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Introduction

Because of limitations associated with the conventional treatment of various 
chronic diseases, growing attention has been given to the development of 
targeted drug delivery systems. Inhaled medicines are designed mainly to 
provide safe and efficacious treatment of respiratory diseases, offering the 
potential advantages of targeted drug delivery such as reduced onset time and 
increased therapeutic ratio.

The Fate of inhaled drugs

Key requirements for successful inhaled delivery
Establishment of a clear target product profile is required to enable the drug

discovery process for inhaled drugs that ideally should include the following

criteria:

• In vivo lung PK profiling - i.t., i.n. or inhalation of either solution or dry

powder (pure or blended API) formulations

• Robust in vivo PD models - efficacy, duration of action, human dose

prediction

• Physicochemical property consideration - lipophilicity, solubility, pKa,

dissolution rate

• Physical form characterisation - reduces time to GLP studies post

nomination

• Early in vivo safety pharmacology of solid forms - provides de-

risking for progression

Inhalation by design
Strategic options for sustained lung efficacy:

• Dissolution rate limitation

• Low intrinsic solubility

• High lung tissue affinity: e.g. high lipophilicity, basicity

• High cell membrane affinity (“membrane anchor”)

• Low permeability

• Slow kinetic off-rate

• Pro-drugs (compound activated in the lung)

• Lipid conjugates (Budesonide)

• Diffusion microkinetic or exo-site binding (LABA)

PK : Intravenous profile versus intratracheal

Impact of koff on efficacy
In a hypothetical situation where three equipotent compounds have varying

Koff’s, it is observed that the slow-off compounds can display pronounced PD

effect long after terminal half life predicted by PK studies.

Pharmaceutics: solid form analyses
The correct solid state properties are paramount to successful delivery of the

API, and DPI devices require highly crystalline material that should fulfil a set

of pre-defined criteria in terms of:

Pharmaceutics: solid form requirements

The detailed characterisation of APIs is required to determine the solid state

properties:

• X-Ray Powder Diffraction (XRPD) - Crystalline vs. amorphous content,

polymorphic forms differentiation

• Thermo Gravimetric analysis (TGA) - Assess residual solvent and

moisture content

• No thermal effect below 150°C - Differential Scanning Calorimetry

(DSC) information on events such as phase changes e.g. solid to

liquid, solid to solid

• Gravimetric Vapour Sorption (GVS) - Information on hygroscopicity

(<3%)

XRPD DSC GVS

Summary
Inhaled drug discovery is a complicated and constantly evolving area that

requires significant expertise across many disciplines. The Discovery Team at

Charles River have a comprehensive range of skills to enable optimisation of

your drug discovery projects for the optimal treatment of respiratory diseases.
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Analytics and Structural Analysis

• Charles River has a full suite of capabilities to provide chemical purity (including chiral purity)
and structural elucidation on compounds, impurities and degradants

• Our reports are suitable for inclusion in IMPD documentation or as POS

Physical Property Measurement

• We measure a wide variety of molecular properties – in both the solid and the solution state – to
facilitate rapid compound progression

• Measurements include: LogP, pKa, logD, TGA, TGA-IR, DSC, GVS

Solubility, Dissolution and Stability

• We measure solubility,and dissolution of compounds under a variety of conditions using buffers
and a range of biological mimetics

• We measure stability of solid state samples at various temperature and humidities to ICH like
guidelines

Salt Screening

• We have the ability to perform multiple salt screens to improve solid form characteristics, such
as dissolution, stability (both chemical and polymorphic) and hygroscopicity

• Salts are characterized using a variety of techniques and their solubility assessed, thus providing
early directional data for the selection of the optimum salt

Polymorphism Screening

• We offer multiple crystallization screens to investigate polymorphism

• Using a variety of techniques such as XRPD, we aim to identify and characterize all polymorphic
forms as well as any hydrates or solvates of your API

Formulation and Excipient Compatibility

• We provide inhaled formulation testing and lactose stability/blending with micronized material.

• Trial micronization studies, including small scale studies, that reduce particle size over a range
specified to your needs

• Compatibility studies with a range of excipients for all routes of administration, at specified ratios
and storage conditions

Important optimisation parameters:

• Terminal half-life

• Terminal volume (Vz)

• Free Cmax
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Form 1 example

Form 2 example

• Drug has PK t1/2 of 1 h, with initial Cmax

= 500 nM, which gives TO = 97%

■ Rapid Reversible binder (diffusion-

limited; assumes free drug can rebind

to the target); TO = 2% @ 12 h

▲Drug with koff = 0.086 h-1 (t1/2 = 8 h);

TO = 37% @ 12 h

♦ Drug with koff = 0.0096 h-1 (t1/2 = 72 h);

TO = 87% @ 12 h
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The contents of this poster may not be distributed, modified, reproduced, or used, in whole or in part, without the prior written
consent of Charles River.




