The Application of Atomic Force Microscopy
in Pharmaceutical Characterisation

Marc Kelly

aQ
PMBrc “©

Pharmaceutical & Molecular
Biotechnology Research Centre




Overview

Introduction to AFM

* Equipment at WIT

Operational modes of AFM

* Pharmaceutical Characterisation using AFM
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What is AFM?

* A simple imaging technique with atomic resolution
* 3-D imaging (depth and height)

* Minimal sample preparation
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Introduction to AFM
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Contact VS Tapping
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Equipment at WIT

Bruker Dimension Icon AFM

Multiple operation modes
* Environmental control
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Equipment at WIT
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AFM Modes

. [ Contact — Liquid/ambient ]
> | Tapping — Liquid/ambient |

* Peak Force

* Torsional Resonance AFM

* Peak Force Kelvin Probe

* Peak Force Tunnelling

* Tunnelling AFM

[ Peak Force Quantitative Nanomechanical Mapping ]
Conductive AFM
Photoconductive AFM

« STM
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Nanomechanical Mapping

* Peak Force Quantitative Nanomechanical Mapping
* Low oscillation frequency (1-2 kHz)
* Results in a continuous series of force-distance curves

* Multiple material properties can be extracted from the tip surface
interaction
— Young’s modulus
— Adhesion force
— Deformation depth

* Young’s modulus = stiffness and elasticity
— PTFE (Teflon) = 0.5 GPa
— Bacterial capsid = 1-3 GPa VS Tungsten carbide = 450 — 650 GPa
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Nanomechanical Mapping

a) One cycle of the Peak Force Tapping curve. This process is
repeated at every XY pixel in the image, at a rate of typically

2000/sec.

b) Resulting quantitative measurements.
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Applications of AFM

* Material Science

— Solar cells (thin film, {%

quantum dot)

Polymer nodule
— Coatings/Nano-coatings
— QOrganic solar

— Battery technology
(electrode development)

1um nuclear pore 1um nuclear pore
complex (nucleus complex (cyoplasm.

— Fuel cell electrodes
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Applications of AFM

25 nm

* Life Science
— Protein imaging and
crystallisation

— Encapsulants for drug
delivery

— Cell studies (cancer,
infectious disease)

0 nm | |

— Protein/peptide - 00 3.3 m

interaction
— Stem cell research
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Applications of AFM

 Biohazards

— Virus detection
— Cell imaging

— Forensics

— Bacterial imaging
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Pharmaceutical Characterisation

Drug research Preclinical

Evaluation/ j Phase |V

Clinical trials

Approval studies
Laband animal Phasel: 20-100 healthy volunteers {up to {more than
r@ ) experiments  phase i 100-500 patients 2y S yedrs)

safety, dosing

Phase Ill: 1,000-10,000 patients =
efficacy, adverse events

1 drug

approved
Test compounds by health
authorities

0 2 4 8 8 10 12 Years
|

Source: based on PhRMA Profile Pharmaceutical Industry 2010
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Pharmaceutical Characterisation

* Drug development cycle relies upon characterisation
techniques & structural analysis;

— XRPD, DSC, RAMAN, IR - bulk properties
— SEM, TEM — minimal material information

* Every 3" newly developed drug breaks even!

* Save time in the development cycle = save money
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Pharmaceutical Characterisation

* What about surface properties?

* Using AFM characterisation techniques;
— Save development time
— Take development decision points earlier
— Improve ‘rational design’ for more robust process design
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AFM in Pharma

* Analysis of polymeric forms of single API crystals

— Danesh A, et al. (2000) Pharm Res 17: 887-890

* Phase separation of APl with copolymer for drug delivery

— ShenE, et al. (2001) Biomaterials 22: 201-210

* Investigation of formulation stability across range of environments

— Van Eerdenbrugh B, et al. (2012) J Pharm Sci 101: 2066-2073.

* Studying dissolution rates of crystalline drugs

— Danesh et al. (2001) Pharm Res 18: 299-303.

* ldentifying drug excipient interactions

—  Wu M, et al. (2009) Eur J Pharm Sci 36 (4-5): 493-501

* To determine encapsulation efficiency of liposomes

— Ramachandran S, et al.(2006) Langmuir 22: 8156-8162.
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Pharmaceutical Characterisation
API-Excipient Miscibility

*  Amorphous formulations to
increase bioavailability

* What can AFM contribute?

— Visualise homogeneity of
dispersions at molecular level

— Monitor structural changes
(time and stress conditions)

Re-cry.stallized'
— Root cause insight — reduction AP (10-20nm).
of follow on iterations ‘

Lauer et al. (2010) Pharm Res.
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Pharmaceutical Characterisation
API-Excipient Miscibility

e  XRPD can take weeks to months

* AFM can detect smaller crystals
(within hours)

* AFM based stability can be
predictive

Re-cry.stallized'
API (10-20nm)

* Increased sensitivity can shorten
stability testing times

Lauer et al. (2010) Pharm Res.
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Pharmaceutical Characterisation

Powder properties

* Powder properties, flowability, compression, adhesion dominated
by surface properties

* Better prediction of powder behaviours to save process costs

 AFM
— Only technique to provide
mechanical information on
the surface
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Pharmaceutical Characterisation

Powder properties

* Behaviour of particles is a foundation of dry powder inhalers (DPIs)

* Respirable particles (<5 um) highly dependant upon interaction
(forces) between components

* AFM

— Quantify the individual particle excipient interaction across different
conditions

— Adhesion forces on microscopic level (important for DPI) prediction of stability
and redispersion
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Pharmaceutical Characterisation

Dissolution of Crystalline Drugs

Danesh, A. et al. (2001) Pharm Res
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Pharmaceutical Characterisation

Dissolution of Crystalline Drugs

* Intrinsic dissolution
— a=1.35x107g/s/cm?
— b =8.36 x10"g/s/cm?

* Crystal ‘b’ dissolved six times faster

* Contributed to by larger crystal
surface area of ‘b’

Molecular nature of dissolution!

Danesh, A. et al. (2001) Pharm Res
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Recent example from WIT

B 1541 MPa

DMTModulus 30 pm DMTModulus 2.0 um ]
LB16 11 01 LB16 11 02
Mean = 10.8 GPa Mean = 1.9 GPa
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Summary

* AFM is a nano-scale technique

for surface characterisation

* Multiple applications in Pharma

— API-excipient compatibility and
Root cause understanding

— Early detection of solid dispersion
re-crystallisation, prediction of

stability

— Particle surface mechanical
properties, which control powder

behaviour

— Drug encapsulation
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Thank you!

* Contact Joe O’Mahony — jomahony@wit.ie

* Equipment demonstration TODAY 12:30 onwards
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