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INTRODUCTION

As the field of pediatrics expands and evolves, learning to address the necessities
of patients within the very heterogeneus group of "children”, drug delivery strategies
need to keep the same pace. Orodispersible dosage forms (ODx) gained popularity in the
past few years, with studies attesting for their increased safety and acceptability of
administration even in very young patients. The use of nanostructures can enhance
different properties of a drug, such as its stability in the gastric environment or
bioavailability. Through the inclusion of natural polymer-based nanostructures in ODx,
innovative formulations for pediatric drug delivery, with improved safety, efficacy and
acceptability, can be prepared. Therefore, the aim of this thesis was the development of
ODx containing zein-based nanostructures loaded with loratadine, namely oral
lyophilisates (OLs) and orodispersible tablets (ODTs). To achieve this, in the first part of
the personal contribution the nanosuspension formulation was optimised using the
experimental design methodology (DoE), after which the same methodology was used
for the optimisation of an OL formulation, as well as the creation of a design space that
allows the preparation of OLs with flexible drug doses. In the second part, the
nanosuspension was optimised for freeze-drying, after which the freeze-dried powders
blended with co-processed excipients (CPEs) were turned into ODTs, using dynamic
compaction analysis to choose the most favourable formulation. For the monitoring of
the drug content and homogeneity of the powder blends, a near-infrared spectroscopic
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method was developed. Both dosage forms ended up with an adequate quality profile,
proving the applicability of nanostructures in pediatric-friendly solid formulations.

The results of this research were published in the form of two in extenso articles,
as well as disseminated at local and national conferences.

GENERAL ASPECTS

Children suffer from a lack of medicines tailored to their needs, leading to safety
and efficacy issues that arise from the use of already existing dosage forms, such as
misdosing and stability issues [1-3]. To address this, different regulatory agencies
around the world put in place regulations that incentivise drug manufacturers to take
children into consideration when formulating new medications, as well as include them
in clinical studies [4-7].

Another factor that must be taken into consideration in the formulation of child-
friendly drugs is their acceptability. The acceptability of oral medications is mainly
dictated by palatability, which reunites several properties, including taste, size, texture
and swallowability [8-10].

ODx are dosage forms with considerable interest in the field of pediatric
pharmacotherapy, that combine the stability and ease of manipulation of solid oral
dosage forms with the ability to quickly disintegrate within the oral cavity, which makes
them ideal for the administration of drugs with minimal choking risk. The most common
ODx are orodispersible granules (ODGs), tablets (ODTs), minitablets (ODMTs) and films
(ODFs), as well as oral lyophilisates (OLs) [11]. Previous studies have demonstrated the
high accceptability of these dosage forms in pediatric patients beginning from
newborns, some being also preferred by caregivers due to the much easier
administration compared to syrups or suspensions [12-14].

Nanostructures are a frequent research topic in the field of drug delivery, with
most applications regarding targeted delivery, especially for oncologic drugs or imaging
purposes [15]. However, nanoencapsulation can be beneficial for active pharmaceutical
ingredients (APIs) used in oral pharmacotherapy, lending them new or improved
properties, such as increased bioavailability [16,17], controlled release [18,19] or taste-
masking [20]. These effects were also observed in various studies that investigated the
inclusion of nanostructured APIs in different ODx.

Zein is a protein extracted from corn kernels, that has multiple applications in
various areas due to its swelling and film-forming capabilities [21]. In the
pharmaceutical field, zein was previously tested for the formation of API-loaded films
[22], as well as tablet coatings, which imprint a delayed release profile to the dosage
form. However, the previously mentioned properties, as well as its low solubility in
water and high solubility in ethanol, enable zein to be a good candidate for the easy
preparation of drug-loaded nanostructures through antisolvent precipitation [21].



6 loana-Andreea CORNILA

Zein-based nanostructures proved to have positive effects on the oral delivery of
various bioactive compounds that they encapsulate. Most commonly, natural products
were included in zein nanoparticles, with effects ranging from improved bioavailability
[23] and stability to sustained release [24], but the most remarkable feature of zein
nanoparticles stands in the enabling of the oral administration of insulin and other
antidiabetic medications [25,26].

PERSONAL CONTRIBUTION

The Personal contribution section of this thesis was divided into two chapters,
following the development processes of two different orodispersible dosage forms with
zein-based nanostructures. Chapter I, that includes studies 1 and 2, details the process
of developing an OL formulation containing zein-based nanostructures with loratadine.
This chapter describes the optimisation of the nanostructure and OL formulations,
leading up to the plotting of a design space that allows the preparation of OLs with
variable drug content based on the nanostructure content of the liquid dispersion that
ought to be freeze-dried. Chapter II includes studies 3, 4 and 5 and focuses on the
development of ODTs containing nanostructures in the form of freeze-dried powders.
After the optimal nanostructure formulation, that maintains its properties throughout a
freeze-drying process, is determined, a spectroscopic method is defined for the non-
destructive assessment of the API content in the nanostructured powder and its blends
with CPEs. Finally, dynamic compaction analysis is used to pick a nanostructure/CPE
powder blend that leads to an ODT that meets the requirements of a pre-established
QTPP.

Study 1. Development and optimisation of loratadine-loaded zein-based
nanostructures

Aim/Objectives: The general aim of the study was the development of a zein-based
nanostructure formulation containing loratadine. To achieve this, the formulation
factors were correlated with the properties of the nanosuspension using the DoE
methodology and an optimal formulation was determined based on these correlations.
Materials and methods: The DoE was developed and analysed using the software
Modde 13.0 (Sartorius Stedim Data Analytics, Gottingen, Germany). The factors analysed
in the DoE were the zein concentration, zein/loratadine ratio and alcohol concentration
of the initial zein solution, as well as the centrifugation speed used in the purification of
the nanosuspension. The nanosuspensions were prepared through the antisolvent
precipitation of a hydroethanolic solution with zein and loratadine into an aqueous
solution containing sodium alginate and sodium caseinate under continuous stirring,
followed by alcohol evaporation and purification through centrifugation. The particle
size, polydispersity index (PdI) and zeta potential (ZP) were measured with a Zetasizer
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Nano ZS90 (Malvern Panalytical, United Kingdom). The API concentration of the
nanosuspension (mg/ml) was determined through a validated HPLC method performed
with an 1100 system with an UV detector (Agilent, USA), after which the encapsulation
efficiency (EE) was calculated based on the encapsulated vs. used API concentration. For
the optimal formulation, these analyses were performed on both the fresh and freeze-
dried and redispersed nanosuspension. The in vitro release test was performed in sink
conditions, at pH 1.2 for two hours and pH 6.8 for 4 hours to simulate the
gastrointestinal environment. The in vivo pharmacokinetic analysis was performed for
the optimal nanosuspension in comparison with a free loratadine suspension with an
identical API content, on two groups of Wistar rats. The animals were administered a
loratadine dose of 26 mg/kg and blood was collected at specific time intervals for 24
hours. The blood samples were processed and analysed with Nexera 40 series HPLC
system coupled with a LCMS-9030 quadrupole time-of-flight mass spectrometer
(Shimadzu, Kyoto, Japan). The maximum concentration and the time it was reached, the
mean residence time, the area under curve, the distribution volume, the clearance, the
elimination constant and half-life of the drug from the two suspensions were calculated
based on the plasmatic data with the Pheonix WinNonlin 8.5.2 software (PharSight
Company, California, USA). The fresh and freeze-dried and redispersed optimal
nanosuspensions were analysed through SEM with a 30kV SU8320 FEG-STEM system
(Hitachi, Japan), the images being compared with those of a free loratadine suspension.
Results: In the analysis of the responses in the DoE, the factors with the heaviest
influences on the quality of the nanosuspension turned out to be the zein concentration
and zein:loratadine ratio, both of which had non-linear influences on different factors.
The optimal formulation was obtained using the following: zein concentration - 48
mg/ml, zein:loratadine ratio - 2.9:1, alcohol concentration - 77.33%, centrifugation
speed - 20000 rpm. The optimal nanosuspension displayed a particle size of 291.7 *
22.47 nm, with a PdI of 0.414 £ 0.09, a ZP of -23.1 + 0.354 mV, an API concentration of
8.21 + 0.66 mg/ml and an EE of 95.24 + 0.068%. The in vitro test revealed that the
optimal nanosuspension formulation released 87.2% of its API content most of which in
the acidic media. In the in vivo test, the nanosuspension displayed a lower area under
the curve, half-life, maximum concentration and time of maximum concentratoin
compared to the free API suspension, but an increased residence time, distribution
volume and clearance. The SEM analysis revealed that the nanostructures were formed
in the precipitation process and maintained their properties through freeze-drying,
having completely different characteristics from the free API suspension.

