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XX INTERNATIONAL CONFERENCE ON BIOENCAPSULATION
Delft, The Netherlands - September 2-4, 2015

The 23th International Conference on
Bioencapsulation was organized in
Delft in collaboration with Professors-
Gabrie Meester and Ruud van Ommen
from Technical University of Delft, The
Netherlands.

The conference took place in the beau-
tiful site of the TU Delft Science Center.
The conference room was just reno-
vated, offering an exceptional setting
both for the presentations and coffee
breaks.

The attendance counted hundred twen-
ty five researchers coming from twenty
seven different countries.Twenty height
industrials and exhibitors attended the
conference demonstrating that the
conference is more and more attrac-
tive, thanks to the high quality of the
presented contributions.

TO THE MEMORY OF JEAN-PAUL SIMON

Forty oral talks and forty-three pos-
ters were presented during the confe-
rence. Their associated texts will be
soon available on the BRG web site.

The scientific committee selected ten
best oral or poster student presenta-
tions. Their authors received a diploma
and a trophee during the closing cere-
mony. The abstracts of their contribu-
tion are presented in this newsletter
issue.

The conference dinner took place at
the Lindenhof restaurant and was the
opportunity for a lot of informal ex-
changes.

During the diner, the 2015 Ponce-
let award, supported by Procter and
Gamble, was attributed to Profes-
sor Elena Markvicheva, both for her
contribution to microencapsulation
and involvment in the BRG network.

The minutes of the General Assembly
of the BRG association held during the
conference, are included page 30.

Prof. Denis Poncelet
BRG President

Jean-Paul Simon was one of the co-founders of the BRG

who gave an exceptional contribution to the develop-

ment of our association. He left us on August 4th, 2015. ’
See in tribute of his memory page 2
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IN MEMORY OF JEAN-PAUL SIMON

A

AN EXCEPTIONAL CAREER

Born in 1947 in Leopoldville, Belgian
Congo, Jean-Paul Simon moved back
to Belgium at the independence of
Congo. This beautiful country however
marked his whole life.

After a master in chemistry from the
Free University of Brussels, with a
specialization in biochemistry, he rea-
lized a PhD thesis at Ceria Research
Institute (Brussels) on Enzyme regu-
lation in Saccharomyces cerevisiae.
He then joined and realized most of his
career at the Meurice Institute (Brus-
sels) where he developed the Biotech-
nology Unit in 1982. This unit extended

2015 ﬁONCELET AWARD

and became the reference
in the industrial sector for
pilot-scale fermentation,
leading to the establishment
of the non-profit association
Meurice R&D for applied
research and support to
enterprises. In 2002, Jean-
Paul Simon contributed to
the creation of IMBP spin-
off, specialized in bacterial
starters for environmental sector. In
2005 Jean-Paul Simon worked for the
creation of the technology incubator
Eurobiotec, supported by the Brussels
Region. Jean-Paul joined the Euro-
biotec team in 2009 until 2012, when
he retired but still remained active
as consultant (Original
Biotechnology  Exper-
tize, OBE).

ONE OF THE
BRG LEADERS

In 1990, we was one
of the initiator of the
Bioencapsulation Re-
search Group and one
of his most active mem-
bers. Organizer for
the 1993 International
Conference on Bioen-
capsulation, he was
also chairperson and
contributor for many
BRG events. His group
made a large number of
oral and poster presen-

tations at BRG conferences.
Co-initiator and co-chair of
the COST (European Coope-
ration in Science and Tech-
nology) action 840 then 865,
his experience helped to de-
velop the networking inside
of the BRG. Largely involved
in industrial collaborations,
Jean-Paul was one partner of
the Bio&Microencapsulation
Science and Technology Virtual Ins-
titute (European Project Network]. In
2013, BRG recognized his exceptional
contribution both in BRG activities but
also in the microencapsulation field by
attributing him the «Life-time achie-
vement Award ».

s \

% Winner of life-time
o2 Achievement Award

For his contribution to development and

innovation into bioencapsulation domain

XXII International Conference on Biocencapsulation
Bratislava, Slovakia - September 17-19, 2014

BYE JEAN-PAUL

All of his life was devoted to unders-
tand how to control bacteria cell meta-
bolism, but he died on August 4, 2015
due to a bacteria over-infection. He
was not only a real support for develo-
ping the BRG but also one of our best
friends.

J

Prof. Denis Poncelet
BRG President

Supported by Procter and Gamble, the
Poncelet Award was created for the
20th BRG anniversary to reward and
recognize the contribution of one per-
son to the development of microencap-
sulation, especially through innovation
and support to the Bioencapsulation
Research Group.

In 2015, the fifth award was attributed
to Professor Elena Markvicheva, from
the Polymers for Biology Laboratory of
the Shemyakin-Ovchinnikov Institute
of Bioorganic Chemistry, Russian Aca-
demy of Sciences in Moscow, Russia.

Professor Markvicheva achieved a
master degree in Chemistry from
Mendeleev University of Moscow. She
got her PhD from Shemyakin-Ovchin-
nikov Institute of Bioorganic Chemistry
in 1992 and became full professor in
the same institute in 2006.

Professor Elena Markvicheva joined
the BRG in 1996. She is a very active
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member, promoting actively the asso-
ciation in Russia and more generaly in
the European east countries.

Professor Markvicheva is Head of
Bioencapsulation
Group in the She-
myakin-Ovchinnikov
Institute of Bioorga-
nic Chemistry, where
she run research on
microencapsulation
applied to biomedical
domain. She is the au-
thor of more than 300
publications reporting
innovative approach
of microencapsulation
methods, including 7
patents, 8 chapters in
books and more than
100 papers.

]

|

Professor Markvicheva

developped her career through many
national and international collabora-
tions, particularly during stays in Ger-
many, Czechoslovakia, France, Spain,
Belgium and Canada .

Dr Johan Smets and Susana Fernandez Pietro (Procter &
Gamble), Prof. Elena Markvicheva (Shemyakin-Ovchinnikov
Institute), Prof. Ronald J. neufeld (Queen’s University,)




B

November 2015

MICROCARRIERS LOADED WITH BIOACTIVE MOLE-
CULES FOR TISSUE ENGINEERING

Markvicheva E', Drozdova M', Zlobina M', Demina T2, Akopova T2, Grandfils Ch?

INTRODUCTION AND
OBJECTIVES

Tissue engineering deals with repair
of lost or injured tissues using bioma-
terials and new cell technologies. Bio-
degradable polymer scaffolds (films,
hydrogels, fibers, microcarriers) are
used to support cell growth and pro-
liferation. On the other hand, scaffolds
could be also used as growth factor or
drug delivery devices to enhance tis-
sue regeneration. Microcarriers (MC])
are promising due to their advantages,
such as a large specific surface for
cell growth and non-invasive injection
[Martin et al., 2011]. MC can be desi-
gned as multifunctional microbeads,
namely they can serve as matrices
to support cell attachment and as
injectable delivery systems loaded
with bioactive peptide to enhance cell
growth [Zhu et al., 2008].

The aim of the study was to deve-
lop multifunctional biodegradable
polyester-based microcarriers with
enhanced surface which are loaded
with bioactive peptide to promote cell
adhesion, growth and proliferation.

MATERIALS & METHODS

Polyvinyl alcohol (PVA] (Mowiol VP
3-83) was from Hoechst (Germany).
Poly(D,L])-lactic acid (PDLLA], Mw
135,000 Da, was synthesized in CEIB,
chitosan (Chit), Mw 60,000 Da; DD
90%; Chit-LA and chitosan-gelatin-
PLA (Chit-Gel-PLA] copolymers were
synthesized by Solid State Reactive
Blending technique. Thrombin agonist
peptide (TRAP-6, Ser-Phe-Leu-Leu-
Arg-Asn, Mw 980] was kindly provi-
ded by Dr. Prudchenko (Moscow]. All
solvents and other chemicals were of
analytical grade.

Preparation of microcarriers

MC were prepared by oil-in-water

<=0 —* 2015 Winner of
S/ Poncelet Award

. '
S®e# o his contribution to development and
innovation into bioencapsulation domain

Sponsored by PI‘OCteI‘ & Gamble

(0/W) solvent evaporation technique
(Privalova et al., 2015). Briefly, an
oil phase was obtained by dissolving
PDLLA (8%, w/v) in a methylene chlo-
ride : acetone (9:1, v/v). The solution
was transferred to an aqueous phase
containing either PVA (2.5%, w/v) or
Chit-LA (2.5%, w/v] and incubated
at stirring (500 rpm, 15 C) for 1h. MC
modified with Chit-Gel-PLA copoly-
mer were prepared by introducing the
copolymer into the oil phase. The MC
were settled, washed, and lyophilized.
MC fraction of 125- 280 pm was frac-
tionated using metallic sieves and then
sterilized by UV irradiation in a lami-
nar flow for 2 h.

TRAP was entrapped into PDLLA mi-
crobeads as descrided earlier (Stashe-

vskaya et al., 2007). MC size distri-
bution was determined using Coulter
Counter Multisizer and optical micros-
copy (Olympus Provis, Japan) combi-
ned with an image analysis software
(Lucia, Nikon). To modify MC surface by
physical adsorption, chitosan was dis-
solved in sodium acetate buffer (0.3M,
pH 4.5), to get 1% (w/v) solution. Then
the obtained solution was sterilized
(0.2 mm PES filter, Whatman Puradisc,
UKJ, and the aliquots were added to
previously sterilized MC (20 mg of MC
/200 mL of the polymer solution). After
incubation at RT at agitation (200 rpm,
2 h), the MC were washed three times
with a steril PBS (pH 7.4) and used for
cell cultivation. In case of Chit-LA and
Chit-Gel-PLA copolymer added into
the oil phase, MC formation and sur-
face modification were carried out at
the same time (in one step).

Cell cultivation

Mouse fibroblasts (L929) were culti-
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Fig.1. Shemes of microcarrier preparation (A,B,C,D) and cultivation of mouse fibroblasts
L929 on PDLLA microcarriers loaded with TRAP-6 (a), or coated either with chitosan (b)
or with chitosan-based copolymers (c].
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vated in DMEM medium supplemented
with 10% FBS in 5% CO, humidified
atmosphere at 37 C. The cells were
re-seeded into a fresh medium every
2-4 days. Cell culture on MC was per-
formed in 96-well non-adherent cell
plates (Sarstedt, Germany) Each well
contained 20 mg of MC and 200 mL of
DMEM. Initial cell concentration was
5-10 x104 cells/mL of culture medium.
Cell viability was calculated by MTT-
test.

Characterization of the micro-
carriers and cell growth

Scanning electron microscopy (SEM]
and confocal laser scanning micros-
copy (CLSM] were used to characterize
MC surface and to control cell attach-
ment and growth on the MC. Freeze-

dried MC were coated with an Au-Pd
layer (Sputtering Balzer, SCP-20).and
studied using JEOL-840M microscope
(A Technics, Tokyo) at a voltage of 19
kV. To study cell growth on the MC, the
samples were fixed with 2.5% (w/v]
glutaraldehyde solution for 1 h, fol-
lowed by washing with mQ water and
a post-fixation with a 1% (w/v) osmium
tetroxide solution for 1 h. Then the
samples were sequentially dehydrated
in a series of ethanol solutions (30, 50,
75, 95, and 100%) and finally dried by
critical point technique.

RESULTS & DISCUSSION

The schemes for preparation of PDL-
LA MC are shown in Figure 1 (A, B, C,
D). PVA is commonly used as a sta-
bilizer in O/W or O/W/O evaporation

MC

SEM

PDLLA/PVA

CLSM

PDLLA/Chit-LA

238 188rm

Wo39

8 108Fm

PDLLA/Chit-Gel-

HD33

Fig. 2. SEM images of microcarriers and CLSM images of L929 cells growing on them.
Cell nuclei are stained with Hoechst (in blue) and cytoplasm of alive cells is stained with

Calcein AM dyes (in green).

techniques (Fig.1 A). However, as can
be seen from Fig. 2, that the cells don't
spread well enough at the surface of
the MC prepared by this classical tech-
nique. Modification of the MC surface
with chitosan by its adsorption from
the chitosan solution (Fig. 2 B) allows
to improve cell adhesion and sprea-
ding, and as a result to increase cell
proliferation (Fig.1 b). Modification of
the MC with chitosan-based copoly-
mers by their addition to water phase
(Fig. 1 C) or oil phase (Fig.1 D], res-
pectively, allows to bring chitosan
positive charged amino groups to the
MC surface. In both cases one can ob-
serve better cell spreading (Fig.2), and
enhanced proliferation (Fig.1 a and b).

TRAP-6 was earlier shown to promote
wound healing in a gastric ulcer rat
model (Rusanova et al., 2006]. Loading
of the MC with TRAP-6 resulted in an
increased cell proliferation (Fig. 1 al.
On the other hand, surface modifica-
tion of PDLLA MC with chitosan also
improved cell proliferation (Fig.1 b).
However, this first approach when
MC surface was coated by polycation
sorption from chitosan solution, did
not allow us to load TRAP in the micro-
beads. A low molecular weight peptide
was quickly released from the MC (ap-
prox. 80% in 2h incubation of the MC in
the chitosan solution).

Thus, the second approach can be pro-
posed to get MC with enhanced sur-
face loaded with TRAP-6.

CONCLUSIONS

A novel technique to obtain microcar-
riers with enhanced surface chemistry
has been developed. The modified MC
were prepared using 2 approaches,
namely 1) coating the MC by chitosan
sorption and 2) adding chitosan-based
copolymers, in particular Chit-LA or
Chit-Gel-PLA, into water or oil phase,
respectively, directly at micropar-
ticle formation. The second approach
allowed to obtain PDLLA microbeads
with enhanced surface chemistry in
one step. This simple approach allows
to entrap bioactive peptide TRAP-6 in
the microcarriers, and therefore, it
will be used in the nearest future for
that purpose. The modified MC were
successfully used to culture mouse
fibroblasts L929. Cell behavior (adhe-
sion, spreading, growth and prolifera-
tion) on the MC prepared by different
techniques was studied by SEM and
CLSM. The proposed MC can be pro-
mising for tissue engineering.
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BRG FURURE EVENTS

19TH MICROENCAPSULATION
INDUSTRIAL CONVENTION

Frankfurt, GermanyApril 4-6, 2016
12 lectures, exhibition

and hundreds of one-to-one meetings

http://bioencapsulation.net/2016_Frankfurt/

8TH TRAINING SCHOOL
ON BIOENCAPSULATION

Cork, Irland - May 30 - June 2, 2016
11 lectures and
3 half days of practical demonstrations
http://bioencapsulation.net/2016_Cork

23TH INTERNATIONAL CONFERENCE
ON BIOENCAPSULATION

Lisbon, Portugal - September 21 - 23, 2016
40 oral presentations and
tens of posters
http://bioencapsulation.net/2016_Lisbon/
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CORE-SHELL HYDROGEL PARTICLES BY ALL-AQUEOUS MI-

CROFLUIDICS

Mytnyk, S., Totlani, K., Mendes, E., van Steijn, V., Kreutzer, M.T., van Esch, J.H.

