
January 2015 

1

In the past few years, considerable 
advances of basic and application re-
searches have taken place in the field 
of pharmaceutics. The newly reco-
gnized research thrust on nano- and 
microencapsulation is expected to have 
a revolutionary impact on the human 
health. To do this, considerable interest 
has been devoted towards the design 
of new drug delivery systems with the 
aim to specifically target the drug, such 
that the drug is released at a controlled 
rate and at the desired time. 

The final aim of site-specific delivery 
is to minimize or eliminate the undesi-
rable side effects. Targeted drug deli-
very, also called smart drug delivery, is 
a method of delivering drugs to a patient 
in a manner that increases the concen-
tration of the medication in some parts 
of the body relative to others. The goal 
of a targeted drug delivery system is 
to prolong, localize, target and have 
a protected drug interaction with the 
diseased tissue. 

The conventional drug delivery system 
is the absorption of the drug across a 
biological membrane, whereas the 
targeted release system releases the 
drug in a dosage form. Indeed, in tra-
ditional drug delivery systems such 
as oral ingestion or intravascular in-
jection, the medication is distributed 
throughout the body through the sys-
temic blood circulation. For most the-
rapeutic agents, only a small portion of 
the medication reaches the organ to be 
affected. Targeted drug delivery seeks 
to concentrate the medication in the 
tissues of interest while reducing the 
relative concentration of the medica-
tion in the remaining tissues. 

The advantages to the targeted release 
system is the reduction in the frequen-
cy of the dosages taken by the patient, 
having a more uniform effect of the 
drug, reduction of drug side-effects, 
and reduced fluctuation in circulating 
drug levels. The disadvantage of the 
system is high cost, which makes pro-
ductivity more difficult and the reduced 
ability to adjust the dosages.

To reach this aim, different strategies 
have been developped. To support 
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them, several innovative drug carriers 
have been designed like liposomes, po-
lymer-drug conjugates, antibody-drug 
conjugates, micelles, dendrimers, 
nanoparticles, nanocapsules, micro-
particles, microcapsules, nanoemul-
sions, microemulsions, artificial DNA 
structures, ….. Different techniques 
of encapsulation have been described 
using ultrasonic devices, microfluidic 
systems, (auto)emulsifications, coa-
cervation, ….

The potential of drug delivery strate-
gies involve the use of nano- (micro)
carriers for controlling, for instance, 
the biodistribution of antitumor drugs: 
passive targeting (through the en-
hanced permeability and retention 
effect, EPR effect) and active targeting 
(including stimuli-sensitive carriers 
and ligand-mediated delivery). 

Finally, the problem of «nano- (micro)
toxicity» in cancer treatments has also 
to be mentioned and studied since at 
this time there are few studies of the 
long-term consequences of nano- 
(micro)particles on human health. In 
particular, non degradable materials 
constituting the nano- (micro)carriers 
can accumulate into the cells and/or 
organs and exert damage effect as well 
as their degradation products. 

It is important to note that in the lite-
rature conflicting results are pres-
ent. These are likely caused by varia-
tions in type, composition, size, shape, 
surface charge, and modifications of 
nano- (micro)carriers employed; use of 
various in vivo and in vitro models (the 
cell death mode may be also cell type 
dependent); experimental procedures 
(different methods to evaluate cell 
death; materials dose, concentrations 
and efficiency of cellular uptake, and 
time of exposure).
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Nanomedicine has been defined as “the 
science and technology of diagnosing, 
treating and preventing disease and 
traumatic injury, of relieving pain and 
of preserving and improving human 
health, using molecular tools and mo-
lecular knowledge of the human body” 
(Duncan, 2011). To act at the molecular 
level, dosage forms of very low size 
are required. These delivery systems 
basically derive from a dramatic size 
reduction of conventional dosage forms 
to values in the range 1-1000 nm. Phar-
maceutical nanotechnologies exploit 
polymers to build drug-polymer conju-
gates, polymer micelles or matrix-type 
nanoparticles, as well as lipids (e.g. 
liposomes, solid lipid nanoparticles) 
and also combinations thereof, as 
in oily-core nanocapsules. Colloidal 
nanoparticles made of polymers and 
lipids are considered biocompatible, 
biodegradable and safe for various 
administration routes. Nanocarriers 
protect loaded drugs from degrada-
tion, increase their aqueous solubility, 
promote transmucosal absorption and 
cellular uptake, overall improving drug 
bioavailability.

In recent years a colloidal nanopar-
ticle system obtained by interaction 
between the cationic polysaccharide 
chitosan and soybean lecithin has been 
proposed (Fig. 1) (Sonvico F., 2006).

These nanoparticles form spontaneous-
ly following a self-assembly process, 
driven by the electrostatic interaction 
between the positively charged chitosan 
and the negatively charged phospholi-
pids of lecithin. Differently from other 
particles, manufacturing is simple and 

easily scalable. While chitosan is dis-
solved in acidic water, lecithin and the 
hydrophobic drug to encapsulate are 
dissolved in alcohol. The alcoholic solu-
tion is then added to the water phase un-
der stirring to form the nanoparticles. It 
was demonstrated that 20 parts of leci-
thin to 1 part of chitosan is the optimal 
weight ratio to obtain nanoparticles of 
about 200-250 nm in size with a strong 
positive surface charge, which stabilizes 
the colloidal dispersion.

A comprehensive investigation of the 
physical properties of the system elu-
cidated the particle structure, repre-
sented by condensed liposomes with 
chitosan intercalated between two 
phospholipid bilayers to increase the 
particle density (Fig. 2) (Gerelli, 2008). 
The presence of a polysaccharide-
based shell is useful to tailor the sur-
face charge and properties of the nano-
material, while the lipid core provides 
the vehicle to solubilize and efficiently 
encapsulate lipophilic drugs. Particle 
characteristics (size, charge, morpho-
logy) may vary in consequence of the 
encapsulation of the drug, although 
without affecting the system’s perfor-
mance and stability.

So far, these lecithin/chitosan nano-
particles (LCNs) have been studied 
as carriers for drug administration by 
the oral route (progesterone, tamoxi-
fen citrate) (Sonvico, 2006; Barbieri, 
2013), dermal application of corticos-
teroids (clobetasol-17-propionate, di-
flucortolone valerate) (Senyiğit, 2010; 
Ozcan, 2013), transdermal delivery of 
melatonin (Hafner, 2011a) and also for 

functional food applications (Souza, 
2014) Initially, progesterone was cho-
sen as model lipophilic drug, showing 
encapsulation efficiencies up to 60%, 
although dependent on the amount of 
drug in the preparation. In contrast, en-
capsulation of a hydrophilic compound 
(metoclopramide hydrochloride) was 
unsatisfactory.