Conclusions: The DoE analysis indicated that the formulation factor with the strongest
influences on the properties of the nanostructures is the concentration of zein in the
initial solution. The optimisation led to a nanostructure formulation with small,
homogeneous particles, in which the APl was encapsulated with an efficiency of
over95% which granted a sufficiently high API content.
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Study 2. The development of oral lyophilisates containing zein-based
nanostructures

Aim/Objectives: The aim of the study was to turn the zein-based nanostructures with
loratadine optimised in Study 1 into a solid pharmaceutical dosage forms acceptable for
pediatric patients, i.e. OL. The formulation factors of the OL were correlated with its final
properties through the use of the DoE methodology and an optimal formulation was
determined, as well as a design space that allows for dose customisation.

Materials and methods: A DoE was used for the analysis of the formulation factor
influences on the OL properties, being developed and analysed with the Modde 13.0
software (Sartorius Stedim Data Analytics, Gottingen, Germany).,The same was used for
the design space. The factors analysed in the OL DoE were the matrix forming agent
(MFA) concentration, the type of cryoprotectant and the nanosuspension content. The
OLs were prepared through the mixing of the optimal nanosuspension from Study 1
with a sodium alginate solution as the MFA and mannitol or maltodextrin as
cryoprotectant. The freeze-drying protocol involved freezing at -55°C for 18 hours,
primary drying at-25°C and 200 mTorr for 24 hours, secondary drying at +20°C and 400
mTorr for 6 hours minimum and was carried out in the Advantage Plus benchtop freeze-
dryer (SP Scientific, USA). The hardness of the OLs was determined through an
indentation test performed with the CT3 texture analyser (Brookfield, USA) equipped
with a 4500 g load cell. The indentation test resulted in a load/distance profile, the
hardness being calculated from the maximum load value. The disintegration time was
determined through the method described in the European Pharmacopoeia, in 200 ml
of water at room temperature [27]. The optical contact angle was determined with an
OCA 25 device coupled with the dpiMAX software (DataPhysics Instruments GmbH,
Germany). Finally, the OLs were weighed with a precision balance with three decimal
points (Kern & Sohn, Germany). The API content was determined through an HPLC
analysis after disintegration of the OLs. The specific surface area of the OLs was
evaluated using the Brunauer-Emmett-Teller method with a Nova 600 analyser (Anton
Paar, Graz, Austria). A SEM analysis was performed with the 30kV SU8320 FEG-STEM
system (Hitachi, Japan) to identify the nanostructures throughout the OL structure.
Along with the optimal formulation, an equivalent formulation with free API and a
placebo formulation were analysed to monitor the effect of nanostructure inclusion. The
optimal OL, as well as the individual excipients and API, underwent analysis through
differential scanning calorimetry (DSC) to monitor whether any modifications occur in
the formulation components through freeze-drying.

Results: According to the factor coefficient plots, the MFA concentration and the type of
cryoprotectant had the biggest influences on the properties of the OLs. The
disintegration time of the OLs increased along with the MFA concentration, but the
hardness was lower at very high concentrations. In terms of the cryoprotectant types,
mannitol led to OLs with a slightly lower hardness, but with a much shorter
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disintegration time compared to the samples with maltodextrin as cryoprotectant. The
optical contact angle was also influenced by the nanosuspension content, which
increased the wettability of the OLs. The weight increased along with the MFA and
nanosuspension content, this response being added to be able to maximise the API
content of the optimal formulation, which contained 1.825% MFA, mannitol as
cryoprotectant and 69.5% nanosuspension. The optimal formulation displayed a lower
hardness and disintegration time, although an increased contact angle compared to the
formulation with free API and the placebo formulation. The SEM analysis made visible
the nanostructures embedded within the OL structure, while the DSC analysis showed
the amorphisation of the APL. The design space revealed that formulations that have
satisfactory hardness and disintegration time values can be prepared with
nanosuspension ratios between 10 and 80%, which grants a flexible loratadine dose,
between 0,45-3,65 mg /OL.

Conclusions: This study revealed that despite the slight weakening effect of the
nanostructures, OLs with a satisfactory quality profile can be made with
nanoencapsulated APIs. Moreover, this quality profile can be maintained over a large
variety of formulations with API contents ranging between 0.45 and 3.65 mg/OL.

Study 3. Optimisation of freeze-dried nanostructured powders

Aim/Objectives: The aim of this study was represented by the development and
optimisation of a nanostructured powder intended to be used as intermediate product
for ODT formulations, through freeze-drying of a zein-based nanosuspension with
loratadine.

Materials and methods: The DoE methodology was used, the design being developed
with the aid of the Modde 13.0 software (Sartorius Stedim Data Analytics, Gottingen,
Germany), which was also used for the formulation optimisation. The factors
investigated in the DoE were the zein concentration, zein/loratadine ratio and alcohol
concentration of the initial solution, as well as the centrifugation speed used in the
purification of the nanosuspension. With regard to the responses, they include the
properties of the freeze-dried and redispersed nanoparticles (particle size, Pdl, ZP, and
API concentration), as well as numerical parametersthat quantify the percentual change
in these properties through freeze drying. The nanosuspensions were prepared through
the antisolvent precipitation of the hydroethanolic solution of zein and loratadine in the
aqueous solution with sodium alginate and caseinate under continuous stirring. After
purification, the nanosuspension underwent freeze-drying in the Advantage Plus
benchtop freeze-dryer (SP Scientific, USA), following the protocol: freezing at -55°C for
18 hours, primary drying at -25°C and 200 mTorr for 24 hours, secondary drying at
+20°C and 400 mTorr for 6 hours minimum. The particle size, Pdl and ZP were
determined with Zetasizer Nano ZS90 (Malvern Panalytical, United Kingdom) and the
API content was determined through a validated HPLC method carried out on the 1100
system (Agilent, USA). The changes in size and ZP, as well as the ESR, were calculated
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based on the values of the respective parameters pre- and post-freeze-drying. The
optimal freeze-dried powder underwent an optical contact angle test in comparison
with a physical mixture of its components, being performed with an OCA 25 device
coupled with the dpiMAX software (DataPhysics Instruments GmbH, Germany). To
verify whether the nanostructures maintained their characteristics throughout the
freeze-drying process, the fresh and freeze-dried nanostructured were analysed
through SEM with a 30kV SU8320 FEG-STEM system (Hitachi, Japan).

Results: After freeze-drying, the particle size of 13 out of the 19 formulations in the DoE
increased compared to those of the fresh nanosuspensions, while the absolute values of
the ZP and the amount of encapsulated API decreased for all formulations. The factor
coefficient plots revealed that the increases in particle size can be attributed to higher
concentrations of zein and loratadine in the initial solution, as well as lower alcohol
concentrations. However, the main actor in the modification of nanostructure properties
after the freeze-drying process is the use of cryoprotectants, which leads to slightly
lower absolute values for the ZP and therefore particle aggregation inflicted by the
weaker interparticular repulsion. The zein concentration displayed a non-linear
influence on the API content of the freeze-dried nanostructures and ESR (the percentage
of API retained in nanoparticles after freeze drying), with higher concentration leading
to lower API content due to polymer agglomeration. The optimal formulation was
obtained in the following conditions: zein concentration - 49.33 mg/ml, zein:loratadine
ratio - 3:1, alcohol concentration - 79.99%, centrifugation speed - 20000 rpm. The
optimal formulation exhibited a particle size of 313.3 + 21.3 nm, PdI of 0.481 + 0.04, a
ZP of -16.4 + 1.27 mV and an API content of 8.17 + 1.1 mg, Compared to the fresh
nanostructures, the freeze-dried and redispersed formulation recorded a size change of
8.20 + 16.01%, a ZP change of 29.03 + 5.48% and and an ESR of 91.99 * 2.38%. The
optical contact angle analysis revealed that the freeze-dried powder has a much higher
wettability compared to the physical mixture of its components, in which the
unprocessed zein and loratadine remain hydrophobic. The SEM images indicate that the
structure of the nanostructures was not affected by the freeze-drying process.
Conclusions: This study demonstrated that zein-based nanostructures can be optimised
to obtain a freeze-dried product that maintains the original properties of the
nanostructures and can be used in the development of solid oral dosage forms.

Study 4. Development of a near-infrared spectroscopy method for determination
of API content in nanostructure-based powders

Aim/Objectives: The aim of this study was the development of a non-destructive
method based on NIR spectroscopy for the identification and quantification of
loratadine within freeze-dried powders containing zein-based nanostructures in which
the loratadine is encapsulated.

