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Hypotesis of similarity of biopartition and phys-chem processes

Biopartition: BODY FLUID —— CELLS/ORGANS

(e.g. blood) (e.g. brain)
SIMILARITY SIMILARITY
Phys-chem: WATER ~— OCTANOL

MOBILE PHASE <—— STATIONARY PHASE
(e.g. iIsopropanol/water) (e.g. HSA, AGP, IAM, ...)

General: WATER PHASE (W) =—= ORGANIC PHASE (O)
log P =log (So/Sy) =log Sy -1log S,,  Similarity of differences !

Evaluated by the same QSAR — QSPR model



Abraham Linear Free Energy Relationships Model

AGO =5 AGC AGO=-RT In K

process molecular interactions

_ M.H. Abraham

SOLUTE DESCRIPTORS SOLVENT COEFFICIENTS (SP-MP)

V: McGowan molar volume (cm3mol2/100) v: Cohesiveness (hydrophobicity)

B: Overall hydrogen bond basicity b: Hydrogen bond acidity
A: Overall hydrogen bond acidity a: Hydrogen bond basicity
S: Dipolarity/polarizability s: Polarity

E: Excess molar refractivity e: nand minteractions

Abraham database: 9000 solutes partially or totally (= 4000) characterized
Software: ACD/Percepta. Advanced Chemistry Development (ACD/Labs). http:// www.acdlabs.com
UFZ-LSER database v 3.2, http://www.ufz.de/Iserd



Abraham equations

Biopartitions

System c e 8 a b v

Blood-brain 0.547 0.221 0.604 0.641 0.6581 0.635
Blood-muscle 0.082 0.059 0.010 0.248 0.028 0.110
Blood-liver 0.292 0.000 0.296 0.334 0.181 0.337
Blood-lung 0.269 0.000 0.523 0.723 0.000 0.720.
Blood-kidney 0.494 0.067 0.426 0.367 0.232 0.410
Blood-heart 0.132 0.039 0.394 0.376 0.009 0.527
Blood-skin 0.105 0.117 0.034 0.000 0.6581 0.756
Blood-fat 0.077 0.249 0.215 0.902 1.523 1.234
Water-skin 0.523 0.101 0.076 0.022 1.951 1.652
Skin perm 5.420 0.102 0.457 0.324 2.680 2.066

Plus intestinal absorption, toxicities, soil-water partition, etc.

Physico-chemical partitions
More than 100 water/solvent partitions (including octanol/water) characterized by Abraham, Acree, and others.

Many HPLC and EKC (micelles, microemulsions, liposomes) systems characterized by Poole, Rosés, and others.



Surrogation of biological systems

log SPpio = Cpio + €pioE + SpioS + ApjpA + bpjoB + vp;V

log kchrom = Cchrom + echromE + Schroms + achromA + bchromB + vchromV

log SPbio = Chio + lbio(eu,bioE + Su,bios + au,bioA + bu,bioB + vu,bioV)
log kchrom

= Cchrom +lchrom(eu,chromE + Su,chroms + au,chrom“1 + bu,chromB + vu,chromv)

l=+e? +s2 + a? + b2 + v2

_X

(eu,bioE + Su,bioS + au,bioA + bu,bioB + vu,biov)

= (eu,chromE + Su,chroms + au,chromA + bu,chromB + vu,chromv)

lchromcbio - lbiocchrom lbio

+

lchrom

log SPpip = log Kchrom

lchrom

y T Coefficients vectors in 2D-space
2 —
Ybio

yc hrom

chrom

I . -
Xchrom  Xbio

(d <0.25)

2 2 2
d= \/(eu,bio - eu,chrom) + (Su,bio - Su,chrom) + (au,bio - au,chrom) +(bu,bio

- bu,chrom)2 + (vu,bio - vu,chrom)z



Surrogation of skin permeation: Characterized systems

Skin permeation

Octanol/water

PAMPA-Certramides

PAMPA-IPM

Cerasome-LEKC

C-

18 HPLC

log K,

log P
log P
log P
log k
log k

o/w

e

e

-0.34 -2.43
0.03 -3.46
-1.04 -2.27
-0.60 -2.04
-0.11 -1.45
-0.48 -1.32

1.80 0.866
3.81 0.995
1.73 0.906
1.44 0.835
1.76 0.814
1.55 0.927

0.43 247 Abraham et al. 2004
0.12 613 Abraham et al. 1994
0.25 52 Rosés, Fuguet et al. 2023
0.30 27 Rosés, Fuguet et al. 2023
0.29 71 Liu, Abraham et al. 2011
0.16 116 Rosés, Fuguet et al. 2021