More recently, LCNs loaded with ta-
moxifen citrate for the oral treatment 
of estrogen-dependent breast cancer 
were developed (Barbieri, 2013). Few 
anticancer drugs are enough water 
soluble and permeable to allow for 
their efficient administration per os. 
Nanocarriers could improve their oral 
bioavailability, therapeutic efficacy and 
safety profile, as long as the encapsu-
lated drug is masked within the nanos-
tructure. Indeed, it was shown that 
enzymes typically present in the gas-
trointestinal tract (in particular lipase 
and lysozyme) triggered the in vitro re-
lease of tamoxifen citrate from LCNs by 
degrading the nanoparticle structure. 
Thus, the drug remained encapsula-
ted and protected in conditions similar 
to the gastric environment and star-
ted being released only in a simulated 
intestinal fluid with enzymes. Further-
more, ex vivo transport experiments 
with excised rat intestinal mucosa 
demonstrated that the nanoparticles 
enhanced tamoxifen transport across 
the tissue. In fact, LCNs guaranteed 
mucoadhesion to the mucosal surface 
and increased paracellular transport 
likely owing to chitosan acting on inter-
cellular tight junctions. Interestingly, it 
was found that it was the direct contact 
between nanoparticles and mucosa 
that increased drug permeation. In ad-
dition, LCNs allowed the drug to escape 
intracellular metabolism as tamoxifen 
mostly diffused in its intact (non meta-
bolized) form.

The corticosteroid clobetasol17-pro-
pionate (CP) was encapsulated with 
very high efficiency (> 90%) in LCNs for 
dermal application. In vitro transport 
experiments with pig ear skin showed 
that the nanoparticle dispersion signi-
ficantly increased CP accumulation in 
the skin (particularly in the epidermis, 
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Fig.1..Cryo-TEM.microphotograph.of.
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Fig..2..Representation.of.the.structure.of.LCNs.
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target site of topical steroidal treat-
ment) in comparison with conventional 
dosage forms such as a chitosan gel 
and a commercial cream containing 
the same drug (Senyiğit, 2010). In order 
to facilitate the cutaneous application, 
the CP colloidal formulation was incor-
porated into a chitosan gel at different 
ratios without any physical and che-
mical stability problem. As the carrier 
significantly accumulated CP into the 
skin, no significant permeation was 
observed. This meant that side effects 
related to topical steroidal treatment 
could be reduced, improving the risk–
benefit balance of these drugs. In 
contrast, Hafner et al. (2011a) prepa-
red melatonin-loaded lecithin/chito-
san nanoparticles showing increased 
melatonin flux in vitro (1-2 folds) across 
pig skin compared to an aqueous mela-
tonin solution. In vitro they showed that 
LCNs can be safely applied to skin cells 
(human skin keratinocytes and fibro-
blasts) at concentrations up to 200 mg/
ml without inducing cytotoxicity.

As future perspective, these nanopar-
ticles appear interesting for adminis-
tration also to mucosal tissue such as 
in the nose. In this regard, the presence 
of chitosan is advantageous due to its 
mucoadhesive properties, which may 
prolong retention within the nasal cavi-
ty and enhance drug permeability.

Finally, it must be highlighted that the 
nanocarrier eventually has to become a 
finished medicinal product for use in cli-
nical practice. It is likely that for admi-
nistration purposes, stability issues or 
patient convenience, the nanoparticles 
require further transformation into a 
larger dosage form, even if transitorily. 
This transformation should be achie-
ved by technologies able to tempora-

rily “mask” the nanoparticles within a 
bigger structure preserving their ori-
ginal size. This can be done with LCNs 
as described by Cagnani et. al. (2004) 
who realized a powder for nasal deli-
very of the drug-loaded nanoparticles. 
Spray drying (in the presence of a fil-
ler) transformed the nanoparticles into 
microparticles, which were then agglo-
merated by tumbling to form coarse 
soft globules (Fig. 3). After insufflation 
by a suitable device, these agglome-
rates broke down into smaller frag-
ments of aggregated microparticles 
that, upon disintegration in physiologi-
cal fluids, released intact the original 
nanocarriers. In this way a solid pro-
duct containing the nanocarrier can be 
proposed to build the finished dosage 
forms to suit different routes of admi-
nistration, therapies and patients (But-
tini, 2012). Recently, lyophilization was 
also exploited to dry a liquid dispersion 
of piroxicam-loaded LCNs with a view 
of stabilizing the system and facilitating 
its handling during manufacturing of an 
oral product (unpublished data). Com-
pared to spray drying, freeze-drying 
seems less effective with respect to 
restoration of the original size of the 
nanocarrier upon reconstitution of the 
powder in water. Stability of lyophilized 
lecithin/chitosan nanoparticles loaded 
with melatonin has been evaluated in 
the short- and long term and resulted 
dependent on the cryoprotectant used 
(Hafner, 2011b).

In conclusion, nanocarriers based on 
polysaccharide and lipid materials 
owing to easy manufacturing scale-
up, stability, versatility of administra-
tion appear very interesting for a rapid 
technology transfer to novel drug pro-
ducts implementing pharmaceutical 
nanotechnology into traditional do-
sage forms.
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INTRODUCTION

Active pharmaceutical ingredients are 
administered by different routes but 
oral administration remains the most 
physiological and convenient way of 
delivering drugs (Delie and Blanco-
Príeto, 2005). Different drug delivery 
systems are used for oral administra-
tion but microparticles have added ad-
vantages over single unit systems like 
less chance of dose dumping and local 
irritation, increased bioavailability, 
low dependence on gastric emptying 
time etc. Microencapsulation is used 
to develop microparticles where active 
materials are entrapped in a matrix or 
reservoir for protection and control-
led release of drug(s), patient comfort 
and compliance by reduced frequency 
of administration (Khan et al., 2013). 
Conventional microencapsulation me-
thods (emulsion solvent evaporation, 
emulsion solvent diffusion etc.) show 
poor drug loading, poly-dispersity and 
batch to batch variation (Holgado et 
al., 2008). Microfluidics can overcome 
these problems by producing micro-
particles having a very narrow size 
distribution (Serra and Chang, 2008), 
high encapsulation efficiency and also 
particles with diverse morphologies. 
In general, it is not suitable to incorpo-
rate two drugs of dissimilar solubilities 
in a single particle. So, Janus particles 
would provide suitable alternative for 
the aforementioned problems. 