Materials and methods: The powders used in this study are prepared based on the
optimal powder formulation obtained in Study 3, being prepared from a zein/loratadine
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solution to obtain loratadine-loaded nanostructure powders (LOR-NS) or from a zein
solution without loratadine to obtain blank nanostructure powders (B-NS). To obtain
nanostructure powders, the freeze-dried cakes were crushed and sieved through a 600
pum mesh sieve. The NIR spectra recording was performed with a Bruker Optics MPA 11
system (Ettlingen, Germany). Reflectance spectra were acquired in the 11500-3950 cm"
1 domain using a rotative configuration at a resolution of 8 cm-1, which resulted in over
32 scans acquired per spectrum. The spectra were processed with the aid of the SIMCA
software (Sartorius Stedim Data Analytics, Gottingen, Germany). For the qualitative
analysis, spectra were recorded on the LOR-NS powder, the individual API and
excipients and a physical mixture of all the components. For the quantitative analysis,
the method was calibrated with a set of powder blends containing LOR-NS and Parteck
ODT in different ratios to achieve 5 set API concentrations between 1 and 7%, as well as
a set of powder blends with the same ratios of B-NS and Parteck ODT. The spectra
recorded on the two sets underwent centering and scaling, after which prediction
models based on different filters applied to the spectra were developed with the aid of
the SIMCA software. After calibration, the method was tested with two external
prediction datasets, the first being composed of spectra recorded from powder blends
with set API concentrations within the calibration range (2.42%, 4.24%, 4.62%) and the
second being recorded on a sole powder blend containing 3.47% loratadine at different
moments throughout the blending process.

Results: In the qualitative analysis, the spectrum of loratadine displayed few specific
peaks within the spectral domain, which mostly overlap with the peaks in the mannitol
spectrum. Between the spectra of pure mannitol, the physical mixture of the
components and the freeze-dried powder, it can be seen that mannitol shifted from the
a and 3 polymorphs to a combination of the § polymorph and hemihydrate form through
freeze-drying. In the quantitative analysis, the model with the best performance was the
one with first order derivative filtering, that led to predicted API concentration values
within #10% of the concentration determined through HPLC analysis. In the powder
blend homogeneity assessment, the NIR method revealed that proper homogeneity in
small batches of powder is reached after 30 seconds of mixing.

Conclusions: This study demonstrated that a NIR spectroscopic method can be used for
the non-destructive determination of the API content of a blend containing freeze-dried
nanostructure powder. This method has been proposed as a PAT tool for the
determination of the powder blend homogeneity prior to compression.

Study 5. Development of orodispersible tablets with freeze-dried nanostructure
powders through dynamic compaction analysis

Aim/Objectives: The aim of this study was the development of an ODT formulation
containing freeze-dried zein-based nanostructures with loratadine and a CPE for ODTs.
The optimal formulation obtained in Study 3, freeze-dried with two different
cryoprotectants, was used. To select the most processable powder for tableting, the
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nanostructured- powders and the CPEs, as well as their blends, were analysed through
dynamic compaction analysis and a formulation that meets the QTPP for ODT with
loratadine for pediatric use was finally chosen.

Materials and methods: The nanostructure powders used in this study are the optimal
formulation powders developed in Study 3, freeze-dried using mannitol (NS-Man) or
maltodextrin (NS-Mdex) as cryoprotectants. To obtain nanostructure powders, the
freeze-dried cakes were crushed and sieved through a 600 pm mesh sieve. To check the
quality of the powders, they were redispersed and the particle size, Pdl and ZP were
evaluated with the Zetasizer Nano ZS90 (Malvern Panalytical, United Kingdom), while
the API content was determined through a validated HPLC method carried out on the
1100 system (Agilent, USA). Powder blends for tableting were prepared through mixing
the freeze-dried nanostructures (NS-Man/NS-Mdex) and a CPE (Ludiflash/Parteck
ODT/Prosolv ODT), the ratio between the two powders being 1:2 or 2:1. All the
individual powders underwent particle size measurement with the Analysette 22
MicroTec laser particle sizer (Fritsch, Idar-Oberstein, Germany) equipped with a dry
unit. The dynamic compaction analysis was performed with the GTP-D compaction
simulator (Gamlen Ltd., London, United Kingdom) equipped with a 6 mm flat punch and
die set. The individual powders and their blends underwent compression at 200, 300
and 400 kg loads, after which the compacts were measured and weighed, and their
hardness was measured with the PTB 111E hardness testing instrument (PharmaTest,
Hainburg, Germany). From the measurements and the data obtained from the
compaction simulator, several parameters were determined for each powder: work
compression, elastic recovery, compaction pressure and tensile strength, detachment
stress and ejection stress. The powder processability was plotted as compressibility,
compactibility and tabletability [28]. After evaluation of the powder blends, the samples
with the lowest ejection pressure were lubricated with 0.5% magnesium stearate
(MgSt) or sodium stearyl fumarate (SSF) and the resulting tablets were tested for tensile
strength, disintegration time, and API content. The disintegration time was tested
according to the method in the European Pharmacopoeia.

Results. The developed tablets based on freeze-dried nanostructure powders with
loratadine had a weight of 90 mg, a diameter of 6 mm and were formulated with active
substance doses of 2.5 and 5 mg. The assessment of the freeze-dried powders used in
this study revealed that the cryoprotectant used imparts different properties to the
lyophilized nanoparticles obtained, but also a different behavior during compression.
Thus, the NS-Man powder exhibited smaller and more homogeneous particle sizes
compared to NS-Mdex in the analysis of both the dry powder and the redispersed
nanosuspension. Additionally, the dynamic compaction analysis indicated that NS-Mdex
has a better tabletability, the tablets having higher TS values than NS-Man tablets at the
same compaction pressure, while also maintaining a lower porosity. Based on the
ejection stress values, the blends containing nanostructure powders and Parteck ODT in
a 1:2 ratio were lubricated, in order to further ameliorate the compaction behavior of
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the blends. Among the lubricants, SSF had a positive impact on tablet hardness, as
opposed to MgSt, while both increased the disintegration times of both formulations.
Out of the tested powder blends, the one that resulted in tablets that met the
requirements of the QTPP was the NS-Man:Parteck ODT 1:2 blend lubricated with 0.5%
SSF.

Conclusions: In this study, dynamic compaction analysis was successfully used to select
a blend containing freeze-dried nanostructure powders and a CPE for the compression
of an ODT that fits a previously defined quality profile. Moreover, the two nanostructure
powders were characterised, revealing that despite the fact that the NS-Mdex powders
led to stronger tablets, the NS-Man powder is better for the compression of ODTs that
disintegrate in the required time range.

GENERAL CONCLUSIONS

The focus of this doctoral thesis was the development of dosage forms designed
specifically for pediatric patients, namely orodispersible dosage forms, in which the API
can be found in the form of zein-based nanostructures. These studies addressed not only
the processability of nanostructures into solid oral dosage forms, but also the way these
nanostructures influence the properties of the dosage form. The research was
structured into two components, each describing the formulation of a different
orodispersible product (Personal Contribution, chapters I and II).

Objective 1:

The first chapter in the Personal Contribution section of the thesis presents the
process of developing an OL formulation containing loratadine-loaded zein
nanostructures. Study 1 puts on display how the DoE methodology was used in the
development of an optimal nanosuspension, with small, homogeneous particles, that
have satisfactory colloidal stability and encapsulation efficiency, the latter translating to
a sufficient API content. Zein, being the main element that the nanostructures are made
of, had a pronounced impact on their properties based on its concentration, while also
imprinting a prolonged drug release profile to the final product. Up next, in Study 2, the
optimised nanosuspension was used to develop an OL formulation, which can maintain
long-term stability while being also very safe for administration through its quick
disintegration. Here, the DoE methodology was used again for the development of an
optimal formulation, as well as a design space that shows the range of different
formulations that can be manufactured while allowing for dose customisation. The
optimal OL was compared to similar formulations that contained the API as a powder or
no API at all, revealing that the nanostructures slightly disrupted the uniform structure
of the OL, leading to faster disintegration.

