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Asymmetric flow field-flow fractionation

Various  ”dissolved” species arising in human intestinal & 
biomimetic media



Analysis of the colloidal associates
arising in aqueous medium
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Kanzer et al. J. Pharm. Biomed. Analysis (2010)



Colloidal structures in fasted state 
artificial intestinal fluids

PC (0.85 mM) +TC



Colloidal structures in fasted state 
artificial intestinal fluids

Natalini et al. Journal of Pharmaceutical and Biomedical Analysis 87 (2014) 62-81

Taurocholate micelles



Colloidal structures in fasted state 
artificial intestinal fluids

Mixed micelles

Natalini et al. Journal of Pharmaceutical and 

Biomedical Analysis 87 (2014) 62-81



Colloidal structures in fasted state 
artificial intestinal fluids

Phospholipid vesicle

Figure from wikimedia

https://upload.wikimedia.org/wikipedia/commons/0/01/Liposome_scheme-en.svg


Colloidal associates in human aspirates



ASDs of poorly soluble drugs
spontaneous formation of colloidal 
associates

Case 1

Various  ”dissolved” species 
arising during dissolution



Amorphous solid dispersion of ABT-102

ABT-102

TRPV1 (transient receptor potential

vanilloid type 1)-receptor antagonist

solubility in buffer: c = 0.05 µg/ml

Composition of melt extrudate

From Frank et al. Int. J. Pharm., (2012)

Frank et al. Int. J. Nanomedicine, (2012)

Schematic representation of melt extrudate



ASD: in-situ formation of supramolecular 
assemblies in aqueous medium

Dispersion in 
aqueous medium

surfactant

polymer
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Fractogram of aqueous dispersion of ABT-102-containing ASD:

red line: rayleigh ratio (light scattering at 90°), green line: UV-signal;

blue line: differential refractive index.

From Frank et al. Int. J. Nanomedicine, (2012)

drug

Brandl et al. Abbott Symposium, Ludwigshafen, (2010)
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Model Ketoprofen: 
non-ionic surfactants

Case 2

Impact of micellar solubilization 



Integrity of the permeation barrier
impact of various surfactants

Calcein permeability and ER 
A: lauroyl macrogol-32 glycerides, 
B: macrogol 15 hydroxystearate, 
C: polyoxyl 40 hydrogenated castor oil, 
D: poloxamer 188, 
E: Triton-X 100, 

Fischer PhD-thesis SDU 2012

Phospholipid Vesicle-based 

Permeation: PVPA-model
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Viability TEER CF-Permeability

alamarBlue® cytotoxicity assay 
after 6 h incubation with P-188, Triton-X 100 
(1 % v/v), and HBSS (negative control). 
Data are shown as percentage of the negative 
control (= 100 %), (mean ± SD, n=8)

TEER over time 
Pre-incubation  with HBSS, incubation 
with P-188, Triton X-100 and HBSS 
(control), (mean ± SD, n≥8; n=5 for 
Triton X-100).

Apparent CF permeability
In absence /presence of P-188 and 
Triton-X 100 (1 %). Data are given as 
percentage of the control value 
(HBSS), (mean ± SD, n≥8; n=5 for 
Triton X-100). 

Fischer PhD-thesis SDU 2012

Integrity of the permeation barrier
impact of various surfactants



Ketoprofen in-vitro permeation:
impact of P-188
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Fischer et al., J Pharm Pharmacol, 63, 1022-1030 (2011)

PVPA
Permeation Assay
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Fischer et al Eur. J. Pharm. Biopharm. (2011)



in vitro permeability
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Key insights of the Ketoprofen study

• At a fixed concentration of “dissolved” drug

– The drug’s ability to overcome a barrier is reduced in 
presence of a solubilizing surfactant (poloxamer P-188). 

– Irrespective, whether it’s a biological or biomimetic 
barrier (Caco-2 monolayer or PVPA).

– This effect correlates with the affinity of the drug to the 
surfactant micelles

• Cave!

– Not true if transporters
are  involved



ASD of poorly soluble ABT-102:
solubility & in-vitro permeation 

Case 1 (revisited)

Impact of the various ”dissolved” species
on in vitro permeation



Frank et al. Int. J. Pharm. (2012)
Frank et al. J. Pharm. Sci. (2014)

Impact surfactants on solubility & 
permeation
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Impact surfactants on solubility & 
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Frank et al. Int. J. Pharm. (2012)
Frank et al. J. Pharm. Sci. (2014)

Impact surfactants 
on solubility & 

permeation



Impact of drug-rich micro-/ nanoparticles on permeation

Cumulative amounts of ABT-102 in the acceptor of the Caco-2 experiments versus time. 

All samples were dispersed in HBSS++. All mean ± SD. Error bars depict SD.

Frank et al. J. Pharm. Sci. (2014)

o ASD dispersed in buffer

▪ Supernatant of ASD

• Crystalline drug



Key findings => Hypothetic model

Buckley et al., Eur. J. Pharm. Sci 2013
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Model Posaconazol ASD
centrifugation vs nanofiltration vs microdialysis

Case 3

Impact of sampling approach
on dissolution outcome



Sampling methods

Centrifugation at 13,000 rpm (corresponding 
to 17,949 rcf) and 37 ◦C for 2 min 

filtration through an Anotop® syringe 
filter (Whatman®, Maidstone, UK) with a 
nominal pore size of 20 nm 

CMA/20 microdialysis concentric probes: 

10 mm effective membrane length, 

20 kDa molecular weight cut-off (~ 4 nm) 

polyarylethersulfone membrane; 

2.5 mL syringes, SMA/4004 syringe pump 



Two-stage dissolution with simultaneous sampling



Two-Stage Dissolution of Posaconazole ASD
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Two-Stage Dissolution of Posaconazole ASD

0

10

20

30

40

50

60

70

80

90

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100

P
C

Z
 c

o
n

c
e
n

tr
a
ti

o
n

[µ
g

/m
l]

Time [min]

Centrifugation

Nanofiltration

Microdialysis

Seq FaSSIF pH 6.5

HPMCAS-containing ASD (Noxafil® Tablet, ground aliquot) 



Differentiating between various
“dissolved” species

in a close-to-realtime manner suited for dissolution studies



Take home messages

• With enabling formulations and/or use of biomimetic 
media, there may during dissolution arise drug 

– associated with various colloidal species, 
• which may enhance solubility & dissolution

• but not necessarily permeation

– in form of drug-rich amorphous or crystalline submicron 
particles

• which may trigger (molecular) supersaturation

• Differentiation between the species

– is feasible, yet challenging especially in time-resolved 
studies

– but appears useful for mechanistic studies



Thank you for your attention!

mmb@sdu.dk
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