FABRICATION OF JANUS 

A simple off-the-shelf side-by-
side microfluidic device (Fig 1) 

was used to synthe-
size Janus particles 
of poly(acrylamide)/
poly(methyl acrylate) en-
capsulating a hydrophilic 
sodium fluorescein and a 
lipophilic ketoprofen as 
model drug respectively. 
Two monomer dispersed 
phases, admixed with 
the drugs, were injected 
into a continuous phase 
(Silicon oil of 500 cSt vis-
cosity) through a fused 
silica capillary (internal 
diameter (I.D) 100 µm) 
placed in an outlet PTFE 
tubing (I.D. 1.6 or 1 mm 
or 0.5). Once bi-phasic 
droplets are generated 
they are polymerized 
downstream by UV irra-
diation having an inten-
sity of 276 mW/cm2 (Ha-
mamatsu Lightningcure 
LC8) (Fig 1). Janus par-
ticle were collected at 
the exit of the collecting 
tube and washed with 
ethyl acetate, dried and 
stored in glass vials until further use. 

Particle size analysis was perfor-
med by Hiris version 3 (R & D Vision) 
software and has shown decrease in 
size by increasing the ratio of conti-
nuous to dispersed phase flow rates 
(Qc/Qd) in flow focusing arrangement, 
or by decreasing collecting tube inter-
nal diameter. In most cases coefficient 
of variation was less than 5% except 
when operated at a high Qc/Qd ratio 
i.e. 120 & 240, or when the collecting 

tube internal diame-
ter was 0.5 mm. (Fig 
2). Optical and SEM 
microscopy confir-
med Janus structure 
while Raman spec-
troscopy confirmed 
different chemistry 
on each side of bi-
compartmental par-
ticles.

FTIR spectra confir-

med complete polymerization of 
bi-phasic droplets by observing the 
absorbance of C=C double bonds for 
acrylate at 1636 and 808 cm-1 and for 
acrylamide at 1605 cm-1 respectively. 
These peaks were absent in optimized 
formulation and suggests successful 
polymerization of two monomers un-
der given conditions. Cytocompatibilty 
of these particles were carried out in 
BNL-CL2 cells. These cell lines were 
observed before and after incubation 
of different concentration of Janus 
particles. These particles showed 
minimal cytotoxicity until 4 mg/mL. 
LD 50 of Janus particles was found to 
be around 9 mg/mL (Fig 3). MTT assay 
results were further analyzed and 
confirmed by addition of propidium 
iodide and Calcein AM (acetomethoxy 
derivate of calcein) which can stain 
dead and live cells respectively. In  the 
cell population, dead cells appear as 
red due to the red-fluorescent nuclear 
and chromosome counterstain pro-
pidium iodide, as it is only permeable 
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Figure.1:.Setup.of.side-by-side.microfluidic.device.

Figure.2:.Decrease.in.Janus.particle.size.with.decreasing.
internal.diameter.of.collecting.tube.(b).[Adopted.from.(5)].
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the collecting tube internal diame-
ter and flow-focusing arrangement. 
These particles successfully released 
two molecules in sustained release 
manner over 24h by Fickian diffusion. 
Moreover, in future these particles 
could be used for targeting various 
parts of the GIT.
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particles were dented on one side and 
lack uniform distribution of the two 
phases, while smaller particles have 
more uniform structures (Fig 4a, b).

Furthermore, it was observed that ke-
toprofen release was higher compared 
to hydrophilic sodium fluorescein. This 
release could be due to the following 
reasons: (1) in all  optimized formula-
tions, the concentration of crosslinker 
and acrylamide in hydrophilic phase 
was quite high i.e., 6 wt.% and 30 wt.%, 
respectively. (2) initial loading amount 
of sodium fluorescein was 1 wt.% as 
compared to 10 wt.% of ketoprofen. 
Hence therelease rate of sodium fluo-
rescein was enhanced by decreasing 
the concentration of crosslinker from 6 
to 1.5 wt.%. This resulted in a decrease 
in crosslinking density and increased 
the mesh size which allowed more 
freedom of movement for the solvent 
and drug molecule.

CONCLUSION

A side-by-side capillary microfluidic 
device was successfully used to pre-
pare poly(acrylamide)/poly(methyl 
acrylate) Janus particles for bi-encap-
sulation of two molecules with diverse 
solubilities in a single microparticle.. 
The size of these biocompatible par-
ticles were easily tuned by varying 

to dead cells. Live cells appear green 
because nonfluorescent Calcein AM 
is converted to a green-fluorescent 
calcein after acetoxymethoxy group is 
removed by intracellular esterases.

It was found that particles having same 
composition but different size vary in 
encapsulation efficiency. Smaller par-
ticles have higher efficiency in compa-
rison to bigger particles, for example 
144 µm particles have 32 and 30% en-
capsulation efficiency for ketoprofen 
and sodium fluorescein respectively, 
while 244 µm size particles have 30 
and 29% encapsulation efficiency for 
the same drugs. A probable reason is 
that smaller droplets polymerize fas-
ter and prevents the loss 
of drug in continuous 
phase and is in agree-
ment with our previous 
studies on microbeads 
(Khan et al., 2013).

Drug release studies 
were carried out at pH 
6.8 in USP phosphate 
buffer solution for two 
formulations having 
similar composition but 
polymerized in different 
sized collecting tubes. It 
was observed that for-
mulation having large 
particle size showed 
faster drug release as 
compared to smaller 
particles. Smaller par-
ticles released both 
drugs in a more sus-
tained release manner. 
This could be due to 
variation in uniformity 
of two particles. SEM 
micrographs confirmed 
that the large size Janus 

Fig..4:.Sustained.release.of.two.active.molecules.as.func-
tion.of.morphology.and.particle.size.(a,.b)..Release.curve.
shows.modified.Fick’s.second.law.of.diffusion.on.first.60%.
release..Scale.bar.represents.100.µm[Adopted.from.(5)].

Figure.3:.Graph.shows.cell.viability.
after.exposure.of.BNL-CL2.hepa-
tic.cell.line.to.different.particles.
concentrations.[Adopted.from.(5)].
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INTRODUCTION

Wet granulations are an invaluable 
precursor to many solid dose for-
mulations and are widely used in the 
pharmaceutical industry (Parker et al. 
1990). The difficulties in achieving a 
pharmaceutical granulation providing 
the optimum properties to enable  an 
easy and consistent manufacturing 
process is a well-known issue for both 
developers of formulations and pro-
duction managers in the manufacture 
of pharmaceuticals. 

There are several things that can affect 
the properties of a granulation (Soh 
et al., 2013), each having a different 
effect on the level of performance. 
The actual content of the formulation 
is clearly important e.g. concentration 
of active ingredient, but the amount 
of liquid binder in the mix is generally 
considered one of the most important 
variables that can be controlled by the 
formulator. 

