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Abstract Different kinds of polymers have been

employed in medicine as biomaterials for different pur-

poses. In recent years, considerable attention has been

focused on the development of new drug-delivery systems

in order to increase bio-availability, sustain, localize and

target drug action in the human body. The versatility of the

sol–gel processing to synthesize nanostructured materials

and the possibility of incorporating organic molecules into

the matrix of the final hybrid material, represent a novel

and attractive path to the synthesis of new functionalized

hybrid biomaterials with advanced properties. In this work,

acetylsalicylic acid (ASA)-functionalized hybrid micro-

spheres based on bridged silsesquioxanes synthesized via

ultrasound-assisted sol–gel processing, were characterized.

An investigation concerning the cytotoxic response of

these new microspheres on CHO-K1 cells was accom-

plished based on ISO 10993-5 standard (Biological Eval-

uation of Medical Devices). Microspheres incorporating

ASA showed a cytotoxic effect when pure extracts of the

microspheres were analyzed, however, they strongly

diminished their cytotoxicity as the extracts were diluted.

When a 10% concentration extract was employed, hybrid

microspheres were shown to be non cytotoxic. These

results are promising for considering these novel func-

tionalized organic–inorganic microspheres as potential

drug-carriers to be employed in drug delivery-related

applications.

1 Introduction

In the last years considerable attention has been focused on

the development of new drug-delivery systems in order to

increase bio-availability, sustain, localize and target drug

action in the human body [1, 2]. Resorbable polymer poly

(e-caprolactone), polyanhydrides and lactide/glycolide

homo- and copolymers (PLA/GA) have been used in the

majority of studies as new biodegradable materials. Poly-

mer microparticles (for instance, monolithic devices in the

form of microspheres) have been often employed as sup-

ports to deliver drugs, however, with some formulations the

amount of drug really absorbed is difficult to control and

release kinetics is often quite variable. In this way,

microencapsulation of drugs has been proposed in order to

solve, at least partially, these problems. Some devices

concerning the encapsulation of drugs are largely described

in the literature [3–7].

In addition to traditional polymeric materials, well-

defined spherical particles of different nature have attracted

great attention since they have many applications in

advanced technologies, for instance, on biosciences field. If

a patterned structure can be generated inside these spheres,

some new properties which can not be obtained from

simple spheres (for example, stepwise drug-release), are

expected. It is well known that block copolymers able to

self-assemble can lead to patterned structures in bulk [8], in

solution [9] as well as on a surface [10]. However, there are

a number of different polymeric materials that offer the

possibility of obtaining ordered structures after polymeri-

zation. Among these materials, bridged silsesquioxanes are
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a family of organic–inorganic hybrid materials which has

been recognized to have an enormous potential as building

blocks for various advanced nanostructured devices,

including those related to biomedical applications [11].

These silica-based bridged hybrids are obtained via

hydrolysis and condensation of monomers containing an

organic bridging group covalently bonded to terminal tri-

alkoxysilyl or trichlorosilyl groups [12, 13]. Depending on

the nature of the bridge, which could exhibit self-assem-

bling properties, different degree of organization at

molecular level can be achieved during the hydrolytic

condensation of the precursors. In this way, the bridging

group can direct the formation of three-dimensional net-

works [13], supramolecular-assembled films [14], among

others. In a previous work [15], we have reported the

synthesis of a bridged silsesquioxane monolithic material

from a bridged precursor containing a pendant cyclohexyl

fragment in the organic bridge. The presence of this frag-

ment led to a hybrid material exhibiting a structure based

on elongated organic channels accommodating the pendant

group. The presence of functional groups in the organic

channels was used to retain acetylsalicylic acid (ASA),

employed as anti-inflammatory model drug, inside the

generated cavities. This development allows us to plan the

desired architecture for a particular material, incorporating

organic molecules (for instance, drugs) to synthesize new

hybrid devices which could potentially be employed on

biomaterials field. On this area diverse techniques have

been used to obtain organic–inorganic nano and micro-

particles for different purposes, among which the oil/water

solvent evaporation method [16] and vigorous stirring of

the precursors for long periods [17, 18] are two of the most

commonly employed ones.

