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Abstract

Tripolyphosphate (TPP)-chitosomes were produced aiming at the encapsulation and conservation of vitamin D3.
This hybrid system is made of liposomes, vesicles consisting of phospholipid bilayers, surrounded by chitosan wall
ionic-crosslinked with TPP. Chitosan concentrations (2 and 4 mg mL™") were tested and the vitamin stability in aqueous
dispersions monitored for 49 days. The results confim that D3 remained stable throughout the analyzed period (49 days),
whereas the non-encapsulated vitamin totally degrades after the second week of storage. The particle diameters ranged
from 0.1 to 5 um with good colloidal stability (+22 to +48 mV), and encapsulation efficiency of 97%. Thermal stability
was also improved when using the TPP-chitosomes. The protection performed was attributed to the stable interactions
conferred by the phospholipids crosslinking with the chitosan amino groups and a formation of a net of hydrogen bonds
established amongst the hydroxyl groups of the interacting compounds as revealed by infrared spectroscopy.
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1. Introduction

Vitamins are vital substances for the maintenance
of human health and metabolic functions. Vitamin D, in
particular, has the fundamental physiological property of
stabilizing the calcium homeostasis and is also involved
in several cellular processes, such as immunology and
regulation of gene transcription!!). The American Institute
of Medicine, Food and Nutrition Board recommends a daily
intake of 10 to 15 pg of vitamin D to achieve acceptable
levels of serum 25-hydroxyvitamin D [25(OH)D]®. This
recommendation applies to both forms of vitamin-D, namely
ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3),
which are from vegetal and animal sources, respectively.
However, some studies have shown that the administration of
vitamin D3 is more effective in increasing serum 25(OH)D
levels than vitamin D2, either from cutaneous synthesis
or through dietary ingestion.

The vitamin D insufficiency in general population is
much common than currently reported), and the enrichment
of food products can be an alternative to ensure the
consumption of adequate levels of nutrients®.. Vitamins,
however, are sensitive compounds. Heat, light, variation of
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pH and exposure to atmospheric oxygen can accelerate their
degradation!®”, thus requiring appropriate means to increase
the stability and preserve properties before consumption.

Encapsulation is one of the strategies to overcome
this problem and different materials are described to form
protective matrices for vitamins. Gelatin!®!, whey protein!”,
maize prolamine protein!'®, multilamenar liposomes!'!,
pickering emulsions stabilized by nanofibrillated cellulose!'?,
and nanostructured lipid carriers"®, have been tested to entrap
vitamin D. Among these, the system based on liposomes
encapsulation combined with chitosan has been suggested
as a suitable approach to protect and achieve intestinal
absorption!!¥.

Conventional liposomes have low resistance to gastric
pH and are very susceptible to enzymatic lysis. The formation
of a surrounding polymeric wall, such as chitosan, can
improve significantly their stability!">). Chitosan is a
cationic polysaccharide consisting of glucosamine units of
poly-(B(1—4)-2-amino-2-deoxy-D-glucopyranose) largely
evaluated as encapsulation matrix of active compounds!'®..
Chitosan can be formulated into nanoparticles by ionic

1/8


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6060-9713

lida, A. S. L., Luz, K. N., Barros-Alexandrino, T. T, Favaro-Trindade, C. S., Pinho, S. C., Assis, 0. B. G., & Martelli-Tosi, M.

crosslinking, formed between the positively charged amino
groups in the chitosan and the negatively charged species of an
anionic polymer, such as the sodium tripolyphosphate (TPP).
Such process is referred to as ionic gelation and has been
successfully applied to encapsulation and delivery of vitamins
B9, B12 and Cl'7'81,

By forming a stable three-dimensional network, the
chitosan-TPP complex is also suitable to coat liposomes by
binding to polar heads of lipid bilayers with no alteration in
the phospholipids in the vesicles assembling!'*!°). In such
hybrid system, the release occurred preferentially in an
alkaline pH, what provides protection to acid stress.

In the present study, the aim was to prepare and characterize
the complexation of chitosan and TPP as liposome protective
coating and evaluate the stability of this system in the
retention of vitamin D3 in aqueous dispersion over time.

2. Material and Methods

2.1 Material

Medium molecular weight chitosan (Product 448877,
190,000-310,000 Da with 75%-85% deacetylated units),
sodium tripolyphosphate (TPP, Product 238503), and
cholecalciferol (98% purity, Product C9756), were all
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Phospholipon® 90G (Lipoid GmbH, Ludiwgshafen, Germany)
and HPLC grade methanol (Merck KGaA, Darmstadt,
Germany) were also used.