Objective 2:



14 loana-Andreea CORNILA

The second chapter detailed the process of developing an ODT formulation based
on freeze-dried nanostructures. In Study 3, the DoE methodology was used to optimise
the nanosuspension, this time focusing on the preparation of a formulation that
maintains its size, homogeneity, stability and API content after being put through a
freeze-drying process. The study revealed that, while the cryoprotectant has a
noticeable impact on nanostructure properties after freeze-drying, the other
formulation factors can be adjusted to compensate for its effect. Since the endpoint was
the inclusion of nanostructures in tablet formulations, Study 4 described the
development of a NIR spectroscopic method for the material-sparing quantification of
the API content within the nanostructured powder and its blends with tableting
excipients. The method was able to predict the API content of blends within +10% of the
actual value, therefore being deemed satisfactory. Moreover, through this method the
homogeneity of the blend can be assessed at-line before the compression step. The
compression of ODTs containing the freeze-dried nanostructures, as well as the process
development, was presented in Study 5. The nanostructures, freeze-dried with two
cryoprotectants that lend them different properties, were blended with CPEs specific to
the dosage form and tested by means of dynamic compaction analysis. Following a pre-
defined QTPP, two blends out of the initial twelve were picked based on their ejection
stress and tested in lubrication conditions, reaching one formulation that met all the
quality requirements. The powder that was freeze-dried with mannitol turned out to be
more favourable for tablet compression, leading to faster disintegration, although the
use of maltodextrin as cryoprotectant for the powder led to more mechanically resistant
tablets. In terms of lubricants, sodium stearyl fumarate was superior, both because of its
ability to increase the tensile strength and its less severe effect on the disintegration
time of tablets.

These studies reveal the possibility of inclusion of nanoencapsulated APIs in
child-friendly solid oral dosage forms with adjustable drug loadings, further studies
being needed for the adaptation of the nanostructured formulation to other APIs or for
involvement in large-scale manufacturing processes.

ORIGINALITY AND INNOVATIONS OF THE THESIS

The originality of this thesis consists in the development of orodispersible
formulations containing zein-based nanostructures specifically for pediatric
administration. This work proved the ability of nanostructures to be processed into
innovative oral dosage forms, being the first ODx with loratadine encapsulated in zein-
based nanostructures, that bring several advantages the medications commonly
administered in children: the solid dosage forms enable long-term stability and dose
homogeneity, the small number of excipients, most of which are natural, lead to higher
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biocompatibility and a lower risk of adverse reactions, as does the ability of these dosage
forms to have their API content customised.

The OLs developed in chapter I of the Personal contribution section bring the
novelty element of being the first dosage forms of this kind containing zein-based
nanostructures.

While DoE was used for the optimisation of both the nanosuspension formulation
in Study 1 and the OL formulation in Study 2, the latter uses a specific element of the
Quality by Design approach to pharmaceutical development, namely the design space.To
the best of our knowledge, this is the first study which proposes the design space as a
tool for the design of the OL formulation based on the nanosuspension content. The
change in the nanosuspension content impacts the OLs pharmaceutical properties, but
also enables achieving variable, individualized drug doses per OL unit.

Chapter II of the Personal contribution section details the development of a
pediatric ODT formulation containing zein-based nanostructures with loratadine,
representing another innovative application of this type of nanocarrier. To prepare and
select a formulation which best fits the requirements of a QTPP for ODTs with loratadine
for pediatric use, while keeping the formulation and preparation process as simple as
possible, advanced tools were used, i.e. DoE, Process Analytical Technology based on
NIR spectroscopy, and dynamic compaction analysis.

In Study 3, the DoE methodology was used to obtain an optimal freeze-dried
nanostructure powder formulation that can be used for compression into ODTs, so that
the nanostructures keep their characteristics after being administered in the form of
ODTs. With the help of the DoE, statistical correlations were established between the
formulation factors and the properties of the freeze-dried nanostructures, as well as
mathematical models to minimize the changes in nanoparticle properties following
lyophilization.

The NIR spectroscopic method developed in Study 4 enabled the identification of
loratadine within the freeze-dried nanostructure powder, the possibility of predicting
its concentration from the blend of zein-based nanostructures and CPEs prepared for
tableting, and the effortless assessment of powder blend homogeneity prior to
compression without any damage to the material, both being innovative applications of
this method for the analysis of nanostructure-based formulations.

In Study 5, the novelty is represented by the use of dynamic compaction analysis
to characterise the nanostructured powders and their blends, in addition to the selection
of the most favourable powder blends for a robust compression process. These blends
were tested further under lubrication conditions, resulting in a product that matches the
quality profile set at the beginning of the study. This was the first study in which a
nanostructured formulation is turned into ODTs through a process driven entirely by
compaction analysis.
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INTRODUCERE

Pe masurd ce domeniul pediatriei evolueaza, descoperind cum sa abordeze
necesitatile pacientilor incadrat in grupul eterogen intitulat ,copii”, strategiile privind
administrarea medicamentelor trebuie s3 tind pasul. Formele farmaceutice
orodispersabile (ODx) au devenit populare in ultimii ani, studiile demonstrand
siguranta si acceptabilitatea acestora la pacienti Inca din primele zile de viata. Utilizarea
nanostructurilor poate Imbunatati proprietdtile substantelor medicamentoase (API),
precum stabilitatea in mediul gastric sau biodisponibilitatea. Prin includerea
nanostructurilor din polimeri naturali in ODX, se pot obtine forme farmaceutice de uz
pediatric inovative, cu un profil superior al eficacitatii, sigurantei si acceptabilitatii.
Asadar, scopul acestei teze a fost dezvoltarea de ODx cu nanostructuri de zeina incarcate
cu loratadind, anume liofilizate orale (OLs) si comprimate orodispersabile (ODTs).
Prima parte a contributiei personale prezinta optimizarea unei formulari de
nanosuspensie utilizdnd metoda planurilor experimentale (DoE), ulterior aceeasi
metoda fiind folosita in optimizarea unei formuldri de OL si In dezvoltarea unui design
space care permite prepararea lor cu doze de variabile de substanti activi. in cea de-a
doua parte, nanosuspensia a fost optimizata pentru liofilizare in vederea obtinerii unei
pulberi. Aceasta pulbere a fost ulterior amestecata cu excipienti co-procesati (CPE), iar
amestecurile au fost transformate in ODT, iar analiza dinamica a comprimarii a fost
utilizatd pentru alegerea celei mai bune formuldri. Pentru monitorizarea continutului de
APl din amestecul de pulberi, precum si a omogenitatii amestecului, o metoda
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spectroscopica in infrarosu apropiat (NIR) a fost dezvoltata. Ambele forme farmaceutice
dezvoltate au prezentat un profil de calitate adecvat, demonstrand aplicabilitatea
nanostructurilor in forme farmaceutice solide adaptate populatiei pediatrice.

Rezultatele cercetdrii au fost publicate sub forma a doua articole in extenso,
precum si diseminate la conferinte locale si nationale.

STADIUL ACTUAL AL CUNOASTERII

Pacientii pediatrici au de suferit din lipsa medicamentelor adecvate necesitatilor
lor, ceea ce duce la probleme de siguranta si eficacitate care apar in urma utilizarii si
adaptarii formelor farmaceutice deja existente. [1-3]. Pentru a aborda aceste probleme,
au fost instaurate reglementari pentru a stimula industria farmaceutica sa ia populatiile
pediatrice in considerare in momentul formularii unui medicament nou, precum si sa le
includa in studii clinice [4-7].

Un alt factor care trebuie luat In considerare cu privire la formularea
medicamentelor pentru copii este acceptibilitatea lor, care este In principal dictata de
catre palatabilitate, un termen sub a carui umbrela se reunesc mai multe proprietati,
inclusiv gustul, dimensiunea, textura si usurinta de inghitire a medicamentelor [8-10].

0Dx sunt forme farmaceutice care prezinta un interes considerabil in domeniul
farmacoterapiei pediatrice. Acestea combinad stabilitatea si usurinta manipularii
formelor farmaceutice solide orale cu o dezagregare rapida odata introduse in cavitatea
orald, conducand la un risc minim de inec. Cele mai comune ODx sunt granulele (ODGs),
comprimatele (ODTs), minicomprimatele (ODMTs) si filmele orodispersabile (ODFs),
alituri de liofilizatele orale (OLs) [11]. In trecut s-a demonstrat acceptabilitatea crescuta
a ODx la pacienti pediatrici Incepand chiar de la nou-nascuti, unele fiind de asemenea
preferate de catre apartinatori pentru usurinta administrarii comparativ cu siropuri sau
suspensii [12-14].

Nanostructurile reprezinta un subiect de cercetare des intilnit in domeniul
farmaceutic, majoritatea aplicatiilor studiate fiind transportul la tinta, in special pentru
medicamente oncologice sau pentru imagistica [15]. Cu toate acestea, nanoincapsularea
poate fi benefica pentru APIs utilizate In administrare orala, conferindu-le proprietati
imbunatatite precum biodisponibilitate crescuta [16,17], cedare controlata [18,19] sau
mascarea gustului [20], aceste efecte fiind observate in studii care au investigat
includerea nanostructurilor cu principii active in ODx.

