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ABSTRACT

Chitosan is a biopolymer of 2-deoxy-2-amino-D-glucose that is obtained by deacetylation of chitin. It’s
biocompatible, biodegradable, non toxic and has antitumor activity. Chitosan has many applications, such as
their microparticles that can be used to treat prostate cancer, rheumatoid arthritis, and for liver tumor
brachytherapy treatment [1,2,3,4,5]. Our group is developing different biodegradable polymer-based
microspheres loaded with holmium-165 for this purpose [6].

The Chitosan microspheres were produced loaded with holmium (111) chloride, and not loaded with it, by Mini
Spray Dryer procedure.

The microspheres were evaluated by scanning electron microscopy (SEM), Energy Dispersive Spectroscopy
(EDS), Confocal laser scanning microscopy (CLSM), Thermogravimetric analysis (TGA), Particle Size, and X-
ray Diffraction (XRD). The EDS analysis confirmed the holmium chloride presence into the prepared chitosan
microparticles.

1. INTRODUCTION

Chitosan has many interesting biological properties as biodegradability, biocompatibility,
absorptive, non-toxicity and polyelectrolyte characteristics [7]. It is a carbohydrate linear
copolymer chain with a higher percentage of 2-amino-2-deoxy-D-glucopyranoside relative to
2-acetamido-2-deoxy-D-glucopyranoside, which are joined by (1-4) glycosidic bonds. It is
soluble in acidic aqueous media, but is insoluble in neutral and alkaline ones [8]. By the other
side, the poly(vinyl alcohol) or (PVA) is a water soluble polymer, biocompatible and
biodegradable too, and industrially obtained by alkaline hydrolysis of poly(vinyl acetate). It
can be acquired in several degrees of hydrolysis and polymerization [9]. The chitosan and
PVA microgels or microspheres exhibits favorable drug controlled release properties, better
comfort, reduced irritation in tissues, facilitated processing conditions, improved flexibility
and an enhanced dissolution [10]. Glutaraldehyde has been commonly used in many cross-
linking procedures, forming Schiff bases reacting with amino groups of chitosan (figure 1a)
or acetal bridges in PVA (figurelb) [11].


mailto:douglas.miyamoto@usp.br

HE,

"NH: H H H Wi

Figure 1: (a) reaction between chitosan and glutaraldehyde [14] (Copyright); (b) reaction between PVA
and glutaraldehyde [12] (Copyright).

Increased structural and chemical stability of such cross-linked derivatives contributes to
their resistance and acid endurance from surface. Cross-linking chitosan with glutaraldehyde
creates a three-dimensional network within the biopolymer, and increases the internal surface
area for metal adsorption [11].

There are many macromolecular structures that are possible for hydrogels, like cross-linked
or entangled as Interpenetrating Polymer Networks (IPNs), Hybrid Polymer Networks
(HPNS), linear homopolymers, linear copolymers and the block copolymers (or graphitized).
They can also be made of polymeric ion valence multiple, complex hydrogen bond networks
or stabilized by hydrophilic domains, hydrophobic stabilized ones, and physical blends. IPNs
are unique types of polymer alloys consisting of two or more cross-linked polymers with no
covalent bonds (grafts) between them [13,14]. Once these intimate mixtures are held together
by permanent entanglements they are polymeric catenates, produced by homocross-linking of
two or more polymer systems which can be prepared by “sequential” or “simultaneous”
technique. When linear polymers are combined with cross-linked ones, in various degrees of
interpenetration, it is formed a pseudo or semi-IPN [15,16]. Finally, several interactions
possibilities can occur between the polymer networks that form a HPN and the most common
one is the occurrence of covalent interactions between networks through a inter-cross-linking,
in with cross-linking agents form covalent bonds with the different polymers [8,17].