2.2 Preparation of Chitosan-TPP particles (Ch-Np) and
vitamin loading

The chitosan nanoparticles (Ch-Np) were synthesized
following the ionic gelation method as described by
Britto et al.l'®!. In brief, the process consisted of solubilizing
chitosan in 1.0 wt% acetic acid aqueous solution under
moderate stirring for 16 h. Two chitosan concentrations
(2 mg mL" and 4 mg mL™") were prepared and identified as
Ch2 and Ch4 respectively. Subsequently, a solution of TPP
ata concentration of 0.6 mL min™ was added, dropwise with
stirring, to the chitosan solutions at a rate of 1.0 mL min'.

Table 1. Samples identification according to composition.

The resultant nanoparticles were identified as Ch2-Np and
Ch4-Np.

In parallel, 50 mg of vitamin D3 (V) was diluted
in 2 mL of 96% ethanol and separately added to 48 mL
of each chitosan solution, resulting in final vitamin D3
concentrations of 1 mg mL". The dispersion was mixed
by an Ultraturrax T18 homogenizer (Ika, USA) for 2 min
(at 13000 rpm) to ensure physical mixture. Then, the
TPP solution (0.6 mg mL") was dropped to the mixture
at 1.0 mL min”', under magnetic stirring, generating the
loaded nanoparticles, named Ch2-Np-V and Ch4-Np-V.
All samples were prepared at room temperature (20-30°C)
and away from light (flasks covered with aluminum foil).

2.3 Preparation of TPP-Chitosomes (TPP-Ch)

Phospholipon® (Lipoid 90G, 100 mg) was weighed,
dispersed in 2 mL of 96% ethanol, added to 48 mL of
deionized water and mechanically homogenized for 2 min
at 13000 rpm (Ultraturrax T18, Ika, USA) to produce the
liposomes. For TPP-chitosome preparation, the dispersion
with Phospholipon® was mixed with both chitosan solutions
(2 and 4 mg mL") and the TPP added in analogous manner
as previous outlined.

For vitamin loading, 50 mg of vitamin D3 was first
diluted in 2 mL 0f 96% ethanol and added to 46 mL of each
chitosan solution. Then, 2 mL of the phospholipid dispersion
was added and mechanically homogenized in an Ultraturrax
for 2 min. TPP was then dropped to promote crosslinking and
vitamin retention into the chitosomes particles (TPP-Ch2-V
and TPP-Ch4-V). The final compositions and all samples
identification are summarized in Table 1. All samples were
prepared at room temperature (20-30 °C) and protected
from light.

2.4 Characterization of particles

Suspensions of particles (with and without vitamin)
were sonicated for 15 min in the ultrasonic bath
(Ultra Cleaner 1400A, Unique, Brazil), in deionized water
(1:10 v/v), cast on a silicon slides and allowed to dry for 48 h
at room temperature. SEM-FEG images were recorded by a
JSM-6701F field emission microscope (JEOL, Japan) with

Sample Chitosan (mg.mL™") TPP (mg.mL™") Vitamin D3 (mg.mL")  Phospholipon® (mg.mL")
Ch2 2 - - -
Ch4 4 - - -
Ch2-Np 2 0.6 - -
Ch4-Np 4 0.6 - -
TPP-Ch2 2 0.6 - 2
TPP-Ch4 4 0.6 - 2
Liposomes - - - 2
Ch2-V 2 - 1 -
Ch4-V 4 - 1 -
Ch2-Np-V 2 0.6 1 -
Ch4-Np-V 4 0.6 1 -
TPP-Ch2-V 2 0.6 1 2
TPP-Ch4-V 2 0.6 1 2
Liposomes-V 0 - 1 2

2/8

Polimeros, 29(4), 2019049, 2019



Investigation of TPP-Chitosomes particles structure and stability as encapsulating agent of cholecalciferol

an accelerating voltage of 2kV. Scannings were performed
on non-coated surfaces.

The particle size distribution and zeta potential were
measured by dynamic light scattering (DLS) in a Zetasizer ZS
3600 (Malvern Instruments, USA). All determinations were
carried out in triplicate at 25 °C. The final size distributions
were considered as the average of three distinct measurements
for each synthesis/group.