The time and intensity of mixing that 
is given to a granulation is generally 
considered of less importance. In this 
case study (which is an undisclosed 
real example) we hope to show that it 
can be absolutely critical to achieving 
an optimal, or even acceptable, pro-
duct performance. 

THE PROBLEM

In this example, a manufacturer of 
pellets containing venlafaxine was ex-
periencing inconsistent results from 
the manufacturing line. The resultant 
product was variable in both usable 
yield (weight of acceptable pellets as 

a % of weight of granulation made), 
and pellet consistency (highly variable 
dissolution profile). The product was 
a generic Venlafaxine formulation 
containing 15% water content. 

Since the formulation was already 
registered, neither the formulation 
ingredients nor the amount of liquid 
binder could be easily modified.

It was noted that the texture of the 
granulation and the extrudate was 
visually inconsistent but no quantita-
tive assessment of this casual obser-
vation had been undertaken. To asses 
this issue, the rheological properties 
of the customer’s granulation were 
examined in a quantitative way. From a 
practical standpoint this was only pos-
sible using the Caleva Mixer Torque 
Rheometer (MTR3). 

THE ASSESSMENT

Two key parameters were examined.  

An initial trial was performed to look 
at the effect binder levels might have 
on the consistence of the formula-
tion. This assessment was made on 
the bench top with a 20g dry powder 

sample, using an MTR3 and the results 
are shown in Figure 1.

In the original development, it is 
suspected that the optimum binder 
concentration was determined by 
the “hand squeeze test” (a subjective 
assessment and not appropriate for 
the 21st century pharmaceutical in-
dustry!). 

The effect of different mixing regimes 
was examined in a second assess-
ment. Within the registration some 
flexibility was permitted in the amount 
and intensity of mixing.  There was 
scope for changes to be made in this 
area. It appeared that no quantitative 
assessment had been undertaken of 
the influence of mixing upon the for-
mulation properties. It was assumed 
that this factor was of little signifi-
cance to the final formulation provi-
ding it was granulated “enough”. 

THE RESULTS

For pellet formulations an ideal 
% binder content is generally 
somewhere just before the maximum 
consistency reading is reached. In 
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A CASE STUDY: QUANTIFYING THE RHEOLOGICAL PRO-
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Figure.1.:.The.consistancy.of.a.venlafaxine.formulation.with.different.amounts.of.
liquid.binder.added
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this case the results suggested that 
a water content of about 35% would 
be optimum for this formulation, 
however the product was already 
registered containing a water content 
of 15%. At this stage the manufactu-
rer, understandably did not want to 
change this value.  

The second evaluation was underta-
ken (again using the Caleva MTR) at 
this (registered) 15% water content 
but this time looking, at the effect of 
mixing time on the consistency of the 
product.

Using a small sample size of 20g of 
the dry powder with a 15% addition 
(3ml) of the binder the granulation was 
mixed continuously and the consisten-
cy measured at regular intervals. The 
results obtained are shown in figure 2. 

DISCUSSION

The first results show that the 15% 
binder content used in this formulation 
is very likely not to be optimum for this 
product. The early assessment made 
using the “hand squeeze test” and wit-
hout any quantitative data is not opti-
mum. The formulation will never be 
“optimum” as at this stage the binder 
ratio cannot practically be changed 
due to the product registration.

A similar problem was apparent with 
the granulation time given to the for-
mulation. Once quantified results 
were obtained it was clear that the 
granulation regime was of paramount 
importance if consistent product qua-

lity was to be realized in practise. The 
results showed that the highest levels 
of consistency were only obtained at a 
very narrow intensity of mixing. It was 
easily possible to both over and under 
mix.

CONCLUSIONS

There.are.several.conclusions.
that.can.be.drawn.from.this.
case.study:-

Quantifiable measurements of formu-
lation consistency are a desirable part 
of formulation development.

Whilst the importance of the percentage 
of binder liquid added to a formulation 
is recognised as important to achieve 

c o n s i s te nt 
produc tion 
quality many 
people who 
work in for-
m u l a t i o n 
d e v e l o p -
ment still 
rely on sub-
jective and 
n o n - qu an -
tifiable as-
sessments.

The possible 
sensitivity of 
the granula-
tion regime 
is some-
times not 
appreciated 
during for-

mulation development. Contrary to 
this general perception the granula-
tion process should be quantitatively 
studied as a standard part of product 
development. 

The Caleva Mixer Torque Rheometer is 
the only instrument that can easily and 
reproducibly generate the valuable 
data shown in this case study. 

There. are. three. main. ways.
available.to.determine.the.op-
timum.ratio.and.mix.time:-

Adding binder and testing by ‘eye and 
hand’ to reach an estimated optimum 
ratio. Obvious limitations and no re-
producibility!

The systematic investigation of a range 

of possible options with subsequent 
testing of the final characteristics of 
tablets and spheroids (pellets) pro-
duced. A time-consuming and expen-
sive undertaking!

By use of a Caleva MTR3 – the only me-
thod that is objective, quantifiable and 
can be used for scale-up production 
(Rowe, R. C. and Parker, M.D, 1994).
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DIABETES

General.purpose

With nearly 285 million diabetic people 
worldwide, diabetes is a disease is 
which is becoming more prevalent and 
subsequently worrying health ser-
vices. It can be defined as a disorder 
of glucose assimilation, utilization and 
storage. In healthy people, high levels 
of plasmatic glucose are regulated to 
normal levels (1 g/L) by insulin, which 
is secreted by pancreatic β-cells. In 
diabetics, insulin is no longer secreted 
inducing  hyperglycaemia. In type 1 dia-
betes this usually results from destruc-
tion of β-cells (autoimmune disease 
occurring in children), while in type 2 
diabetes  an overproduction of poor 
quality insulin (followed by long-term 
exhaustion of pancreas and insulin in-
jections in middle-aged people) causes 
the disease. Furthermore, hypergly-
caemia induces vascular complications 
such as microangiopathy damaging the 
retinas and kidneys; and macroangio-
pathy leading to myocardial infarction, 
stroke and peripheral arterial disease 
both associated with loss of peripheral 
nerve sensitivity, leading sometimes to 
amputation of affected limbs.

Treatments.

Main diabetic treatments are based on 
medication. In type 1 diabetes, insulin 
therapy is realized by subcutaneous 
injections of insulin with different 
supports: pens, external or internal 
pumps. For type 2 diabetic patients, 
associated to dietary advices, some 
oral antidiabetic drugs reduce the 
insulin resistance or improves insulin 
sensibility. However, insulin 
therapy can also be necessary 
for long-term type 2 diabetics, 
however it can present draw-
backs: multiple subcutaneous 
injections are painful, restric-
tive and uncomfortable for pa-
tients with some risks of hypo-
glycaemia, lipodystrophy and 
technical failures (pumps). 
In account of these problems 

researchers are developing alternative 
treatments to these injections.