In the last years, the chemical applications of ultrasound

have become an exciting new field of research [19], the

chemical effects of ultrasound being sorted out into three

main areas: homogeneous sonochemistry of liquids, het-

erogeneous sonochemistry of liquid–liquid or liquid–solid

systems, and sonocatalysis. Ultrasonic irradiation differs

from traditional energy sources in duration, pressure and

energy per molecule because of the cavitation bubble

collapse, which means the formation, growth and implo-

sive collapse of bubbles in the liquid. Applications of

ultrasound to the synthesis of biomaterials are under rapid

development [20]. While the chemical effects of ultrasonic

irradiation on aqueous solutions have been studied for

many years, the development of aqueous sonochemistry for

biomaterials synthesis is very recent. The area of protein

microencapsulation has proved to have especial interest.

Microencapsulation has important applications; these

include diverse uses, among which drug-delivery systems

and medical diagnostic agents have been reported [21].

One example is the use of high intensity ultrasound to

prepare aqueous suspensions of long-lived proteinaceous

microspheres filled with air or water-insoluble liquids for

medical applications [22]. However, this technique has not

been employed yet in the sol–gel reaction of bridged sils-

esquioxanes with self-assembling capability, aiming at the

synthesis of nanostructured functionalized biomaterials.

The versatility of the sol–gel processing to synthesize

nanostructured materials and the possibility of incorporat-

ing organic molecules into the matrix of the final hybrid

material, in combination with the ultrasonic irradiation

technique, represent a novel and attractive path to the

synthesis of new functionalized organic–inorganic bioma-

terials with advanced properties.

The aim of this study was to synthesize hybrid micro-

spheres of bridged silsesquioxanes via ultrasound-assisted

self-assembly of two different bridged precursors contain-

ing pendant groups in the organic bridges. The main

objective of using two different pendant organic groups

was to obtain hybrid microspheres made up of cavities of

different nature for incorporating ASA as anti-inflamma-

tory model drug. In order to employ these new micro-

spheres as potential drug-carriers in advanced biomedical

technologies, in vitro cytotoxicity tests were performed on

the synthesized materials based on the ISO 10993-5 stan-

dard (‘‘Biological Evaluation of Medical Devices’’).

To the best of our knowledge, this is the first report on

the ultrasound-assisted preparation and in vitro character-

ization of bridged silsesquioxane-based microspheres

containing functionalized host cavities to be used as

potential drug-carriers on biomedical applications.

2 Materials and methods

2.1 Reagents

Glycidoxypropyl(trimethoxysilane) (GPMS, Dow Corning,

99%, density at 20�C = 1.07 g/ml), cyclohexylamine (CA,

Merck, 99%, density at 20�C = 0.87 g/ml), dodecylamine

(DA, Fluka, 98%, density at 20�C = 0.80 g/ml), formic

acid (FA, Cicarelli, 88%, density at 20�C = 1.20 g/ml),

acetylsalicylic acid (ASA, Parafarm, 100%), tetrahydrofu-

ran (THF, Cicarelli, 99%, density at 20�C = 0.89 g/ml),

and n-hexane (n-Hex, Sintorgan, 99%, density at

20�C = 0.66 g/ml), were used without further purification.

2.2 Synthesis of the bridged precursors

Two different bridged monomers were synthesized from

GPMS and two primary aliphatic amines (DA and CA, see

Scheme 1). The stoichiometric reaction between GPMS

(2 mol) and the employed amines (1 mol) was selected in

order to synthesize two precursors containing a long alkyl
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chain pendant from the organic bridge, on the one hand;

and a cyclohexyl fragment, on the other hand. Details of

the syntheses of the bridged precursors were described

elsewhere [15, 23].

2.3 Synthesis of the functionalized hybrid

microspheres

The hydrolytic condensation of the bridged precursors was

accomplished in a mixture of THF/n-Hex (1:2 volumetric

blend), using an aqueous solution of FA as catalyst, in the

following molar ratios: FA/Si = 3 and H2O/Si = 1.05. In a

typical synthesis, 3.889 g of the prepared monomers

(GPMS-DA and GPMS-CA, see Scheme 1) were separately

dissolved in 100 ml of reaction solvent mixture in glass

vessels (5 cm diameter 9 7.5 cm height). After that,

1.77 ml of the 88 wt% FA solution was added dropwise to

each solution with continuous application of ultrasonic

irradiation. A 6-mm diameter tip Sonic Vibra-Cell (130 W/

20 kHz) was employed as irradiation source with 50% power

intensity. Solvents and volatile products were continuously

evaporated from the open vessels. The processes were ended

(at 90 s) when a white suspension appeared in the reaction

medium. The obtained solids were filtered and the remaining

solvent evaporated at 80�C. The resulting powders were

placed in a Petri dish and heated in an oven at 110�C for 3 h.