INTRODUCTION AND
OBJECTIVES

Encapsulation and compartmentaliza-
tion are crucial to important functions
in biological systems and technology,
such as controlled release and deli-
very (Mitragotri, 2012], storage and
protection of incompatible compo-
nents (Nguyen, 2002), and separation.
Droplet microfluidics has been shown
to be highly efficient method for conti-
nuous fabrication of compartmenta-
lized microparticles with unsurpassed
control over their structure and
contents (Theberge, 2010). Most com-
monly, they are templated by water-
in-oil emulsions, which significantly
limits the applicability of this approach
for bio- and drugs encapsulation,
where presence of organic phases
may damage the cargo or increase the
toxicity of the formulation. Potential
solution to these limitations may be in
the use of water-in-water emulsions,
formed by so-called aqueous two-
phase systems (ATPSs] - immiscible
aqueous solutions of two polymers,
polymer and a surfactant or polymer
and a salt (Hatti-Kaul, 2000). However,
due to high viscosities of the polyme-
ric phases and ultra-low interfacial
tensions, stable formation of mono-
disperse droplets generally remains
challenging.  Typically, additional
mechanical actuation (piezo-electric
bending, mechanical vibrations etc.)
is required to achieve controlled jet
break-up, which leads to further com-
plexity of the equipment employed.

Herein, we describe an approach to
continuously producing compartmen-
talized hydrogel microparticles with a
liquid core in fully aqueous conditions.

MATERIALS & METHODS

Our method consists of generating a
water-in-water double emulsion in a
non-planar flow-focusing microflui-
dic device with a consequent on-chip
photo-cross-linking of the shell of the
particles (Fig. 1). Previously, we re-
ported the use of a microfluidic device
with planar architecture and piezo-
electric mechanical actuator to pro-
duce monodisperse hydrogel beads
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Figure 1. Schematic illustration of the production of core-

shell particles..

in fully aqueous system using on-chip
polymerization (Ziemecka, 2011).
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Aqueous solutions of dextran (MW =
500.000, Alfa Aesar) and poly(ethylene
glycol] (PEG, MW = 10.000, Sigma)
were used as immiscible phases. Dex-
trans, constituting the shell, were mo-
dified with alkyne and thiol moieties to
enable radical cross-linking via thiol-
yne photo-"click” (Fig. 2). Alkyne mo-
dified dextran (DS = 0.04) was prepa-
red by epoxide opening reaction with
glycidyl propargyl ether in basic condi-
tions. Thiol-functional dextran (DS =
0.2) was prepared by carboxymethyla-
tion of dextran followed by EDC-NHS
coupling to cysteamine. Both poly-
mers were dissolved in 1:1 weight ratio
to form dextran phase. All polymeric
solutions were filtered using 0.45 pm
syringe filters to remove any insoluble
impurities and supplied to microfluidic
device using syringe pumps (Harvard
Apparatus Plus].

For droplet

=== 000 000

Cross-linking

UVA include two flow focu-

o sing junctions, which
= allowed us to form a
jet-in-jet flow. Resul-
ting jet spontaneously
broke up into core-
shell droplets due to
the development of the
Rayleigh - Plateau ins-
tability and generated
droplets were cross-
linked by the exposure
to UV light (300-400 nm band pass
filter) in the presence of radical pho-
toinitiator (Fig. 1). Particles were then
collected in a solution of a quenching
agent (5% sodium ascorbate) and cha-
racterized.

RESULTS & DISCUSSION

Non-planar device architecture was
chosen to remove the stabilizing in-
fluence of the top and bottom of the
channels (partial wetting), which pre-
vented the jet from spontaneous dro-
plet formation previously (Fig. 3). This
strategy also minimizes the clogging
of the channels, caused by sticking of
the particles which were polymerized
while in contact with the surface, thus
significantly increasing potential ope-
ration time of the devices.

Delft
e t University of
Technology

We achieved continuous production
of core-shell particles: after up to 6
hours of operation, devices did not dis-
play any signs of clogging. Core-shell
particles of the average diameter of

generation,
PDMS-based
non-planar  mi-
crofluidic  device
was  employed.
It consisted of 2
symmetrically
patterned PDMS
slabs bonded
together after
plasma

activa-
tion. Devices Figure 2. Dextrans for thiolyne cross-Llinking.
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2 b stability of these mi- to continuously producing hydrogel
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100 yum were produced. Low interfacial
tension of this system allows several
different instabilities in the jet to grow
simultaneously which leads to higher
polydispersity compared to conventio-
nal droplet microfluidics.

Due to direct break-up of the double
jet into core-shell droplets, instead
of a mixed jet, we were able to reduce
necessary residence time of the dro-
pletsin the device before cross-linking.
Such approach also

Chemical functionality
of the dextran hydrogel
may also allow cova-
lently binding certain
objects inside the shell thus increa-
sing the selectivity of loading. Additio-
nally, size-dependent release may be
possible to achieve by controlling the
degree of swelling of these particles,
and thus the pore size of the hydrogel
network.

CONCLUSIONS & PERS-
PECTIVES

minimizes the possi-
bility of leakage of the
contents of the core-
phase into the outer
PEG flow.

Morphology of the
particles was studied
using bright-field and
fluorescent  micros-
copies (Fig. 4). Par-
ticles remained stable
in solution for over a
month. Drying with
consequent rehydra-
tion of the particles did
not lead to any obser-
vable changes. Upon
immersion in distilled
water particles swel-
led increasing in size
up to 3 times while
still retaining their
core-shell structure
and not displaying any
signs of rupturing.

Figure 4. Top - bright-field microscopy image of freshly prepa-
red particles; bottom - CLSM images of core-shell particles;
dextran-FITC was added to the dextran shell-phase and is
depicted in green. Scalebars: left - 100 ym, right - 50 pm.

Mater., 14, 4300-4306 (2002).

e Theberge, A. B., Courtois, F.,
Schaerli, Y. et al. Microdroplets in
microfluidics: an evolving platform
for discoveries in chemistry and
biology, Angew. Chem. Int. Ed., 49,
5846 - 5868 (2010).

e Hatti-Kaul, R. in Aqueous two-phase
systems: methods and protocols (ed.
Hatti-Kaul, R.}, 1-3, (Humana Press,
2000).

e Ziemecka, I., van Steijn, V., Koper, G.
J. M. et al. All-aqueous core-shell
droplets produced in a microfluidic
device, Soft Matter, 7, 9878-9880
(2011).
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SPHERICAL AND ELONGATED MICELLAR CARRIERS AS
VERSATILE THERANOSTIC DEVICES

Jennings, L.1, Ivashchenko, 0.2'3, Laan, A.Z, Waton, G.1, van der Have, F.2'3, Beekman, F. J.2'3, Schosseler, F.1, Mendes, E.2

INTRODUCTION & OB-
JECTIVE

The production of nanoparticles is a
very active field of research thanks to
the plethora of applications for novel
nano-sized materials. Full control
over the size and morphology of na-
noparticles is of fundamental impor-
tance for any of their possible appli-
cations. In particular, particles which
combine a hydrophobic core with a hy-
drophilic corona are particularly pro-
mising for drug delivery applications.
Drug molecules, being generally very
hydrophobic, can be efficiently encap-
sulated into the core of these micellar
particles. The hydrophilic corona, at
the same time, grants water solubi-
lity and biocompatibility to the drug-
micelle compounds. Moreover, it has
been shown that nanoparticles with
the right size can passively accumu-
late within solid tumors thanks to the
enhanced permeability and retention
effect (EPR](Fang, 2011). This effect
consists in the extravasation of par-
ticles that can permeate through the
leaky tissue of vascularized tumors.
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One of the most promising routes to-
wards simple production of complex
nanoparticles is that of polymer self-
assembly. By tuning the solvent qua-
lity for one of the blocks of a block co-
polymer, a driving force is generated
that pushes the separate unimers to
assemble into core-corona supramo-
lecular structures lowering the energy
of the system. This is done with small
water soluble surfactants which form
micelles at equilibrium and also with
larger amphiphilic block copolymers.
While surfactant micelles are very dy-
namic systems due to the fast kinetics
of these small molecules in water, one
can achieve kinetically frozen micel-
lar aggregates using high molecular
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weight block copolymers which are
not soluble in the destination solvent.
The advantage of kinetically frozen
micellar aggregates are several: the
stability of the structures does not
depend on copolymer concentration
or, within limits, on temperature. This
prevents leakage of entities encapsu-
lated in the core of the micellar nano-
particles. Moreover, due to their out of
equilibrium nature, it is possible to ob-
tain very complex morphologies (Zhu,
2008; Cox, 1999)

In this work block copolymers of po-
lystyrene-b-poly(ethylene oxide) have
been used to prepare micellar car-
riers of different morphology suitable
for radioisotope imaging.

MATERIALS & METHODS

Poly(styrene-b-ethylene oxide) block
copolymers PS, ., -PEO, ., (Mn/Mw =
1.09) and PS, . -PEO,, (Mn/Mw = 1.04)
were both purchased from Polymer
Source Inc. (Montreal, QC, Canada).
The fluorescent dye 1,1'- Dioctadecyl-
3,3,3",3’tetramethylindocarbocyanine
perchlorate (Dil), from Sigma Aldrich.

Micelle formation

The micelles are formed using a co-
solvent evaporation method: an emul-
sion of chloroform-copolymer in water
is stirred until the organic solvent
evaporates. This causes a copolymer
concentration increase in the shrin-
king emulsion droplets which results
in lower surface tensions between the
solvents and finally in a critical forma-
tion of nanocarriers as a way to change
the surface to volume ratio. Fluores-
cently labelled nanocarriers were pre-
pared by dissolving the dye Dil in the
chloroform-copolymer stock solution.

Spherical micelle characterization

The intensity weighted particle size
distribution and average hydrodyna-
mic radius of the spherical micelles
were obtained by Dynamic Light Scat-
tering (DLS). Each micelle sample was
diluted to a concentration of 0.1 mg/mL
and measured using an ALV/DLS/SLS-

5020F experimental setup (ALVLaser
Vertriebsgesellshaft mbH, Langen,
Germany) with a He-Ne laser (22 mW,
A0=632.8 nm], a compact ALV/CGS-8
Goniometer system, and an ALV-7002
autocorrelator.

Elongated micelle characterization

The diameter and length of the elonga-
ted micelles was determined by scan-
ning electron microscopy. Droplets of
10 pL of micelle solution were diluted
to 0.1 mg/mL and spincoated onto 5x5
mm silicon substrates. These were
imaged using a SU8000 Ultra High Re-
solution Cold-Emission FE-SEM Scan-
ning Electron Microscope (Hitachi).
The samples were imaged at 1kV acce-
leration voltage and without applying
any conductive coating to the sample.

The length distribution of the elongated
micelles was reduced using a homoge-
nizer (Ultra Turrax IKA basic T10). Each
sample of 2.3 mL was homogenized at
30k RPM for 30 seconds in total.
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Radiolabelling

A solution of 2.3 mL PBS (pH 7.4) and
1 mM tropolone is prepared. The re-
quired amount of """In is added to this
aqueous solution and the solution is
stirred using a glass coated magne-
tic stirring bar for 5 minutes to allow
the formation of tropolone "'In com-
plexes. A 100 uL aliquot of polymer
stock solution is added and an emul-
sion with water is formed by stirring
the two immiscible solvents with a
glass magnetic stirring bar. The emul-
sion is kept mixing until all the chloro-
form has evaporated.

Purification of the micelles from
unencapsulated and uncomplexed
tropolone and "'in was done by size
exclusion chromatography using Se-
phadex® G-25 gel. Elution fractions
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are collected and the activity of each
one is counted in a 2480 Wizard2 Auto-
matic Gamma Counter (Perkin Elmer).

Animal handling

Animal experiments were performed
with C57Bl/6 mice according to pro-
tocols approved by the Animal Ethical
Committee of the UMC Utrecht and in
accordance with Dutch Law on Animal
experimentation. SPECT/CT imaging
was used as a noninvasive method to
access circulation dynamics and tissue
deposition of ""In-labelled micelles.

Six mice were divided into three study
groups of two animals and assigned for
imaging with sPSL, sPSS or ePSS "In-
labelled micelles respectively. All ani-
mals were anesthetized with isoflurane
and injected with activity via a tail vein.
Average injected activities per study
group were 1.45 MBq (1.5 mg) ""In-
sPSL, 0.26 MBq (1.8 mg) """In-sPSS and
0.42 MBq (1.5 mg) """In-ePSS respec-
tively. After this, total body SPECT/CT
scans of 30 minutes were acquired at
just after the injection, 24 and 48 hours
post-injection (p.i.).

RESULTS & DISCUSSION

The micelles were loaded with a fluo-
rescent probe in order to follow their
internalization in HelLa cells. The
internalization of the micelles within
the cells was evaluated from confo-
cal microscopy images. It was found
that the elongated micelles, although
through a slower uptake path, are able
to deliver more dye to the cells within
24 hours of incubation.

In order to evaluate the biodistribution
of the carriers of different morpholo-
gy, healthy female C57BLl/6 were used
for noninvasive in vivo SPECT imaging.
The micelles were radiolabelled by
encapsulating in their core an apolar
complex between a chelator molecule
and "Mndium.

The results of the SPECT biodistribu-
tion show accumulation occurring pri-
marily in liver and spleen, with partial
uptake in the cortex of the kidneys. Full
retention of the injected activity shows
no clearance through fast pathways.
While the accumulation in the kid-
neys is constant between the different
samples, the ratio of carriersin spleen
and liver changes strongly depending
on the morphology of the carrier used.

The smaller spherical micelles (""'In-
sPSS] show the longest circulation

time and a very simi-
lar uptake between
liver and spleen. The
larger spherical mi-
celles, ("In-sPSL),
have a slightly lower
accumulation in the
liver when compared
with the "In-sPSS,
however the accumu-
lation in the spleen
shows a two fold
increase. Finally the
elongated  micelles
"Mn-ePSS are less
uptaken by the liver
but show a five fold
increase in the spleen
accumulation  when
compared with the
sPSS. This is probably
due to the high stiff-
ness of the carriers
which doesn’t allow
them to go through
the spleen filtration.

"In-ePSS

Allcarriersshowacir-
culation time which is
longer than 24 hours,
however the increase
in spleen activity for
the sPSL and ePSS at
48 hours suggests a higher susceptibi-
lity of the carriers to opsonisation.

CONCLUSIONS

In this work micellar carriers of dif-
ferent morphologies were prepared
using a co-solvent evaporation me-
thod. This method allows to encap-
sulate hydrophobic entities in the
hydrophobic core of a water soluble
micelle. This technique was used to
encapsulate both a hydrophobic dye by
dissolving it in the organic solvent-co-
polymer solution, and also to encapsu-
late an apolar complex formed in the
aqueous phase.