Zeina este o proteina extrasa din boabele de porumb, care are aplicatii In diferite
arii de interes datoritd proprietitilor sale de expandare si formare de film [21]. In
domeniul farmaceutic, zeina a fost testata pentru formularea de filme Incarcate cu API
[22], precum si filme de acoperire a comprimatelor, care imprima acestora un profil de
cedare prelungita. Aceste proprietdti, precum si solubilitatea selectiva in apa si etanol,
fac din zeind un candidat bun pentru prepararea usoara a nanostructurilor prin
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precipitare. Nanostructurile din zeina au prezentat efecte pozitive asupra unei game
variate de principii bioactive in urma administrarii orale. O tema de cercetare frecventa
o reprezinta includerea compusilor naturali in nanoparticule de zeina, printre efectele
incorporarii numarandu-se biodisponibilitatea si stabilitatea imbunatatita [23], precum
si modificarea profilului de cedare [24]. Totusi, cea mai remarcabild aplicatie o
reprezintd posibilitatea administrarii orale a insulinei si altor medicamente
antidiabetice prin includerea in nanoparticule din zeina [25,26].

CONTRIBUTII PERSONALE

Sectiunea de Contributii personale a acestei teze a fost impartita in doua capitole,
urmdrind demersurile de dezvoltare a doua forme farmaceutice orodispersabile cu
nanostructuri din zeinad. Capitolul I, care include studiile 1 si 2, detaliaza dezvoltarea
unei formulari de OL cu nanostructuri din zeina incarcate cu loratadina. Acest capitol
descrie optimizarea formuldrilor de nanostructuri si OL, si se incheie cu stabilirea unui
design space care permite prepararea de OL cu doze variabile de substanta activa prin
modificarea continutului de nanostructuri al amestecului ce urmeaza a fi liofilizat.
Capitolul II include studiile 3, 4 si 5, concentrandu-se pe dezvoltarea de ODT care
contin nanostructuri sub forma de pulbere liofilizata. Dupa determinarea unei formulari
optime pentru nanostructuri care isi mentin proprietatile In urma liofilizarii o metoda
spectroscopica este dezvoltata pentru determinarea non-distructiva a continutului de
principiu activ din pulberea de nanostructuri si din amestecurile sale cu CPE. In final,
analiza dinamica a comprimarii este folosita pentru a alege un amestec de pulbere de
nanostructuri si CPE care poate fi comprimat Intr-un ODT ce respectd cerintele unui
profil de calitate tinta (QTPP) prestabilit.

Studiul 1. Dezvoltarea si optimizarea nanostructurilor din zeina incarcate cu
loratadina

Scop/Obiective: Scopul general al acestui studiu a fost dezvoltarea unei formulari de
nanostructuri din zeini incircate cu loratadini. In acest scop, factorii de formulare au
fost corelati cu proprietatile nanostructurilor utilizdnd metoda DoE si o formulare
optima a fost determinata pe baza acestor corelatii.

Materiale si metode: Planul experimental (DoE) a fost dezvoltat si analizat utilizand
software-ul Modde 13.0 (Sartorius Stedim Data Analytics, Gottingen, Germania). Factorii
analizati in DoE au fost concentratia de zeina, raportul zeina:loratadina si concentratia
de alcool a solutiei initiale, alaturi de viteza de centrifugare folosita la purificarea
nanosuspensiei. Nanosuspensiile au fost preparate prin precipitarea unei solutii
hidroetanolice de zeina siloratadina intr-o solutie apoasa de alginat si caseinat de sodiu,
urmatd de evaporarea alcoolului si purificare prin centrifugare. Dimensiunea
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particulelor, indicele de polidispersie (PdI) si potentialul zeta (ZP) au fost masurate cu
un Zetasizer Nano ZS90 (Malvern Panalytical, UK). Concentratia API a nanosuspensiei a
fost determinatad printr-o metoda HPLC validatd, utilizind un sistem 1100 echipat cu
detector UV (Agilent, SUA), dupa care eficienta incapsularii (EE) a fost calculata pe baza
concentratiei API regdsite Tn nanosuspensie comparativ cu concentratia din solutia
folosita la nanoprecipiatre. Pentru formularea optim3, aceste analize au fost facute pe
nanosuspensia proaspata, precum si pe cea liofilizata si redispersata. Testul de cedare
invitro a fost derulat in conditii sink, la pH 1.2 pentru 2 ore si pH 6.8 pentru 4 ore, pentru
a simula mediul gastrointestinal. Analiza farmacocinetica in vivo a fost efectuata pe
nanosuspensia optimda fn comparatie cu o suspensie de loratadina libera cu o
concentratie identicd, pe doua grupuri de sobolani Wistar. Animalelor li s-a administrat
0 dozad de medicament de 26 mg/kg corp, colectdndu-se sange la intervale fixe timp de
24 de ore. Probele de siange au fost procesate si analizate cu un sistem HPLC Nexera 40
cuplat cu un spectrometru de masa de tip cuadrupol timp de zbor LCMS-9030
(Shimadzu, Kyoto, Japonia). Concentratia maxima si timpul la care aceasta a fost atinsa,
timpul mediu de rezidentd, aria de sub curb3, volumul de distributie, clearance-ul,
constanta de eliminare si timpul de Tnjumatatire al medicamentului din cele doua
suspensii a fost calculat pe baza datelor plasmatice cu software-ul Phoenix WinNonlin
8.5.2 (PharSight Company, California, SUA). Nanosuspensiile proaspete si redispersate
dupa liofilizare au fost analizate prin SEM cu un sistem 30kV SU8320 FEG-STEM
(Hitachi, Japonia), imaginile fiind comparate cu cele ale unei suspensii de loratadina
libera.

Rezultate: In urma analizei raspunsurilor din DoE, s-a observat ca factorii cu cel mai
mare impact asupra calitatii nanosuspensiei sunt concentratia de zeina si raportul
zeina:loratadind, ambele avand influente neliniare asupra unor raspunsuri. Astfel, s-a
determinat ca formularea optima s-a obtinut folosind urmatoarele: concentratia zeinei
- 48 mg/ml, raport zeina:loratadina - 2.9:1, concentratia alcoolului - 77.33%), viteza de
centrifugare - 20000 rpm. . Nanosuspensia optima a avut o dimensiune a particulelor de
291.7 £ 22.47 nm, cu PdI de 0.414 * 0.09, ZP de -23.1 + 0.354 mV, concentratie API de
8.21 + 0.66 mg/ml si EE de 95.24 + 0.068%. In urma testului in vitro, s-a observat ca
nanosuspensia a cedat 87.2% din continutul de loratading, majoritatea in mediu acid. In
testul in vivo, nanosuspensia a atins o arie de sub curbd mai mica, precum si o
concentratie maxima, timp al concentratiei maxime si timp de injumatatire reduse fata
de suspensia de substantad libera, dar un timp de rezidentd, volum de distributie si
clearance mai mari. Analiza SEM a aratat ca nanostructurile s-au format si si-au pastrat
proprietatile si in procesul de liofilizare, avidnd caracteristici complet diferite
comparativ cu suspensia de substanta libera.

Concluzii: Analiza DoE a indicat ca factorul de formulare cu cele mai puternice influente
asupra proprietatilor nanostructurilor este concentratia zeinei din solutia initiala.
Optimizarea a condus la o formulare de nanostructuri cu particule mici si cu o distributie
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omogengd, in care APl a fost incapsulat cu o eficienta de peste 95%, asigurand un continut
de API suficient

Studiul 2. Dezvoltarea de liofilizate orale cu nanostructuri din zeina

Scop/Obiective: Scopul acestui studiu a fost transformarea nanostructurilor optimizate
in Studiul 1 Intr-o forma farmaceutica solida acceptabila pentru pacienti pediatrici, si
anume OL. Factorii de formulare ai OL au fost corelati cu proprietatile finale ale acestora
si o formulare optima a fost determinata pe baza acestor corelatii utiliziand metoda DoE,
alaturi de un design space care permite adaptarea dozelor.