The thermal stability of the nanoparticles was studied in
a thermogravimetric analyser TGA-Q500 (TA Instruments,
USA). The dispersions were freeze-dried and samples of
about 10 mg sealed in platinum pans and heated from 20 °C
to 600 °C (heating rate of 10 °C min™), under nitrogen
atmosphere (gas flow of 60 cm® min''). Mass changes were
continuously recorded as a function of temperature.

Attenuated total reflection Fourier-Transform Infrared
spectra (ATR-FTIR) were recorded on IR Prestige-21
(Shimadzu, Kyoto, Japan), in absorbance mode (resolution of
2 em!, spectral region of 4000-400 cm™), over 40 consecutive
scans. Three spectra were acquired from three freeze-dried
sample of each formulation. The average spectra were
constructed using the OMNIC™ Software (Thermo Fisher
Scientific, USA).

2.5 Vitamin quantification and encapsulation efficiency

The amount of the vitamin D3 retained in the suspensions
was quantified according to Staffas and Nyman!'®). An aliquot
of 0.5 g of each sample was mixed with 10 mL of HPLC
grade methanol, vortexed and placed in an ultrasonic bath
for 5 min, followed by centrifugation for 5 min at 5000 rpm
(Eppendorf AG, Germany) at 10 °C. After centrifugation, the
supernatants were filtered through 0.45 pm membrane filter
(Millipore Corp., USA) and injected into an HPLC system
(Prominence Modular, Shimadzu, Japan) equipped with a C18
column (Merck, 4.6 mm x 250 mm) and an inline degasser
(DGU-20AS5, Shimadzu, Japan). Methanol-acetonitrile
(90:10 v/v) was used as the mobile phase at a flow rate of
I mL min’!, and the column heated to 35 °C. The analytical
curve was generated by injection of vitamin D3 at different
concentrations and the vitamin stability measured every 7 days
over a 49 days period. The suspensions were stored in
50 mL Falcon® conical tubes in the refrigerator at 4 °C and
protected from light.

Encapsulation efficiency (EE) was calculated as the
difference between the amount of added vitamin D3 in
the particle suspension /VitD ]/, .~ and the amount of
vitamin D3 quantified in the supernatant [VitD [, oon o
after centrifugation (5 mL for 10 min at 13000 rpm), according
to the Equation 1.

[VitDs] ysea —1VitDs]

EE(%)= [VitD;]

supernatant 100 (1)

added

3. Results and Discussions

3.1 Nanoparticles characterization

Figure 1 provides the SEM-FEG micrographs of the
empty systems and vitamin D3 loaded particles. It is generally
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possible to visualize agglomeration of vitamin D3 on the
substrate, in irregular dark stains around the liposomes or
as isolated circular patterns in the presence of chitosan.
This aggregation occurs due to the lipophilic nature of the
cholecalciferol molecules (not soluble in water), arranging
them as a circular phase when in aqueous suspension,
which stands out as contrasted spots on the dried surface.
Dark spots observed in the center of loaded nanoparticles
(Ch2-V and Ch4-V) are problably due to thermal degradation
of unstable organic compounds during the electron beam
exposure.

For non-load chitosan nanoparticles predominates the
circular shape in varying dimensions. In the presence of
phospholipids, the interaction with TPP-Ch suspension
generates smaller particles in irregular shapes and distribution.
When the vitamin is added, the surface tension of the particles
changes, affecting the colloidal equilibrium, resulting in a
reduction of the interaction between the compounds.

The resulted particles are not very well defined with

evident aggregation of the smaller ones in large granules,
which is clearly observed to TPP-Ch-V systems (Figure 1).

Vitamin D3

Empty systems loaded particles

Liposomes

Liposomes

TPP-Ch2-V

TPP-Ch4-V

Figure 1. Photomicrographs of empty and vitamin D3 load
systems: liposomes, according to adopted identification as
displayed in Table 1. The inserted bar correspond to 1 pm for all
images.
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These characteristics are confirmed by the size distribution
profiles as obtained in the zetasizer equipment (Figure 2).
The processed nanoparticles without vitamin have all
monodispersed distribution (Figure 2A). Liposome formation
has the smallest average size, 32.7 nm, with narrowest
size-distribution associated to a slight negative zeta potential
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Figure 2. Particle size distributions of (A) empty and (B) vitamin D3
loaded-systems, as acquired from the Zetasizer (each curve
represents the average of three measurements).

of -0.8 mV. The quasi-neutrality of the liposomes indicates
a stability of the three dimensional structure. The liposomes
are composed of neutral lipids having one phosphatidyl group
and one choline group in their molecules. According to the
model presented by Makino et al.?%, the charge neutrality
in the formed three dimensional structure resulted from
the lipid molecules arranged in such a way that the neutral
hydrophilic groups are on the particle surface. When loaded,
the zeta potential is enhanced to —3 mV, indicating changes
in the liposome dipole configuration due to the vitamin
interaction with the head group region (internal cavity).

