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Context:

Assuring safety of consumer
products
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Safety without animal testing
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‘Traditional’ Risk Assessment mmmmmmm) ‘Next Generation’ Risk Assessment

Historically animal testing was
the typical method
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based on advances in human biology
and in vitro/computational modelling
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Where does Soft Matter come In?

Today’s Showcase examples:

1. Lung Surfactant Disruption -> Dilational Rheology
2. Lipid Membrane modelling —> Coarse Grained Simulation

3. Skin Penetration —> Polymers and Solution theory
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Inhibition
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Increases the rate at which the surfactants re-adsorb during inhalation
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Experiments - (Alkylsiloxane Polymer)
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Experiments - (Alkylsiloxane Polymer)
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Experiments | sDS
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Modelling - Volmer isotherm

Assume that lung surfactant on surface behaves as a two dimensional gas with
surface concentration I' and migrates between bulk and surface continuously
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Handbook of Surfactant Science

[T
Surface Tension ¥ = Yo — kg T II(T') Surface Pressure TI(I") =m =
Total Surfactant Flux Q = d(T'A)
dt

| aT L)y,
Rate of change surfactant concentration —=KaC(l -T) - kg Te *87 -~
Non-local Interactions E(F):k T mlI’

B To-T
Rate constants kg, kg Empirical Scaling Parameter m
Kralchevsky et al.
o Maximum Concentration [, ™' = 50 A2 2008
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Model - Xenobiotic Effects

Assume that the aerosolised compound is introduced at fixed rate Fx

Y =Vo— kg T T, II(I", T)

Desorption rate of compound kx,d

['+I, X
(T, Ty =M + 22 (112

Non-local Interaction xenobiotic

parameter 3,

al’ §(LLy) [da
. _:kaC(Foo - F - Fx) - kd Fe k T -
Fx = (@ X Dose Rate dat A dt

[l

als _p T E(RB ) [, da
These three parameters are used to at X "xdtx € A dt
fit our model for each chemical
studied

['+T,
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Modelling - Xenobiotic Effects
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Predicting Surfactant Toxicity
using Coarse Grained MD
Simulations
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LogK,,, In pharmacology
® - octanollayer

Widely used to determine the bioavailability of drugs | = water layer
as a measure of their lipophilicity l-octanol | © =analyte
x =3 on
| % logKow
cell membrane 3 -o
cytoplasm measured area
nucleus — . >
| mitochondrion Cumming et al. ACS omega (2017)

Phospholipids and Bilayer Structure of Membranes

vacuole

Lipophilicity assumed to drive bioavailability
because of molecular partitioning into membranes K.,
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K,w IN pharmacology

log K. =0.92(£0.062) log K, + 0.37(£0.20)
Klamt et al. J. Phys. Chem. B 2008

logK ., =1.01logK,, + 0.12

Bittermann et al.,, Chemosphere, 2016

Lucky coincidence that measuring K,,, gets you pretty
close to true quantity logK,,,,

Will not work for surfactants, charged or
large molecules
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Environmental Toxicology being doing - Simulations

! a) HC anionic surfactants
Automated Coarse grained mapping i /
Algorithm developed by Durham i
3 1 y=045 :c;nrg:'}lz.«m.az|
— - Membrane-Water Partitioning 3
applied successfully for g
environmental impacts g
y=078 {n.ns;]:;:.ﬁ (0.27)
R
¥ ¢] FC anionic surfactants
E'- ? ‘ . ¥ =0.42 (0.07)x + 1.61 (0.26)
OD 1 z. 3 4 ] E'DgDmT
Potter et al. JCTC 2021
= . .
%é,e ) Gredelj et al. Envion. Sci.: Processes Impacts 2025
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Literature Experimental Studies
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Literature Experimental Studies
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Experiments looking a HelLa cells show increasing toxicity
with increasing chain length for several different headgroups

Traditional logK,,, method fails to yield an overall

Trend for fixed chain-length (12 Carbons) 0 | 2 3 4 5 6 7
-1
Membrane water simulatfions cause overall curve .
collapse _
A -3
-4
Conclusion : Membrane partitioning predicted .
o from simulation predicts surfactant toxicity in vitro
%&i;@ A Log Kmw (Simulation)
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Skin Penetration

Skin is a complex structure of proteins, lipids with
pores, blood vessels and other intricacies which all
affect the penetration of different chemicals.