Materiale si metode: Un DoE a fost folosit pentru analizarea influentelor factorilor de
formulare asupra proprietatilor OL, fiind dezvoltat si analizat cu ajutorul software-ului
Modde 13.0 (Sartorius Stedim Data Analytics, Gottingen, Germania), care a fost folosit si
pentru determinarea unui design space. Factorii analizati au fost concentratia
formatorului de matrita (MFA), tipul de crioprotector si continutul de nanosuspensie.
Liofilizatele au fost preparate prin amestecarea nanosuspensiei optime din Studiul 1 cu
alginat de sodiu ca MFA si manitol sau maltodextrina cu rol de crioprotectori. Protocolul
de liofilizare a cuprins congelarea la -55°C pentru 18 ore, uscare primara la -25°C si 200
mTorr pentru 24 de ore, uscare secundara la +20°C si 400 mTorr pentru minim 6 ore,
avand loc 1n liofilizatorul Advantage Plus (SP Scientific, SUA). Duritatea OL a fost
determinata printr-un test de indentare facut cu analizorul de textura CT3 (Brookfield,
SUA) echipat cu o celulda de 4500 g. Testul de indentare a rezultat intr-un profil
incarcare/distanta, din care incarcarea maxima a fost extrasa pentru a calcula duritatea.
Timpul de dezagregare a fost determinat conform metodei din Farmacopeea Europeana,
in 200 ml de apa la temperatura camerei [27]. Unghiul de contact a fost determinat cu
un dispozitiv OCA 25 device cuplat cu software-ul dpiMAX (DataPhysics Instruments
GmbH, Germania). in final, OL au fost cantirite cu o balanta de laborator cu 3 zecimale
(Kern & Sohn, Germania). Continutul de API a fost determinat printr-o metoda HPLC in
urma dezagregarii OL. Suprafata specifica a OL a fost evaluatd prin metoda Brunauer-
Emmett-Teller method cu porozimetrul Nova 600 (Anton Paar, Graz, Austria). Analiza
SEM a fost facutd cu sistemul 30kV SU8320 FEG-STEM (Hitachi, Japonia) pentru a
identifica nanostructurile dispersate In structura OL. Pentru a monitoriza efectul
nanostructurilor asupra formei farmaceutice, in paralel cu formularea optima au fost
analizate doua formulari echivalente, una cu un continut identic de API liber si una
placebo. Formularea optimda de OL, precum si componentele individuale, au fost
analizate prin DSC pentru a monitoriza daca are loc modificarea componentelor in
timpul liofilizarii.

Rezultate: Conform graficelor de coeficienti ai factorilor, concentratia de MFA si tipul
de crioprotector au avut cele mai puternice influente asupra proprietatilor OL. Timpul
de dezagregare al OL a crescut odata cu concentratia de MFA, dar duritatea a scazut la
concentratii foarte inalte. In ceea ce priveste tipul de crioprotector, manitolul a condus
la obtinerea de OL cu rezistenta mecanicd usor mai scazutd comparativ cu
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maltodextrina, dar cu un timp de dezagregare mult mai redus. Unghiul de contact a fost
influentat si de continutul de nanosuspensie, reducandu-l. Masa OL a crescut odata cu
continutul de MFA si nanosuspensie, acest raspuns fiind adaugat in vederea maximizarii
dozei de APl in momentul optimizarii. Formularea optima a fost determinata ca avand o
concentratie de MFA de 1.825%, manitol ca tip de crioprotector si un continut de
nanosuspensie de 69.5%. Formularea optima a avut o duritate si un timp de
dezagregare reduse comparativ cu formularea cu substanta libera si cea placebo, dar un
unghi de contact mai mare. Analiza SEM a facut vizibile nanostructurile incastrate in OL,
iar analiza DSC a demonstrat modificarea starii API si a manitolului. Cu ajutorul design
space s-a demonstrat ca se pot prepara formulari cu duritate si timp de dezagregare
adecvate cu un continut de nanostructuri intre 10 si 80%, echivalent cu doze de
loratadina cuprinse Intre 0.45 si 3.65 mg/OL.

Concluzii: Acest studiu a demonstrat cd, in ciuda efectului de reducere a duritatii produs
de nanostructuri, OL cu un profil de calitate satisfacator pot fi produse cu API
nanoincapsulate. In plus, acest profil de calitate poate fi mentinut pentru o varietate
larga de formulari cu doze de API ce variaza intre 0.45 si 3.65 mg/OL.

Studiul 3. Optimizarea pulberilor de nanostructuri liofilizate

Scop/Obiective: Scopul acestui studiu a fost dezvoltarea si optimizaera unei pulberi de
nanostructuri destinata utilizarii ca produs intermediar in formularea de ODT, prin
liofilizarea unei nanosuspensii pe baza de zeina Incarcate cu loratadina.

Materiale si metode: in acest studiu s-a utilizat metoda DoE, design-ul fiind dezvoltat
cu ajutorul software-ului Modde 13.0 software (Sartorius Stedim Data Analytics,
Gottingen, Germania), acesta fiind folosit si pentru optimizarea formularii. Factorii
investigati In cadrul DoE au fost concentratia de zeind, raportul zeina:loratadina si
concentratia de alcool a solutiei initiale, alaturi de viteza de centrifugare folosita pentru
purificarea nanosuspensiei. In ceea ce priveste rispunsurile, acestea au inclus
proprietatile nanostructurilor liofilizate si redispersate (dimensiunea particulelor, Pd],
ZP, concentratie API), alaturi de parametri numerici care indica modificarea procentuala
a valorilor acestor proprietati dupa liofilizare. Nanosuspensiile au fost preparate prin
precipitarea solutiei hidroetanolice de zeina si loratadina in solutie apoasa de alginat si
caseinat de sodiu. Dupa purificare, nanosuspensia a fost liofilizata in liofilizatorul
Advantage Plus (SP Scientific, SUA), urmand protocolul: congelare la -55°C pentru 18
ore, uscare primara la -25°C si 200 mTorr pentru 24 de ore, uscare secundara la +20°C
si 400 mTorr pentru minim 6 ore. Dimensiunea particulelor, Pdl si ZP au fost
determinate cu dispozitivul Zetasizer Nano ZS90 (Malvern Panalytical, UK), iar
continutul de API a fost determinat prin metoda HPLC validata pe sistemul 1100
(Agilent, SUA). Modificarile de dimensiune si ZP, precum si ESR, au fost calculate pe baza
valorilor parametrilor respectivi inainte si dupa liofilizare. Formularea optima de
pulbere liofilizata a fost analizatd din punct de vedere al unghiului de contact in
comparatie cu un amestec fizic al componentelor sale, testul fiind facut cu dispozitivul
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OCA 25 cuplat cu software-ul dpiMAX (DataPhysics Instruments GmbH, Germania).
Pentru a verifica faptul ca nanostructurile si-au pastrat caracteristicile in urma
liofilizarii, nanostructurile proaspete si redispersate dupa liofilizare au fost analizate
prin SEM cu sistemul 30kV SU8320 FEG-STEM (Hitachi, Japonia).

Rezultate: Dupa liofilizare, dimensiunea particulelor a 13 din cele 19 formulari din DoE
a crescut comparativ cu nanosuspensiile proaspete, in timp ce valorile absolute ale ZP si
cantitatea de API incapsulat au scazut pentru toate formularile. Graficele de coeficienti
ai factorilor au aratat ca fenomenul de crestere al marimii particulelor in urma liofilizarii
poate fi atribuita concentratiilor crescute de zeinad si loratadind in solutia initialg,
precum si concentratiei mai scazute de etanol. Cu toate acestea, factorul principal in
modificarea proprietdtilor nanostructurilor dupa liofilizare este reprezentat de
utilizarea crioprotectorilor, care duc la o scadere a valorii absolute a ZP si, in consecint3,
o tendintd de agregare a particulelor mai accentuata. Concentratia de zeind a avut o
influenta neliniara asupra continutului de API al nanostructurilor liofilizate si ESR
(procentul de API retinut in nanostructuri dupa liofilizare), concentratiile cele mai mari
conducand la o cantitate mai mica de API incapsulata din cauza aglomerarii polimerului.
Formularea optima a fost obtinuta in urmatoarele conditii: concentratie de zeina - 49.33
mg/ml, raport zeina:loratadind - 3:1, concentratie de etanol - 79.99%, viteza de
centrifugare - 20000 rpm. Formularea optima a avut o dimensiune a particulelor de
313.3 + 21.3 nm, Pdl de 0.481 + 0.04, ZP de -16.4 + 1.27 mV, continut de API de 8.17 *
1.1 mg. Comparativ cu nanostructurile proaspete, nanostructurile liofilizate au aratat o
modificare a dimensiunii de 8.20 + 16.01%, , modificare a ZP de 29.03 + 5.48% si ESR de
91.99 + 2.38%. Analiza unghiului de contact a aratat ca pulberea liofilizatd absoarbe apa
mult mai bine decat amestecul fizic, caruia zeina si loratadina neprocesate ii imprima un
caracter hidrofob. Imaginile SEM arata cd nanostructurile nu au fost afectate de procesul
de liofilizare.

Concluzii: Acest studiu a demonstrat posibilitatea optimizarii unei formulari de
nanostructuri din zeina care pot fi liofilizate pentru a obtine un produs care isi pastreaza
proprietatile originale si poate fi folosit in dezvoltarea de forme farmaceutice orale
solide.

Studiul 4. Dezvoltarea unei metode spectroscopice in infrarosu apropiat pentru
determinarea continutului de principiu activ din pulberi cu nanostructuri

Scop/Obiective: Scopul acestui studiu a fost dezvoltarea unei metode non-distructive
bazate pe spectroscopie NIR pentru identificarea si cuantificarea loratadinei in pulberi
liofilizate cu nanostructuri din zeina care contin principiul activ.

