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Goals of inhaled drug development

Maximising patient benefit and safety: Targeted delivery by clever design of drug
molecule and formulation

Beta,-ago ‘ \ : Corticosteroids*

» Hypokalemia « Dry mouth? * Cortisol
 Tachycardia * Glaucoma3 suppression
 Tremor « Urinary retention? * Growth

suppression
» Osteoporosis

1. Lulich KM et al. Med Toxicol 1986; 1: 286-99; 2. Scullion JE. Int J Chron Obstruct Pulmon Dis 2007; 2: 33-40;
3. Spiriva® Respimat® 2.5 ug, inhalation solution. Summary of Product Characteristics. Available from: https://www.medicines.org.uk/emc/medicine/20134l;
4. Dahl R. Respir Med 2006; 100: 1307-17.
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Profiling inhaled drugs in lung slices

* Drug uptake and binding in lung tissue

« Carrier-mediated cellular uptake

» Prediction of lung retention

« A model for pulmonary metabolism



http://graphics8.nytimes.com/images/2008/05/13/science/asth_600.jpg
http://graphics8.nytimes.com/images/2008/05/13/science/asth_600.jpg

Lung retention is driven by compound basicity %

Intratracheal drug administration to rats with terminal lung sampling ™
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Lung disposition of soluble bronchodilators (salmeterol)

Symbicort_ DOF2016_008.






Preparation of slices of agarose inflated rat lung

One lung (5 lobes) yields ~40 lung slices with 500 um thickness

Backstrom E., et al. J Pharm Sci 2016, 105:838-845 <?



Unbound drug volume of distribution in the lung (V, ,nq)
» At equilibrium of the system C,,e,=C,, jung tissue o ° °
Vuung defined as drug amount tissue (mol/g tissue) (total ° .

conc, Cg;..) divided by the unbound drug concentration in
the interstitium (C,, jyng tissue)

slice

u Iung(mL/ g tlSSUe)— (1_V )(;C buffer
0 buffer

Vung Quantifies the extent of cellular uptake “tissue binding” at steady-state
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Lysosomal trapping drives V4 fOr propranolol

—Monensin transports ions across the
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90% of pulmonary propranolol is in the lysosomes




Estimation of intracellular free drug accumulation: K, .

MPP+ (prototypic OCT substrate)

C
_ ucell ] .
Kp,uu,cell = —C = fu,lung XVu’lung ] CD/Ipratroplum
u,lungISF 100 3
] Tiotropium
The unbound drug partition coefficient of the 8 10-
cell (Kp,uu,cell) 3
*  Kpuucen = 1 suggest that tissue binding to 1] ________"_ _______
tissue is the main distribution mechanism T e
*  Kjuucen Values >1 indicate carrier-mediated 3 ‘

influx or lysosomal trapping 0.1

o Dibase Cation Base Neutral AcidZwitterion
*  Kpuucen Values <1 indicates cellular efflux

High K, ,, cen for MPP+ and ipratropium suggests (OCT(N)) mediated uptake
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Viung Of Inhaled compounds

Compound lon PK, Vu,lung
class Acid Base (mL/g tissue) ° Long-aCting B-agoniStS

AZD3199 Dibase 69,81 2970 (43) average of 1000 mL/g lung
tissue

Formoterol Base 7.7 36.9 (1.3)

Indacaterol Base 8.3 109 (12)

Ipratropium Cation 12.9 (0.7) ’ Short_aCtlng B_agonISt 2.2
mL/g lung tissue

Propranolol Base 9.5 500 (15)

Salbutamol Base 9.2 2.21(0.23)

Salmeterol Base 9.1 864 (46)

Tiotropium Cation 3.87 (0.20)

Vi.ung @Ppears correlated with bronchodilatory effect duration
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Prediction of lung retention using rat lung slices

Modified experimental setup

* Pre-load slices with compound

« Transfer to large vessel to study rate
of drug release

« Monensin can be included to inhibit
lysosomal trapping

* Allows comparison with IT PK data of
% of dose remaining in lung

Backstrom E., et al. J Pharm Sci 2016 (manuscript accepted)
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Monensin inhibits drug V and retention in slices

u,lung
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Lysosomal trapping is a plausible mechanism for lung retention and
prolonged effect duration of beta-agonist bronchodilators

&
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In vitro lung retention can be predicted by lung slices
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Lung slices represent an integrated experimental system to predict lung retention

Discrepancies between long in vivo t¥2 of and shorter (initial) t%2 may point
towards vectorial transport across epithelial that is not captured in slices

Backstrom E., et al. J Pharm Sci 2016 (manuscript accepted)
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Physiologically-based pharmacokinetic modelling helps
the design of well tolerated and effective medicines

(\Inhalation)
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Mathematical modelling provides insight into
unobservable compartments of the lung

—— Adipose tissue —

Boger E. et al. CPT pharmacometrics and systems
pharmacology 2016 (In press)



Conclusions on utility of lung slices

Determine extent and mechanisms of inhaled
drug tissue distribution and metabolism

Determine the dynamics of drug release as an
Integrated experiments to predict lung retention

-------------

.~ PBPK modelling should be used to contextualize and
to explore the role of measured properties
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Methodology
Rat lung slices
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Viability of lung slices and time to equilibrium

* Lactate dehydrogenase (LDH) release * Time to equilibrium for different ion

to determine the viability of the slices classes
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