Typical method on real human skin with
radiolabelled chemicals is expensive.

Both chemical and formulation properties affects
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Stratum corneum |

Stratum lucidum
{not present on
hairy skin}

Stratum granulosum
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Skin Penetration

Surrogate membranes

Assume that initial partitioning into
skin is formulation dependent but diffusion

remains constant

ePEi

K; j~ l/eBEj

Assume Stratum Corneum similar to
hydrophobic polymer PDMS

Use water as reference formulation

K . Ksc,w — K Kv,PDMS
sc,v — K — Bsc,w K
W,V w,PDMS
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Caffeine uptake: maximum-flux tangent
i

Skin Penetration
Solubility Theory

tion (% recovery)
~ 8] w

Reduce uptake curves to just early maximum flux J,,qx

Hansen Solubility Parameters characterise K :
solubility of compounds in ferms of Caffeine: Solubilty Theory Mode!
6D (Dispersion), 6P (Polarity) & &6H (Hydrogen bonding) i i ' ;

Combined with solubility theory we can approximately
predict the formulation effects

(mg em~2 h~1, log scale)
-~

Jmax
-~

Conclusion : Skin partitioning physics can gain

!
% ~@= Solubility Theory Model
@ experiment +/- 15D

Insights from both polymer and solution theory in future
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dj
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S E RS e AGip=2, ., WiVi Rayi
a; = ao X; exp(—b AG;/RT) AGy =V, Ray, o> — ( Vy Ray . °)

Safety, Environmental

. 24
“Reguistoryselence %y = Ci/MW;  AG; = AGy5c — AGp —AGysc  Ray,® = 4(8D; — 8D;)? + (8P; — 8P;)% + (8H; — 8H))?
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Caffeine uptake: maximum-flux tangent
i

Skin Penetration

tion (% recovery)
~ 8] w

Solubility Theory
Reduce uptake curves to just early maximum flux J,,qx
Hansen Solubility Parameters characterise K : o
solubility of compounds in ferms of Caffeine: Solubilty Theory Mode!
6D (Dispersion), 6P (Polarity) & &6H (Hydrogen bonding) i i ' ; I

Combined with solubility theory we can approximately
predict the formulation effects

(mg em~2 h~1, log scale)
-~

dj 2/3 . £ /
Ji=lo 77 a exp(A, Vi) @i = a0 x; exp(=b AG/RT) ki o Sty e s
X] — Cl/Mwl AG[ SC - V Ral A © i oo ® €
=2, ., WiVi Raji” Conclusion : Skin partitioning physics can gain
SERS AGvSC V Ravsc — ( Vy Ra, s.*) Insights from both polymer and solution theory in future

areguintory seience  AG; = AGj ¢ — AG;,, — AGy, 5 Ra;,* = 4(8D; — 8D;)* + (86P; — 8P))* + (8H; — &H;))? 25



Overall Conclusion Unillever-

Soft maftter science offers many opportunities
for developing alternatives to animal testing

» Lung Surfactant Inhibition
» Surfactant Toxicity
» Skin Absorption
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Thank you and Questions?



	Slide 1: Soft Matter in Chemical Safety Science
	Slide 2: Context :   Assuring safety of consumer products
	Slide 3: Safety without animal testing 
	Slide 4
	Slide 5: Lung Surfactant Inhibition    
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Modelling - Volmer isotherm
	Slide 13: Model – Xenobiotic Effects 
	Slide 14: Modelling – Xenobiotic Effects 
	Slide 15: Predicting Surfactant Toxicity  using Coarse Grained MD Simulations 
	Slide 16
	Slide 17
	Slide 18: Environmental Toxicology being doing - Simulations
	Slide 19: Literature Experimental Studies 
	Slide 20: Literature Experimental Studies 
	Slide 21: Skin Penetration
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Overall Conclusion  
	Slide 27: Acknowledgements
	Slide 28: Thank you and Questions?