Materiale si metode: Pulberile utilizate in acest studiu sunt preparate conform
formularii optime obtinute in Studiul 3, fiind preparate cu o solutie cu zeina si
loratadina pentru a obtine pulberi de nanostructuri incarcate cu loratadina (LOR-NS)
sau o solutie doar cu zeina pentru a obtine pulberi de nanostructuri fara API (B-NS).
Pentru a obtine pulberi pe baza de nanostructuri, matritele liofilizate au fost indepartate
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din recipientele in care au fost liofilizate si trecute printr-o sita cu ochiuri de 600 pum.
Inregistrarea spectrelor NIR s-a realizat cu un sistem MPA II (Bruker Optics, Ettlingen,
Germania). Spectrele de reflectanta au fost inregistrate in domeniul de numere de unda
cuprins intre 11500-3950 cm}, folosind o configuratie rotativa si o rezolutie de 8 cm?,
astfel fiind colectate 32 de scanari pentru fiecare spectru. Spectrele au fost procesate cu
software-ul SIMCA (Sartorius Stedim Data Analytics, Gottingen, Germania). Pentru
analiza calitativa, s-au inregistrat spectre pe pulberea LOR-NS, pe API si excipienti
individuali, precum si un amestec fizic al acestora. Pentru analiza cantitativa, metoda a
fost calibrata cu un set de amestecuri de pulbere alcatuite din LOR-NS si Parteck ODT in
diferite rapoarte pentru a obtine 5 concentratii fixe de API intre 1 si 7%, precum si un
set de pulberi fara API, cu B-NS si Parteck ODT in aceleasi rapoarte. Spectrele
inregistrate pe cele doua seturi de pulberi au fost procesate prin centrare si scalare.
Dupa procesare, au fost construite modele de predictie cu diferite filtre aplicate
spectrelor cu ajutorul software-ului SIMCA. Dupa calibrare, metoda a fost testata cu
doua seturi de predictie externd, primul fiind alcatuit din spectre inregistrate pe
amestecuri de pulberi cu concentratii de API in domeniul de calibrare (2.42%, 4.24%,
4.62%), iar al doilea fiind compus din spectre inregistrate pe un singur amestec de
pulbere cu o concentratie a loratadinei de 3.47% la diferite momente in timpul
amestecarii.

Rezultate: Tn cadrul analizei calitative, spectrul loratadinei a prezentat putine zone
specifice in acest domeniu de numere de unda, mare parte din acestea suprapunandu-
se cu spectrul manitolului. Comparand spectrul manitolului pur, al amestecului fizic si
al pulberii liofilizate, se poate observa ca manitolul a trecut din polimorfii « si 8 intr-o
combinatie intre polimorful & si forma de hemihidrat in urma liofilizarii. In cazul analizei
cantitative, modelul cu cea mai mare capacitate de precizie a fost cel cu filtrul de
derivatizare de ordinul Intai, care a condus la predictia de concentratii de API cu eroare
sub *10% fatd de concentratiile determinate prin analizi HPLC. In evaluarea
omogenitatii amestecurilor de pulbere, metoda NIR a demonstrat ca aceasta se atinge
dupa 30 de secunde de amestecare in cazul unor loturi mici de pulbere.

Concluzii: Acest studiu a demonstrat aplicabilitatea unei metode spectroscopice NIR in
determinarea continutului de API al unui amestec cu pulberi liofilizate de nanostructuri.
Aceasta metoda a fost propusa ca un instrument al tehnologiei de analiza a procesului
(PAT) pentru determinarea omogenitatii unui amestec de pulberi inainte de
comprimare.

Studiul 5. Dezvoltarea de comprimate orodispersabile cu pulberi de
nanostructuri liofilizate utilizand analiza dinamica a comprimarii

Scop/Obiective: Scopul acestui studiu a fost dezvoltarea unei formulari de ODT cu
pulberi liofilizate de nanostructuri care contin loratadina si un CPE specific acestei
forme farmaceutice. Formularea optima obtinuta in Studiul 3, liofilizata cu manitol sau
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maltodextrinad ca si crioprotectori, a fost utilizata. Pentru alegerea celei mai procesabile
pulberi pentru comprimare, pulberile liofilizate si CPE, precum si amestecurile lor, au
fost evaluate prin analiza dinamica a comprimarii, iar formularea care respecta
cerintele unui QTPP pentru ODT de uz pediatric cu loratadina a fost aleasa.

Materiale si metode: Pulberile de nanostructuri sunt preparate conform formularii
optime obtinute In Studiul 3, liofilizate folosind manitol (NS-Man) sau maltodextrina
(NS-Mdex) ca excipienti crioprotectori. Crioprotectorii individuali au fost de asemenea
liofilizati pentru a monitoriza efectul nanostructurilor asupra pulberii. Pentru a verifica
calitatea pulberilor liofilizate, acestea au fost redispersate, iar marimea particulelor, Pdl
si ZP au fost determinate cu dispozitivul Zetasizer Nano ZS90 (Malvern Panalytical, UK),
in timp ce continutul de API a fost determinat printr-o metoda HPLC validata pe sistemul
1100 (Agilent, SUA). Pentru a obtine pulberile, matritele liofilizate au fost indepartate
din recipiente si trecute printr-o sitd cu ochiuri de 600 pm. Amestecurile pentru
comprimare au fost preparate prin amestecarea nanostructurilor liofilizate (NS-Man
/NS-Mdex) cu un CPE (Ludiflash/Parteck ODT/Prosolv ODT), raportul de masa dintre
acestea fiind 1:2 sau 2:1. Pulberile liofilizate si CPE au fost supuse unei masuratori de
marime a particulelor cu aparatul cu difractie laser Analysette 22 MicroTec (Fritsch,
Idar-Oberstein, Germania) echipat cu o unitate pentru pulberi uscate. Analiza dinamica
a comprimadrii a fost derulata cu ajutorul simulatorului de comprimare GTP-D (Gamlen
Ltd., Londra, UK) echipat cu matrita si poanson plat de 6 mm. Pulberile individuale si
amestecurile lor au fost comprimate la 200, 300 si 400 kg, dupa care comprimatele au
fost cantarite si masurate, iar duritatea lor a fost masurata cu instrumentul PTB 111E
(PharmaTest, Hainburg, Germania). Cu ajutorul acestor masuratori si al datelor obtinute
de la simulatorul de comprimare, anumiti parametri s-au determinat pentru fiecare
pulbere: lucrul mecanic de comprimare, revenirea elastica, presiunea de comprimare,
rezistenta mecanica, tensiunea de detasare si tensiunea de ejectie. Procesabilitatea
pulberii a fost proiectata sub forma de grafice de compresibilitate, compactibilitate si
tabletabilitate [28]. Dupad evaluarea amestecurilor de pulberi, cele avand cele mai reduse
presiuni de ejectie au fost lubrifiate cu stearil fumarat de sodiu (SSF) sau stearat de
magneziu (MgSt), iar comprimatele rezultate au fost analizate din punct de vedere al
rezistentei mecanice, timpului de dezagregare si continutului de APIL. Timpul de
dezagregare a fost evaluat utilizdnd metoda din Farmacopeea Europeana [27].

Results: Tabletele obtinute din pulberile de nanostructuri liofilizate cu loratadind au
avut o masa de 90 mg, un diametru de 6 mm si doze de principiu activ de 2.5 sau 5 mg.
Evaluarea pulberilor liofilizate din acest studiu a demonstrat ca tipurile diferite de
crioprotector folosite confera pulberilor de nanostructuri liofilizate proprietati si
comportamente de comprimare diferite. Asadar, pulberea NS-Man a prezentat particule
mai mici si mai omogene decat NS-Mdex atat in analiza pulberii uscate, cat si a celei
redispersate. In plus, analiza dinamici a comprimarii a indicat ci NS-Mdex are o
tabletabilitate superioara, comprimatele avand valori mai mari ale rezistentei mecanice
la forte mici de comprimare, dar pastrandu-si porozitatea la un nivel adecvat. Pe baza
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valorilor tensiunii de ejectie, amestecurile cu pulbere de nanostructuri si Parteck ODT
intr-un raport de 1:2 au fost lubrifiate pentru a imbunatati comportamentul de
comprimare. Dintre lubrifianti, SSF a avut un impact pozitiv asupra duritatii
comprimatelor, spre deosebire de MgSt, in timp ce ambele au crescut timpul de
dezagregare al ambelor amestecuri. Amestecul care a condus la comprimate ce respecta
toate cerintele QTPP a fost cel cu NS-Man si Parteck ODT intr-un raport de 1:2, lubrifiat
cu SSF.