The final products were fine yellow glassy powders. The

products were named GDTH (GPMS-DA-THF-nHex) and

GCTH (GPMS-CA-THF-nHex), respectively.

ASA was used as a molecular probe to analyze the

possibility of incorporating the drug into the microspheres

during the hydrolytic condensation of the precursors. Its

addition was performed by dissolving it in the THF/n-Hex

mixture and adding this solution to each precursor in a

molar ratio ASA/Si = 0.5 (in a typical synthesis 1.216 g of

ASA were employed). The hydrolysis and condensation

stages were performed by employing the same procedure

used to synthesize the microspheres without drug. The final

products were yellow glassy powders. The products were

named GDTH-A (GPMS-DA-THF-nHex-ASA) and

GCTH-A (GPMS-CA-THF-nHex-ASA), respectively.

2.4 Characterization techniques

Morphologies were observed by scanning electron

microscopy (SEM), employing a Jeol JXA-8600 micro-

scope after coating the samples with a thin gold layer.

Fourier transformed infrared (FTIR) spectra were

recorded with a Genesis II-Mattson device in the absor-

bance mode, in the range 400–4000 cm-1 with a resolution

of 2 cm-1. Spectra were obtained using pellets of the

microspheres with KBr.

1D 29Si MAS NMR spectra were measured using a

Bruker Avance 500 WB/US spectrometer at MAS fre-

quency xr/2p = 10 kHz and B1(13C) field intensity x1/

2p = 62.5 kHz. B1(1H) field intensity of TPPM (two-pulse

phase-modulated) decoupling corresponds to x1/2p =

89.3 kHz. Single-pulse experiments were used with 45�
pulse length (2 ls) and 60 s repetition delay. The 29Si

NMR scale was calibrated by external standard M8Q8

(-109.8 ppm; the highest field signal).

Small-angle X-ray scattering (SAXS) was performed on

the microspheres using a pinhole camera (Molecular

Metrology SAXS System) attached to a microfocused

X-ray beam generator (Osmic MicroMax 002) operating at

45 kV and 0.66 mA (30 W). The camera was equipped
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with a multiwire, gas-filled area detector with an active

area diameter of 20 cm (Gabriel design). Two experimental

setups were used to cover the q range of 0.007–1.1 Å-1

where q = (4p/k)sin h (k is the wavelength and 2h is the

scattering angle).

Thermogravimetric analyses (TGA) were performed

with a Shimadzu TGA-50 thermal analyzer under argon

atmosphere at a heating rate of 10�C/min, from room

temperature to 800�C.

2.5 In vitro cytotoxicity procedure

Because of cell culture toxicity tests are the international

standards for biocompatibility screening, in vitro cell cul-

tures were performed to evaluate the biocompatibility of

the hybrid microspheres (with and without ASA). Testing

of cytotoxicity was performed by adding extracts of the

hybrid microspheres to Chinese hamster ovary cells (CHO-

K1) cultured in vitro following stablished protocols [24].

2.5.1 Preparation of microsphere extracts

0.61 g of each material (GDTH, GCTH, GDTH-A and

GCTH-A), previously sterilized by gamma radiation

(25 kGy), were mixed with 6.1 ml of culture medium

(EMEM with 1% glutamine, penicillin and streptomycin)

and incubated for 48 h at 37 ± 1�C in 5% CO2 atmo-

sphere. The supernatant was then filtered through a Milli-

pore membrane (0.22 lm pore size) and three different

extract concentrations (100, 25 and 10%) were prepared.

Dilutions were performed with sterilized culture medium

supplemented with 10% bovine fetal serum. The pH of

each solution was registered before and after filtration.

2.5.2 Cytotoxicity testing

CHO-K1 cells (from ABAC, Argentine Cells Bank) were

cultured in appropriate medium under two different con-

ditions: monolayer and freshly suspended cells. When

monolayers were used, the culture medium from the

subconfluent monolayer was removed and discarded, and an

aliquot of the extract (100 or 10%) was added. On the other

hand, when suspended cells were employed, the extract

(100, 25 or 10%) was immediately added after preparation

of the cell suspension. In all cases, the samples were placed

in an incubator for 72 h at 37 ± 1�C in 5% CO2 atmo-

sphere. Finally, cultures were examined and photographed

by using an inverted Olympus CK-40 microscope.