Eye drops, inhalation sprays, oral 
tablets and others were studied. Two 
known developments concern inha-
led insulin Exubera® (Pfizer) and oral 
insulin Oralin® (Generex). However, 
the increase of side effects and lung 
cancer; and the lack of reproducibility 
and tolerance, respectively led to their 
removal from the market.

THE ORAL ROUTE 

Advantages

The oral route is fast, simple and dis-
creet to use, does not require injections 
or materials, limits severe hypoglycae-
mia and respects the first hepatic pass, 
contrary to subcutaneous, intraperi-
toneal, transdermal, rectal, buccal or 
nasal delivery routes. For many drugs, 
the first hepatic pass is a drawback 
because it decreases the drugs bioa-
vailability. But in the case of insulin, 
this pass reflects what is happening 
in physiological conditions and allows 
the liver to control the insulin release 
to peripheral tissue and ensures a good 
control of glucose homeostasis.

Drawbacks.

Unfortunately, two major problems are 
encountered by peptide drugs along the 

gastrointestinal tract. The stomach and 
intestine represent chemical and phy-
sical barriers. In the stomach, the pre-
sence of enzymes (pepsin, lipase) and 
low pH alter the structure and biological 
function of drugs. The active compound 
remaining is then in contact in the in-
testine with alkaline pH and enzymes 
(trypsin, chymotrypsin…) inducing the 
almost total degradation of compounds 
with a peptide nature. Moreover, pas-
sing through the intestine membrane 
is limited by the size and hydrophobicity 
of the peptide, which explains the low 
bioavailability of proteins that adminis-
tered orally (Pauletti, 1996).

ORAL ADMINISTRATION 
OF INSULIN

To solve the problems encountered 
along the gastrointestinal tract, our 
team composed of chemists, in par-
tnership with biologists (Centre euro-
péen d’étude du Diabète, Strasbourg), 
have developed a new drug delivery 
system called pharmaceutical vector, 
and is based on a double encapsula-
tion procedure (Frère, 2004). This pro-
cedure involves successive nano- and 
micro-encapsulation of the insulin: 1) 
First encapsulation: synthesis of insu-
lin nanoparticles, to protect the peptide 
from intestinal fluid and to promote 
its passage through the intestinal wall 
until the release of the hormone to the 
portal vein. 2) Second encapsulation: 
formulation of an enteric capsule com-
posed of alginate which will contain the 
insulin nanoparticles (from first encap-
sulation) and protects them from gas-
tric fluid (Figure 1).
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Figure.1:.Concept.of.insulin.double.encapsulation.

Figure.2:.Transmission.electron.
microscopy.of.insulin.nanoparticles.
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which decrease glycaemia in diabetic 
rats due to a slow insulin profile. 

The experiments show the efficiency 
of oral administration of the developed 
system. Before human clinical trials, 
the process of nanoparticle production 
has to be improved for scale-up and the 
insulin-loaded nanoparticles must be 
tested as diabetic treatment on mini-
pig. 
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After obtaining my PhD (2010) on 
the prevention of oxidative stress 
in diabetes using natural antioxida-
tive compounds, both on cells line 
and type 2 diabetes model of rats, I 
switched from biology to polymers 
to manage the project of oral admi-
nistration of insulin, as postdocto-
ral research associate with Dr Yves 
Frère. 

size is around 100 
to 200µm.

In.vivo.assays.

Insulin nanopar-
ticles are injected 
in the duodenum 
of diabetic rats 
using a catheter (in 
accordance with 
the standards and 
ethics protocols). 

Encapsulated insulin is significantly 
more active than free insulin and de-
creases glycaemia until normal level 
after 9 hours (Figure 3).

Additionally the gastric resistance of 
commercial capsules PCcaps™ was 
also tested (Figure 4). In simulated gas-
tric juice, capsules are resistant and 
released their entire payload (caffeine) 
under intestinal conditions.

Insulin lyophilized nanoparticles en-
closed in PCcapsTM capsules reduce 
glycaemia of diabetic rats, however as 
of yet they do not allow normoglycemia 
to be achieved after oral administra-
tion of the whole system. Currently, the 
change of second encapsulation from 
PCcapsTM capsules to alginate beads 
could be a solution to obtain normo-
glycemia in diabetic rats after the oral 
administration.

CONCLUSION / PERS-
PECTIVES

Drug delivery system through the 
double encapsulation of insulin with 
successive nano- and microspheres 
was proven to be a  success: pharma-
ceutical vectors which are gastric-re-
sistant are obtained and release active 
insulin nanoparticles in the intestine, 

The.nanoparticles

They constitute the first encapsula-
tion step. They are synthesized by the 
method of double emulsion and solvent 
evaporation, with a biodegradable and 
bioassimilable polymers (poly (D, L-
lactide-co-glycolide)), acid and surfac-
tant. Aqueous insulin is dispersed into 
the polymer solution to form water/oil 
emulsion which is then dispersed in the 
surfactant to obtain a second emulsion 
of water/oil/water. This multiple emul-
sion is then added to a surfactant to 
begin solvent evaporation. 

Nanoparticles, negatively charged with 
a size around 200nm, are spherical 
(Figure 2), resistant in simulated intes-
tinal fluid, well internalized by entero-
cytes in culture and have an encapsula-
tion efficiency of insulin of around 95%.

The.enteric.capsule

The second encapsulation protects 
insulin nanoparticles from gastric en-
vironments. This enteric capsule can 
be formulated with soft gel capsules,  
hard-gelatin enteric capsule PCcapsTM 
coated with Eudragit® (Capsugel, 
France) or alginate beads, with a final 
size allowing oral administration to dia-
betic rats. 

Our work is essentially focused on algi-
nate beads. To obtain 
the whole system, na-
noparticles are mixed 
with alginate solution 
and calcium carbo-
nate. This aqueous 
phase is dispersed 
in pharmaceutical oil 
with surfactant. Gela-
tion occurs by adding 
acetic acid (adapted 
from Poncelet, 1999) 
and beads are ex-
tracted with aqueous 
solution of calcium 
chloride. The final 

Figure.3:.Glycaemia.of.rats.after.injection.of.nanoparticles.