The different concentrations of chitosan introduce
slight changes in the particle sizes. Average dimensions
of 68 nm (Ch2-Np) and 53 nm (TPP-Ch2) were measured
for the concentration of 2 mg mL"!. 78 nm was the average
size recorded for both Ch4-Np and TPP-Ch4 when reacting
4 mg mL" of chitosan. Zeta potential values were also
preserved (+40 mV for Ch2-Np and +48 mV for Ch4-Np).

When vitamin is added (Ch-Np-V and TPP-Ch-V series),
the ionic formation of particles is disturbed in some way
that the distribution assumes a bimodal profile with large
aggregates as confirmed by microscopic analyses. Averages
sizes as low as 28 nm and as large as 5560 nm were found
for TPP-Ch2-V samples. Distributions centered at 91 nm
and 459 nm are read for TPP-Ch4-V. In these, Zeta potential
ranges from +23 mV to +38 mV suggesting reasonable to
good stability of the loaded carriers?\. Numerical data are
summarized in Table 2.

3.2 Stability of the capsules

The instability index describes the portion of the samples
that were separated by centrifugal forces and expressed
by a normalized position of the flocculated/supernatant
boundary. The higher the index value, the lower is the
colloidal dispersion stability. According to measurements
as obtained by the LUMiSizer (Table 2), the instability of
empty particles increases as the chitosan concentration
increases (Ch2-Np = 0.22 and Ch4-Np = 0.49). However,
no significant difference was observed when these capsules
are vitamin loaded (Ch2-V and Ch4-V). Both indexes were
relatively small (0.02 and 0.01 respectively), which would
mean high stability of this system. It is noteworthy that

Table 2. Zeta potential, particle size, instability index and encapsulation efficiency (EE) of the suspensions containing chitosan-TPP
micro/nanoparticles at two chitosan concentrations: 2 and 4 mg mL!' (Ch2 and Ch4).

Particle size (nm)

Sample Zeta potential (mV) Peak 1 Peak 2 Instability index EE (%)
Liposomes -0.80 +£ 0.03* 327112 - * -
Liposomes-V -3.02 +0.05° 44 £16.6 - * 5+1°
Ch2-V +44 £ 1° 106 +34.5 825 + 349 0.02 +0.00 -
Ch2-Np +40 + 3¢¢ 68.1 £34.8 0.224+0.02 -
Ch2-Np-V +28 £ 31 220+93.5 - 0.63 +0.06 95 +2¢
TPP-Ch2 +26 + 47 53.8£40.7 - 0.83+0.01 -
TPP-Ch2-V +23 £ 4° 282+ 5.64 5560 + 1358 0.57 +0.05 97 £ 1¢
Ch4-V +46 + 1¢ 225+ 83.6 1720 + 1081 0.01 +0.00
Ch4-Np +48 + 3¢ 78.8 +38.7 - 0.49+0.24 -
Ch4-Np-V +38 +£2° 91.3+31.8 - 0.11+£0.01 75+ 10°
TPP-Ch4 +22£2f 78.8 +34.8 - 0.84 £0.01 -
TPP-Ch4-V +35+ 12 91.3+36.8 459 £ 119 0.29+0.10 97+ 1¢°

*Samples were very translucent. Means with different superscript letters in the same column are statistically different at p <0.05.
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these samples were translucent, thus the response generated
by the LUMiSizer may have underestimated the results.

In general, the results evidenced that the vitamins
encapsulated with 4 mg mL"! of chitosan were more stable
than those with 2 mg mL"!, namely by electrostatic repulsion
between the particles. A higher concentration of chitosan
favours the presence of residual charges on particles surface
(as confirmed by zeta potential measurements). When
submitted to centrifugation, the repulsive forces made the
particles more difficult to agglomerate, leading to a slower
flocculation.

