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Abstract. Several authors have studied the release profile of drugs incorporated in
different devices. However, to the best of our knowledge, although many studies have been
done on the release of tetracycline, in these release devices, no study has investigated if the
released compound is actually the tetracycline, or, instead, a degraded product. This
approach is exploited here. In this work, we analyse the influence of two drying methods on
the tetracycline delivery behaviour of synthesised glasses using the sol-gel process. We
compare the drying methods results using both theoretical models and practical essays, and
analyse the chemical characteristic of the released product in order to verify if it remains
tetracycline. Samples were freeze-dried or dried in an oven at 37°C and characterised by
several methods such as Fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), thermogravimetric analysis (TG), differential thermogravimetric analysis
(DTG), differential thermal analyses (DTA) and gas adsorption analysis (BET). The released
concentration of tetracycline hydrochloride was studied as a function of time, and it was
measured by ultraviolet spectrophotometry in the tetracycline wavelength. The drug delivery
profiles were reasonably consistent with a diffusion model analysis. In addition, we observed
higher release rates for the freeze-dried compared to those dried in an oven at 37°C. This
higher release can be attributed to larger pore size for the freeze-dried sample systems with
tetracycline, which promoted more water penetration, improving the drug diffusion. The
analysis of the solution obtained in the release tests using high-performance liquid
chromatography- mass spectrometry (HPLC-MS) confirmed that tetracycline was being
released.
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INTRODUCTION

In bone reconstruction surgery, osteomyelitis caused by
bacterial infection is the most important complication.
Conventional treatments include systemic antibiotic adminis-
tration; however, success in therapy has not been overwhelm-
ing as with other disease conditions. Key issues for failure

include the inability to maximise drug access to bone and
maintain optimum drug concentration for prolonged periods
of time (1). One way of addressing this problem is the
administration of anti-inflammatory and/or antibiotic drugs at
the target site. This type of drug administration is not always
simple, often requiring specific drug delivery systems. Several
authors have studied the release profile of different drugs of
such systems (including commonly used polymers and differ-
ent glass compositions) (2–4). However, to our knowledge, no
research has verified the chemical properties of the released
substances. It might be an open question of whether the
administrated drugs remain in their original form or as other
compounds, resulting from their degradation. Many of the
techniques used to quantify the delivered drug, such as
ultraviolet spectrophotometry, cannot distinguish between
the original compound and its degradation products. Charac-
terisation of the compounds actually delivered by different
drug delivery systems can help in understanding loss of
therapeutic activity and toxic patient responses related to
possible degradation products (5). Motivated by these
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considerations, we undertook the task of exploring this
important issue.

In previous studies, our group has pointed out the
efficiency of a new dispositive for the release of tetracycline
hydrochloride incorporated in silica-based bioactive glassy
systems synthesised at room temperature (2,3), without the
addition of a polymer. Glassy synthesis at lower temperatures
is essential since it makes possible the addition of heat-
sensitive drugs. The incorporation of growth factors or
antibiotics is only possible if low temperatures can be
maintained throughout the process.

Mathematical models and simulations have been widely
applied to study drug release from different drug delivery
systems (6–9). Among several important contributions, the
determination of diffusion coefficients has been particularly
useful. Narasimhan (10) developed a model for polymer
dissolution based on the molecular mechanism. The model
describes solute transport in a one-dimensional system, such
as a film, slab, disk or tablet. To investigate the effect of
various parameters on the drug release behaviour, the
normalised drug release as a function of time is usually
simulated using drugs of different molecular sizes. An
increasing rate of drug release can be observed when the
drug diffusion coefficient is higher. Similarly, we have used
Fick’s law to determine the diffusion coefficients for two drug
delivery systems (11,12).

In the present work, we describe the low-temperature
synthesis and preparation of tetracycline (TC) delivery
systems using a glassy matrix incorporating two different
drying methods. We analyse the delivery profile and the
chemical identity of the released product. Similarly, analyses
about the nature of material porous were carried out. Finally,
theoretical studies have provided insights about the interac-
tion of TC with the glass and the calculation of the drug
diffusion coefficients were done.

MATERIALS AND METHODS

Glass Synthesis

The synthesis procedure used to prepare the bioactive
glass samples, with composition (SiO2)0.80(P2O5)0.04(CaO)0.16,
was described in detail in reference (2,3). Essentially, the
process consisted in adding the precursor reagents to an
aqueous HCl solution at pH 1.7 containing ethanol. First,
tetraethoxysilane (TEOS) was mixed into the solution and
stirred for 30 min. Next, triethylphosphate was added and
stirred for another 30 min. After that, calcium chloride was
added and dissolved. All of the reagents (Fluka) were of
analytical grade. The molar ratio of the TEOS/ethanol and
TEOS/HCl solutions was 1:4 in both cases. For samples
containing tetracycline (TC), 0.144 g of tetracycline hydro-
chloride (Fluka Production GmbH, Germany) was added to
the solution and stirred for 30 min after the addition of
calcium chloride. The solution was continuously and slowly
stirred until the gelation process hindered the stirring.
Control samples without the drug were also prepared using
the same procedure.

All samples were placed in a humidified atmosphere for
12 h.

After this period, the glass sample, with and without the
drug, was withdrawn. The amount of tetracycline remaining
in the vessel, i.e. not incorporated into the glass, was
determined by ultraviolet spectrophotometry at the TC
(270 nm) wavelength (2,3).