2.5.3 Determination of cytotoxicity

Changes in general morphology, vacuolization, detach-

ment, cell lysis and membrane integrity were assessed and

compared with a blank (sample not exposed to extracts) on

fresh and stained cells. Cytotoxicity was determined

according to the following scale: cytotoxicity degree

(CD) = 0 (non cytotoxic), 1 (mildly cytotoxic), 2 (mod-

erately cytotoxic) and 3 (severely cytotoxic), based on ISO

10993-5 standard [24].

3 Results

3.1 Morphology of the hybrid materials

Morphologies and surface features of the organic–inorganic

materials were evaluated by scanning electron microscopy

observations. Figure 1 shows the SEM images corre-

sponding to the GDTH and GCTH hybrid microspheres.

3.2 Conversion to Si–OH and Si–O–Si bonds

29Si NMR spectra provide valuable information related to the

degree of condensation of the silsesquioxane materials,

which is a fundamental parameter to be taken into account

when evaluating the possibility of incorporating organic

molecules (via hydrogen-bonding recognition strategy) into

the final hybrid matrix. Figure 2 depicts the 29Si NMR

spectra obtained for the GDTH and GCTH hybrid

microspheres.

Fig. 1 SEM images of the

hybrid microspheres:

(a) GDTH, and (b) GCTH
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3.3 Nanostructuring of the microspheres

In order to evaluate the existence of some degree of

organization at molecular level into the developed hybrid

materials, SAXS measurements were performed on the

synthesized microspheres. Figure 3 depicts the obtained

SAXS spectra corresponding to the GDTH and GCTH

microdevices.

3.4 Incorporation of acetylsalicylic acid as anti-

inflammatory model drug

The main purpose of employing bridged silsesquioxane

precursors to synthesize the hybrid microspheres is related

to the possibility of obtaining different architectures at

molecular level to incorporate organic molecules (for

instance, drugs) into the final hybrid matrices, to make use

of the organic–inorganic microspheres as potential drug-

carriers and delivery devices. The presence of acetylsali-

cylic acid (ASA) into each nanostructured hybrid material

was evaluated by FTIR. Figure 4 shows the FTIR spectra

corresponding to the GDTH and GDTH-A microspheres.

Figure 5 depicts the TGA diagrams corresponding to

GDTH and GDTH-A materials. From the obtained profiles

it was possible to determine the total amount of ASA

incorporated during the ultrasound-assisted sol–gel

method. This amount was calculated to be 14.5 wt%. As to

the GCTH-A material (not shown), the total amount of

ASA incorporated into the microspheres was calculated to

be 19 wt%.

3.5 Cytotoxicity results

It is well known that the cytotoxicity of nano and micro-

particles frequently differs from that of the bulk materials

that they are derived from. In most cases the reason of such

a toxicity is unknown, however some results have dem-

onstrated that specific characteristics such as the high

surface area to volume ratio of the particles or their surface

chemistry could be the main reasons for such a cytotoxic

effect. In order to employ the synthesized hybrid micro-

spheres as biomaterials (for instance, as drug-delivery

devices), cytotoxicity tests were performed on the four

synthesized organic–inorganic materials (with and without

ASA) following stablished protocols.

Figure 6 shows microphotographs corresponding to

CHO-K1 cells exposed to the extract of the GDTH

microspheres. The two first lines correspond to fresh cells

observed under two different magnifications (49 and 409).

The third line corresponds to cells fixed and stained with

hematoxiline (observed at 209 magnification). Figure 7

summarizes the cytotoxicity results obtained for all tested

microsphere samples.

Fig. 2 29Si NMR spectra corresponding to synthesized hybrid

microspheres: (a) GDTH, and (b) GCTH
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Fig. 3 Small angle X-ray scattering (SAXS) spectra corresponding

to: (a) GDTH, and (b) GCTH
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4 Discussion

Considering the SEM images (Fig. 1) obtained from the

GDTH and GCTH hybrid materials, in both cases indi-

vidual microspheres with a very low polydispersity were

observed. A mean particle size of 2.4 ± 0.1 lm corre-

sponding to GDTH and 3.4 ± 0.2 lm corresponding to

GCTH, was obtained by image analysis. The microspheres

(in both formulations) showed a smooth surface without

any apparent microporosity. The microspheres synthesized

in the presence of ASA showed a similar size and mor-

phology as those obtained in the absence of drug.

