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Summary

Protein-based nanocapsules composed of human serum
albumin and silk fibroin (Bombyx mori) were investigated
for particle size using dynamic light scattering (DLS),
hence proving ultrasound-induced crosslinking and the
successful production of monodisperse HSA-SF nanocap-
sules.

Introduction

Protein-based nanocapsules are highly interesting for
stimuli-responsive targeted drug delivery, as protein prop-
erties can directly influence particle stability and release
behavior. In an ultrasound-assisted nanocapsules produc-
tion approach, human serum albumin (HSA) and silk fi-
broin (SF) were combined in a two-phase system and na-
noparticle self-assembly was induced.?

Using dynamic light scattering and the DynaPro®
NanoStar® DLS/SLS instrument, the nanocapsules formu-
lation and dispersion properties based on particle size
were investigated.

Materials and Methods

HSA-SF nanocapsules were produced by sonication in a
two-phase system consisting of phosphate buffer as
aqueous phase and n-dodecane as organic phase. In or-
der to investigate the impact of degradation, silk fibroin
degradation was induced by boiling, which creates varia-
tions in polymer length.

Different ratios of HSA to SF were prepared, and two
different degrees of SF degradation (i.e., different boiling
times) tested for effect on the ultrasound-induced cross-
linking.

Time-course DLS experiments were performed using a
DynaPro NanoStar with disposable cuvettes and a sample

volume of 15 pL. Each data point consisted of 20 acquisi-
tions of 2 sec each, over a time period of 30 min. These
experiments were performed in order to investigate the
impact on size of the encapsulated organic phase in the
HSA-SF nanocapsules. Data were acquired and analyzed
with DYNAMICS® software.

Results and Discussion

Dispersion properties, such as dispersion stability,
agglomeration and temperature stability based on parti-
cle size analysis were investigated.

The HSA-SF nanocapsules are core/shell particles, encap-
sulating the organic phase (n-dodecane) in the hydropho-
bic core. The organic-solvent core of the nanocapsules
increases their buoyancy, leading to a visible upwards-
directed motion of the larger nanocapsules. DLS experi-
ments were done over 30 minutes allowing these large
particles to form a separated phase at the surface of the
aqueous buffer and then characterize the stable disper-
sion of the smaller nanocapsules.

The measured average hydrodynamic radius R of the
nanocapsules showed high variations during the initial
third of the measurement time (Figure 1). This change in
apparent radius was clearly linked with the organic phase
in the hydrophobic core which led to the visible upward
movement of nanocapsules with larger diameters, as a
higher amount of organic phase is entrapped in fractions
with bigger particle sizes, reducing their average density
to less than that of the aqueous phase. After about 10
minutes, the particle radius remained constant, indicating
the formation of a stable dispersion after all the larger
particles floated out of the optical measurement region.

As a result, Ry of the nanocapsules formulations were
evaluated separately for two measurement periods of the
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same measurement, e.g. the initial third and the remain-
ing measurement time, as well as combined over the
complete time period. The intensity-weighted size distri-
bution of the stable dispersion is shown in Figure 2. An
average Ry over the stable measurement time indicated
particle sizes ranging from 339 to 762 nm, depending on
the preparation conditions.
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Figure 1. Hydrodynamic radius as a function of time for HSA (black)
and HSA-SF (red) nanocapsules containing 50% of silk fibroin with low
degradation degree (L50). The loss of larger particles over the course
of ~ 10 minutes is due to their incorporation of low-density organic
phase causing them to floating upwards and out of the measurement
volume. Adapted from Ref. 1.
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Figure 2. Intensity distribution of HSA-SF nanocapsule’s (L50) mono-

disperse phase, showing an average hydrodynamic radius of 346 nm
(dominant peak) of the investigated nanocapsules.

Figure 3. DynaPro Nanostar System

Conclusions

Based on the demonstrated results, successful HSA-SF
nanocapsules production by ultrasound-assisted self-as-
sembling was achieved, whereby a significant influence of
the encapsulated organic phase on particle size and float-
ing behavior was investigated by DLS. Though the larger
nanocapsules moved to the surface, the remaining
nanocapsule dispersion was stable and the radius meas-
ured by DLS stayed constant. This information on disper-
sion behavior served as basis for further experiments and
led to the successful separation of a stable dispersion of
nanocapsules with an average hydrodynamic radius of
346 nm.



Acknowledgements

This work was financially funded by the European Union
H2020 Programme (H2020-NMP-PILOTS-2015) under the
grant agreement FOLSMART [grant number 683356] and
by the NO Forschungs- und Bildungsges.m.b.H. (NFB) and
the provincial government of Lower Austria through the
Science Calls (Project ID: SC16-024). We thank Karin Wie-
land (Vienna University of Technology, Institute of Chemi-
cal Technologies and Analytics) for the support with ATR-
FTIR analysis and Wyatt Technology Europe for the oppor-
tunity of DLS measurements.

e

TECHNOLOGY

N

e s come Nanostar

References

1. Tallian, C.; Herrero-Rollett, A.; Stadler, K.; Vielnascher,
R.; Wieland, K.; Weihs, A. M.; Pellis, A.; Teuschl, A. H.;
Lendl, B.; Amenitsch, H.; Guebitz, G.M., Structural in-
sights into pH-responsive drug release of self-assem-
bling human serum albumin- silk fibroin nanocapsules.
Eur. J. Pharm. Biopharm. 133, 176-187 (2018).

7S fee 3
'WYATT OELS =2

e g
456
11218

Integeation Time (5) T3 CountRate 1816587

0

frae ESC DEL

061
Delay Time ()

s teds  oomt 00 o1 v

rome aposws [

SWYATT

TECHNOLOGY

© Wyatt Technology Corporation. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of

Wyatt Technology Corporation.

One or more of Wyatt Technology Corporation's trademarks or service marks may appear in this publication. For a list of Wyatt Technology Corpo-
ration's trademarks and service marks, please see https://www.wyatt.com/about/trademarks.


https://www.wyatt.com/about/trademarks