Spray drying technology is widely known, used to transform rapidly and efficiently liquids
(solutions, emulsions, suspension, slurries, pastes or even melts) in solid powders. Its main
applications are found in the food, chemical and materials industries to enhance ingredient
conservation, particle properties, powder handling and storage, etc. This technique can also
be used for specific applications in the formulation of pharmaceuticals for drug delivery.
With the development of active compounds and emulsion encapsulation actually used in
pharmaceutics, cosmetics and functional food preparation, this method has also been used for
encapsulation purposes. Powder thus generated is a matrix system (microparticles) exhibiting
spherical or hollowed morphology depending on the nature of the wall material used and the
operational drying conditions do evaluate such as: the inlet temperature, solid concentration,
and gas flow rate or feed rate. The powder samples obtained are generally heterogeneous and
amorphous [18].
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2. EXPERIMENTAL

2.1. Materials

All chemicals were commercially available and used as obtained. Chitosan of high molecular
weight, holmium (I11) chloride hexahydrate and PVA 98-99% hydrolyzed were obtained from
Sigma Aldrich. Glutaraldehyde 25% in water solution and acetic acid were obtained from
VETEC.

2.2. Methods

2.2.1 Preparation of the Chitosan microspheres

Spray-drying can be used as one-step preparation of nanoparticle powders. Grenha et al [19]
prepared mannitol microspheres containing protein loaded chitosan nanoparticles by this
method. Huang et al [20] also using this method prepared chitosan-iron oxide nanoparticles
with many biopolymer : metal oxide ratios; their atomic absorption spectrometry results
implied that iron has strongly chelated by chitosan. The commercial glutaraldehyde solution
was diluted 1:10 (v/v) in water to use, and chitosan microspheres were prepared according to
the description shown in Table 1.

Table 1: The samples compositions and respectively methods are described. The parameters of Mini
Spray Dryer Bichi B-290 used were bomb 40%, in let temperature 180°C [21], out let temperature 90°C.
GLU- glutaraldehyde, the cross-link agent

Sample | Chitosan Ace(t\;;:v?md HCE :g]rlit(;? Pgé(;)ogx}:/c;n GLU | Shaking Time
A 39/300 mL 5% -- - - 12h
B 39/300 mL 5% 0,5¢ -- -- 12h
C 39/250 mL 5% - 50 mL -- 12 h
D 30/250 mL 5% 0,59 50 mL - 12 h
E 30/250 mL 5% -- 50 mL 3mL | 12h+1h GLU
F 39/250 mL 5% 0,59 50 mL 3mL | 12h+1h GLU

2.3. Characterization

Thermogravimetric measurement (TG) was recorded with a Mettler-Toledo TGA/SDTA 851
thermobalance in nitrogen atmosphere, from 25 up to 600 °C, and heating rate of 10 °C min™.

The SEM images were obtained in a Phillips XL 30 Microscope and equipment JEOL model
JSM-7401 with an operating voltage of 1.0 kV in magnitude of 2,500 X using samples not
covered and covered with carbon in a Sputter Coater BAL-TEC SCD 050.

Fourier Transform Infrared Spectroscopy (FTIR) was performed at Nicolet 6700 FT-IR

spectrometer equipped with ATR and at BOMEM MB-100 Economical High Performance
FTIR (pellets with KBr were used in the proportion 100:4 KBr/sample (w/w); samples were
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dried at 100° C for 48h before pellets preparation). Spectra were measured in transmittance
mode, in a wavenumber range of 4000-400 cm™.

Confocal Laser Scanning Microscopy (CLSM) was obtained in a LSM 500 — Carl Zeiss. The
excitation wavelength was 488 nm, and wavelength fluorescence observed is 505-530 nm.

X-Ray Diffraction (XRD) analyses were performed using a Rigaku diffractometer model
Miniflex 11 using Cu Ka radiation source (I = 0.15406 nm). Diffractograms were recorded
from 20 = 05° to 50°, with a step size of 0.05° and scan time of 2s per step. The chitosan
crystallinity index (ICR) in absence or presence of holmium can be determined by equation 1:
IC and IA are the intensities of signals related to, respectively, crystalline and amorphous
regions [22,23,24].

ICR = [(IC-1A)/IC].100% Equation 1 [22]

The chitosan microparticles sizes and distribution were measured by light scattering analysis
using CILAS laser particle size analyzer equipment, with low flux, and ethanol was used as a
dispersed medium.

