified to determine the {k

exposure-response relationship

Promising translation from

zebrafish to humans based on OQ Dy S Zﬁr&

between-species differences
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