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Why ISIS?  Why Neutrons ?
• Non-invasive
• Non-destructive
• Structural information on the nanometre length scale
• Direct means to probe structure in multicomponent systems
• Furnish valuable information on the structure of drugs, drug delivery systems, and pharmaceutical formulations



“Stealth” Liposomes
Lipid or surfactant

Bilayer

Liposome

Liposome decorated with long PEG chains



2C18E12 VesiclesIncreased circulatory life-times BUT low entrapment efficiency

Lawrence et al. (1997) Chem Phys Lipids 82:89

200 nm

Single excipient stealth delivery vehicle / simplified formulation



SANS studies of 2C18E12vesicles

D2O

Very thin (51 Å) bilayer (adequately modelled just as uniform slab)

Ma et al. (2000) J Phys Chem B 104:9081



Neutron Reflectivity of 2C18E12 monolayers

7 isotopic contrastsd-2C18-h-E12 on acmw / D2O h-2C18-d-E12 on acmw / D2Od-2C18-d-E12 on acmw / D2Oh-2C18-h-E12 on D2O

Ma et al. (2008) J Colloid Interf Sci 317:314
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Barlow et al. (2000) Phys Chem Chem Phys 2:5208



2C18E12monolayer

Barlow et al. (2000) Phys Chem Chem Phys 2:5208



Anti-microbial resistance



If the Daily Mail says it’s a problem, then …



Amphotericin
First-line treatment for deep-seated systemic fungal infections (eg, infections of the lungs in AIDS and chemotherapy patients)
Increasing incidence of amphotericin-resistant fungal strains
Amphotericin-induced kidney failure



Amphotericin
First-line treatment for deep-seated systemic fungal infections (eg, infections of the lungs in AIDS and chemotherapy patients)
Increasing incidence of amphotericin-resistant fungal strains
Amphotericin-induced kidney failure

Different researchers, using different techniques, to investigate different systems … 

… get different results,  and infer different mechanisms

Textbook view



Through a combination of static and dynamic SANS,neutron reflectivity andneutron lamellar diffractionexperiments

Foglia et al. (2011) Biochim Biophys Acta 1808:1574Foglia et al. (2012) Sci Rep 2:778Foglia et al. (2014) Langmuir 30:9147Foglia et al. (2015) Langmuir 31:8042 



Gly.Phe.Cys.Arg.Cys.Leu.Cys.Arg.Arg

Arg.Thr.Cys.Ile.Cys.Arg.Cys.Val.Gly
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Rhesus q-Defensin (RTD-1)

Porcine Protegrin-1 (PG-1) Toxic to fibroblasts; lyses erythrocytes

Not cytotoxic, not haemolytic
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Volume fractions: 0.12 peptide; 0.19 lipid; 0.69 H2O

Volume fractions: 0.15 peptide; 0.85 lipid; 0 H2O

Volume fractions: 0.15 peptide; 0.85 lipid; 0 H2O

Volume fractions: 0.32 peptide; 0.19 lipid; 0.49 H2O

Neutron reflectivity experiments show that PG-1 sits more favourably at the air-water interface- and so more readily forms transmembrane pores and is more haemolytic



Pharmaceutical Creams



Mixed surfactant/co-surfactant bilayer stack

Bulkwater
Mixed surfactant/co-surfactant monolayer

Oil droplets

Junginger et al. (1979) J Soc Cosmet Chem 30, 9

Interlamellar water

Textbook Picture of an Aqueous Cream

Oil (20%)
Water (70%)
Surfactant
Co-surfactant(s)



SANS Studies of Protiated Systems
FISH Model-fittingKotlarchyk & Ritzau (1991) 
Layer thickness (L):  47 ± 1 Å
d-spacing (D):  237 ± 2 Å
Lamellarity (M):  4

1:1 h-C16OH, h-C18OH / h-SDS / D2O 



0.01 0.1
1

10

100
 d-Cetyl alcohol 
 d-Stearyl alcohol
 d-SDS
 d-Pentanediol

I(Q
) (c

m-1 )

Q (A-1)

SANS for d-C16OH, d-C18OH and (surprisingly)d-pentanediol creams show clear Bragg peaks with the same d-spacing (263 Å) – all three components thus co-located in the lamellae
SANS for d-SDS cream (surprisingly) lacking in Bragg peaks – located outside the lamellae? SDS micelle-like aggregates?

SANS Studies of Selectively Deuterated Systems



SANS Studies of Selectively Deuterated Systems
FISH model fit:
Highly charged prolate ellipsoids, withsemi-axis lengths: 56 Å x 56 Å x 134 Å
Strong interparticle interaction (modelledwith Hayter-Penfold structure factor)
Mixed SDS / cetyl alcohol micelles?



VSANS Studies of Protiated Systems (on Zoom)
Spherical aggregates of Rg = 527 ÅAssuming homogenous sld, D  0.1 mm

100 nm oil droplets?  Crystallites of C16/C18 alcohols?



Simple Pharmaceutical Creams?
• Excipients are not located where expected
• Colloidal nature not as presented in text books
• More to creams than meets the eye; Not so simple after all!



Thank you for listening!