Figure.4:.Caffeine.release.from.PCcapsTM.in.simulated.GI.
fluids.
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for many people with the 
devastating diagnosis. The 
majority of chemotherapy 
is done intravenously, but, 
because the drugs are 
very toxic and are not tar-
geted, they have a lot of 
side effects. Therefore the 
patients endure therapies 
with ravaging side effects, 
including nausea, immune 
suppression, hair loss and 
even organ failure, in hopes 
of eradicating cancerous 
tissues in the body. Another 
problem with intravenous 
drugs is that they go eve-
rywhere in the bloodstream and do 
not easily cross the blood brain bar-
rier so little amounts get delivered to 
the target tumors. To counteract this, 
generally, high doses are necessary. 
To avoid these drawbacks, intravenous 
delivery systems should not be inves-
tigated, but localized therapies delive-
ring directly into the tumor site. As an 
example of localized therapy, we can 
mention current treatment which in-
cludes leaving wafers infused with the 
anti-tumor agent BCNU in the brain 
after surgery (figure 1), but when the 
drugs in these wafers run out, repea-
ting invasive placement is not gene-
rally recommended. Moreover, the 
choice of the drug can be problematic, 
as for instance, BCNU has a half-life in 
the body of 15 minutes. Therefore the 
drug needs protection and to be re-
leased with a sustained and prolonged 
release because of this short half-life. 
Encapsulation inside biodegradable 

polymers can solve this problem. 
With uniform spheres, manufactu-
rers can design the microparticles 
to precisely control the time of drug 
release by altering polymer compo-
sition. The tiny spheres can also be 
injected in tissues, through the skull, 
obviating the need for more surgery.

Obviously, different techniques to 
make microspheres or microcap-
sules can be used to encapsulate the 
drug inside of them. The main pro-
blem in these cases lies in the use 
of solvents. From a pharmaceutical 
point of view, the organic solvents 

INTRODUCTION 

The oncology community is on the 
constant lookout for improvements 
and advancements in cancer treat-
ments. One of these improvements 
consists of using different microen-
capsulation techniques as an novel 
approach. The interests in microen-
capsulation lie in the fact that this 
approach usually consists of a single 
step process that forms tiny liquid-fil-
led, biodegradable « micro-balloons » 
containing various drug solutions that 
can provide for instance, better drug 
delivery and new medical treatments 
for solid tumors. In other words, by 
using microcapsules containing anti-
tumor treatments and visualization 
markers, the treatment can be direc-
ted right to the tumor, which has seve-
ral benefits over systemic treatment 
such as chemotherapy. The micro-
particles (microspheres or microcap-
sules) can be injected into human tu-
mors to actually inhibit tumor growth 
or can be injected following cryo-sur-
gery (freezing) to improve the destruc-
tion of the tumors much better than 
freezing or local chemotherapy alone. 
The microparticles can also contain 
a contrast agent that enables C-T, X-
ray or ultrasound imaging to monitor 
the distribution within the tissues to 
ensure that the entire tumor is treated 
when the microcapsules release their 
drug contents.

At present, invasive and systemic 
cancer treatment is a necessary evil 

have to be eliminated after the prepa-
ration of the microparticles.

To optimize the drug release kinetics, 
researchers also examined how the 
anticancer drug releases from the mi-
croparticles. Using mathematic mo-
delling, they established a drug diffu-
sion coefficient for the encapsulation 
system. This helps in designing how 
much drug has to be included in each 
microsphere or microcapsule and how 
long these microparticles will deliver 
the required dosage (each drug has its 
own diffusion coefficient and half-life)

MICROENCAPSULATION 
OF ANTICANCER DRUGS
As mentioned above, microencapsu-
lation can modulate the release kine-
tics of soluble drugs and contribute 
to delay the complete release. On the 
contrary, poor water solubility of many 
anticancer agents (such as paclitaxel, 
PCT; camptothecin, CPT; and certain 
porphyrins like meso-tetraphenyl-
porphine, TPP, used in photodynamic 
therapy, PDT) hinders their applica-
tion and complicates direct parenteral 
administration. Various formulation 
strategies based on the use of drug 
carrier systems have been suggested 
to overcome their poor solubility, low 

.ARTICLE.

THERAPEUTIC APPLICATION OF MICROENCAPSULATION IN 
CANCER
Thierry.F..Vandamme.Université.de.Strasbourg,.Illkirch.-.France.

Figure.1.:.Schematic.illustrating.injection.
of.microcapsules.containing.anticancer.
drugs.into.the.brain.
Source:.Fattahi.P.et.al..Advanced.Materials.
25,.4555–4560.(2013).

Figure.2.:.Schematic.illustrating.cell.microencapsu-
lation
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tumours. 

Such selected cells may form the basis 
of a good platform for the treatment of 
tumours with encapsulated cells, re-
gardless of which anti-tumour factor the 
cells are producing.

gies were originally deve-
loped for the treatment 
of acquired and genetic 
diseases such as diabetes, 
they can also be applied to 
the treatment of a variety 
of solid tumours. There 
are a number of strategies 
aimed at treating tumours 
with encapsulated cells. 
Many of these strategies 
have shown promise in 
preclinical studies and cli-
nical trials.

Brian Salmons and Walter 
H. Gunzburg (2010) men-
tion the advantage of using 
encapsulated cells for the 
treatment of cancers (but 
also other diseases). In-
deed, in this strategy, the-
rapeutic molecules can be delivered in a 
sustained manner from implanted cells 
since the cells are enclosed in microcap-
sules and are thus protected from host 
immune rejection (figure 2).

In spite of the 
advantages of 
encapsulation 
of cells for the 
treatment of 
tumours, one 
potential pro-
blem that can be 
encountered is 
that such cells 
may show poor 
in vivo survival 
rates, due to 
the highly hy-
poxic and acidic 
conditions found 
inside many tu-
mours. In order 
to improve the 
survival of the 
encapsulated 
cells in these 
arduous condi-
tions, several 
authors and 
research teams 
successfully se-
lected a human 
HEK 293 cell 
line for its abi-
lity to survive in 
hypoxic condi-
tions and thus 
this cell line can 
withstand the 
hostile environ-
ment found in 