Concluzii: in acest studiu, analiza dinamici a comprimarii a fost utilizata cu succes in
alegerea unui amestec ce contine pulbere de nanostructuri liofilizate si un CPE pentru
comprimarea de ODT care respecti un profil de calitate predefinit. In plus, cele doui
pulberi de nanostructuri au fost caracterizate, demonstrand ca in ciuda faptului ca
pulberea NS-Mdex a condus la comprimate mai rezistente, pulberea NS-Man este mai
buna pentru obtinerea de ODT care se dezagrega in intervalul de timp cerut.

CONCLUZII GENERALE

Aceasta teza de doctorat a avut ca punct de interes dezvoltarea de forme
farmaceutice  destinate pacientilor pediatrici, anume forme farmaceutice
orodispersabile, In care API se regaseste sub forma de nanostructuri din zeina. Aceste
studii au abordat posibilitatea de a procesa formulari pe baza de nanostructuri in forme
farmaceutice solide orale. Cercetarea a fost structurata in doua parti, fiecare descriind
formularea unei forme farmaceutice orodispersabile (Contributia personala, capitolele
Isill).

Obiectiv 1:

Primul capitol din sectiunea de Contributie personala a tezei prezinta procesul de
dezvoltare a unei formulari de OL care contine nanostructuri de zeina Incarcate cu
loratadina. Studiul 1 expune cum metoda DoE a fost folosita in dezvoltarea unei
nanosuspensii optime, cu particule mici si omogene care au o stabilitate coloidala si
eficientd a Incapsuldrii satisfacatoare, care se traduce intr-un continut de API suficient.
Zeina, fiind elementul principal din care sunt facute nanostructurile, a avut un efect
pronuntat asupra proprietatilor lor pe baza concentratiei sale, conferind formularii si
un profil de cedare modificata. Ulterior, in Studiul 2, nanosuspensia optimizata a fost
folosita pentru dezvoltarea de OL care isi mentin stabilitatea pe termen lung, fiind de
asemenea mai sigure pentru administrare datorita dezagregarii rapide. Aici, metoda
DoE a fost utilizata din nou pentru determinarea unei formulari optime, precum si
pentru dezvoltarea unui design space care permite prepararea de formulari cu o doza de
API ajustabila. Formularea optimad de OL a fost comparata cu formulari similare care
contineau API sub formad de pulbere sau nu contineau API deloc, demonstrand ca
nanostructurile au creat intreruperi in structura uniforma a OL, conducand la o
dezagregare mai rapida.
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Obiectiv 2:

Al doilea capitol a detaliat procesul dezvoltarii unei formulari de ODT cu continut
de nanostructuri liofilizate. In Studiul 3, metoda DoE a fost folositi pentru optimizarea
nanosuspensiei, de data asta concentrandu-se pe obtinerea unei formulari care isi
pastreaza proprietatile si in urma unui proces de liofilizare. Deoarece scopul final al
pulberii de nanostructuri a fost includerea sa in comprimate, Studiul 4 a descris
dezvoltarea unei metode spectroscopice NIR pentru cuantificarea continutului de API
din pulberea liofilizatd de nanostructuri si amestecurile sale cu excipienti de
comprimare, intr-o maniera non-distructiva. Metoda a reusit predictia continutului de
API cu o eroare de sub 10% din valoarea real3, fiind considerati adecvati. in plus, prin
aceasta metoda se poate determina omogenitatea amestecului de pulbere Inaintea
comprimarii. Comprimarea ODT cu continut de nanostructuri liofilizate, precum si
dezvoltarea procesului, a fost prezentata in Studiul 5. Nanostructurile, liofilizate cu doi
crioprotectori care le confera proprietati diferite, au fost amestecate cu CPE specifici
formei farmaceutice si amestecurile au fost testate prin analiza dinamica a comprimarii.
Urmand cerintele unui QTPP prestabilit, doud amestecuri din cele 12 initiale au fost
testate cu adaos de lubrifianti, ajungandu-se la o formulare care intruneste toate
cerintele de calitate. Pulberea liofilizata cu manitol s-a dovedit a fi mai favorabila pentru
comprimare, comprimatele avand un timp de dezagregare mai scurt, desi utilizarea
maltodextrinei cu rol de crioprotector a condus la comprimate mai rezistente. In ceea ce
priveste lubrifiantii, stearil fumaratul de sodiu a fost mai performant datorita abilitatii
sale de a creste rezistenta mecanica si efectului mai putin drastic asupra timpului de
dezagregare

Aceste studii evidentiaza posibilitatea includerii API nanoincapsulate in forme
farmaceutice adresate pacientilor pediatrici cu doze ajustabile. Studii viitoare vor fi
necesare pentru adaptarea formuldrii nanostructurate la alte API sau pentru
dezvoltarea unor procese de fabricatie la scara larga.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Originalitatea acestei teze de doctorat constd in dezvoltarea de formulari
orodispersabile cu nanostructuri din zeind specific pentru administrare pediatrica.
Cercetarile au demonstrat capacitatea nanostructurilor de a fi transformate in forme
farmaceutice orale inovatorii, acestea fiind primele ODx cu loratadina incapsulata in
nanostructuri de zeind, care aduc anumite avantaje medicamentelor administrate la
copii in mod obisnuit: formele farmaceutice solide garanteaza stabilitate pe termen lung
si omogenitate a dozelor, numarul redus de excipienti, din care majoritatea de origine
naturald, conduc la o biocompatibilitate crescsuta si un risc mai redus de reactii adverse,
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ceea ce poate fi realizat si prin ajustarea dozelor de principiu activ pe care aceste forme
farmaceutice o permit.

Formularea de OL dezvoltata in capitolul I al sectiunii de Contributii personale
aduce ca element de noutate faptul ca reprezinta prima forma farmaceutica de acest tip
cu continut de nanostructuri din zeina.

in timp ce metoda DoE a fost folositi pentru optimizarea formulirii de
nanosuspensie din Studiul 1 si a formularii de OL din Studiul 2, in cel de-al doilea s-a
folosit si o alta unealtd a abordarii de Calitate prin Design utilizate in dezvoltarea
farmaceuticd, si anume design space-ul. Din cate se stiu, acesta este primul studiu care
propune design space-ul ca unealtd pentru formularea de OL pe baza continutului de
nanosuspensie. Modificarea continutului de nanosuspensie are efect asupra
proprietatilor farmaceutice ale OL, dar de asemenea permite obtinerea de doze de
medicament individualizate pentru fiecare liofilizat.

Capitolul II al sectiunii de Contributii personale detaliazd dezvoltarea unei
formulari de ODT pentru uz pediatric cu nanostructuri din zeina incarcate cu loratading,
ceea ce reprezinta o alta aplicatie inovatoare a acestui tip de nanostructuri. Pentru a
prepara si selecta o formulare care respecta cerintele unui QTPP pentru ODT cu
loratadina de uz pediatric, pastrand procesul de formulare si preparare cat mai simplu,
s-au folosit unelte avansate, precum DoE, instrumente de analiza in proces bazate pe
spectroscopie NIR si analiza dinamica a comprimarii.

in Studiul 3, metoda DoE a fost utilizatd pentru obtinerea unei formuliri optime
de nanostructuri care pot fi folosite in prepararea de ODT dupa transformarea in pulberi
prin liofilizare, astfel incat nanostructurile fisi pastreaza caracteristicile dupa
administrarea sub forma de ODT. Cu ajutorul acestei metode, s-au stabilit corelatii
statistice intre factorii de formulare si proprietatile nanostructurilor liofilizate, precum
si modele matematice pentru minimizarea modificarilor proprietatilor nanostructurilor
dupa liofilizare.

Metoda spectroscopica NIR dezvoltata in Studiul 4 permite identificarea
loratadinei in pulberile liofilizate pe baza de nanostructuri, precum si prezicerea
concentratiei sale dintr-un amestec de pulbere de nanostructuri si CPE, alaturi de
determinarea facila a omogenitatii amestecului fara a afecta materia prima, ambele fiind
aplicatii inovatoare ale acestei metoda de analizd pentru formuldri pe baza de
nanostructuri.

in Studiul 5, noutatea este reprezentata de utilizarea analizei dinamice a
comprimadrii pentru caracterizarea pulberilor de nanostructuri si amestecurilor lor, in
plus fata de alegerea celor mai favorabile amestecuri de pulbere pentru un proces de
comprimare robust. Aceste amestecuri au fost testate suplimentar cu lubrifianti,
rezultand un produs care a respectat cerintele profilului de calitate stabilit la inceputul
studiului. Acesta a fost primul studiu in care o formulare pe baza de nanostructuri este
transformata in ODT printr-un proces bazat complet pe analiza comprimarii.
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