Comparison of systems: Radial plots of coefficients

COEFFICIENTS NORMALIZED
COEFFICIENTS

Skin permeation

PAMPA-Certramides
Ay PAMPA-IPM
Cerasome-LEKC
C-18 HPLC




Dendrogram and PCA (normalized coefficients)
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S. Soriano-Meseguer, E. Fuguet, A. Port, M. Rosés,
2024. Ability of biomimetic chromatography and
physicochemical systems to predict the skin
permeation of neutral compounds. A comparison
study, Talanta 271, 125696.
https://doi.org/10.1016/j.talanta.2024.125696.
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Surrogation of skin permeation: Experimental correlations

PAMPA-Certramides (Pion)
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d distance

Comparison of aquatic toxicity systems
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https://doi.org/10.1021/acs.analchem.7b01301.
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d distance

Comparison of aquatic toxicity systems

0,3 - ¢ Biological systems O Physicochemical systems
DS_ RALLLLLELR LR LR LLE
0,2 “."‘ SDS MEKC O .J ------------- “
0”" 0... :“‘ P P “““““ “"
I R N T T T T o) o* Fod JusmRARAEN Yo, . “¢‘ “'0‘ s *
0,1 :” .:'.0" RT 0 ..0‘ 8' ‘;"’ 0“ “,CP 0“‘
§ “RP18 O O/W 0O 0'.‘" . "”‘ SS a “‘ o“
& _‘ .... £y .,‘ ““ t‘ “
B0 | % sosmeedC 0 Hly @ AGSC 0 s TS g0
s ---------------- : SDS Brl]35 “:.“‘ “<> “1.
& 61 4 : & TP
015 ' : v © O DPPG Dppg,-
02 - “orae a2 e
01k
-0,3 T T T T T
-0,3 -0,2 -0,1 0,0 0,1 0,2 03
00sF PC1 (47%)
[ ] HPLC: RP18: C18 (40% MeCN); IAM: IAM (40% MeCN)
= a < w 0O o o . .
3 = g F39 o © & MECK: SDS MEKC: sodium dodecyl sulfate; SLN: sodium N-lauroyl-
2 (=) . . o
S sarcosinate; STC: sodium taurocholate; TTAB: tetradecyltrimethyl-
O . . .o .
¢ @ & 2 o ammonium bromide; SDS Brij 35: sodium dodecyl sulfate + polyoxy-
'S - = s . . .
§ o3 3 s _ z > 2 x 2 ethylene(23)dodecyl ether; DPPG DPPC: dipalmitoylphosphatidyl
= [ U] o = -~ 0O o o . . . .
Tha < I5 @ E S @ = 3 glycerol + dipalmitoylphosphatidyl choline; AGESS: dodecane allyl

glycidyl ether sulfite-modified siloxane.
SDS MEEKC: MEEKC with sodium dodecyl sulfate.
O/W: octanol/water partition (log P, ).



Effect of additional descriptors: Volume correction

log SPbio = Chio + lbio (eu,bioE + Su,bios + au,bioA + bu,bioB + vu,bioV)

log kchrom = Cchrom +lchrom(eu,chromE + Su,chroms + au,chromA + bu,chromB + vu,chromV)

(eu,bioE + Su,bios + au,bioA + bu,bioB) = f(eu,chromE + Su,chroms + au,chromA + bu,chromB)

2 2 2 2
eu,bio +Su,bio +au,bi0 +bu,bio

f=

2 2 2 2
eu,chrom + Su,chrom + au,chrom +bu,chrom

log SPbio = Chio + lbio (eu,bioE + Su,bios + au,bioA + bu,bioB) + lbiovu,biov

log kchrom = Cchrom + lchrom (eu,chromE + Su,chromS + au,chromA + bu,chromB ) + lchromvu,chromv

r

log SPpio=q+p log kchrom +rV log SPpio =q+ p(log kchrom + ;V)
lchromChio—flbioCchrom flbio

q = & blchm,,l: & P = lchfam r =l (vu,bio - f vu,chrom)



Comparison of systems: Effect of volume correction
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Fitting surrogation parameters: Predicted vs experimental

log SPpio = q +plog kcprom + 1V

I =
equations correlation
System d f qg p r q p r R?

