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Probe fabrication

Mixing magnetic nanoparticles
and fluorescent quantums dots
prior to dialysis
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NPs: Iron oxide

100 nm

Volume fraction of particles
Magnetic torque 30 vol. %
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\' 90°-flip of the magnetic field |

® The wires are superparamagnetic
® Their response to a field depends on the length and diameter
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Experimental set-up

Magnetic Rotational Spectroscopy™

In MRS, micron-sized wires are submitted to a rotational magnetic field (I - 50 mT)
as a function of the frequency (10- - 100 Hz)
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Viscoelastic models

Maxwell model

( § Magnetic ﬁeldw

\C

Analogy with classical rheology using
stress, strain and shear rate

Y,

® Differential equation

® Magnetic torque

AxV
Cvag(B) = ziuoszsin 2(wt — 6)

nnl® de,

® Viscous torque Iy = 3g(L/D) dt
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L wire length
D wire diameter

i static viscosit
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G elastic modulus

¢ Elastic torque T

do(t) al)csinZ(wt —-0) + w9’0 cos 2(wt — 0)

dt \ (1 + 6,cos 2(wt — 6))

» 0(t,w)

™ Viscosity

Berln 28-30
Sept 2022

Berret J.-F. | German Colloid Society



W Predictions

—

B magnetic field

/ X

/

/ |"Maxwell model

3 Ay B?
w —
€7 8ug n L2
1 = 0y = D
wl_l;rcl” B — 0—4,10611'2
L wire length H magnetic field

D wire diameter Ay sysceptibility anisotropy
1) static viscosity

synchronous

© 200 |
C————— 0 &
0 20 40 60 80 100

time

Q(w) average
—

0o
I

Y 200 \
D 150 -
2 100
= P .
50 46
C—————
X 0 e
asynchronous 0 20 40 60 80 100

time

L. Chevry, |.-F. Berret et al., Phys. Rev. E 88,062306 (2013) Berret J.-F. | German Collid Society | 57172810



W Pre dl ctions ® Yield stress materials

¢ Concentrated colloids

¢ Gels
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i"’&" How is the viscosity
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Lung fluids

Respiratory track
o B | ® Bronchi: the epithelium is covered
by a thin mucus layer
¢ Alveoli: the epithelium is
Pharynx

covered by pulmonary
T'aChea surfactant
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® From Chiesi (Italy)
® Porcine origin

® Administered to premature infants

Cholesterol (< 32 weeks)
Proteins — : ;
® Multivesicular vesicles (negatively
charged) e

| lipid/protein conc. : 40 g L-!

| Specific Proteins:

SP-A

SP-D SP-C gﬂ.,
=

Phospholipid vesicle

Berlin 28-30 l 4

Sept. 2022

Berret J.-F. | German Colloid Society |



Université

1.8,

Vreril
lA[ Pulmonary surfactant Qg /i in
. & Bic€tre
s, ‘.}.ﬁ. .
!Composutlon | \§; Curosurf®

Phospholipids

® From Chiesi (Italy)
® Porcine origin

. ® Administered to premature infants
Cholesterol (< 32 weeks)

Proteins ® Multivesicular vesicles (negatively
charged) "

| lipid/protein conc. : 40 g L-!

‘Specific proteins
SP-A w SP-B %'ﬁ
SP-D >< SP-C 3,‘.,

Phospholipid vesicle

Berlin 28-30
Sept. 2022

Berret J.-F. | German Colloid Society



Curosurf viscosity
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Mucus is a porous viscoelastic gel
made from mucin proteins

Pr. Xavier Norel
Bichat Hospital (UPC)

Human lungs from the anatomical Hi g h li g h ts

pathology department at Bichat
Hospital

® First determination of
& In vitro I vivo simultaneous viscosity and elasticity
' : it mucus mucus
, on human pulmonary mucus

® Mucus is a weak viscoelastic liquid
with low elasticity (few Pa) and very
high viscosity (few 100 Pa s)

Excised lung  Bronchial tube

M. Radiom et al, Soft Matter 17, 7585 ( 2021)



Pulmonary mucus

Healthy versus inflamed bronchus

Pr. Xavier Norel
Bichat Hospital (UPC)
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Conclusion

® Magnetic Rotational Spectrometry (MRS) is simple and
quantitative

® |t measures the rheological properties of complex fluids and

materials in the ranges
Frequency 104 - 100 Hz

Viscosity 0.001 - 1000 Pa s
Elastic modulus 0.01 - 100 Pa

® MRS has been applied to wormlike micelles, polysaccharide gels,
live mammelian cells, lung fluids and bacterial amiloids

® MRS is doomed to become a classical tool for easy-to-use
microrheology
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Lab-on-a-chip model of mucociliary clearance for
the treatment of Inflammatory Lung Diseases
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Interested? Please contact me at jean-francois.berret@u-paris.fr
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