The EDS Analysis was performed to confirm the presence of Holmium in samples (B), (D)
and (F). Experimental conditions: for sample (B) it was used accelerating voltage of 20.0 kV,
magnification of 10000x. In sample (D) it was used also a accelerating voltage of 20.0 kV,
but a magnification of 2700x. Sample (F) required a filter Fit Chi Squared=1.358, Correction
Method Proza (Phi-Rho-Z), acceleration voltage of 15.0 kV, angle of 29.8 deg and Pionner
detector coupled to Phillips XL 30 Microscope and equipment JEOL model JSM-7401 .

3. RESULTS AND DISCUSSION

3.1. Morphology analysis by scanning electron microscopy (SEM)

Morphologically there isn’t too much difference between pairs samples (A) and (B), or
between (C) and (D) ones, as can be seen in figure 2(1), (11), (111), (IV). However, the samples
(C) and (D) microspheres are much smoother than samples (A) and (B) ones. This is because
when chitosan is dried the water that was interacting with the biopolymer by hydrogen bonds
leaves empty spaces in the microsphere, explaining why the microspheres in samples (A) and
(B) have porous surfaces resembling “brains”. Samples (C) and (D) microspheres instead
didn’t show such morphology: very smoother and spherical particles compared to samples
(A) and (B) ones are ascribed to the effects of PVA interacting with the chitosan. Once these
polymers are very compatible, samples (C) and (D) microspheres didn’t show any phase
separation, a tendency confirmed also by DRX and TGA analysis done in items, respectively,
3.6 and 3.7.

The sample (F) showed in figure 2(V1) is also spherical, but the microparticles surface
apparently rough is ascribed probably because is the only one covered with carbon. The
sample (E), in figure 2(V), is not covered with carbon and its surface is smoother than (F).
These microspheres have a macromolecular structure very different from the other ones
prepared: chitosan and PVA were cross-linked by glutaraldehyde forming an HPN matrix, in
which holmium salts are dispersed.
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Figuré 2 Scahhi};g electron microscopy (SEM): (I sample A, (I11) sample B, (111) sample C; (IV) sample
D, (V) sample E ; (VI) sample F — the only covered with carbon. Samples chemical composition are
described in table 1.

3.2. Particle Size Measurements

The medium size of the chitosan microparticles measured by light scattering analysis reveals
a range between 4.36-10.28 um (Table 2), with an almost monodisperse distribution to each
sample (figures 3(1) until 3(\V1)).

Table 2. Medium size of chitosan microspheres related to the
samples (A), (B), (C), (D), (E), (F).

Sample Average Particle Size (#m)
(A) 4.36
(B) 5.06
(©) 8.03
(D) 7.32
(E) 7.44
(F) 10.28
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Figure 3. Particle size graphics of the samples: (1) A, (1) B, (111) C, (1V) D, (V) E, (VI)
F, (samples are described in table 1).
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It is underlined that comparing the pairs samples (A) and (B) - in this order, unload and HoCl;
loaded chitosan microspheres, and (E) and (F) ones - respectively, unload and HoCl; loaded
chitosan-PVA cross-linked microspheres - their average size become slightly larger increasing
HoCl; content. In pair samples (A,B) the size gain was of 16,1 %, and to the pair (E,F) one it
was of 38,2 %. Differences between such pair samples and (C, D) one probably is due PVA
addition without a cross-link agent: there is no HPN, but a blend. Hydroxyl groups of PVA
chains form hydrogen bonds with hydroxyl and amine groups of chitosan ones, replacing part
of the bonds done by water molecules to define a structure stable but with water retained in
places in which polymer chains are not so close. Hydroxyl and amine groups of chitosan, and
hydroxyl ones in PVA, are chelating sites: as closer they are in free bending polymer chains
as better the chelating site. It is well known that lanthanide ions have coordination spheres of
8-10 ligants due using “f” orbitals [25], so Ho*™® ions penetrating chain spaces inside the blend
are likely to reach places to a strong chelation by even the both polymers. The inclusion of
the lanthanide cation in the system of numerous chelate ligands occupying several
coordination sites can change the dimension and/or type of the compound structure, in this
case sample (D) is much more amorphous than sample(C) as showed in XRD of figure 9(1),
the space inter polymer chains increase because of the hydrated metal ion salt dispersed in the
matrix. But the hydroxyl groups in PVA aren’t so good chelants as amine groups of chitosan,
so it should indicate a tendency to form smaller particles in sample (D) than in sample (C),
and explain why this is the only pair studied that showed smaller particles when have HoCls
dispersed in the matrix. The HPN cross-linked sample (F) has hydroxyl and amine groups
which coordinate Ho™ ions that are also involved in cross-link of chitosan and PVA, the
amount of polymers to form microspheres must increase to compensate the loss of cross-link
sites due chelating of the lanthanide to use all glutaraldehyde added. Additionally, cross-
linked polymer networks have rigidily: in some places the bend is prohibitive due steric
effects, hence a HPN may not be so packed as blends. Finally, Ho™® coordination sphere can
retain water molecules as its ligants, increasing microsphere volume. Comparing samples (E)
and (F) one, after the PVA addition the hydrogel is stirred for 12h, and the only difference is
the presence of holmium salt in sample (F) composition: after HoCl; was added, it was stirred
for 12h, and the glutaraldehyde addiction was made after this and the final solution stirred for
1h as done in sample (E) preparation. The crosslink reaction occurred in a hydrogel with
more space between the polymer chains, so the glutaraldehyde had more access to amine and
hydroxyl groups, so the structure formed, including hydrated holmium salt, should be more
rigid than in sample (E), what can explain the differences in particle size distribution.