The fluorescently labelled nanopar-
ticles were used to follow their inter-
nalization in Hela cells and the radio-
labelled ones were used to determine
the biodistribution of the carriers in
healthy mice.
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Figure 1: SPECT total body scans of mice at 0, 24 and 48

hours post injection. The activity per tissue volume was cal-
culated from these quantified SPECT images.
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SONICATION-ASSISTED LAYER-BY-LAYER NANOPAR-
TICLES OF RESVERATROL

Santos, A. C.*, Pattekari, P.}, Veiga, F. *, Lvov, Y. £, Ribeiro, A. J.*

INTRODUCTION & OB-
JECTIVE

Resveratrol (RSV) is a polyphenol with
numerous and potent reported thera-
peutic activities, namely antioxidant
properties. However, RSV bioavailability
is compromised by its low water solu-
bility, stability and high metabolization.
These properties can be improved by
the encapsulation of RSV using nanode-
livery systems (Santos 2011).

Layer-by-Layer (LbL]) assembly is an
advanced functionality technique based
on the alternate adsorption of opposi-
tely charged polyelectrolytes (PEs) upon
surfaces. This approach allows the pre-
paration of coatings with variable com-
positions and controllable thickness
stability (Santos 2015). In this work, it is
intended to develop RSV-loaded LbL na-
noparticles (RSVNP) for encapsulation
and controlled delivery of RSV, with no
use of intermediate washings between
PEs adsorption. RSV nanocores are
prepared in water by RSV nanopreci-
pitation in the presence of surfactants.
These surfactants form a RSV-nano-
core attached layer which further an-
chors the LbL shell, allowing for better
performance of the process. Newly and
detailed characterizations of the LbL
shell are made using poly(allylamine
hydrochloride) (PAH) as polycation and
dextran sulphate (DS) as polyanion. For
this, sequential PE adsorption upon RSV
nanocores is carried out by the addi-
tion of the necessary amount of PEs for
each layer of the LbL shell, determined
by PE titrations curves. PAH and DS are
used as PEs with low molecular weight,
regarding their high surface charge,
stability, and biocompatibility (Santos
2015, Diez-Pascual 2014). The novelty of
the present work is to prepare RSVNP
for oral delivery by sonication-assisted
LbL without intermediate washings, and
using PAH and DS as PEs.

MATERIALS & METHODS

RSV crystals powder was dissolved in
acetone at 20 mg/mL, and 60 pL of the
concentrated solution was added to an
aqueous solution containing 1 mg/mL
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Fig. 1: PEs Titrations. Stepwise addition of (a] PAH to RSV nanocores and (b) DS to RSV-

PAH NPs.

polyvinylpyrrolidone (PVP 17 PF, 7-11
kDa) and 0.005 mg/mL sodium lau-
rylether sulphate (SLE2S, 28% (w/w))
at pH 3.5. Small aliquots of cationic
poly(allylamine hydrochloride] (PAH,
15kDa) and anionic dextran sulphate
(DS, 5 kDa) 1-4 mg/mL were added
sequentially to RSV dispersion under
constant sonication up to 7.5 bilayers
deposition over 20-50 min. The amount
of PE needed to recharge the surface of
nanoparticles (NPs) was determined for
each layer assembly by zeta-potential
(ZP) monitoring, using electrophoretic
light scattering. Particle size was moni-
tored by dynamic light scattering. For-
mulations with 2.5, 5.5 and 7.5 bilayers
of PEs were considered for further stu-
dies.
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Encapsulation Efficiency was determi-
ned after 0.5 mL of RSVNP were added
into a Centrifugal Concentrator (5 kDa
MWCO] and centrifuged at 4000g for 20
min. The RSV EE was determined indi-
rectly, after filtrate analysis by HPLC.

In vitro release kinetics of RSV from
RSVNP was evaluated in HCl buffer at
pH 1.2 for 2 h followed by PBS pH 6.8 up
to 120 h, to simulate gastric and intes-
tinal fluids (USPXXIV], respectively. 1
mL of RSV crystals suspension, RSV
nanocores and RSV formulations were
introduced into dialysis membranes de-
vices (Float-A-Lyzer G2, 3.5 kDa MWCO)

and vertically suspended in 8 mL of re-
lease media, at 37 °C and stirred at 200
rpm. At predetermined time intervals,
samples were withdrawn and replaced
with equal volume of the corresponding
fresh media. RSV concentration was de-
termined by HPLC quantification.

RESULTS & DISCUSSION

RSV nanocores preparation was achie-
ved using surfactants to prevent crys-
tal growth and provide NPs stabiliza-
tion. After nanocores preparation, for
each LbL shell layer formation, the PE
concentration sufficient to saturate the
surface was determined by tracing PE
titration curves (Fig. 1.

Intrinsic magnitude charge of initial RSV
nanocores was negative, as showed in
the first point of Fig. 1a, the titration
of the RSV nanocores surface. Since
the LbL process is based upon elec-
trostatic interactions, RSV nanocores
surface charge determined the order
addition of the PEs pair. The first added
PE was, thus, the polycation PAH (Fig.
1a), followed by the polyanion DS (Fig.
1b). A range of PE concentrations were
investigated for each layer, regarding
ZP values. In practice, the complete
deposition of PE was suggested by the
recharging point of each titration curve,
which was the requisite to proceed for
the next PE layer deposition. It can be
seen in Fig. 1a that the point of plateau
started at 16.7 ug PAH/ mg RSV. In Fig.
2b, this value corresponded to 33.3 pg
DS/ mg RSV. Differences were obser-
ved between PAH and DS titrations.
Upon PAH addition, an increasing effect
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Fig. 2: ZP reversal during LbL-assembly.

on ZP value along with a more gradual
plateau onset was verified, following
an exponential fitting model (R2 > 0.96,
Fig. 1a). DS originated a clear plateau,
approaching to a sigmoid fitting model
(R2 > 0.95, Fig. 1b). This difference
could be explained to the difference in
charge density of PEs. Only the two first
titrations of the LbL shell were depic-
ted, however the procedure was simi-
lar for the followed PE layers ensuring
no PEs excesses. Values of ZP magni-
tudes during the process of adsorption
are present in Fig. 2. After adsorption
of PAH to RSV nanocores, drug NPs
were recharged to high positive surface
charge (+26.2 £ 1.0 mV], conferring high
physical stability to nanocores. The
addition of DS promoted the reversion
of the surface charge to negative values
(-26.7 £ 2.2 mV). The strongly charged
LbL-coated NPs repulsed, maintaining
colloidal stability 2. The LbL proceeded
by consecutively alternating PE addi-
tions. Given the higher ZP magnitude
of PAH layers comparing to DS layers,
PAH was chosen for

loids showed homogenous particle size
populations at the desired nanoscale
interval (150-250 nm). LbL 7.5-bilayers
coated NPs (the most complex formu-
lation) showed 219 + 1 nm and 0,17 of PI;
high electrical surface ZP of +31 £ 0.5
mV; and a high drug content of 92 + 2%.

In vitro release studies with RSV crys-
tals, RSV nanocores and LbL NPs with
2.5, 5.5 and 7.5 bilayers of PAH/DS
were investigated in simulated gastric
followed by intestinal fluids without en-
zymes (Fig. 3). 2.5-bilayered coated NPs
and RSV nanocores showed a higher
dissolution rate in simulated gastric pH
in relation to RSV crystals and 5.5 and
7.5- bilayered coated NPs. RSV crys-
tals, in turn, showed higher dissolution
rate in relation to the most complex LbL
formulations. This indicates an effect
of shell wall thickness on RSV delayed
dissolution. Besides these differences,
after 2 hours of in vitro simulated gas-
tric incubation, most RSV remained
associated to LbL NPs (> 80%], indica-
ting that these systems promoted good
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Fig. 3: In vitro RSV release from studied formulations in gas-

tric and intestinal simulated media.

gastric resistance, namely for 5.5- and
7.5-bilayered coated NPs, emphasi-
sing the important role of LbL shell on
RSV protection. Following a pH change
to 6.8, a biphasic release pattern was
observed, characterized by an initial
rapid release during the first 1.5 hours
followed by a delayed release up to 6 h.
These results showed a very good fit
with the exponential kinetic model (R2
> 0.99]), suggesting an apparent first-
order behaviour. No differences were
detected between 2.5-bilayered coated
NPs and RSV nanocores. Both formula-
tions led to slightly faster release than
non-encapsulated RSV crystals and
5.5- and 7.5-bilayered NPs, due to the
low complexity of LbL shells and also
because of the NPs small size compa-
red to micrometer size of RSV crystals
(like it happened previously in simula-
ted gastric medium). Surface area was
higher between nanocores and 2.5-bi-
layered coated NPs and the release
medium in comparison to RSV crystals.
Moreover, according to Noyes-Whitney
equation, an enhancement of satura-
tion concentration and a decrease in
particle size into the nanoscale caused
an increase in the dissolution rate (No-
khodchi 2010).

An increasing effect of the number of
coating bilayers on delayed release of
RSV was observed.
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This effect was probably due to the
enhancement of shell wall thickness,
which conducts to increased diffusio-
nal path for RSV and, thus, for a RSV
delay from the core to the LbL shell
2. For example, at 4 hours, only 51%
of RSV in 7.5-bilayers coated NPs was
released as compared with of 60% the
5.5-bilayers and 91% of the 2.5-bilayers
samples. Non-complete drug release
from LbL PE bilayered shells was re-
ported before and it is related to the
complexity of the LbL shell 2. Compa-
ring to our previous results 2, DS pre-
vented significant premature release of
RSV by providing higher retention capa-
city than polystyrenesulfonate (PSS) at
gastric pH. This predicts higher availa-
bility of RSV for absorption in the intes-
tine. Alongside, LbL technique allowed
for the control of RSV release rate from
PAH/DS-stabilized NPs depending on
the number of coating bilayers in the
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shell.

CONCLUSIONS

The combination of nanocores for-
mation by nanoprecipitation with LbL
self-assembly allowed for the nanoen-
capsulation of RSV by using a PAH/
DS-composed shell. Modification of
the traditional LbL technique avoided
the use of intermediate washings. We
changed a traditional microencapsu-
lation approach for well soluble drugs
encapsulated in multilayer shells to a
nanoarchitectural design of well dis-
persed low soluble RSV nanocolloids.
The RSV release rate of LbL coated NPs
was controlled by varying the number
of PEs bilayers and shell composition.
Moreover, using a PAH/DS-composed
shell showed to significantly retain RSV
in simulated stomach conditions, being
the present technique proposed to for-
mulate a viable oral delivery system for
RSV.
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USE OF VEGETABLE OILS ON FORMULATION OF EFFICIENT
BIOACTIVE LIPID NANOCARRIERS

Pinto, F., De Barros, D.P.C., Fonseca, L.P. -

INTRODUCTION AND
OBJECTIVES

The use of natural ingredients is high-
ly pursued, particularly in cosmetics,
with an ongoing search for developing
efficient products with broad biolo-
gical relevance (Niculae et al., 2013).
Vegetable or natural oils exhibit great
interest as raw materials in all sectors
of industry, due to their well-known
beneficial health effects. They present
inherent antioxidant, anti-carcinoge-
nic and anti-inflammatory activities
which are maintained or can be en-
hanced once encapsulated at nanos-
cale (Badea et al., 2015). Solid lipid
nanoparticles [SLNs], nanostructured
lipid carriers (NLCs), nanoemulsions
(NEs) and nanocapsules (NCs), have
been used to incorporate and deliver
active molecules in cosmetic pro-
ducts (Montenegro, 2014). NLCs are
composed of a mixture of solid lipids
and oils that is stabilized by an outer
layer of surfactants and which allows
the formation of an overall amorphous
nanostructured with many imperfec-
tions within its matrix, providing NLCs
a higher drug capacity and a lesser de-
gree of drug expulsion during storage
(Zheng et al., 2013). These lipid sys-
tems are safe and biodegradable car-
riers due to their generally recognized
as safe (GRAS) ingredients. Moreover,
the NLCs present several advantages
as improved drug loading capacity and
less drug expulsion during storage,
enhanced permeation, low production

cost and are easy to scale up (Pinto et
al., 2014).

The main subject under scope of this
work is to develop safe and effective
lipid nanocarriers based on natural
ingredients that can be incorporated in
cosmetic formulations to successfully
deliver active ingredients. The present
study aimed to evaluate the influence
of vegetable oils in different propor-
tions and the effect of the fatty acid
chain length of solid lipids on struc-
ture and on physicochemical proper-
ties of NLCs. Contributions of the solid
and liquid lipids to the particle distri-
bution were analyzed by dynamic light
scattering (DLS).

MATERIALS & METHODS

Materials

Solid lipids: capric acid, C10 (298%];
lauric acid, C12 (298%); myristic acid,
C14 (Sigma Grade, 299%]); palmitic
acid, C16 (299%) and stearic acid, C18
(295%) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Liquid
oils: Sunflower oil (SF), (Fula, Portu-
gal) and olive oil (OV], (Gallo, Portugal)
were food grade commercial products;
sweet almond oil (SA), (Well’s, Portu-
gal] cosmetic grade; coconut oil (COJ,
with analytical grade (Supelco, USA).
Tween 80 (polyoxyethylene sorbitan
monooleate] was obtained from Merck
(Darmstadt, Germany). The aqueous
phase of miniemulsions was prepared
with Milli-Q water.
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Figure 1 - Mean particle size and PDI data of NLC formulations
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Preparation of

0.350 NLCs
0.300

vegetable

0.000 an ultrasonication

step. The aqueous
phase consisted
in 2,5% (wt%) of
surfactant (Tween
80) in Milli-Q wa-
ter and the lipid

based on particle size measurements. Influence of oil content and phase, 5% (Wt%),

composition on NLCs made from capric acid (C10] as solid lipid.

consisted in a

Instituto Superior Técnico, Universidade de Lisboa, Portugal

blend of a solid lipid with a vegetable
oil. The lipid phase was heated to 70°C
until the solid and liquid lipids were
blended and melted to form a uniform
and clear oil phase. This phase was af-
ter added to the aqueous at the same
temperature and both phases were
mixed by the aid of magnetic stirring
for 30 min. The pre-miniemulsion was
then fully homogenized with a probe-
type sonicator (Sonopuls - Ultrasonic
homogenizer, Bandelin, Germany] for
5 min. The resultant nanoemulsion
was subsequently cooled to room tem-
perature and stored.
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Characterization of particle
size, PDI and surface charge

Particle size, whichyields the hydrody-
namic diameter, Rd (intensity weighted
mean diameter) and polydispersity in-
dex (PDI) were determined by dynamic
light scattering (DLS), using a Malvern
Zetasizer Nano ZS (Malvern Instru-
ments, UK). Prior to measurements,
all samples were diluted using Milli-Q
water to produce an adequate scatte-
ring intensity. All measurements were
performed at 25°C and data was given
as average of three individual mea-
surements. Each measurement was
performed in triplicate at 25°C. The
zeta potential (ZP) reflects the electric
charge on the particle surface and in-
dicates the physical stability of colloi-
dal systems and it was measured with
the same equipment by using electro-
phoretic light scattering technique.