The highest instability was verified to suspensions
containing phospholipids (TPP-Ch2 and TPP-Ch4), with
indexes of 0.83 and 0.84, respectively. Both formulations
resulted in the smallest particles in size with low zeta potential
(little repulsion forces). The particles could eventually
aggregate contributing to a condition of continuity of the
matrix, which is interpreted as low stability of this system.

3.3 Vitamin D3 encapsulation efficiency in Ch-Np and
TPP-chitosomes

Values of vitamin encapsulation efficiency (EE), as
estimated by centrifuging the dispersion and quantified as
the percentage of vitamin in the sediment, are also listed in
Table 2. Chitosan-TPP nanoparticles are able to retain 95%
of free vitamin in the Ch2-Np-V system and 75% when the
concentration of chitosan is doubled (Ch4-Np-V). In the
conjugated liposome system, the efficiency is even greater:
97% are entrapped in both formulations (TPP-Ch2-V and
TPP-Ch4-V). These results were higher than those encountered
by Chaves et al.'"!, which encountered the EE of D3 in
liposomes, produced by proliposomes hydration, of about
91% during the 42 days of storage. In other systems, the EE
was 52% when D3 was encapsulated using zein nanoparticles,
and was greatly improved to 88% when these particles
were coated with carboxymethyl chitosan!'®!. Therefore,
the TPP-Ch system was effective on the entrapement of D3.

Concerning the vitamin degradation in aqueous medium,
the Figure 3 shows the temporal evolution of concentrations
during storage at room temperature (1 to 49 days), in
encapsulated conditions. As reference, dispersion of
free-vitamin (non-encapsulated), identified as VitD3 was
also essayed. The low stability of VitD3 in suspension is
evident, with pronounced variation of concentration over
time, reaching almost zero at the end of the first week in a
nonlinear fashion.

Vitamin physically trapped by chitosan (Chx-V) also
follows an exponential decay but not with such a marked
loss. The decrease in concentrations in these samples is more
accentuated during the first 28 days, stabilizing onwards.
In this period, the average vitamin concentration dropped
to 22% in Ch2-V nanoparticles and to approximately
18% for Ch4-V. Similar behaviour is shown by the loaded
nanoparticles when synthetized by chitosan-TPP crosslinking
(Ch2-Np-V and Ch4-Np-V). In these samples however, the
vitamin degradation is less pronounced over time, indicating
some protection conferred when the encapsulation matrix is
assembled by ionic interaction, independent of the chitosan
concentration.

The vitamin D3 deterioration in such exponential
decay model fits a pseudo first-order kinetics since as the
time increases, the rate of loss also increases??!. The better
description for this behaviour can be mathematically expressed
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by the Weibull model as Ct/Co = exp(—kt"), where Ct and Co
are the momentary and initial concentration of the vitamin
and (—kt") express, in module, the rate of reaction, i.e., how
fast the concentration curve drops with time.

Conversely, for the TPP-chitosomes particles (TPP-Ch2-V
and TPP-Ch4-V), there were no significant vitamin losses
during storage. In these systems the temporal variation of
concentration can be adequately adjusted to a linear fit
(t" = 1), indicating good stability with minimal reduction
in concentration over time. Such indicates that liposomes
grafted with TPP-chitosan nanoparticles can lead to great
encapsulation efficiency, reducing potential degradations.

3.4 Thermal decomposition

The thermal stability of the neat components is compared
in the thermograms of Figure 4, according to TG analyses.
The initial loss of mass of Phospholipon® is recorded at 120 °C
due to removal of the few absorbed moisture in its structure
(approximately 3%). The second event was observed between
236 °C and 307 °C and assigned to the decomposition of the
residual proteins present in the sample, in which around 17%
of the total mass was lost (residual mass of 80%). The most
severe degradation occurs in the sequence, resulting in an
accentuated reduction to 12% of original mass at the end of

(A)
0.8+ TPP-Ch2-V
Qc
9: 0.64
=
=
£ 044 Ch2-Np-V
8
>
0.24
00 T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
(B)
1.0 -1 @ - { ; é
! TPP-Ch4-v
0.8+
Qo
O 064
a
E Chd-Np-V
€ 04
s B
= ~&
B S
VitD3 Ch4-v
00 T T T T T 1
0 10 20 30 40 50
Days

Figure 3. Evolutions of vitamin D3 over 49 days of storage.
VitD3 stands for free-vitam-in dispersion (non-encapsulated).
For comparison, results were disposed as (A) and (B) according to
the chitosan concentration: 2 mg mL™"' and 4 mg mL", respectively.
Ct and Co are the concentration at certain time t and initially,
respectively. Samples identifications according to composition
displayed in Table 1.
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the event at 358 °C. The decomposition at this temperature
may be attributed to de degradation of the phospholipids'?..
From this temperature on the long tail reflects the formation
of carbon dioxide and other volatile substances.