The XDR analysis, item 3.6, offers more informations about this topic. The XRD patterns,
figure 7(1), shows a strongest reflection at 26 = 20° corresponds to polymorphic crystal form
Il (crystal structure also orthorhombic and its lattice parameters a =4.4 A, b=10.0 A, c=10.3
(along fiber axis)[33] for all the samples without holmium in its composition. The figure 7(11)
shows a reflection at 20 = 20° smaller than in figure 7(I) and a weak reflection at 20 = 10° in
samples (B) and (D), but relatively strong in sample (F): according to Webster et al, the more
the metal ion interact with amine groups, the more the peak around 20 = 10° is intense; if this
is related to existence of another crystallite when HoCl; is present in the matrix, this should
explain the microparticles size distribution. The more intense is the peak around 26 = 10°,
less dispersed is the microsphere size distribution. Consequently HPN HoCl; loaded cross-
linked chitosan-PVA microsphere (sample (F)) is 38,2 % larger than a unloaded one (sample
(E)); 40,4 % bigger related to a chitosan-PVA blend HoCl; loaded (sample (D)), and 28,1 %
than a HoCl; unloaded one (sample (C)); and more than two times if compared to direct
HoCl; unload and loaded chitosan microspheres like, respectively, samples (A) and (B).
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3.3. Enerqy Dispersive Spectroscopy (EDS, or Enerqy Dispersive X-ray Spectroscopy)

The EDS Analysis can be done together with SEM, offering the first evidence of HoCl; load
in the microspheres. Detection of chemical elements by x-rays depends of size and number of
electrons of each atom, so Ho™ and CI" ions have stronger signals related to the polymers
used. The peaks of holmium Il and chloride (hence, their load) in the samples (B), (D), (F)
(whose composition in table 1), as can be observed in the figures 4(1), (11) and (111).
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Figure 4: EDS of holmium loaded: (I) sample (B), a chitosan microsphere; (11) sample (D), a chitosan
PVA blend; (I111) sample (F), a chitosan-PVA cross-linked HPN.

3.4. Analysis by Confocal laser scanning microscopy (CLSM)

Scanning confocal microscopy, compared to most common techniques determining the
morphology of microparticles such as scanning electron microscopy (SEM), has advantage of
the confocal microscopy overcome limitations to acquire data which allows elucidation of
mostly internal and external structures in the microparticles [26]. This technique offers a wide
range of possibilities for elucidating morphological and three-dimensional views of the
analyzed system, suitable to study polyelectrolyte chelating systems like chitosan interacting
with Ho™ ion. The green color of microspheres shown in Figures 5(1), (I1), (111) corresponds
to the fluorescence band emission of Ho®" if is excited in the range of 450-490 nm, related to
the decay of its “f” excited electrons. Once chitosan has yellow color, its absorption band
reaches wavelengths of the sharp absorption bands associated to holmium ion excitations, so
even the chitosan excited electrons can use unoccupied holmium electronic levels as ways to
decay: this “antenna effect” may increase the intensity of the microparticles fluorescence
[27,28], consistent to the experimental difficult to adjust the focus to take these images.