The degree of condensation of the silsesquioxane

materials was evaluated by 29Si NMR measurements. In

the spectrum corresponding to the GDTH sample (Fig. 2a)

three signals were obtained from the deconvolution pro-

cess. The main peak located at -66 ppm is characteristic

of T3 species: Si–(O–Si)3 [25], while the two peaks
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observed at -54.8 and -58 ppm were assigned to T2

structures: Si–(O–Si)2(OH) [26]. No peaks corresponding

to T1 and T0 structures were detected. The area under the

T3 peak represented 68.5% of the total area, whereas the

contribution of the two T2 peaks was 31.5%, which led to a

total conversion to siloxane bonds (Si–O–Si) of 89.5%

after the hydrolytic condensation of the bridged monomer

(GPMS-DA). On the other hand, in the spectrum corre-

sponding to the GCTH microspheres (Fig. 2b), in addition

to the three mentioned peaks, a small peak located at

-49.6 ppm was attributed to inorganic T1 species:

Si–(O–Si)(OH)2 [27]. The area of this peak was calculated

to be 3.2% of the total area. Taking into account the area

corresponding to the four signals detected for this sample, a

conversion to Si–O–Si bonds of 83.1% was calculated.

In summary, both kinds of microspheres led to an

incomplete condensation after the hydrolysis and poly-

merization processes, which means that a number of silanol

groups (Si–OH) remained unreacted. It has been already

demonstrated [28] that the presence of Si–OH groups on

the surface of glasses and bioglasses makes these materials

to behave as bioactives when immersed in physiological

fluids (or simulated body fluids, SBF). These Si–OH

groups act as nucleation sites promoting the precipitation

of carbonated apatite similar to that of bone tissue. In

addition, considering the case of bioglasses, these basic

materials provoke a local pH increase of SBF leading

consequently to a decrease of hydroxyapatite (HA) solu-

bility. This promotes a very large acceleration of apatite

nucleation which is reinforced by the release of calcium

ions from the bioglass [29]. The formed thin apatite layer

plays a key role in generating a chemical bond between

these biomaterials and bone tissue. Once this apatite layer

is formed, it rapidly grows from calcium and phosphate

ions present in the physiological medium. Considering the

obtained results (an incomplete condensation in the hybrid

microspheres), the presence of unreacted Si–OH groups

could potentially be useful to promote a bioactive response

from these new hybrid materials in physiological fluids.