stability, and toxic side effects (Garcia-
Carbonero, R., and Supko, J.G.; Singla, 
A.K. et al.). Among such systems, we 
can mention the liposome formula-
tion, cyclodextrin drug carriers, solid 
lipid nanoparticles, polymeric drug 
encapsulation delivery systems, self-
microemulsifying drug delivery sys-
tems, nanocrystals, hydrosol colloidal 
dispersions, microemulsions, solid 
dispersions, cosolvent use, dendri-
mers, polymer-drug conjugates, poly-
meric micelles, and mesoporous silica 
nanoparticles which have drawn much 
attention owing to their easily control-
led properties and good pharmaco-
logical characteristics. The carriers 
are attracting increased attention and 
growing interest for drug targeting, 
because they can be easily prepared 
with well-defined biodegradable poly-
mers. Leroux et. al. mention the ratio-
nale behind using nanoparticles for 
cancer therapy, was based on the fact 
that certain neoplastic cells have been 
found to exhibit an enhanced endocy-
totic activity. Therefore the size of the 
carriers also has a high significance to 
optimize the release and the targeting 
of the anticancer drugs into the tumors. 
Recent studies led by several research 
teams have shown that encapsulating 
chemotherapeutic agents in nanopar-
ticles can influence pharmacokinetic 
parameters and the biodistribution of 
the drug. Therefore, it’s expected to 
help tumor accumulation with a resul-
ting limitation of adverse effects. High 
concentration in neoplastic tissues 
can be obtained based on peculiarities 
of the vascular system surrounding 
tumors. Indeed, the vascular system 
of tumors is highly disorganized and 
presents an enhanced permeability 
due to the tumor-increased needs for 
oxygen and nutrients. This phenome-
non called the enhanced permeability 
and retention (EPR) effect provide an 
interesting gateway for small nano-
particle to penetrate more readily into 
tumoral sites. This retention effect is 
realized further by an impaired lym-
phatic drainage reducing carrier clea-
rance from the tumor (Leroux et al.). 
Other carriers like micelles prepared 
from PEG-diacyllipids conjugates, 
such as PEG-PE, are of also of par-
ticular interest (Lukyanov, A.N., and 
Torchilin, V.P.).

CELL MICROENCAPSU-
LATION IN CANCER

Although cell encapsulation technolo-
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Figure.3.:Schematic.illustrating.microencapsulation.of.
gene.therapy
Source.:.Mac.Master.university,.http://fhs.mcmaster.
ca/gene/

Table 1. Preclinical studies of encapsulated cells for cancer 
treatment (Brian Salmons and Walther H ; Gunzburg, 2010).
Active.Pro-

duct
Cells Encap-

sulation
T u m o u r.
type

Reference

Endostatin HEK293 Alginate Glioma Read, 2001

CHO Alginate Melanoma Teng, 2007
Zhang, 2007

HEMA-PEG 118 Neutral

Leukaemia Schuch, 2005

Angiostatin C2C12 Alginate Melanoma Cirone, 2003

C2C12 Alginate Li, 2006

Endostatin Porcine Alginate

Sol. neutro-
philin

Aortic Alginate

Thrombos-
pondin-2

Endothelial Alginate Renal cell 
carcinoma

Bartsch, 2008

Cytokines

TNF-alpha J558 Alginate B r e a s t 
c a n c e r 
(MCF-7)

Hao, 2005

Interleu-
kin-6

CHO Alginate Hepatocel-
lular car-
cinoma

Moran, 2006

Antibodies

RM4-TNFal-
pha

VkCk Alginate Colon car-
cinoma

Shi, 2005

Combination

Angiostatin

Fusion pro-
tein

C2C12 Alginate Melanoma Cirone, 2006
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A variety of cells, including HEK 293, 
CHO and C2C12 cells (Table 1) have been 
encapsulated and used for the treat-
ment of tumours. These cells have been 
genetically modified to express products 
that either directly or indirectly combat 
tumours (figure 3).

CONCLUSION AND 
PERSPECTIVES

Regardless of the important thera-
peutic advances developed over the 
last number of years for the manage-
ment of cancer, the fact is that many 
patients still suffer from a tremendous 
reduction in their quality of life, due to 
lack of complete selectivity of conven-
tionally administered chemotherapeu-
tic drugs. In the search for more effi-
cacious tumour-targeted therapies, 
the use of microencapsulation of cells 
capable of simultaneous binding to 
tumour-associated antigens and to an 
activating receptor, such as CD3, has 
emerged as, for instance, a promising 
approach. With the intention to com-
plementing and improving this can-
cer immunotherapy, human HEK-293 
cells have been genetically modified 
ex vivo to secrete a recombinant anti-
CEA (carcinoembryonic antigen) × an-
ti-CD3 bsAb. After encapsulation 
in alginate-poly-l-lysine microcap-
sules, bsAb-secreting HEK-293 cells 
are able to be monitored for several 
weeks. This system has proved to be 
feasible for the maintenance of cell 
growth and recombinant antibody pro-
duction giving proof-of-concept of its 
use as immunotherapeutic organoids 
in cancer treatment. These advances 
should complete the « conventional 
microencapsulation » of anticancer 
drugs even if their release can already 
be optimized and modulated by their 
encapsulation in selected carriers like 
micropheres or microcapsules.
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.
Fast. dissolving. oral. drug. delivery.
systems. required. for. effective.
administration. to. non-compliant.
patients
Aptalis Pharmaceutical Technolo-
gies (part of Forest Laboratories 
Inc. acquired by Actavis in July 2014 
http://bit.ly/14yMJV2), producers of 
Diffucaps® and Microcaps® deli-
very systems, are developing rapid 
dissolving drug delivery products 
for challenging patient compliance 
situations.
More.information
http://bit.ly/1FUKcpH

Anabio Technologies develops sys-
tems of encapsulation using natural 
food grade materials, including isolate 
of whey, pectin, prebiotic, carragee-
nan, alginate. The company claims the 
absence of excipient and chemical.
For.more.information
http://www.anabio.ie

New. joint. venture. aims. to. develop.
improved. probiotic. powders. with.
small. particle. size. and. high. stabi-
lity
Bifodan A/S a Danish probiotic in-
gredient supplier is collaborating 
with the University of Copenhagen 
and the Danish Technical Institute 
to develop microencapsulated pro-
biotic products. The aim, to protect 
bacteria against the processing 
conditions of moisture and heat 
that reduce the viability of probiotic 
microorganisms and ensure they 
are stable in gut acid conditions to 
ensure effective intestinal delivery. 
More.information
http://bit.ly/1C0retF

INDUSTRIAL.AND.DIVERSIFIED.NEWS..