~

Figure 5: CLSM of HoCl; loaded microspheres of: (I
chitosan-PVA blend; (111) sample (F), a chitosan-PVA cross-linked HPN.
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3.5. Analysis by FTIR

IR spectroscopy was used to evaluate chemical groups of chitosan and PVA, and the samples
(A-F). Related to free chitosan, its FTIR spectra follows in figure 6(1). Their peaks at 1550-
1600 cm™, near of 1400 cm™, typically are assigned as carboxylate anion stretching modes:
this indicates that chitosan acetate could be formed [26]; 3200-3600 cm™ region corresponds
normally to OH and NH, stretching modes [29]. According to literature, region around 3200-
3570 cm™ for chitosan [29], and 3200-3550 cm™ for the PVA [12] (FTIR spectra in figure 6
(1)), have normal modes associated to the intermolecular and intramolecular interactions like
hydrogen bonds between hydroxyl groups, or hydroxyl-amine kind. Finally, there are bands
related to an eventual stretching mode of the hydroxyl groups related to absorbed water
molecules in this region.

Chitosan cross-link with glutaraldehyde occurs from the nucleophilic amino group (NH,) that
reacts with the aldehyde carbon, displacing oxygen of it to loss water molecules and forms a
C=N bond (~1648 cm™) of the Schiff base product [29,30]. If the environment pH of the
reaction is neutral or alkaline it facilitates the existence of groups NH, (~1558 cm™) in the
chitosan (pKa = 6.3), essential to obtain a Schiff base. In the acidic media, however, the NH3"
(~1548 cm™) is more likely to be formed: as it significantly reduces nitrogen nucleophilicity,
it decreases the activity of Schiff base reaction. Literature suggests that glutaraldehyde cross-
link preferably occurs via Schiff base formed at carbon 2 of the glycosidic ring, over the
covalent bond with the hydroxyl groups on carbons 3 and 6. Usually 1730 cm™ is attributed
to a carbonyl stretching mode (C=0) of amides, and 1250 cm™ which can be attributed to the
-NH3"CO and OH bending due to a mixture of the polymers [29,31,32]. The 1648cm™ band is
attributed to the imine bond (C=N), and 1558 cm™ is associated with the connection amine
(NH,); 1720 cm™ is related to the free aldehyde groups (-COH) [33] - due the amount of
glutaraldehyde added related to chitosan one, it is difficult to see the cross-link agent bands.

—_chitosan @A)

—PVA

Transmitance (%)
Transmitance (%)

&)
o m Wiy

I4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
-1
(I Wavenumber (cm™) (In) Wavenumber (cm™)

Figure 6: (1) Chitosan and PVA FTIR spectrum; (I1) Comparative FTIR spectrum of the samples (A),
(B), (C), (D), (E), (F). Each sample composition is described in table 1.

In spectrum (B), figure 6(I1), the regions assigned to amine normal modes around 1560-
1640cm™ and 3200-3600 cm™, reveals absorption relatively smaller than (D) and (F) ones.
Chitosan chains with higher degree of deacetylation as more flexible may facilitate hydrogen
bond formation [34], so maybe there is more interaction between amine groups of chitosan
and holmium in sample (B) than other samples because of absence of foreign polymer or
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cross-link agent to react with NH, groups. Comparing spectrum (C) and (E), figure 6(11),
around 1900-1500 cm™, range attributed to amide function, there is an increase in spectrum
(E), figure 6(11): this may indicate that chitosan was reticulated by glutaraldehyde. The metal
ions seem to interact with amorphous regions where the amine groups are located, as
supported by the DRX patterns and confirmed by FTIR spectrometry.