RESULTS & DISCUSSION

Effect of oil content and com-
position on NLCs size and phy-
sical stability

In this study, NLCs were prepared with
capric acid (C10) as solid lipid and with
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different vegetable oils. The percen-
tage of lipid phase (blend of solid lipid
and liquid oil] on the miniemulsions
was kept constant being 5% (w/w) of
the total formulation, while the liquid
oil contentin the lipid phase was varied
in to different solid lipid to oil ratios.

The mean particle size (Z.average), the
polydispersity index and zeta potential
of the lipid nanocarriers are illustra-
ted in Figures 1 and 2, respectively.
NLCs with particle sizes ranging from
126 to 228 nm and with relatively uni-
form particle size distributions (PDI of
0.145 - 0.293) were obtained. It could
be observed in Figure 1, that the ave-
rage size of the NLC decreases with
the increase of liquid oil amount up to
80%. This may be due to that the liquid
oil could be more easily dispersed
into the aqueous phase and contribu-
ted to smaller particles (Zheng et al.
2013). On the other hand, the diffe-
rence on the fatty acid compositions
of the used vegetable oils seems to
has low influence on the particle size
of final NLCs being this affected by
the percentage of oil on the lipid ma-
trix. The lowest average sizes were
obtained with 40:60 and 20:80 ratios,
independently of the used oil, with an
exception for the 60:40 (capric acid:
sunflower oil) ratio which also de-
monstrated a low value.

The physical stability of colloidal sys-
tems is determined in function of zeta
potential, which quantifies the particle
charge. In theory, higher values of zeta
potential, either positive or negative,
end to stabilize the suspension and
aggregation phenomena are less likely
to occur for charged particles with

pronounced 0
zeta potential| 2238858
(>1301), due to 5 8598
the electros-

-10 SF

tatic repulsion
between par-
ticles with the

same elec-
trical charge
(Pinto et al.
2014) The de-

termined zeta
potential values
of the formula-
ted NLCs ran-
ged between -17.1 and - 23.0 mV (Fi-
gure 2], which predicts a short-term
stability to the particles.

W TECNICO LISBOA

Effect of fatty acid chain length
of the solid lipid on NLCs size
and surface charge

From the previous study it was cho-
sen the more suitable percentage of
vegetable oil on the lipid phase, that
corresponds to the 40:60 ratio, and
it was kept constant. The NLCs were
prepared with saturated solid fatty
acids ranging from C10 to C18, in order
to study the effect of the chain length
on particle size and physical stability

The particle sizes and PDI of the NLCs,
assessed by DLS, are presented in
Figure 3. It can be observed that in-

creasing the

length of the

solid fatty

acid demons-

trated to have

low influence

250 0,350 on NLCs size.
200 . 0,300 All.the form.u—
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Figure 3 - Z.average and PDI data based on particle size measurements. pite that, lipid

Influence of fatty acid chain length of the solid lipid on NLCs size, with a

constant oil percentage (40:60, solid lipid: vegetable oil).

nanocarriers
made from
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Figure 2 - Zeta potential values of NLCs synthesized with different
vegetable oils and solid lipid to oil ratios

sunflower oil had the lowest particle
sizes which decrease with the in-
crease of the solid fat chain length (136
nm with C10 and 76 nm with C18). This
could be due to a higher proportion of
linoleic acid, an unsaturated lipid, on
sunflower oil composition when com-
pared with the other oils. The polydis-
persity parameter, gives an important
information concerning on sample
homogeneity (Pinto et al. 2014). The
obtained PDI values were below 0.290,
which reflects relatively homogeneous
nanoparticles. Regarding the physical
stability of the obtained lipid nanocar-
riers, it was found that the increase
in the fatty acid chain length had the
same low effect that was noticed with
the particles size. The zeta potential
values were above -22.0 mV for all the
NLCs formulations with the different
vegetable oils, indicating a short-term
stability to the particles and that this
parameter needs to be improved.

CONCLUSION

Through this work, it could be
concluded that all formulations led
to the development of suitable NLCs,
presenting characteristics that would
render them as promising nanocar-
riers with high incorporation poten-
tial of active ingredients. Lipid nano-
carriers with particle sizes ranging
from 76 to 228 nm and with a narrow
particle size distribution were obtai-
ned by the miniemulsion methodo-
logy. The percentage of vegetable oil
in the lipids phase of the miniemul-
sions demonstrated to have influence
on particle size of NLCs. In a contrary
way, the differences on the fatty acids
composition of the vegetable oils and
the fatty acid chain length of solid li-
pids had a low impact in both size and
surface charge of the obtained lipid
nanocarriers. Negative zeta potential
values above -23.0 were determined,
which characterizes the particles with
a short-term physical stability, being




necessary to improve this parameter.
Further analysis of melting behavior,
crystalline state and rheological be-
havior of the particles are necessary
for the full physicochemical charac-
terization of NLCs. Finally, the poten-
tial of these lipid particles as safe and
efficient nanocarriers, to be used on
cosmetic formulations, is being eva-
luated by the determination of the en-
trapment efficiency to different active
ingredients with commercial interest.
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Structuring and control of physicochemical
properties of alginate liquid-core capsules
by biopolymers association
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Date & Place 29-10-2015 - Nancy, France
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The aim of this thesis is to study the physicochemical pro-
perties of alginate liquid-core capsules and to control their
permeability and mechanical properties by biopolymers
blending. These millimeter-scale size capsules are prepa-
red by a reverse spherification process. In a first work, the
influence of polymers used to control capsule liquid-core vis-
cosity (thickening agent) during capsules preparation on per-
meability and mechanical stability of the alginate membrane
was investigated. The mechanical properties of capsules
were correlated with viscoelastic properties of plane algi-
nate hydrogels characterized by small amplitude oscillatory
shear rheology. In a second work, composite capsules with
a membrane of sodium caseinate / alginate were developed
and showed improved stability and pH-dependent release of a
dye used as a model molecule. Finally, the influence of shellac
incorporation in alginate membrane or as an external coating
layer resulted in enhanced properties and decreased mem-
brane permeability against low molecular weight molecules.
Alginate capsules have a wide range of applications which re-
quires a better understanding and control of their properties.
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B-lactoglobulin and lactoferrin complex
coacervates: characterization and puta-
tive applications as encapsulation device
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Supervisor Said Bouhallab
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Affiliation INRA/STLO, France & UFV, Brazil

Recent studies showed the ability of oppositely charged
food proteins to co-assemble into microspheres through
complex coacervation. Understanding the driving forces
governing heteroprotein coacervation process and how it
is affected by bioactives is a prerequisite to use heteropro-
tein coacervates as encapsulation device. The conditions of
optimal B-LG - LF coacervation were determined as well as
the constituent molecular species of the coacervate phase.
To evaluate the B-LG - LF complex coacervation in the pre-
sence of small ligands, models of hydrophobic (ANS) and
hydrophilic molecules (folic acid) were used. High relative
concentrations of small ligands led to a transition from
coacervation to aggregation regime.
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Encapsulation of nisin-producer Lac-
tococcus lactis strain, for active packa-
ging development

MARIAM FLEAR AZIZ BEKHIT

Supervisor Stéphane Desobry
Date & Place 30-10-2015 - Nancy, France
Affiliation Université de Lorraine, France

The present PhD work aimed to design biopolymeric active
packaging entrapping bioprotective lactic acid bacteria
(LAB) and control undesirable microorganisms growth in
foods, particularly L. monocytogenes. First, the mechanical
and chemical stability of the alginate beads were improved,
and consequently the effectiveness of encapsulation was
increased. Alginate/pectin (A/P) biopolymers were prepa-
red, as first microspheres design, by extrusion technique to
encapsulate nisin-producing Lactococcus lactis subsp. lactis
in different physiological state (exponential phase, stationary
phase). Results showed that A/P composite beads were more
efficient to increase beads properties than those formulated
with pure alginate or pectin. Association of alginate and pec-
tin induced a synergistic effect which improved microbeads
mechanical properties. As a second microspheres design,
aqueous-core microcapsules were prepared with an alginate
hydrogel membrane and a xanthan gum core. Results showed
that microcapsules with L.lactis in exponential state gave the
best results and exhibit interesting antilisterial activity. These
microparticles were applied in food preservation and particu-
larly in active food packaging. A novel bioactive film (HPMC,
starch) was developed and tested, entrapping active beads of
alginate/xanthan gum core-shell microcapsules and alginate/
pectin hydrogel enriched with L.lactis.
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Investigation of Particle Movement in a
Lab-Scale Spray Coater

‘ EMRE KARAOGLAN

Supervisor Denis Poncelet; Olivier Rouaux; Sébas-
tien Curet-Ploquin

Date & Place 26-10-2015 - Nantes, France

Affiliation ONIRIS, France

The objective of this work is to develop an understanding of
particle motion in a lab scale spray coater in terms of va-
rious operating conditions, material properties and reactor
design. The airflow rate and its distribution passing through
the reactor was quantified using hot-wire anemometry. The
experimental data was used to construct a standard k-¢
turbulent flow model to predict airflow in the reactor. Par-
ticle movement in the reactor was measured with respect to
airflow rate, particle size, reactor load and reactor interior
design using positron emission particle tracking. Particle
circulation time distributions, time-averaged solid concen-
tration over the reactor, radial/axial particle velocity profiles
and zone-wise particle residence within the reactor were
calculated using the post-processing program, developed to
analyze PEPT data. Shorter and narrowly distributed particle
circulations were observed when the airflow was increased.
A similar behavior was observed when the particle load in the
reactor was increased or the particle size was decreased.
Introduction of a spouting apparatus at the bottom of the
reactor significantly changed the circulation trajectory of
the particles, resulting in faster and narrowly distributed
particle circulation times. Using the airflow model and the
experimental data obtained, a gas-solid fluidization model
was constructed. The particle flow was modeled in a dis-
crete description of motion over a finite element discretized
domain for the first time in the literature. The model was able
to qualitatively predict particle motion, despite lacking quan-
titative accuracy.
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PRODUCTION OF CAPSULES BY COEXTRUSION FOR CO-

LON DELIVERY

Bidoret A1, Binti Mohd Saleh NS1, Acevedo Fz, Morales Ez, Guéraud F3, M. Penningl', Poncelet D'

INTRODUCTION & OBJEC-
TIVE

Co-extrusion of an oil phase in a gel
forming phase in a form of a jet, brea-
king the jet in droplets under vibration
and collecting the droplets in a gelifi-
cation bath results in core-shell cap-
sules. The technology appears quite
versatile but has been mainly applied
only for alginate shell (Whelehan &
Marison, 2009).

The objective of this work is to com-
bine alginate with other polymers to
form microcapsules able to deliver ac-
tives, such drug, in intestine and more
specifically in colon.
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MATERIALS & METHODS

Alginate (Algogel 3001) was kindly pro-
vided by Cargill, France; shellac (Nore-
vo B20, 250 g/L) by Norevo, Germany;
eudragit (FS 30 D, 300 g/L) by Evonik.
Sunflower oil was supplied by Scamark
France. Other components were pur-
chased from usual chemical suppliers.

Alginate solutions were produced by
sprinkling alginate powder onto equal
volume distilled water solution under
high mixing followed by one-hour de-
aeration. Alginate/shellac or alginate/

eudragit solutions were ob-
tained by mixing in different
proportions alginate solution
and shellac or eudragit solu-
tion and pH adjusted to 7.
Composition will be referred
in the text as final concen-
tration in g/L. Qil phase was
composed of sunflower oil
added of 0,1 % Sudan red as
colorant.

0,50 mm

Figure 2 : Alginate microcapsules

Microcapsules were pro-
duced using an Encapsulator
B390 (Buchi, Switzerland), equipped
with a double co-extrusion head (Fi-
gure 1). Oil phase was fed to the internal
nozzle using a syringe pump while shell
solution was supplied to the external
nozzle using under pressure vessel.
Droplets were dropped in a CaCl, solu-
tion (15 g/L) adjusted at pH 5. Capsules
are hardened for 5 minutes, then fil-
tered, washed with distilled water and
dried on absorbent paper for 24 hours.

Capsules were observed by optic mi-
croscope for the morphology and size.
Capsule swelling was realized by intro-
ducing = 1 g of capsules (M0) in a tea
bag, submerged in phosphate buffers
at different pH for 3 hours, and swollen
capsule mass recorded (Mf). Swelling
factor was defined as :

f=M/M, 1)

Haake 550 viscosimeter (Thermo-
Electron, USA) was used at constant
temperature (25 °C) to measure the
viscosity of the different solutions.

RESULTS

Production of alginate
capsules

For alginate concentra-
tion equal or lower than
10 g/L, irregular and
multicore capsules were
formed. Concentrations
equal or higher than 30
g/L result in too viscous
solution and jet breakage
Cone was not stable. For 15

Fi (= lator B390 & i and 20 g/L concentration
Sue b et co-extrusion spherical microcapsules

e

with single core were formed with a
wet capsule diameter of 1.7 to 1.9 mm
and dry capsule diameter of 0,7 mm.

A series of Light-Emitting Diodes
(LED) placed on back of the jet and
flashing at the same frequency than
the nozzle vibration. If the breakage is
optimum, the drops seem motionless
in front of the LEDs. The frequency of
the nozzle vibration was varied from
50 to 450 Hz with an optimum at 250
Hz. The effect of the oil internal flow
and internal nozzle diameter was also
evaluated to conclude that 0.5 mL/min
flow and nozzle diameter of 200 or 300
pm provided the lower microcapsule
size dispersion and more spherical
capsules. Optimum conditions to pro-
duce correct alginate microcapsules
where then defined as (Figure 2):

e External and internal flows of 11-15
and 0.5 mL/min

e External and internal nozzles of 500
and 300 ym

e Vibration frequency and amplitude
of 250 Hz and 2

e Dispersive voltage 2000 V.

Tests in vivo done in INRA Toxalin
group (Toulouse) showed that algi-
nate capsules break even before to
reach the intestine. However, alginate
provides exceptional gelification pro-
perties. Enteric polymers [shellac or
eudragit) were added to the alginate to
improve the microcapsule properties.

Production of alginate/shellac
microcapsules

Shellac solution (250 g/L) was mixed
with alginate solution (20 g/L) in dif-
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0,5 mm
—

Figure 3 : alginate/ shellac (10/125 g/L) microcapsules

ferent proportions. The mixtures
were not stable and phase separation
occurred, even while pH was adjusted
to 7 as recommended by the Shellac
supplier. The mixtures were then trea-
ted with a high shear mixer (Ultraturax
IKA25) for 5 minutes before producing
the capsules. In case of alginate/shel-
lac, CaCl, solution was prepared using
V/V water/ethanol solution to promote
shellac precipitation.

only while external-to-
internal diameter ratios
higher than 1.6. For lower
ratio, agglomeration and
oil release occurred.