Microencapsulated. probiotics. for.
soft.chews
Vets Plus Inc., a manufacturer of pet 
health products, has launched its 
newly developed microencapsula-
tion platform technology to stabilize 
actives in soft chews. Initially the 
technology is to be used to protect 
probiotic bacteria in cold extruded 
soft chew pet products.
More.information
http://bit.ly/1u3Ihdw

Wake.up.and.smell.the.whiskey
Harris Tweed Hebrides, the hand-
woven cloth from Scotland and 
Jonny Walker Black Label Scotch 
whiskey, have announced a new 
collaboration. Working with textile 
technology experts from Heriot-
Watt University the team plan to 
encapsulate a perfume from Angela 
Flanders “Aqua Alba” that was ins-
pired by the famous whiskey brand, 
and incorporate it into the fabrics 
during the finishing process.
More.information
http://bit.ly/1wc9tRy

LESAFFRE Ingredients Services 
(LIS): with over 50 years of expe-
rience in spray-drying process of 
food grade ingredients, LIS pro-
posed also vacuum drying, granula-
tion and encapsulation technologies, 
intended to food and feed, cosmetic 
and pharmaceutical sectors. A full 
range of services including: pilot 
plant production, scale-up, produc-
tion and analysis are provided.
For.more.information:
http://www.lesaffre-ingredients-
services.com/

Microencapsulated.for.texttiles
Byskin, a French company, pro-
poses a range of industrial textiles 
containing encapsulated actives 
(arnica, menthol, hyaluronic acid) 
which release their contents in the 
skin contact. They claim offering so-
lutions for warm muscular, refresh-
ment, anti-ageing agents
For.more.information
http://www.entreprises.ouest-france.
fr/article/rezebyskin-surfe-sur-cos-
meto-textile-13-10-2014-164201
http://www.byskin-paris.com

Carlina.&.Genbiotech.agreement.
Carlina signed a licence agreement 
with Genbiotech concerning the 
exploitation of its PEPTIDOTS tech-
nology which allows the formulation 
of peptides or proteins in the form of 
nanoparticles. The aimed asset ha-
ving for objective the repair of bones 
and cartilage in animal health.
For.more.information
http://www.pharmabiz.com/Article-
Details.aspx?aid=84982&sid=2

Research. and. Markets:. Global.
Microencapsulated. Phase. Change.
Materials. (MPCM). in. Textile. and.
Mattress. Markets. -. 2014. Outlook.
and.Trends
The market research publisher has 
reported on the developing trends 
in microencapsulated phase change 
materials particularly the market 
for their use in smart textiles in ac-
tive wear.
More.information
http://bit.ly/1KIKQX9 
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Encapsulation.systems.for.slow.
release.of.CO2.and.antimicrobial.
plant.extracts

MARINA VEMMER

Supervisor  Prof. Dr. Anant Patel
Date.&.Place  11-12-2014 – Bielefeld, Germany
Affiliation Bielefeld Univ of Applied Sc., Germany 

My thesis aimed at the development and investigation of 
slow release systems based on Ca-alginate by means of 
pharmaceutical and agricultural application scenarios:
1) As several insect pests are attracted by CO2 there is 
an interest in CO2 releasing formulations for use within 
attract-and-kill strategies. Hence, a formulation based on 
baker’s yeast, starch and the entomopathogenic fungus 
Beauveria bassiana (amylase source and potential biolo-
gical control agent) was developed releasing CO2 over as 
many as 4 weeks and attracting larvae of the western corn 
rootworm.
2) Antimicrobial thyme extract was encapsulated (EE% ≈ 
95 %) and shown to be suitable for the control of the mul-
tiresistant skin bacterium Corynebacterium jeikeium and 
of different phytopathogenic fungi. It was further inves-
tigated how the bead composition and the surrounding 
medium influence the release kinetics.

marina.vemmer@fh-bielefeld.de, www.fh-bielefeld.de/
fb3/patel

.OPEN.POSITIONS

Postdoctoral.Researcher.in.the.
field.of.Mechanical-./.Chemical-.
/.Food.Engineering
Swiss Federal Institute of Tech-
nology Zürich (ETH)

The research area will be related to design, optimization 
and implementation of new extrusion processes and rela-
ted equipment development for the functional structuring 
of food systems.
The work field of interest for the advertised researcher 
position will mainly deal with the setting up of new pro-
cesses for coupled micro- and macro-disperse structu-
ring of multiphase food products. Such coupled tailoring of 
structure building blocs on the micro and macro scale re-
quires detailed knowledge of the structuring mechanisms 
in the acting process. The process category of major inte-
rest will be micro- to macro extrusion flow processes, the 
treated food material systems will be in a fluid or semiso-
lid state with complex rheological behaviour.
The postdoctoral position will be opened for a 2-year pe-
riod. 
The.starting.date.is.planned.between.Feb.15.to.April.15..
Letters of application, CV and main certificate  should be 
addressed to:
Prof. Erich J. Windhab
ETH Zürich, IFNH-LMVT Schmelzbergstrasse 9, LFO E 18 
CH-8092 Zürich

erich.windhab@hest.ethz.ch  

Postdoctoral.Position
Institute of Chemical Process Funda-
mentals ASCR Prague, Czech Repu-
blic

Laboratory of Immobilized Bicatalysts and Optical sensors 
is seeking Post Doctoral Fellow to assist in the develop-
ment of a research capability in preparation of organic–
inorganic bio-materials and their applications as industrial 
biocatalysts and optical sensors. 
The candidate must hold a Ph.D. or equivalent qualification 
for less than 2 years.  Candidates with a solid background 
and training in microbiology, biochemistry, biotechnology, 
chemical engineering, analytical chemistry or another re-
levant field  are encouraged to apply. Knowledge in Czech  
language is not required but welcome. High level com-
munication skills in English, both written and spoken are 
required. The monthly salary is 30,637 Kč  and might be in-
creased up to 40,500  Kč. The duration will be minimum one 
year, maximum two years and project start on July 2015
The application must  send motivation letter (1 page), CV, 
PhD and Master certificates, signed copy of  declaration 
of the candidate agreement with the salary conditions and 
working programme. 
Please.send.your.complete.application.documents.before.
31st.January.2015.by.e-mail.to:

 kuncova@icpf.cas.cz

Spray.Drying.Manager.
Girona, Spain

Main tasks:
Supervision of all new SD equipment installation in Girona 
plant. Definition of URS.
Definition and optimization of materials and personnel 
flows. Writing of appropriate SOP procedures.
Design of production, cleaning and campaign set-up proce-
dures. Writing of technical documentation.
Knowledge sharing: training of his team and relevant 
people inside the organization.
Primary contact with customers regarding SD require-
ments and technical discussions.
Responsible of development trials and development 
batches in SD for generics and third-party projects.
Control of SD installations in EQ Plant. Supervisionof SD 
regular commercial manufacturing operations.
Review of BPRs. Must be in close collaboration with QP 
Quality person for batch release.

Requirements:
Bachelor Degree in Chemistry, Chemical Engineering or 
similar
Experience in similar functions and in managing working 
teams in pharmaceutical sector.

For.information.or.application,.e-mail.to:

 eva.ramiro@solutiaghs.com
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