3.6. Analysis by X-Ray Diffraction (XRD)

The use of X-ray diffraction allows differentiating chitin of chitosan and its deacetylated
derivatives, crystallinity and provides information about the particles already used to analyze
their size (item 3.2). In figure 7 (I) and (II) it’s possible to see that all holmium loaded
samples are more amorphous than the unloaded ones.
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Figure 7: XRD diffractograms of (I) HoCl; unload microspheres: samples (A), (C) and (E); (11) HoCl;
load microspheres: samples (B), (D) and (F).

As chitosan is deacetylated as lower existence of crystalline domains, and more amorphous is
the polymer structure. This polymer and its derived networks usually exhibit structures semi-
crystalline due to the free-energy balance caused by the formation of hydrogen bonding [29].
Chitosan chains with higher degree of deacetylation are more flexible, facilitating hydrogen
bond formation and gain of crystallinity. The reflection around 10°-11 ° indicates the presence
of a polymorphic crystal form | (orthorhombic crystal structure, its lattice parameters: a =
7.76 A, b=10091 A, c=10.30 (along fiber axis) [33]); and the strongest reflection at 26 = 20°
corresponds to polymorphic crystal form 11 (crystal structure also orthorhombic and its lattice
parameters a = 4.4 A, b= 10.0 A, c= 10.3 (along fiber axis) [33]) [34]. It is underlined that
chitosan always contains bound water (5%) even if it has been extensively dried [35], hence
the incorporation of bound water molecules into crystal lattice (hydrated crystals) generally
gives rise to a more dominating polymorph which can be normally detected by a crystalline
and broad peak in the corresponding X-ray pattern. The small crystalline peak around 10° is
attributed to the hydrated crystalline structure of chitosan, and the other near 20° is reported
as indication of the relatively regular crystal lattice of this polymer [36]. A tendency in all the
prepared chitosan microspheres was that all the holmium load ones - samples (B), (D) and (F)
- have diffractograms typical of a amorphous material, and peak intensity very low compared
to the holmium unload ones - samples (A), (C) and (E). The crystalline index (Icr) calculated
to these last ones is, respectively, 36,16 %, 7,58 % and 50,07 %.
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Figure 8. Comparison of XRD diffractograms: (1) sample (A), chitosan microspheres, and sample (B)
HoCl; loaded chitosan microspheres; and (I1) sample (A), chitosan microspheres, and sample (C)
chitosan-PVA blend microspheres.

A three-dimensional conformation was suggested by Ogawa et al: polymorphic chitosan can
easily change its conformation helix extended for another two laps for the formation of salts
with acids or thermal treatment above 200°C [36]. In the figure 8(1), diffractogram of sample
(B), that contains chitosan and holmium salt, its crystallinity decreased if compared to sample
(A) one because this polymer is chelant: once complexed with Ho®** these ions are interacting
strongly with the polymer amino groups, and that results in a more amorphous system. In the
figure 8(1), the peak around 26 = 10° in XDR of sample (B), attributed to the interaction of
water [35] with the amino groups of chitosan, disappeared in the XDR of sample (C), figure
8(I1); the change in this peak shows that its reflection has shifted to the left, forming a single
peak, probably due the insertion of PVA chains in chitosan. It was suggested planar spacing
structure to PVA, and the chain is also atactic trans conformation that have a strong
maximum at 2 6 = 19.4° and a shoulder at 2 6 = 20°, described as typical of the crystalline
atactic PVA. [37]. The crystal structure is composed of double layers of molecules connected
by hydrogen bonds, while weak Van der Waals forces act between the layers. Part of the
chain structures in PVA leads to small ordered regions (crystallites) dispersed in an
amorphous polymer matrix [37]. If the crystallites are homogeneously dispersed, because
chitosan and PVA are very compatible polymers, then it can explain a single less intense and
broad peak in sample (C) compared to (A). Due to direct interaction of hydroxyl groups of
PVA with amino groups that were previously interacting with water, this new interaction may
have modified the organization of the molecular structure of chitosan, leading to a possible
decrease of the interplanar distance: this implies in an increased crystallinity, promoting a
lower diffusion capacity to amorphous polymers.
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Figure 9. Comparison of XRD diffractograms: (1) sample (C), chitosan-PVA blend microspheres; and
sample (D), HoCl; loaded chitosan-PVA blend microspheres; (I1) sample chitosan-PVA blend
microspheres; and sample (E) chitosan-PVA cross-linked microspheres.