Production of algi-
nate/eudragit mi-
crocapsules

0,5 mm

Eudragit FS30D is pro-
vided as a nano-sized
suspension with an acidic
pH. Despite the size of the particles,
some nozzle blockings were obser-
ved. Eudragit particles dissolve when
pH is rising but leading to very viscous
solution. The mix alginate (15 g/L] et
eudragit (300 g/L) was filtered. Up to
60 g/L of eudragit final concentration
leads to relatively spherical and mo-
no-core capsules (Figure 4).

Swelling of micro-

Figure 4 : alginate/eudragit (15/9 g/L) microcapsules

Relatively spherical and mono-core
capsules were obtained for final shel-
lac concentration between 125 to 180
g/L (Figure 3), showing very little ag-
glomeration. Higher shellac concen-
tration results in irregular capsules,
probably due to too low viscosity of the
solution (18 £ 2 mPa.s) causing defor-
mation while penetrating the gelation
bath.

Spherical and mono-core capsules
were obtained for internal nozzle
diameter ranging from 80 to 300 but
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Figure 5: Swelling of the microcap-
sules versus pH

capsules

To test in vitro the be-
havior of the capsules
during the gastro-intes-
tinal tracts, microcap-
sules were introduced
into different pH phos-
phate buffers. Assuming
that gastric and intes-
tinal juices may contain
some calcium chelating
agents, the presence of
phosphate was conside-
red as a more representative system.

Figure 5 presents the swelling factors
for the alginate/shellac (10/125 g/L)
and alginate/eudragit (15/9 g/L) mi-
crocapsules versus the pH. Alginate/
shellac capsules swell regularly from
pH 2 to 8, up to a swelling factor 2,8.
Alginate/eudragit capsules swell un-
der pH 6 of a factor 3 then the swelling
is intensified to reach up to 20 for pH
8. At pH 8, the structure of capsules is
still visible but they are very soft. One
would expect that intestine contrac-
tion would break the shell releasing
the content.

Figure 6 shows that the swelling of the
microcapsules are mainly linear with
the time.

CONCLUSION

The production of oil core microcap-
sules with ashell composed of alginate
and an enteric coating was demons-
trated using the jet nozzle resonance
method. In the formulation, alginate

—
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Figure 6 : Swelling of the microcap-

sules versus time

insures the gelation while shellac and
eudragit provides enteric properties.
Both alginate/shellac and alginate/
eudragit FS30D formulation allow to
get spherical and mono-core capsules
by selecting carefully the operating
conditions. In-vitro, the swelling be-
havior of alginate/eudragit capsules
is more promising that alginate/shel-
lac. However, these results have to be
confirmed by in vivo test.
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FABRICATION OF METHACRYLATE ALGINATE BEADS FOR
BIOENCAPSULATION OF CELLS

Li, P., Miilter, M.", Frettloh, M.% and Schénherr, H.!

INTRODUCTION & OB-
JECTIVES

Biosensors, which combine biological
components with physicochemical de-
tectors, are widely used for monitoring
bioavailable analyte concentrations in
environmental, medical, and toxicolo-
gicalapplications. Apartfrom enzyme-
responsive systems (Haas, 2015; Sadat
Ebrahimi, 2014), whole cell biosensors
show high specificity, sensitivity and
portability (Gasperini, 2014). A com-
mon procedure for producing immobi-
lized whole cell biosensors is based on
silica sol-gel chemistry and calcium
cross-linked alginate beads. Howe-
ver, encapsulation in silica is limited
by detrimental effects on cell viability.
The natural biopolymer alginate is bio-
compatible, but these matrices suffer
from disruption in water as well as
from inherent biodegradation, which
cause the leakage of cells inside of
the beads. In order to keep control on
microbeads swelling and cell leakage,
here we used glycidyl methacrylate-
functionalized alginate (GMSA], which
can be cross-linked by UV-irradiation
to form microbeads.
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MATERIAL & METHODS

Synthesis of GMSA macromer

Methacrylate-functionalized alginate
was synthesized by the addition of gly-
cidyl methacrylate (Sigma, ~12-fold
excess) to a solution of 1 wt% alginic
acid sodium salt (Sigma, MW = 120 -
190 kDa) in deionized water and reac-
ted at room temperature for 24 hours.
The macromer solution was precipita-
ted twice in a large excess of acetone
(20 times the volume of the reaction
solution), filtered and dried under va-
cuum.

20 W

Glycidyl methacrylate Q On

Fig.1. Methacrylation of SA to yield macromer

GMSA by a competition reaction between ring
opening and transesterification.

Preparation of GMSA microbeads

Electro jetting was used to fabricate
microbeads. After dissolving 2 wt%
GMSA and 0.1 wt% Irgacure 2959
(2-hydroxy-4'-(2-hydroxyethoxy]-
2-methylpropiophenone, Sigma) in 10
mM Tris buffer (pH=8.5), the solution
was transferred into syringe carefully
to avoid air bubble. Then the solution
in the syringe was extruded through
the needle by the force of electric field
and dropped into 100 mM CaCl, in Tris
buffer (10 mM, pH 8.5), which also
contains 0.1 wt% Irgacure 2959.

Fluorescence labeling of GMSA

GMSA was fluorescently la-
belled with fluoresceinamine
(isomer I, Sigmal using EDC

(N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride, Sig-
ma) and Sulfo-NHS

. 00C,
'00C, oH
00C, oH o 00C, ° ‘.
0’
0~ S:L\ o \\w,o\
3 - o1 O, HO
o O o™ ) o
0. 0.
00 o oo¢
Aginate / [

vert 135 fluorescence micros-
cope (Zeiss). Scanning electron
microscope (SEM) imaging was
performed with a CamScan 24
with an accelerating voltage of
10 KV, after sputter-coating the
samples with gold. The SEM
samples were prepared using
the critical point drying method.

Stability test of GMSA and SA
beads

After hardening in CaCl, solu-
tion for 1 hour, 4 wt% GMSA
beads were firstly irradiated under UV
for 5 min (CL-1000 series UV crosslin-
ker, with CL-1000L Model 365 nm UV
tubes, 5 x 8 w), then filtered by a filter
with mesh size of 30 pm, washed with
Tris buffer for 3 times, immersed into
10 mM or 100 mM CaCl, in Tris buffer
solution (10 mM, pH 8.5], respectively,
for 7 days. Light microscopy images of
microbeads before and after immer-
sing in solutions of different concen-
tration of CaCl, were taken to mea-
sure and compare the diameters of the
beads.

RESULTS & DISCUSSION

While the exact mechanism could not
be well confirmed in this study yet, it is
likely that glycidyl methacrylate reacts
with sodium alginate (SA] by a com-
petition reaction of ring opening and

(N-hydroxysulfo-

succinimide sodium a)

salt, Sigmal).
Characteriza-

tion of GMSA | ™™
microbeads

The optical images

| ]

of the beads were
taken with a Primo
Vert light micros-

cope (Zeiss). The
fluorescence mi-
croscopy images

of the beads were
taken with an Axio-

OC Hgh Voltage Power supply

4

g

Fig.2. a) Scheme of electro jetting set up used for fabricating beads;

b) light microscope image of 2 wt%GMSA beads; c] fluorescein
microscope image of fluoresceinamine labelled 2 wt%GMSA beads.
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20 ym

Fig.3. SEM images of GMSA beads.

transesterification (Bencherif, 2008),
as shown in Fig. 1. TH-NMR spectros-
copy confirmed the methacrylate func-
tionalization of SA, showing signals
at ~ 5.6 and ~6.1 ppm (acrylate) and
signals at ~1.9 ppm (methyl group). In
the presence of the photoinitiator Irga-
cure 2959, GMSA macromer solutions
formed bulk hydrogels after exposure
to UV-light. After methacrylate func-
tionalization, the polymer is known to
be biocompatible, non-toxic and cell
friendly (Baier, 2003).

a UNIVERSITAT
SIEGEN

The sizes and shapes of GMSA micro-
beads produced by electro jetting
(Fig.2a) were related to the voltage
adapted, the polymer concentration,
electricity, viscosity and surface ten-
sion of solution. For 2 wt% GMSA,
when an electrical potential of 6.0 kV
was applied, regular spherical micro-
beads with a narrow size distribution
of less than 200 pm were produced
(Fig.2b). To future study the polymer
distribution in the beads, GMSA was
fluorescently labelled by covalent
binding of the amino group of fluores-
ceinamine to the carboxylic groups of
GMSA using carbodiimides (Fig. 2c].
The polymer gradient in

GMSA beads can be eva-

shape.

The investigation of
the stability of the
beads includes test
of the swelling pro-
perties of beads and
molecule permeabi-
lity. Here the first test
of swelling properties
of beads were done by
immersing beads into
solutions of different concentration of
CaCl,, and by comparing the changes
in bead diameter. After 7 days, the
mean value of bead diameterin 10 mM
CaCl, solution was 203 um, in 100 mM
CaCl, solution it was 203 pm, while the
mean diameter after hardening was
200 pm.

CONCLUSIONS & PERS-
PECTIVES

The diameter distribution of beads from
methacrylate functionalized alginate
formed via electro jetting method was
less than 200 pm. After hardening in
CaCl, solution, beads were further che-
mically cross-linked under UV irradia-
tion to optimise the swelling properties
of beads. GMSA was labelled with fluo-
resceinamine to investigate the polymer
gradient by confocal laser scanning
microscopy. The first swelling test of
GMSA beads was done by immersing
beads into different concentration of
CaCl2 solution. After 7 days, the diame-
ter of the beads kept nearly constant. In
the future, bacteria will be encapsulated
into the beads to test the cytotoxicity of
GMSA beads. Hence for the first time a
protocol for the fabrication of metha-
crylate-alginate beads has been esta-
blished, which possesses considerable
potential to provide stable, reproducible

luated by confocal laser
scanning microscopy, and
the bead diameters can be
quantified by fluorescence
spectroscopy.

Scanning electron micros-
copy was used to study
the surface morphology of
GMSA microbeads, as de-
monstrated in Fig. 3. Due

to the dehydration during 0-

the sample preparation
process, the diameters of
beads were reduced to 110
+ 10 pm, while the spheres
retained their overall

N
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-
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Figure 4: Fluorescence distribution of cells exposed

to PMMA- and PCL-based NPs with siRNA.

bioencapsulation of cells.
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CHITOSAN COATING AS AN OPSONIZATION CIRCU-
MVENT STRATEGY FOR PLGA NANOPARTICLES

Oliveira C.", Veiga F.2, Ribeiro A. J." - '13S & IBMC, Porto, Portugal; 2CNC, Coimbra, Portugal.

INTRODUCTION & OBJECTIVE

Nanoparticles composed of biodegra-
dable and biocompatible materials,
such as poly(lactic-co-glycolic acid)
(PLGA] are highly attractive in nano-
medicine and are considered an aus-
picious field of research with regard to
their translational potential. However,
systemic delivery has been a signifi-
cant bottleneck to the development
of nanoparticle-based formulations
due to the interactions established
between nanomaterials and the bio-
logical environment. These are gover-
ned by the physicochemical and mor-
phological properties of the delivery
system that impact on the dynamics
of differential protein adsorption that
modulate the clearance rate from the
systemic circulation and impact on
biocompatibility. Several strategies
have been adopted to confer stealth
properties to delivery systems by cir-
cumventing uptake by the reticuloen-
dothelial system. Among the latter,
chitosan coating (Amoozgar, 2012) and
the use of the surfactant poloxamer
188 (Jain, 2013) have been proposed
for PLGA nanoparticles as alterna-
tives to PEGylation. As polymer cha-
racterization has been previously set
forth to improve the reproducibility
and standardization of the bioencap-
sulation process (de Vos, P., 2009,
we focus on the interactions of poly-
mers within a biological environment
which modulate their in vivo behavior.
Even though in vitro characterization

*
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Biostability Phagocytosis

has been improved to anticipate the
biokinetics of delivery systems upon
intravenous injection, lack of standar-
dized assays compromises the com-
parability of different strategies and in
vitro-in vivo correlation, enhancing the
need for improved assessment under
representative conditions. Therefore,
we report the in vitro characterization
of chitosan-coated and uncoated PLGA
nanoparticles with the aim of contribu-
ting to the establishment of standar-
dized in vitro settings that allow time
and resource-efficient optimization .
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MATERIALS & METHODS

PLGA (Resomer® RG 502 H, Evonik
Industries, Germany) nanoparticles
were prepared through a nanopreci-
pation method. Briefly, an extra-pure
acetone (Scharlau, Spain) solution of
PLGA (15 mg/mL]) was added drop-
wise into a 0,5% (w/v) aqueous solution
of poloxamer 188 (Kolliphor P188, Basf
SE, Germany), under magnetic stir-
ring. Acetone was removed by rotoe-
vaporation. Particles were centrifuged
and the pellet washed twice with MilliQ
water and resuspended in an aqueous
solution of poloxamer 188.

Chitosan coating was achieved by addi-
tion of a 0,025% (w/v) chitosan (Low mo-
lecular weight chitosan, Sigma-Aldrich,
USAJ in 0,5% (v/v] lactic acid (VWR, USA]
solution (pH 4,6) to PLGA nanoparticles,
under sonication. The resulting particles
were centrifuged and washed twice
using centrifugal filters with 100 kDa
MWCO (Ultracell-15, Millipore, Germa-

ny) and resuspended in MilliQ water. The
amount of chitosan adsorbed to PLGA
nanoparticles was quantified using the
ninhydrin reagent (Sigma-Aldrich, Ger-
many), according to a method previously
described (Leane et al, 2004).

Particles were characterized accor-
ding to size and zeta potential using
a Zetasizer Nano ZS (Malvern Instru-
ments, UK). Bovine serum albumin
(BSA) (Sigma-Aldrich, Germany) in
phosphate buffer saline (PBS] pH=7,4
(0,4 mg/mL) was used to assess opso-
nization, by incubation of nanopar-
ticles with the previous solution at a
ratio of 9:1 at 37°C using a water bath
under agitation of 150 strokes/min.
The extent of protein adsorption to
nanoparticles was quantified using the
Coomassie Plus assay (Thermo Fisher
Scientific, USA).

RESULTS & DISCUSSION

1. Nanoparticle preparation
and chitosan-coating

A. Characterization of nanopar-
ticles

Table 1 presents mean values and stan-
dard deviation of three consecutive runs.
Chitosan-coated PLGA nanoparticles
were prepared in triplicate and PLGA na-
noparticles are the combination of seven
batches

B. Quantification of chitosan ad-
sorbed to PLGA nanoparticles

The quantification of the amount of po-
lymer at the surface of nanoparticles
improves the comparability of results
but is often lacking in characterization
studies. Herein, chitosan was added to
PLGA nanoparticles to a final concen-
tration of 0,3 mg/mL. The efficiency

Table 1. Characterization of the size and surface charge of PLGA nanoparticles and

chitosan-coated PLGA nanoparticles. .

Graphical abstract. In vitro predictabi-
lity of the biostability and accelerated
clearance of PLGA nanoparticles

modulated by chitosan-coating.