The degree of organization at molecular level was

studied by performing SAXS measurements on the syn-

thesized hybrid samples (Fig. 3). Due to the contrast of

electronic densities between the organic and inorganic

phases in a hybrid material, when a correlation length is

found in SAXS spectra it is associated to a characteristic

distance separating inorganic domains (inorganic domains

are the electron-richest phases). In the case of self-assem-

bled bridged silsesquioxanes, this characteristic distance is

frequently found to be equal to the length of the organic

bridges separating silica domains [30]. In the spectrum

corresponding to the GDTH sample (Fig. 3a), a strong

correlation peak at q = 0.2 Å-1 was observed. This

position represents a characteristic distance given by

2p/qmax = 31.4 Å. In this case, this distance cannot be

attributed to the length of the organic bridge, which was

determined to be 19 Å (as calculated using the software

ACD Labs/3D Viewer). As previously reported [23], this

distance corresponds in a good agreement to the length of

two dodecylamine chains in a tail-to-tail association. This

conformation leads to a hybrid material made up of cavities

(bilayer structure composed of a tail-to-tail association of

alkyl chains with all trans conformations) which could be

employed as reservoir-like device for incorporating organic

molecules. As to the GCTH spectrum (Fig. 3b), three

scattered patterns were observed at 0.21, 0.38 and

0.66 Å-1. The relative positions of these patterns corre-

spond to a progression characteristic of a two-dimensional

hexagonal structure consisting of cylindrical self-assem-

blies crystallized in a hexagonal lattice [31]. In summary,

in both materials (GDTH and GCTH), the structuring

obtained at molecular level led to the formation of orga-

nized cavities which could be functionalized with drugs or

other organic molecules. This possibility of synthesizing

microspheres structured at molecular level allows us to

employ this architecture to incorporate organic molecules

during the sol–gel processing, obtaining rapidly (the syn-

thesis takes only 90 s) microdevices functionalized with

active agents (e.g. antiinflammatory drugs, antibiotics,

analgesics, among others). The incorporation of ASA into

the synthesized microspheres was evaluated by the FTIR

technique. The FTIR spectrum of the GDTH microspheres

(Fig. 4) shows the characteristic bands corresponding to

Si–O–Si (1040 cm-1, 1120–1130 cm-1) and unreacted

Si–OH (910 cm-1) groups [32]. The broad band located at

3400 cm-1 was attributed to C–OH groups present in the

organic bridges of the hybrid materials, including the

unreacted fraction of Si–OH groups. In the spectrum cor-

responding to the GDTH-A microspheres (Fig. 4), char-

acteristic peaks of ASA are present at 1300 cm-1

(H-bonded C–OH of the carboxylic acid), 1600 cm-1

(aromatic ring) and 1740 cm-1 (carbonyl group of the

ester group) [32]. The absence of bands in the region

2500–2700 cm-1 indicates that there is no dimerization of

carboxylic acids, meaning that ASA is dispersed in the

material forming hydrogen-bonds with affine groups of the

organic bridge (tertiary amine, OH and ether groups) [32].

Analogous qualitative results were obtained for the GCTH

and GCTH-A microspheres. As a consequence, the ultra-

sound-assisted sol–gel reaction of bridged monomers rep-

resents a very useful method to synthesize nanostructured

microspheres able to incorporate ASA via hydrogen-bonds

with the organic groups present in the organic bridges of

the precursors. In this way, this hydrogen-bonding recog-

nition strategy can be successfully employed to retain
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drugs during the hydrolytic condensation of the bridged

monomers as the proposed ultrasound-assisted sol–gel

synthesis takes place.

Figure 6 depicts the microphotographs corresponding to

the CHO-K1 cells, exposed and not exposed to the extracts

of the GDTH sample, showing the biological response of

this material when assessed in vitro. Blank cells (not

exposed to the extract) showed both normal phenotype and

homogeneous growth, after 72 h of incubation time. When

cells were exposed to pure extract (not diluted), a mono-

layer with some changes was observed. Although the

attached cells showed a similar phenotype as that of the

control ones, there were few free spherical cells suspended

in the culture medium. This was correlated with a CD

(cytotoxicity degree) = 1. When cells were exposed to

25% extract, about 70% of the total cells maintained their

characteristic aspect, keeping their adhesion properties and

leading consequently to the formation of a monolayer. A

few suspended spherical free cells were also observed in

this sample. In accordance to these results, a CD = 1 was

stated. Finally, when extracts were diluted to 10%, a sim-

ilar image as that of the blank sample was observed. A

well-constituted monolayer with few free areas was

observed, which was related to a CD = 0.

Figure 7 summarizes the cytotoxicity results obtained

for all tested microsphere samples. According to these

results, GDTH microspheres evidenced a minimum cyto-

toxicity degree, no matter the concentration of the evalu-

ated extracts. On the other hand, the GCTH sample showed

a severe cytotoxic effect when the pure extract was tested.

Microspheres incorporating ASA (GDTH-A and GCTH-A

samples) behaved in a similar way as GCTH microspheres

when pure extracts were assessed, however the ASA-con-

taining microspheres strongly diminished their cytotoxicity

as the extracts were diluted. When a 10%-concentration

extract was employed, GDTH-A and GCTH-A micro-

spheres showed a non cytotoxic behavior. These results are

promising for considering these novel nanostructured

functionalized microspheres as potential drug-carriers in

drug delivery-related applications.

In vitro ASA-release tests from the functionalized

hybrid microspheres (in simulated physiological condi-

tions) are currently in progress.

5 Conclusions

The versatility of the sol–gel method in combination with

the ultrasonic irradiation technique allows synthesizing

nanostructured hybrid microspheres via self-assembling of

bridged monomers containing organic pendant groups in

the organic bridges. This novel method leads to micro-

spheres with very low polydispersity in a very short

reaction time (90 s). The architecture reached at molecular

level can be employed to incorporate acetylsalicylic acid

(ASA) as anti-inflammatory model drug. Although ASA-

containing hybrid microspheres showed a cytotoxic effect

on CHO-K1 cells when pure extracts of the microspheres

were assessed, this cytotoxicity considerably diminished as

dilutions of the extracts were performed. ASA-containing

microspheres were demonstrated to be non cytotoxic when

10%-concentration extracts were tested based on the ISO

10993-5 standard.

These results are promising for considering these novel

nanostructured functionalized microspheres as potential

drug-carriers on biomedical fields. In vitro ASA-release

tests from the functionalized hybrid microspheres, in sim-

ulated physiological conditions, are currently in progress.
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