Octanol/Water 0.23 1.00 -5.38 0.59 - -6.65 045 - 0.25
PAMPA-Certramides 0.23 1.00 -1.14 1.00 - -0.13 1.16 - 0.82
PAMPA-IPM 0.12 1.00 -0.35 1.18 - 0.57 135 - 0.77
Cerasome-LEKC 0.26 1.00 -2.82 1.31 - -4.29 134 - 0.12
C-18 HPLC 0.25 1.00 -4.63 1.45 - -5.83 1.05 - 0.29
Octanol/Water + rV 0.15 1.18 -5.39 0.69-0.84 -5.44 0.70-1.02 0.78
AV SO g el IR EEERRTAS 0.23 0.98 -1.21 0.99 0.09 -0.13 1.07 -0.25 0.87
PAMPA-IPM + rV 0.12 0.98 -0.47 1.16 0.13 0.55 1.31-0.11 0.78
Cerasome-LEKC + rV 0.16 1.21 -2.29 1.58-0.98 -2.52 1.41-0.91 0.77
C-18 HPLC + rV 0.18 1.18 -4.50 1.71-0.85 -3.90 1.71-1.23 0.87




Surrogation of skin permeation: Experimental correlations

Cerasome-LEKC C-18 HPLC

3T [ ] -3 T 3T [ ]
i . r . - °
-4+ ° 4 + 4 +
N ) e r . N o o
; ) e : ot : = Lo
5+ L] o . .8 5+ L b 51 .. ° g o
: ° .8° o o i o0 9. i o e g
[ L o o.¢ o0 @ L] s, Sepe [
a 6T ...0 ® s o b . o b . ® l’ﬂ.‘ b ot
ﬁ, r ....-.""o. P ® fn ®e fn e ¢e
o e .: o3 . ° . ° s ° X T
L ° .. .Q ® ° [ Y [ ] ° ..% °®
. .
8 Te * * ° 8 ¢ e ° 8 « *
o T S E— 9 L L L L | L L L L T 9
1 1 3 5 2.0 1.5 -1.0 0.5 2 1 0 1 2
log Py log k log k
3 . 3T 3 .
. ° [
4 ° ous -4 T 4 P ‘_..
o - o g
* _’. [ : e P.
5 o . N 5 . 5 *.
L | L L) [ [ X ° LS &
‘ .'..... C ."_ ‘“
o 6 L ] - ' o 6 - .-'-. o 6 : ..
s 2.5 . 5 | - E i .
3 e 5] C . 8 0
= 3 e o = 7 f 8 = g ¢ o,
P ? L o
K . : ..'
8 ° [} ¢ 8 Te ¢ e 8 e bl
o] 9 T | o S S S S
6 4 2 0 2 5 4 3 2 1 3 2 1 0 1

log Py + (r/p) V log k +(r/p) V log k + (r/p) V



Correction of factors: Radial plots of coefficient differences and PCA
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Correction of factors: Experimental correlations
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Correction of factors: Experimental correlations
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Current and future research

Collaborations:
* Characterization of green solvents for surrogation of

poorly sustainable HPLC mobile phases (MeCN, THF).

e Characterization of common biomimetic columns
(HSA, AGP, IAM) for surrogation of biological
properties.

Patrik Appelblad Benjamin Peters

PMRRC K

AstraZeneca

* Preparation and characterization of biomimetic new
protein bonded stationary phases.

* Preparation and characterization of artificial parallel
membranes for biomimetic microfluidic systems.

Antonio Llinas

MINISTERIO ;
DE CIENCIA, INNOVACION
Y UNIVERSIDADES

o Projects PID2020-115374GB-100 and PID2023-150245
INVESTIGAGION  NIB-100 funded by MICIU/AEI/10.13039/5011000110

Cofinanciado por

la Unién Europea 33/ and by FEDER A way to make europe



The PhysChem group at IBUB

Clara Rafols

Xavier Subirats Susana Amézqueta
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