Formulation Mean diameter (hnm) | Polydispersity index | Zeta potential (mV)
PLGA NP 225,33 0,216 -31,9
+ 1,01 + 0,009 +0,818
Chitosan-coated 358,35 0,192 +58,8
PLGA NP + 3714 + 0,007 + 3,944
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Figure 1. Ninhydrin assay for the
quantification of chitosan. The
determination of coating efficiency
was performed in triplicate (last 3
samples from the right)

of the coating process was assessed
through quantification of the amount
of chitosan adsorbed to PLGA nano-
particles through the ninhydrin assay
(Figure 1). Chitosan was determined
to be at a concentration of 0,202 + 0,01
mg/mL, indicating that the coating
process was efficient with approxi-
mately 67,3% of chitosan adsorbed to
the surface of PLGA nanoparticles.
These results are corroborated by the
increase in size and inversion of zeta
potential, evidenced in Table 1.

2. In vitro characterization of
the stability of nanoparticles
and opsonization

A. Stability in a biological environ-
ment

The stability of PLGA and chitosan-
coated PLGA nanoparticles was eva-
luated by means of size evolution upon
incubation in a BSA solution, one of
the most abundant proteins in plasma,
mimicking the opsonization process.
As represented in Figure 2, PLGA
nanoparticles were stable maintai-
ning a similar size distri-

pg/mL. The adsorption of BSA onto the
surface of nanoparticles was quantified
by the Bradford assay which evidenced
negligible (<1 pg/mL] adsorption of
BSAto PLGA nanoparticles. In contrast,
chitosan-coated PLGA nanoparticles
were subject to significant opsonization
demonstrated by a BSA concentration
of 6,87 + 2,28 pg/mL, approximately
17,2% of total protein. Measurements
were performed in triplicate and are
represented as mean values and stan-
dard deviation. Incubation of samplesin
PBS was used as control.

CONCLUSIONS

PLGA nanoparticles demonstrated
higher stability and ability to circu-
mvent BSA adsorption in comparison to
chitosan-coated PLGA nanoparticles.
The improved behavior of PLGA nano-
particles might be attributed to the
effect of poloxamer 188 in the formula-
tion, which has been previously shown
to be efficient in evading phagocytosis
by macrophages in vitro (Jain, 2013).

The decreased ability of chitosan to
circumvent opsonization, in contrast to
previous studies (Amoozgar, 2012) may
be related to the use of a polymer with
higher molecular weight in this study.
Indeed, the hydrophobicity of chitosan
has been correlated to its molecular
weight, evidencing an important para-
meter that influences opsonization, as
the forces that govern the interaction
between chitosan and BSA are predo-
minantly hydrophobic (Bekale, 2015).

The assays here presented have been

bution profile as before the [a
assay, whereas chitosan-
coated PLGA nanoparticles
evidenced a significant in-
crease in particle size, with .
mean diameter values shif-
ting to above 1 um.

temty (Percent

B. Evaluation of the
extent of opsonization of
PLGA and chitosan-coa-
ted PLGA nanoparticles

rbeeaty (Perc o

Opsonization was assessed
by means of adsorption of
BSA to the surface of nano-
particles after incubation in
the same conditions used
for stability studies, at a final
protein concentration of 40
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Figure 2. Size evolution of PLGA and chitosan-coated
PLGA nanoparticles after incubation at 37°C for 1
hour in a BSA solution in PBS pH=7,4 at a ratio of na-

noparticles to BSA solution of 9:1. Size distributions of
PLGA nanoparticles before (A) and after (B) incubation
as well as chitosan-coated PLGA nanoparticles before
(C) and after (D) incubation are represented.

previously described to the characte-
rization of nanoparticles in different
contexts, evidencing the lack of stan-
dardization that contributes to lab to
lab variation. We have applied these
methodologies for the study of an
important subject in the field of nano-
bio interactions strengthening their
potential as relevant tools for a first
screening approach to the behavior
of nanoparticles in a biological envi-
ronment. As a future step, we expect
to evidence other parameters that
influence the in vitro study of opsoni-
zation as well as to evaluate this phe-
nomenon using higher complexity in
vitro models, namely macrophage cell
lines, in order to correlate both stages
of in vitro studies which may contri-
bute to the improvement of efficiency
and biocompatibility assays.

REFERENCES

e Amoozgar, Z., Park, J., Lin, Q. & Yeo,
Y., Low molecular-weight chitosan
as a pH-sensitive stealth coating for
tumor-specific drug delivery, Mol.
Pharm., 9, 1262-1270 (2012)

e Bekale, L., Agudelo, D. & Taj-
mir-Riahi, H.A. Effect of polymer
molecular weight on chitosan-pro-
tein interaction. Colloids Surf. B
Biointerfaces 125, 309-317 (2015).

e de Vos, P, Bucko, M., Gemeiner, P.,
et al. Multiscale requirements for
bioencapsulation in medicine and
biotechnology. Biomaterials 30,
2559-2570 (2009).

e Jain, D., Athawale, R., Bajaj, A., et
al., Studies on stabilization mecha-
nism and stealth effect of poloxa-
mer 188 onto PLGA nanoparticles,
Colloids Surf. B Biointerfaces, 109,
59-67. (2013),

e Leane, M. M., Nankervis, R., Smith,
A. & Illum, L. Use of the ninhydrin
assay to measure the release of
chitosan from oral solid dosage
forms. Int. J. Pharm. 271, 241-249
(2004).

'l

Claudia Oliveira
IBMC, University of Porto, Portugal
claudia.oliveira@ibmc.up.pt

A&




November 2015

A

FROM CO-APPLICATION TO CO-FORMULATION OF EN-
TOMOPATHOGENIC FUNGI

Przyklenk M., Hanitzsch M., Patel A., Univ Applied Sc. Bielefeld, Germany

Brandl M., Schumann M., Vidal S., Georg-August-University Goettingen, Germany

INTRODUCTION & OB-
JECTIVES

Soil-borne herbivorous insect pests
like wireworms cause tremendous
losses in potato fields. Entomopa-
thogenic fungi (EPF) are considered
as promising biocontrol agents in
augmentative biocontrol strategies
to control several soil born insects
(Eckard et al. 2014). Furthermore, it is
well known that larvae of many herbi-
vorous insects, use CO2 for host loca-
tion (Bernklau and Bjostad, 1998), thus
making CO, a promising attractant in
combination with EPF.
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Encapsulation offers a solution to
many of the classical drawbacks in the
application of EPFs, e.g. handling pro-
blems, low shelf life, poor establish-
ment in soil and high costs due to high
dosage per/ha.

Field trials in the past two years
showed decreased damage to potato
tubers due to wireworms, where the
highest damage reduction was achie-
ved by co-application of encapsula-
ted fungus with CO, producing beads
that acted as attract component in an
“attract-and-kill” approach (Patel et
al 2014). To enhance the application
we are developing a co-formulation
thatincludes M. brunneum spores and
baker’s yeast co-encapsulated in one
bead within the project INBIOSOIL.

Here we report on the encapsulation
and drying of novel EPF formulations
as well as synergistic co-formulation
of EPF with baker’s yeast on lab and
technical scale. Data will be presented
on reduced biomass content, sporula-
tion, CO, production, survival of dried
encapsulated cells cross-linked with
CaCl, or Ca-gluconate and shelf life.

R,

MATERIAL & METHODS

Bead formation

Ca-alginate beads were prepared as
described previously (Patel et al., 2014).

Sporulation of fungi

Sporulation of co-formulated M. brun-
neum was investigated by placing
beads with different bead diameter on
water agar (20 g agar with 1 L H,0).
The radial mycelium growth out of the
beads was measured every three days
and spores were scratched from the
plate after 33 days with sterile dHZO/
Tween to determine CFU.

Measurement of CO2

For the determination of CO, forma-
tion rates the amount of CO, produced
by 1 g moist co-formulation beads was
measured at 12°C, 20-22°C and 25 °C
over 1hina50mL Tube . For the mea-
surement of CO2 in soil, boxes were
filled up with peat soil (Fruhsdorfer
Typ P) and 10 g of co-formulation were
placed in 8 cm depth in the middle of
each box. The soil humidity was perio-
dically adjusted to 50 % (w/w) and the
boxes were kept at room temperature
at 20-22°C. CO, concentrations were
measured using a portable pump-as-
pirated CO, measuring device (Vaisa-
la, Finland).

Drying of formulations

red. Survival of encapsulated cells
(M. brunneum and baker’s yeast) was
determined by dissolving the beads
as described previously (Patel et al.,
2014) and counting CFU. Besides, a
technical one-step drying process for
different formulations with 30°C, 40°C
and 50°C inlet temperature as well as
a two-step process with a tempera-
ture profile were developed.

Universitit Bielefeld

Statistical analysis

Statistical analyses were carried out
with the software R version 3.1.1. All
values are given as means + standard
deviations (SD). The influence of time
on spore germination was tested for
significance using Kruskal-Wallis test
with the treatment as the independent
variable. Averages of spore germi-
nation data were compared between
treatments using the Mann-Whitney U
post hoc range test.

RESULTS & DISCUSSION

Dry beads including co-encapsula-
ted nutrients significantly increased
the mean germination of spores out
of the beads (Figure 1). Furthermore,

on lab and technical
scale

The formulations  were
dried with a two-step drying

CFU / bead

method. In a first step 1 g 1,00€+07 -

moist beads were weighed
on a piece of aluminum foil.

The moist beads were dried 1,00€+06

overnight under the lami-
nar air flow from a clean
bench. In a second step the
beads were dried in a desic-
cator for two more days.
After drying, the a,, value
of the beads was measu-

1,00E+09

1,00E+08

4 c c
| I I I
a
® Initial CFU/bead
0% starch + 0% ABY
W 20 % starch + 20 % ABY + 1 % spores

W 20 % starch + 20 % ABY + 0,1 % spores
m 20 % starch + 20 % ABY + 0,01 % spores

Figure 1: Sporulation of M. brunneum on water agar
out of beads with different amounts of initial biomass

loading, containing: Ca-alginate, M. brunneum, and
corn starch. (Chi2=14.9, df=4, p<0.01)
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010+ bead. However, the encapsu- tions and co-formulations with high
A) lated yeast benefits from the survival, sporulation, shelf lifeand CO
= 008 co-encapsulated fungi, which formation. Firstly the EPF bead with
;.fm_ use amylases to break down M. brunneum spores as co-application
5 the starch into monosaccha- with CO, producing beads containing
o raides. Furthermore, the baker’s yeast and secondly, we co-en-
E: CO, emission from the beads capsulated EPF with baker’s yeast and
© 0024 remained unchanged after a starch in one bead. EPF beads with a
tenfold decrease of the spore reduced biomass content to increase
3 5 10 15 2 amount. cost effectiveness were developed.
metdl . . In an on-going experiment the co-en-
I e e A A techmcfal ?ni-stbep ddrymg capsulated beads with M. brunneum
—e— bead with 10 % spores, yeast and starch process _Or g eads an and baker's yeast [2 0/0 Ca-alginate,

~50°C inlet temperature
. resulted in dried beads with aerospores from M. brunneum, 16.7
B) % baker’s yeast and 20 % starch] with

0,08 4
0,06 4

CO,-production [mL/(g*h)]
2
1/
7\ 7
[\ /
at
Vo
\ !

.

time [d]

—e— bead with yeast and starch
*— bead with 1 % spores, yeast and starch
—e— bead with 10 % spores, yeast and starch

J
20

Figure 2: CO formation rates over time. CO, for-

mation rate in 50 ml tubes for co- encapsulated M.

brunneum (1 % and 10 %) with baker’s yeast at A}
12°C and B) 25°C. n=3, S.D.

dry beads containing 1 % M. brunneum
spores and dry beads with reduced
biomass content showed no diffe-
rences in mycelium growth (data not
shown) and sporulation compared to
the control.

This indicates that not all spores were
able to germinate and to grow out of
the bead, maybe due to diffusional
limitations. However, the reduced
biomass content enhances the cost-
effectiveness of the formulation, e.g.
if co-applied with CO, emitting beads
containing baker’s yeast.

3.8% residual moisture, aw
0.2 and 13 % survival of M.
brunneum and 26 % survival
of baker’s yeast (Figure 3).

Shelf life at two different
temperatures 5+ 2 °C and 25
+ 2 °C were carried out using
non-water permeable Alu/
PE bags filled with defined
amounts of dried beads. En-
capsulated spores were com-
pared with free spores. Real
time storage was performed
for 6 months with regular
sampling for CFU determina-
tion (data not shown).

First results of beads cross-

linked with different concen-
trations of Ca-gluconate and dried in
lab-scale process, showed increased
cell survival up to 80%, two times
more than beads which were cross-
linked with CaCl,, indicating that Ca-
gluconate can act as osmoprotectant
(data not shown.)

CONCLUSIONS & PERS-
PECTIVES

To conclude, we developed formula-

160
In a next step we are deve-

loping a co-formulation rea- 140
lizing the “attract and kill”
strategy using EPF and CO,
within one bead.

120

o
[s]
1

The CO, production rates
increases with higher tem-
peratures in 50 ml tubes
(Figure 2 A and B) as well
as in soil. Beads containing 20 1
spores produce about 1.5

survival [%]
@
o
1

—=— yeast
—e— spores

more CO, at 25°C than beads
without spores. Baker’s
yeast is not able to metabo-
lize the starch included e.g.
as a drying additive in the

_

\§\§

1 2 3 4
time [h]

Figure 3: Survival of M. brunneum and baker’s yeast,

dried in a fluidized bed dryer.

CO, releasing properties are tested
against the larvae of wireworms in po-
tato field trials at seven locations. Fur-
thermore we are investigating Ca-glu-
conate as crosslinker and its potential
to act as osmoprotectant during the
drying process.
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SPONTANEOUS CO-ASSEMBLY OF PROTEINS FOR EN-
CAPSULATION OF A HYDROPHILIC VITAMIN

Chapeau A.L.1, Tavares M.G.1'2, Hamon P. 1, Croguennec T.1, Poncelet D. 3, Bouhallab S.* '

INTRODUCTION

Encapsulation of bioactive compounds
such as vitamins and micronutrients
is a great challenge to develop new
functional foods. There is a growing
demand from consumers for food pro-
ducts offering health benefits such
as products enriched with vitamins.
At the same time, consumers tend to
favor natural food or products with mi-
nimal amount of additives. The encap-
sulation of bioactives usually resorts
to extraneous components that are
not natural constituents of the targe-
ted food product. It could therefore be
relevant to seek to encapsulate bioac-
tive molecules by means of intraneous
components that are natural consti-
tuents of the targeted food product.
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Among food constituents, food pro-
teins are biopolymers that appear sui-
table for the transport and protection
of several bioactives. Recent studies
have reported the ability of two oppo-

[ Core material ] I Biopolymer 1 ]
emulsification

or dispersion

o  Dispersed
system

- Biopolymer 2

Possible pH or ionic
strength modificotions

Cross-linking
Sproy-drying, freeze drying,
woashing.