In the figure 9(1), analyzing the diffractogram of sample (D) it is possible to see clearly that
Ho®" ions interacting with the amino groups of chitosan decrease very much its crystallinity
compared to sample (C), probably because these ions are increasing the interplanar distance
between PVA chains and chitosan chains, and also promoting higher diffusion capacity to
amorphous polymers, allowing that amino groups interacts more directly with water. In the
figure 9(I1), it is possible to see that after chitosan and PVA are reticulated the peak around
20 = 19,7° in the sample (E) was slightly shifted to right compared to the sample (C) one, and
its intensity also increased. It is attributed probably because once glutaraldehyde cross-linked
the polymers the interplanar distance between chains increased, and additionally the cross-
linking and inter-cross-linking of interpenetrated polymer chains decreased dramatically the
system randomness. This can explain the observe gain in the microspheres crystallinity.
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Figure 10. Comparison of XRD diffractograms: (I) sample (E), chitosan-PVA cross-linked microspheres;
and (11) sample (F) HoClzload chitosan-PVA cross-linked microspheres.

In the figure 10, is possible to verify that HoCl; presence in sample (F) seems to increase
interplanar distance between the chitosan and PVA chains, hence decreasing the microsphere
crystallinity. The lanthanide ions seem to interact particularly with amino group in disordered
portions of the chitosan. This is evidenced by changes in the 9° < 20 < 13° peak as a function
of the chelated metal ion. According to Webster et al, chitosan-glutaraldehyde may be in a
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form of two chitosan chains in the antiparallel fashion connected with two imino nitrogens of
C-2 to the antiparallel chitosan chains. The aldehyde groups of glutaraldehyde are displaced
by the nitrogens forming a Schiff’s base. Therefore, surface area of chitosan-glutaraldehyde
relative to chitosan is larger, but the cross-linking increased the competition of metal-binding
nitrogen sites, which decreases the metal uptake ability in chitosan-glutaraldehyde [11] — and
it is consistent to the gain of size in the microspheres.

3.4. Analysis by TGA

The chitosan microspheres degradation temperature is lower than pure polymer: chitosan start
to degrade at 300°C, figure 11. Degradation temperatures of sample (B), a HoCl; loaded
microsphere is 281°C, showed this event in higher temperatures than sample (A) one, 261°C:
that can be related to Ho*® chelation enhancing the stability of the system. By the other side,
the samples (C) and (D) didn’t show any difference in their degradation temperature (247°C),
no matter if it is an HoCls unloaded or loaded one, but PVA presence in these microsphere
compositions decreased their degradation temperature. This reveals that, despite of the gain in
solubility and easy of processing - other possible explanation of smaller microspheres than a
cross-linked system - the blended system has stability smaller than a HPN one.

v
60 wmm chitosan
50{ ==(A)
1==(B)
w (C)
30 s (D)
205160 260 300 400 500 600 700
Temperature (°C)
Figure 11: Chitosan Sigma Aldrich , samples (A), (B), (C), (D), (are described in table 1).

3. CONCLUSIONS

The preliminary results showed that chitosan microspheres loaded with holmium-165 were
formed by Spray Dryer method, as can be seen in the SEM images. The EDS and CLSM
studies confirmed the presence of holmium in the prepared microspheres, and a homogenous
distribution in them. TGA analysis showed that microspheres produced by Spray Dryer has
degradation temperatures lower than pure chitosan, and in a chitosan-PVA blend ones this
event occurs in smaller temperatures; more studies with microspheres produced from HPNs
of chitosan-PVA cross-linked with glutaraldehyde are necessary. XRD analysis indicates that
samples (E) and (F) are more suitable for brachytherapy to treat prostate cancer, rheumatoid
arthritis and many other applications due their better crystallinity related to the other systems
prepared.
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