Chitosan shows a three-phase decomposition. The first
at 87 °C corresponds to the removal of physically and
chemically bonded water (12%). The second and more
intense, starting at around 250 °C, is related to oxidative
backbone degradation mainly to the destruction of amine
groups. A third event, from 310 °C, leads to a continuous
processes of formation of water, CO, and CH, followed
by depolymerisation and decarbonylation until complete
pyrolitic decomposition?*. The vitamin D3, in turn, is the
one with the lowest thermal stability. The vitamin is thermally
stable until 200 °C and has a unique event of total mass loss
(100% degradation). No water desorption is recorded due
to the hydrophobic nature of this compound.

For the suspensions prepared in the present study, the
thermal degradation profiles are shown in Figure 5. In all
samples predominates the typical appearance of chitosan
degradation (Figure 4) with similar three distinct main events.
The initial one (between 40 °C to 100 °C) corresponds to
water evaporation with loss of mass varying from 5 to 12%
according to the encapsulation formulation. The second event,
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Figure 4. Mass loss as a function of the temperature of the pure
components: Phospholipon®, vitamin D3 and chitosan.
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Figure 5. Mass loss as a function of the temperature of

vitamin D3-loaded systems: Ch2-Np-V, TPP-Ch2-V, Ch4-Np-V
and TPP-Ch4-V, as composition described in Table 1.
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observed to start above 200 °C, is probably related to the
decomposition of the acetylated and deacetylated units of
the chitosan structure. The third event ranging from 300 °C
to 400 °C, is related to polymeric structure degradation e
vitamin decomposition.

From the curves of Figure 5 is obvious the enhancing
of stability introduced by the tripolyphosphate crosslinking.
Two distinct groups of samples may be identified: one with
an intense decomposition at temperatures above 300 °C,
corresponding to vitamin physical entrapped by chitosan
(non-cross-linked Chx-V samples), and that with a proportional
higher stability, corresponding to TPP cross-linked systems
(Chx-Np-V and TPP-Chx-V particles). By 400 °C, the
residual mass is approximately 43% for cross-linked samples
while it was found to be as low as 18% for vitamin samples
entrapped only by chitosan. Above this temperature, all
samples undergo decarbonylation and pyrolitic decomposition
in a more marked way non-crosslinked samples.

3.5 ATR-FTIR

(A)
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N
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[
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Figure 6. ATR-FTIR of (A) the pure components: Phospholipon®,
chitosan, vitamin D3 and (B) vitamin D3-loaded systems: Ch2-V,

Ch2-Np-V, TPP-Ch2-V, Ch4-V, Ch4-Np-V andTPP-Ch4-V, as
described in Table 1.
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Valuable qualitative information about the particle chemical
structures can be obtained by Infrared spectroscopy. The FTIR
spectra for the neat components (chitosan, Phospholipon®
and vitamin D3) are presented in Figure 6A and for the
formed particles, displayed in Figure 6B.

All samples present two main spectral ranges: a broad
band between 3600 and 2500 cm™ and a strong absorption
region between 1800 and 400 cm™, both characteristic of
amine groups (proteins) and polysaccharide structures.
The broad band between 3600-3000 cm™ is assigned to
O-H and N-H groups stretching. The bands centred at
3000 and 2700 cm™ may be attributed to the symmetric and
asymmetric —CH group stretching in the glucosamine ring,
which is a typical polysaccharide vibration.