Blopolymer 2

Biopolymer 1

Core

Figure 1: General procedures used to encapsulate a core
molecule by the complex coacervation of two biopolymers.

==

Possible pH or ionic
strength modificetions

" Coacervates [*

v
o

sitely charged milk proteins,
beta-lactoglobulin (BLG) and
lactoferrin (LF), to sponta-
neously co-assemble to form
heteroprotein complexes cal-
led “coacervates” (Anema et
al., 2014; Tavares et al., 2015).
Complex coacervation is a
well-known phase separation
between two oppositely char-
ged macromolecules, into a
concentrated phase of coacer-
vates and dilute phase. It can
be used as an encapsulation
technique. In the literature, two
general procedures can be found to en-
capsulate a compound by the complex
coacervation of two biopolymers.

Turbidity (cm™)

The objective of this work is to inves-
tigate the potentialities of coacervates
entirely made from food proteins to
encapsulate a bioactive compound
according to these procedures. We
investigated the potentiality of BLG-LF
coacervates to encapsulate the hydro-
philic vitamin B9 (B9).

MATERIALS & METHODS

Encapsulation of B9 by BLG-LF
co-assembly.

LF and BLG were mixed with B9 fol-
lowing the encapsula-
tion procedure by coa-
cervation (Fig. 1). B9
was mixed either with
BLG or LF at a certain
ratio and controlled
pH. After ten minutes,
the other protein was
added to the system
either at the same ini-
tial pH or after a drop

Biopolymer 2

Seotic or by Core
optoton material

Crons-lmbing
s o of pH. .All systems
woshing were mixed at room

temperature. A range
of mixing ratios, and
pH conditions were
tested according to a
screening experimen-
tal plan in order to
determine the ratios
and pH conditions that
lead to B9-BLG-LF co-
assembly.

50 100 150
Time (min)

Figure 2: Time turbidity of B9-BLG-LF co-assembly.

Characterization of the B9-
BLG-LF co-assembly.

Co-assembly of B9-BLG-LF was as-
sessed by turbidity measurements.
Co-assembly formation and final
shapes of the encapsulated systems
were followed by phase contrast mi-
croscopy (micrographs) and live phase
contrast microscopy (films).

B9 loading capacity of B9-BLG-
LF co-assembly.

Mixed systems of B9-BLG-LF were
centrifuged at 28 000g for 30 min.
Concentrations of B9, BLG and LF in
the supernatants were determined
by RP-HPLC and used to determine
the remaining concentrations into the
pellet by subtraction. These fractions
were used to calculate two key para-
meters of the co-assembly, the co-
assembly formation and its loading
capacity for B9, according to the fol-
lowing equations:

Co-assembly formation

co—assembly/Minitia

L
= [MB‘?+MLF+MBLG]p /(MB9+MLF+MBLG).

ellet initial

B9 Loading capacity
= {MB‘?]pe“et /Mco-assembly

= (MB‘?]peuet / (MB9+MLF+M BLG]pellet

RESULTS & DISCUSSION

Effect of initial pH and mixing
ratio on B9-BLG-LF co-assembly

Turbidity measurements presented
three different kinetics profiles accor-
ding to pH conditions and mixing ratio
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Figure 3: Phase contrast microscopy micrographs of B9-BLG-LF co-assembly, Tcm = 100pum.

(Fig. 2): two profiles where turbidity
increased over time up to a maximum
and one profile where turbidity is maxi-
mum with BLG introduction and then
decreased. In addition, the control se-
ries show no turbidity. This suggests
that, the increase of turbidity may be
associated with BLG and LF sponta-
neous co-assembly in presence of B9.

According to the micrographs of the
three turbid systems (Fig. 3), we iden-
tified three different types of B9-BLG-
LF co-assembly: small aggregates (A,
large aggregates (B) and microsphe-
rical coacervates (C). Linking micro-
graphs with turbidity profiles, it can be
deduced that B9-BLG-LF self-aggrega-
tion has a rather low kinetics compared
to B9-BLG-LF complex coacervation
which happened spontaneously with
BLG introduction and lead to the for-
mation of microsphere coacervates. As
the turbidity decreased, the coacervate
phase is probably unstable.

=INRA
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Co-assembly by complex coacervation
is a spontaneous phenomenon which
occurs through electrostatic interac-
tions between two oppositely charged
biopolymers and can lead, depending
on the system, to microspheres forma-
tion (Yan et al., 2013). Micrographs in
Fig. 4 showed the microspheres forma-
tion by complex coacervation resulting
from adding BLG to a mixed system of
LF and B9. We evidenced the growth of

Figure 4: B9-BLG-LF microspheres
formation by live phase contrast

microscopy, lcm=25um.

microspheres over time, until 5 ym dia-
meter for the smallest and 25 ym dia-
meter for the biggest within 5min.

B9-BLG-LF microspheres for-
mation by complex coacervation

Co-assembly by complex coacervation
is a spontaneous phenomenon which
occurs through electrostatic interac-
tions between two oppositely charged
biopolymers and can lead, depending
on the system, to microspheres forma-
tion (Yan et al., 2013). Micrographs in
Fig. 4 showed the microspheres forma-
tion by complex coacervation resulting
from adding BLG to a mixed system of
LF and B9. We evidenced the growth of
microspheres over time, until 5 pm dia-
meter for the smallest and 25 pm dia-
meter for the biggest within 5min.

Table 1: Co-assembly formation and
B9 loading capacity of B9-BLG-LF
co-assembly in situation of micros-
pheres formation

B9/Total | Co-assembly | B9 Loading
protein formation capacity
4/3 0.87 0.64

6/3 0.89 0.73

10/3 0.92 0.81

4/ 0.93 0.60

6/11 0.94 0.70

10/1 0.95 0.91

Loading capacity of B9-BLG-LF
microspheres.

Table 1 evidenced that for a fixed total
protein content, microspheres forma-
tion by co-assembly [1] was promoted
by an increase of B9. Loading capacity
of microspheres [2] ranged from 0.60
to 0.91 depending on the B9/total pro-
tein ratios. The higher loading capa-
city is obtained for the higher micros-
pheres formation. This indicates that,
B9-BLG-LF microspheres co-assem-
bly may be viewed as a viable loading
system to encapsulate B9.

CONCLUSION & PERS-
PECTIVES

BLG and LF are able to spontaneously
co-assemble with B9 into aggregates
or coacervates depending on the mixing
ratio and pH. Coacervates are obtained
by the complex coacervation process
and lead to the formation of micros-
pheres. B9-BLG-LF microspheres
present a high loading capacity for B9.
These results demonstrate that BLG-
LF microspheres can be used to en-
capsulate a hydrophilic bioactive com-
pound by complex coacervation. Now,
the stability of these structures has to
be investigated. These co-assembly
has potential to improve the nutritional
characteristics of a food product while
ensuring its naturality as whey proteins
are used as encapsulating agents.
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CONTROL OF ULTRA-HIGH VISCOSITY AS A POWER-FUL PA-
RAMETER FOR ALGINATE CAPSULES

Schulz, A., Gentile, L., Zimmermann H., Fraunhofer IBMT, Germany; Dobringer, J., Vasquez, J., UCN, Chile.

INTRODUCTION & OBJECTIVE

Among the numerous polymers with
natural and synthetic origin, alginate
is one of the most dominantly applied
polymers in encapsulation (de Vos,
2009). Alginates are unbranched anio-
nic polysaccharides extracted from
cell walls of brown algae. Consisting
of 1,4-glycosidically linked 3-D-man-
nuronic acid (M) and a-L-guluronic
acid (G) units, the alginate’s structure
is arranged in consecutive (MM, GG)
and alternating (MGMG]) blocks. The
composition and sequential structure
together with the molecular weight
vary depending on the species of al-
gae, the processed plant tissue, sea-
sonal conditions as well as the algae’s
habitat and age. Since the alginate’s
chemical composition determines the
capsule properties and functionality,
reliable characterizations of growth
areas require an accurate documen-
tation of the existing conditions, in
particular the geographical location,
water analysis and weather data such
as temperature and moisture. Com-
mercial alginates are often extracted
from algae washed ashore by the surf
and the wind resulting in a blend with
unspecified natural origin and growth
conditions. This algal material is dried
on the ground or blankets for seve-
ral days exposed to UV radiation and
contaminations of bacterial, fungal,
animal and anthropogenic compo-
nents which lead to cytotoxic, mitoge-
nic and apoptosis-inducing impurities.
Following antimicrobial procedures
including UV irradiation and high tem-
peratures generate low-molecular
alginate. Since the viscosity and the
biocompatibility both increase with
molecular mass, common procee-
dings are limiting the success of the
capsule. It is important to note that
very often alginates of extremely low
viscosity are studied. Ultra-high visco-
sity (UHV] alginates provide favorable
characteristics in terms of chemical
and mechanical stability required for
successfully applied bioencapsula-
tions. Here, a constant quality of the
capsule material is crucial, gained
by the standardization and validation

2 W

of the entire manufacturing process
from the material production site to
the final bioencapsulation.
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MATERIALS & METHODS

Harvest, transport & prepara-
tion of algal material

UHV alginates are obtained from
stipes of the brown algae Lessonia
nigrescens (LN] and Lessonia trabecu-
lata (LT) harvested freshly and directly
from the sea. LN grows in the tidal
zone at the Chilean coast exposed to
high surf resulting in an assimilation
of the plant to very elastic and flexible
stipes consisting of high M alginate
(~60%). In contrast, LT grows in sub-
tidal habitats with very stiff stipes and
high G alginate (~90%). Due to various
conditions in different areas of har-
vest, the geographical origin of the na-
tural sample as well as its tracking are
enabled using the satellite-based glo-
bal positioning system GPS. Collected
algae are sealed in UV-protective bags
and monitored in respect of the tem-
perature and the humidity during the
whole process. The harvested stipes
are peeled to remove bacterial com-
ponents with the peel, subjected to
antimicrobial treatment, chopped and
gently dried until a residual moisture
of rH < 0.5%. Prepared algal material
is stored in a defined vacuum environ-
ment.

Alginate extraction

After improving the purity of the mate-
rial using oxygen-plasma sterilization,
high M alginate is extracted with imi-
nodisuccinate, whereas high G alginate
is best extracted with ethylene-diami-
netetraacetic acid after a hydrochloric
acid treatment. The extracted algi-
nates are purified by the removal of

cell debris via several filtration steps.
Furthermore, phenols, fucoidan, low
molecular weight oligomers, proteins
and endotoxins are removed by suc-
cessive alginate precipitations in etha-
nol (Zimmermann, 2007). Beside the
standardized process, LT alginate ex-
tractions avoiding the acidic treatment
are carried out. Moreover, extractions
of alginate out of fresh and dried algal
material are compared.

Alginate characterization

To determine the chemical compo-
sition and sequential structure of
alginates TH-NMR spectroscopy is ap-
plied. Taking spectra of alginate in D20
at 70 °C and 500 MHz, the monomer
composition as well as diad and triad
frequencies are measured. The dyna-
mic viscosity of 0.65% w/v (weight per
volume) alginate solution is examined
at 20 °C and a shear rate of 15" using
Anton Paar Rheometer Physica MCR
301. The extracted alginate is charac-
terized in terms of its sterility (CASO-
Bouillon and Thioglycolat-Bouillon],
bacterial endotoxins (limulus amebo-
cyte lysate test] and protein content
(Warburg-Christian).

Ultraviolet treatment of algae

The impact of UV radiation on the cha-
racteristics of algal material is inves-
tigated by UV treatment (365 nm, 400-
500 W] of LN (processed according to
standardized operating procedure as
described above) for 0, 1,3, 6 and 10 h.
Then, UV irradiated algae are extrac-
ted and dissolved to 0.7% w/v alginate
solution followed by dynamic viscosity
measurements at 20 °C and 1s7.

= Fraunhofer

Capsule formation

Microcapsules are made from 1:1 mix-
tures of UHV alginate extracted from
LN and LT. The 0.65% w/v alginate
solution is dispersed into small dro-
plets using coaxial air stream tech-
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extraction is essential
to obtain UHV alginates
with constant quality.
Reliable characteriza-

e tions of growth areas

are carried out by de-
termining the geogra-
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Figure 1: left: The avoidance of acids (Acid-) results in
increased alginate viscosity compared to acidic treated

samples (Acid+). right: Alginate’s viscosity decreases along
with increasing UV treatment of algae.

nology. Afterwards, dried, sterilized
BaCl, crystals are injected by air
pressure into the alginate droplets via
the crystal gun resulting in an internal
polymerization. Final external cross-
linking is carried out by a BaCl, contai-
ning bath (20 mM BaClz, 115 mM NaCl,
5 mM His). After 20 min of incubation,
produced alginate capsules are rinsed
in 0.9% w/v sterile NaCl solution to re-
move free barium ions. (Zimmermann,
2003).

Mechanical stability of alginate gels

To determine the relation of the algi-
nate’s viscosity to the gel’s stiffness,
barium-gelled alginate matrices are
compressed using a test speed of 0,50
mm/sec at 22 °C and atmospheric
pressure.

Modification techniques

First, the alginate’s carboxylic groups
are activated by 200 mM 1-ethyl-3-(3-
dimethylaminopropyllcarbodiimide
(EDC) to form an ester after addition of
50 mM N-hydroxysuccinimide (NHS].
The obtained alginate-NHS ester is
subsequently coupled with streptavi-
din. Proof of modification is demons-
trated via binding of biotion-4-fluores-
cein and CLSM microscopy.

RESULTS & DISCUSSION

Production of UHV

4

UV irradiation [h)

& 8 10 | phicallocationvia GPS,
water analysis and
weather data such
as temperature and
moisture. The trans-
port of collected algal
material is GPS trac-
ked and monitored
in respect to exis-
ting temperature and humidity within
the UV protective sample container.
Gentle preparation and extraction
procedures ensure the conservation
of the alginate’s viscosity. Avoiding
material stress during the extraction
as far as possible, the impact of acidic
treatment on the alginate’s viscosity is
examined [Figure 1, left]. Acidic treat-
ment of algal material leads to the
acidic hydrolysis of glycosidic bonds
between the monomer units resulting
in reduced chain lengths and thus in
low viscosity alginates. As a result, the
alginate’s viscosity is adjustable due to
acidic treatment. Moreover, alginate
extractions from fresh algae indicate
an increase of the alginate’s viscosity
compared to algal material subjected
to drying processes. Chain fractures
may occur due to shrinkage of granu-
lar algal material while drying.

