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Bouwstra et al. (2000) Acta. Derm. Venereol. Supp 208, 23
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Dimethyl-
sulphoxide 

(DMSO)

Azone

Oleic 
Acid

Ethanol
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Pair-interactions
N(N-1)/2

LJ: short ranged Rc
qq: long-ranged

(Ewald summation)

Parameters empirical; 
from experiment and optimised
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Simulate time evolution of a 
system of atoms/molecules
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Limitations
Limited system size
Cpu time (100ps -> 10ns)
Accuracy of interaction potential

Periodic boundaries & 
minimum image convention

NVE, NVT, NPT & NsT
Employ extended Lagrangian
e.g. L(r,p,H,s)

1. Initial configuration
2. Equilibration
3. Production (averages)
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Oleic acid easily accommodated by the DPPC lipids; 
No phase separation    Notman, Noro & Anwar (2007) J Phys Chem B 

Oleic 
Acid
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Bilayer thinning

350K
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Bilayer thinning

Pore formation Bilayer disintegration
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Pore formation timescale
Dependent on [DMSO]
Typically > 5 -10 ns

Pores stable for 
up to 80 nsup to 80 ns

Explains for the first time
permeability enhancement 
of hydrophillic molecules
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Gurtovenko & Anwar (2007b), J Phys Chem B
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Gurtovenko & Anwar (2008) Langmuir
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Gurtovenko & Anwar (2009) J. Phys. Chem. B
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Gel phase Liquid crystalline phase

0 10 20 4030 50 60

323K

Notman et al (2007) Biophys. J
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Pores
Cell death; Genes/drug delivery (eg electroporation); 
Lipid asymmetry, Flip-flops & signalling

SL rrF gpgp 22 -=D

Where gS is the surface tension (surface energy)
gL is the line tension (edge energy)

2-d nucleation

Assumes surface lost due to lipids going into bilayer!
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gL=42 pJ/m

gL= 6 pJ/m
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Notman et al (2008) Biophys. J
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Hydrophilic pore Hydrophobic pore Vapour poreHydrophilic pore Hydrophobic pore Vapour pore
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Notman et al (2008) Biophys. J
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