The characteristic spectrum of the phospholipids is
typical of phospholipid materials!?*!. The absorbance bands
at 2923 and 2853 cm™ are related to the alkane groups
stretching. The band at 1736 cm, has been assigned to the
carbonyl stretching vibration band C=0 of saturated aliphatic
ester, which is located between the hydrophilic tails and
hydrophobic head groups in the phospholipid molecule!®!.
The peaks around 1637 cm! are largely due to a combination
of stretching and scissoring vibrations from C=0, C=C
and N=C. Asymmetric and symmetric stretching of PO, is
identified as bands at 1241 and 1092 cm!, respectively®>*7,

Neat chitosan presented typical polysaccharide spectrum
with a broad O-H groups stretching band near 3250 cm™.
A low intensity band centred at 2870 cm™ arose from the
axial deformation of C-H from CH2 and CH, groups from
the glucosamine unit in the chitosan structure. A clear doublet
at 1648 cm' was attributed to the C2 position in the NH,
group of amino. The peak signals at 1585 cm™! correspond
to the NH bending of the amide II in vibrational mode.
A medium intensity vibration at 1317 cm™ is characteristic
of -OH, -NH, or -CO groups. The more intense vibrations
at 1026 cm™ are associated to -C-O-C- stretching in the
glycosidic linkage.

Bands observed in the spectrum of vitamin D3 can
be identified as the stretching of hydrogen bond O-H at
3290 cm™ and the alkyl C—H vibration in the doublet at
2942 cm™ and 2870 cm™'. Absorbance bands from C=0
stretching at 1635 and 1440 cm™', C-O group at 1054 cm ™' and
CH, group at 895 cm™" are assigned. Other bands are related
to several C-H bendings in the cholecalciferol structure!®!.

In the particle spectra (Figure 6B), the main absorbance
bands came from the chitosan structural absorbances.
For chitosan-vitamin D entrapment (Chx-V system), the
broad band, related to O-H groups, has a shift to maximum
at 3269 cm’, differently from chitosan and vitamin D3
(peaks at 3250 and at 3290 cm' respectively), indicating
hydrogenic bonds between the hydroxyl groups in chitosan
with vitamin D3®!, Peaks at 2928 and 2866 cm!, despite low
intensities, are visible and associated to non-bonded alkyl
C—H vibration from vitamin D3. The vibrations peaks in the
amide region (between 1648 and 1026 cm™) had obvious
shifts in all formulations suggesting the participation of -NH,
groups of chitosan in electrostatic interactions.

The electrostatic interaction between the positively
charged amino groups of chitosan and the negatively charged
counter-ions of sodium tripolysophosphate (TPP) is the
main mechanism of particle formation. In these cross-linked
particles (Chx-Np-V and TPP-Chx-V), the main differences
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in the FTIR spectra, according to Martins et al.*” refers to
weak band at 1218 cm™ assigned to PO stretching and a
band at 892 cm™! attributed to P-O-P asymmetric stretching.
A shoulder around 1460 cm™ is also considered as arising
from the cross-linked amine vibrations?'.

In the samples containing phospholipids (TPP-Chx-V),
some peaks can be easy identified, as those related to the
alkane groups (2923 and 2853 cm™); 1736 (C=O0 stretching
from aliphatic ester), 1241 cm™ (PO, stretching) and several
other CH vibrations of saturated and unsaturated carbon
atoms at around these peaks. The PO vibration (at 1218 cm™)
characteristic of the TPP crosslinking is overlapped in this
system by a more intense absorption at 1241 cm! for the
phospholipids. The intense peak at 1154 cm™! corresponds to
entrapped vitamin D3 vibrations. In all crosslinked samples
the peak at 892 cm! increases in intensity indicating the
formation of a strong net of hydrogen bonds between the
hydroxyl groups amongst the interacting compounds.

4. Conclusions

Chitosan-based micro/nanoparticles are successfully
produced by ionic gelation and can be adequately applied to
the encapsulation of vitamin D3. The formed structures have
zeta potential between + 22 to + 48 mV, with variable diameters
but not exceeding 225 nm for load particles. Significant
reduction of vitamin degradation in aqueous suspension
and under thermal conditions can be attained by entrapping
vitamin into liposomes and underwent subsequent formation
of a coating with TPP-chitosan complex. Therefore, these
systems were were more effective to protect vitamin D3 from
time storage than the chitosan-TPP nanoparticles. The infrared
spectral analyses suggest good interaction between compounds
by establishing an extensive intermolecular interaction.
Electrostatic interaction occurs in the majority of amine groups
present in chitosan with a formation of a three-dimensional
net of hydrogen bonds amongst the hydroxyl groups of the
others interacting compounds.. In conclusion, the present
study sheds some lights in understanding the formation of
liposomes/TPP-chitosan encapsulation system and testifies
its efficiency in preserving entrapped lipophilic compounds,
such as vitamin D3.
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