Characteristics of UHV algi-
nates and gels

Due to the fact that various conditions
such as the growth area, the harvest
and the treatment of algae affect the
alginate’s characteristics, the specifi-
cation of the polymer’s chemical cha-
racteris crucialin order to understand
and control the microcapsule’'s pro-
perties and functionality. The chemi-
cal composition and sequential struc-

W

alginates

Since the alginate’s
chemical composition
determines the cap-
sule properties and
functionality, a defi-
ned and standardized
process in terms of
the algae’s harvest,
transport, prepara-
tion and final alginate
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Figure 2: alginate capsule surface modified with strept-
avidin via carbodiimide chemistry. Streptavidin-coupling is
proofed via binding of biotin-4-fluorescein (left) and resul-
ting fluorescence emission demonstrated using confocal
laser scanning microscopy (right].
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ture of alginates are obtained using
'H-NMR  spectroscopy.  Structural
charac-teristics such as the molecular
weight are linked to rheological pro-
perties of the polymer solution which
are critical for capsule formation. The
extracted alginates exhibit high dyna-
mic viscosities (LN: n = 6.0-9.2 Pas
and LT: n =0.4-1.6 Pa-s) as 0.65 % w/v
solutions at 20 °C. The viscosity of the
applied alginate solution for capsule
formation can be adjusted using desi-
red LN:LT ratios. Due to the fact that
the biocompatibility of alginate-based
capsules is determined by the algi-
nate’s purity, sterile alginates are pro-
duced with protein contents <40 g/
ml and bacterial endotoxin values at
least <100 Eu/g. Furthermore, mecha-
nical resistance of the capsule mate-
rial against various forces during an
application is essential for its success.
Here, increased viscosities result in
gel matrices with raised load capacity.

Ultraviolet treatment of algae

In the literature, alginate degradation
by direct UV irradiation is well descri-
bed (Wasikiewicz, 2005), but lacks of
informationinrespecttoits behaviorin
the algal substrates. Therefore, algal
material is treated with UV for various
durations. Subsequently, extracted
alginate solutions are characterized
in respect to their dynamic viscosities
[Figure 1, right]. The reduction of the
alginate’s viscosity due to increasing
UVirradiation of the algal substrates is
demonstrated. The energy input owing
to the UV treatment cleaves the algi-
nate chain bondage a) directly and/or
b) indirectly via the excitation of plant
compounds, e.g. dyestuffs, resulting
in the formation of radicals such as
peroxide and singlet oxygen. To main-
tain the original alginate structure and
hence its ultra-high viscosity, the pro-
tection of collected algae against UV
radiation is required and thus UV pro-
tective sample container are applied.

UHV alginate modification

Toimprove the functional performance
of the capsule, the alginate structure
is modified either by bulk or surface
modification. Alginate chains are mo-
dified by streptavidin conjugations via
carbodiimide chemistry resulting in
effective binding sites for versatile bio-
tinylated molecules [Figure 2]. In such
a way, the chemical and mechanical
stability of the capsule are improved.
For instance, crosslinking, bio-com-
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patibility and diffusion properties are
adjustable using appropriate biotiny-
lated substances.

CONCLUSIONS

In contrast to common procedures,
gentle and well documented methods
for alginate production from brown
algae LN and LT are presented to
maintain original characteristics of
extracted UHV alginates for improved
capsule performance. Besides favo-
rable chemical and mechanical stabi-
lity, streptavidin modification of UHV
alginates is demonstrated as a pro-
mising tool in respect to control the
capsule’s functionality. Since the vis-
cosity affects cellular behavior, UHV
alginates are a promising system for
cell encapsulation.
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BRG GENERAL ASSEMBY

INTRODUCTION

Each participant of the 23th Interna-
tional conference on Bioencapsulation
was invited to attend the 2014 BRG Ge-
neral Assembly, held in Delft, Nether-
lands on September 2, 2015

2014 ACTIVITY REPORT

Three issues of the BRG newslet-
ter were published in 2014 under the
supervision of Paul de Vos from Gro-
ningen University (The Netherlands)
and edited by Brigitte Poncelet from
impascience (France). The newsletter
is sent by email to 5000 persons.

Aprilissue was dedicated to the
probiotic encapsulation and was
managed by André Brodkorb, from
Teasgasc research center, Ireland.

July issue presented the contri-
butions from the speakers of the
The 17th Industrial Convention on
Microencapsulation

Best student contributions from the
22th International Conference on
Bioencapsulation were presented in
the October issue

Four events were organized in 2014

The 6th training School held in Nha-
Trang, Vietnam on March 4-7 and
co-organized by Agrosuo Dijon and
the Nha Trang University

The 17th Industrial Convention on
Microencapsulation, held in Brus-
sels on April 23-25, co-organized by
Jean-Paul Simon.

The 22th International Conference
on Bioencapsulation, held in Bratis-
lava, Slovakia on September 17-19,
co-organized by Igor Lacik from the
Slovak Polymer Institute.

The 2nd Latin-America Symposium
on Encapsulation, held in Joao
Pessoa on November 24-26, co-
organized by the Federal University
of Paraiba.

Table 1 reports the participants and
contributions numbers for each event.

2014 FINANCIAL REPORT

The 2014 accounting was externally
audited by HPL audit, Nantes, France.
A summary of the incomes and ex-
penses is presented in table 2 for each
event and the BRG operating. Table 3
presents the cash flow over 2014 it-
self. Those bring a few remarks :

All together the cash flow is
reduced during 2014 but the final

balance remains highly positive.

One of the reasons of this de-
creased balance is linked to the
financial crisis that reduced the
industrial attendance at Brussels
convention (85 participants compa-
red to 96 at Madison 2013 or 124 at
Archamps 2012).

The participation at Bratislava
conference was lower than expec-
ted but we maintained the number
of 50 grants.

The training school in Vietnam was
largely financed by the BRG to sup-
port the event.

The line «External financing» in
Table 2 represents external fun-
dings, from the French University
Association for the The éth training
School, and from different Brazilian
funding organisations for 2nd Latin-
America Symposium on Encapsula-
tion. This money didn’t pass through
the BRG bank account and was used
for offering additional grants.

Each participant who got a grant
from the BRG or through external
funding got also a free registration
that had to be compensated by the
BRG.

As a final remark, the situation
seems to be more positive in 2015,
and we may finish the year with a
cash flow similar to that of 2013.

A report of the annual financial report
for 2014 as prepared by HLP auditors
and presented to the assembly. The
acceptance of this report was moved
by Ron Neufeld (Treasurer) and secon-
ded by Paul de Vos. A vote was called
and the association unanimously ac-
cepted the auditor’s report.

BRG GRANTING

Question was bring about the stra-
tegy adopted for attributing the BRG
grants.

Registration fees (conference,
training school ...) for students and
researchers are defined to cover
the real cost of their participation
and keep as low as possible.

The financing of the scholarships
and grants is provided by the par-
ticipation of industrials and exhi-

bitors, and in some case through

external fundings.

Non-granted participant DO NOT
contribute to the financing of BRG
support.
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e Grants are attributed on merit by
the scientific committee, and based
on the quality of the contribution
(oral or poster), taking into account
financial and geographical situation
of the participant.

e A substantial part of the BRG sup-
port will be attributed in the future
to promote participation of groups
to the BRG events, i.e. for participa-
tion of one professor with several
students from the same laboratory,
up to 30% registration fees reduc-
tion will applied to the group.

STEERING COMMITTEE

The General Assembly elected the fol-
lowing Steering Committee, until the
next General Assembly to be held in
September 2016:

e The only nominee for president was
Denis Poncelet, and the vote was
carried unanimously by the mem-
bers

e The only nominee for treasurer was
Ron Neufeld, and the vote was car-
ried unanimously by the members

A request for nominations for
secretary was presented, and two
persons volunteered, Stephane
Drusch and Priyanha Tripathy from
India. A vote was called, and those
persons were conjointly elected.

e Paul De Vos was elected as co-pre-
sident and newsletter chief-editor,
with support from Brigitte Poncelet

The Steering Committee will be com-
pleted with the local organizers of the
2016 events.

Table 1 Participants Contributions | Grants
Indus- [ Resear- Stu- | Exhi- | Total | Orals | Pos-
trials chers dents | bitors ters
Nha Trang 5 45 17 - 67 16 17 |51
Brussels 52 14 - 19 85 12 - 12
Bratislava 10 55 50 4 119 40 51 51
Joao Pessoa 12 56 60 3 131 27 65 44

2015-2016 ACTIVITIES

Three events were organized in 2015:

7th training School on Bioencapsu-
lation, Strasbourg, France, February
23-26, 2015

18th Microencapsulation Industrial
Convention, Eindhoven, The Nether-
lands, February 22-24, 2015

23th International Conference on

Bioencapsulation, Delft, Nether-
lands, September 2-4, 2015

Three events are already scheduled for
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016:

19th Microencapsulation Industrial
Symposium to be held in Frankfurt,
Germany, April 4-6, 2016, co-or-
ganized by Thorsten Brandau from
BRACE GmbH.

8th Training School on Bioencapsu-
lation, to be held in Cork, Ireland,
May 30-june 2, 2016, and co-or-
ganized by André Brodkorb from
Teagask Food Research Center.

24th International Conference on
Bioencapsulation, to be held in
Lisbon, Portugal, September 21-23,
2016, co-organized by Catarina Pinto
Reis from Universidade Lusofona.

Some proposals have been received to
organize meetings in Malaysia (Confe-
rence), USA (Convention) or Chile
(Conference) in 2017.

Four newsletter issues have been or will
be published in 2015 :

e The January issue was edited by
Thierry Van damme from Strasbourg
University, France, on Drug targeting
and encapsulation

e The May issue was dedicated to the
ITN Powtech (Particle and powder
technologies)

e The July issue was edited by Raul Ro-
drigo Gomez from P&G, on Industrial
application of micro encapsulation

e This issue presents the 2015 Poncelet
award and the ten best student contri-
butions from the 23th International
Conference on Bioencapsulation

Four newsletter issues are already
scheduled for 2016 :

e InJanuary, a part Il on Industrial
applications of microencapsulation

e In may, microencapsulation in agri-
culture

e Injuly, the topic has to be finalized

¢ in October, the best contributions XXIV
International Conference on Bioen-

Table 2 : Conference and BRG operating budget 2014 capsulation from
Nha_ Brussels Bratis- | Joao_Pes- BRG TotalL
trang lava soa CLOSI NG )
registration 5094 € | 94 900€ | 37146 € 20357 €| 1825€ | 159322¢€ As no question was raised by the par-
ticipants, the General Assembly was
Interests 536 € 536 € closed by the President.
Receptions -407 € | -59242€ | -21882€ -9268€| -939€| -91738¢€
Printing/mailling -11770€ | -3583€ -3563 € -| 15316 € Table 3 : cash flow over 2014
Management -9240 | -13770€ | -6622€ -9240€ | -2160€ | -41032€ End of 2013 balance 79321 €
Grants-Missions -14 926 € -3011 € | -23 300 € -4175€ | -1000 € | -46 412 € 2014 Nha Trang -15078 €
Bank costs 81€ -934 € -583 € -517 €| -178€ -2131 € 2014 Brussels 16 275 €
Divers -54 € -23 | -183€ -260 € 2014 Joao Pessoa 11977 €
Balance -19 398 6563 € | -18 878 € -3219€ | -2099 € | -37 031 € 2014 Bratislava 18227 €
€€
2015 Eindhoven -2 668 €
External financing | 20 000 € 25000 € 45000 €
2015 Strasbourg 4001€
Free registration 14 500 € 15000 € 7000 € 36 500 €
. ; ) 2015 Delft -392 €
« Grants » corresponds to support offer participants for their travel and accommodation,
« Missions » corresponds to the reimbursement of the speakers or chairperson, external 2014 BRG -1947 €
fllnancm? is funding that has been spend for offering additional grants, all grants and mis-
sions get free registration which has to be compensate by BRG. Solde end of 2013 49 308 €
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PN 114 Allée Paul Signac,

0, -:o‘, BIoencapsu[atign 44240 Sucé sur Erdre
ee? Research Group France

contactf@bioencapsulation.net

Bioencapsulation Research Group is a non-profit association promoting networ-
king and research in the encapsulation technology of bioactives. It organises acade-
mic conferences and industrial symposiums, publishes newsletters and manages a
website.

More information : http://bioencapsulation.net
KEEP CONTACT BY REGISTERING ...

Registration is based on a voluntary annual fee. If you wish to simply receive the
newsletter and be advised about future events, register online at: http://bioencap-
sulation.net

Be an active member pay the registration fee and get more services

e Reduced registration fees to BRG events
e Full access to conference proceedings (> 1700])
e Access to the forum and internal mailling
e Possibility to contribute to the newsletter
e Reduction for the conference registration

e Priority for awarding of conference grants

Class Annual fees
Industry members 100 €
Researchers' 60 €
Students? Free
Honorary member and corporate registration® 1000 €

Tpublic and non-profit organizations, contact us for group registration

% registered for a master or PhD program, less than 30 years old.

3 Open access to 1 full page in 1issues (1/2 page in 2 issues ...} in the newsletter
Registration fees may be paid by credit card, bank transfer or cheque.

For more information or an invoice, see the

http://bioencapsulation.net

registration page on

Thanks to Agence | (http://www.agence-i.eu/] for designing the newletter.,Brigitte Poncelet (http://im-
pascience.eu) editing corrections and the editorial board for their help.
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REGISTRATION DATA
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e First name: Last name:
o Affiliation:

© AdAreSS:

e Zipcode: City:

® Stat e

® PRONE: o FAXE

e Email:

® PassWOrd: o

Registration class: ...

Registration fees: ..

STEERING COMMITTEE

e Prof. Denis Poncelet, Oniris, France

(President)

¢ Prof. Stephan Drusch, TU Berlin, Ger-

many (Secretary)

Mrs Priyanha Tripathy, CSIR, Indiay
(Secretary)

Prof. Ronald J. Neufeld, Queen’s Uni-
versity, Canada (Treasurer]

Prof. Paul De Vos, Groningen Univer-
sity, Netherlands (Newsletter editor)
Dr. Micheal Whelehan, Solvotrin,
Ireland

Dr André Brodkorb, Teagasc Food
Research Centre, Ireland (Editor)

Dr Thorsten Brandau, Brace Gmbh,
Germany [Industrial contact]

Prof. Elena Markvicheva, Institute of
Bioorganic Chemistry, Russia

Prof Luis Fonseca, Instituto Superior
Técnico, Portugal

Prof. Harald Stover, McMaster Univer-
sity, Canada

Dr James Oxley, SwRI, USA

Prof. Igor Lacik, Polymer Institute,
Slovakia

Dr Nicole Papen-Botterhuis, TNO,
Netherlnads

Dr Gabrie Meester, DSM, Netherlands
Dr Amos Nussinovitch, Hebrew Uni-
versity. Israel

Prof Gary Reineccius, University of
Minesota, USA

Dr Corinne Hoesli, McGill University,
Canada

Dr Laura Hermida, NITI, Argentina
Mr Luis Roque, Univ. Lusofona, Spain

Mrs Catarina Silva, S Univ. Lusofona,
Spain.

DepPartmEN s e

AdAress (CONT.): e
COUN Y e

Website:
Repeat password: ...

Send your registration to : Bioencapsulation Research Group 114 Allée Paul Signac, 44240 Sucé sur Erdre France
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