Then, 10 mL of pure acetone was added to wash the
samples and quickly removed by filtration. This acetone-
drying step helps to remove organic solvents released during
the TEOS hydrolysis. The obtained material was divided into
two parts: one portion was humidified, frozen with liquid
nitrogen and freeze-dried for 24 h. The other part was dried
in an oven at 37°C for 7 days. After these steps, the gels were
manually crushed in an agate mortar, and powders of particle
size < 1 mm were selected. All test samples were kept in the
dark to avoid the photodecomposition of TC.

The samples without the drug (control group) were
labelled BGF and BGO for freeze-dried and oven-dried
samples, respectively. Samples containing TC were similarly
named BGF-T and BGO-T. The initial TC percentage (wt%)
was approximately 2% for all samples.

Drug Release

Cylindrical pellets were prepared for drug delivery tests
by compressing about 0.25 g of powder, either with or without
TC, at a 1300-ton loading for 3 min (2,3). These conditions
were used because they were suitable for compacting the
samples. This procedure produced pellets with, on average, a
radius of 6.98 mm and a length 4.15 mm.

The release profile was determined as follows. Test
samples were placed into polystyrene bottles containing
3 mL of simulated body fluid (SBF) (13) and incubated at
37°C. Aliquots were withdrawn and analysed by ultraviolet
spectrophotometry at the TC (270 nm) wavelength (2,3).

At predefined time points throughout the study, the SBF
was replaced with fresh solution. All samples were analysed
in triplicate. Samples without the drug were used as controls.

For the purpose of the study of the stability of the
liberated tetracycline, the solution released from the samples
with tetracycline was analysed by HPLC-MS. For this, a part
of the cylindrical pellets of the BGF-T and BGO-T samples
was placed in 3 mL of water and treated with ultrasound for
5 min. The supernatant was removed and injected into a C18
cartridge which had been preconditioned with methanol
(5 mL), followed by three washes with Milli-Q water (3 ×
5 mL). Several solvents such as water and methanol were
trialled for the extraction. As tetracycline hydrochloride
possesses both acid and alkaline properties, ammonium
hydroxide and formic acid were used to improve its
ionisation. The study was performed in both positive and
negative ion modes. Methanol and formic acid resulted in the
highest extraction efficiency. An important problem in the
quantitative analysis of TC is that it has been shown to
chelate metals. Thus, it may irreversibly bind residual metals
on SPE cartridges, lowering recovery (14,15). As we were
aiming to perform only a qualitative analysis in this work, the
irreversibly bound fraction could be ignored.

Aliquots obtained from the solid-phase extraction were
analysed by MS. The operational parameters for TC were
carefully optimised.
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The stock solution of TC was directly infused along with
the mobile phase into the MS. Optimisation of the mass
parameters was performed by observing the maximum
response obtained for the selected product.

Theoretical Modelling

The interactions of TC with the glass were simulated
using a computational model where the direct interactions of
bioative glass with TC were taken into account. Figure 1
shows the sites of TC, which were considered to interact
directly with Si(O)4. This model has been successfully used to
describe the most important interactions of TC with essential
or non-essential systems in previous works (16–19). The long-
distance interaction effects were evaluated using the polarised
continuum model by means of the PCM method (20). Full
geometry optimisation and vibrational frequency calculations
were performed without restriction using density functional
theory (DFT) together with the hybrid B3lYP function (21–
23). The standard TZVP basis sets were employed for all
atoms (24). The GEDIIS algorithm (19) was employed
throughout; the final structures were obtained with tight
SCF and geometry convergence criteria in combination with
the ultrafine integration grid. Frequency calculations were
performed to confirm the nature of each stationary point,
which also afforded zero-point energy (ZPE) corrections for
the computed energies. The GAUSSIAN 09 program pack-
age was used for all calculations.

In addition, Fick’s law was used to obtain the diffusion
coefficients for the pellets BGF-T and BGO-T. The pellets
were cylindrical with radius a and length l. For this specified
geometry, the following differential equation can be solved
(10,11,25):

∂C
∂t

¼ D
∂2C
∂r2

þ 1
r
∂C
∂r

þ ∂2C
∂z2

� �
ð1Þ

where D is the diffusion coefficient, C is the concentration
and r and z are variables defined within the limits 0≤ r≤ a
and –l≤ z≤ l, respectively. The solution of such an equation
can be written as:

C ¼ C0ψ zð Þϕ r; að Þ ð2Þ

where C0 is the initial concentration and ψ(z) and ϕ(r,a) are
the auxiliary functions:
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and:
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where J0(x) and J1(x) are Bessel functions of order zero and
one, respectively. Since the available experimental data is the
fraction of drug fraction release (F), we use:
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where β = (2n + 1)π/(2 l) and αm are the roots of Bessel
functions. One may assume that the device is not consumed,
and the parameter a will approach infinity as time increases.
In this case, the above equation leads to:

F ¼ 1−8∑∞
n¼0

exp −D 2nþ 1ð Þ2π2t=4l2
�

2nþ 1ð Þ2π2 ð6Þ

This equation is used in a nonlinear least-squares fit to
the experimental data using the Marquardt-Levenberg algo-
rithm (26) to extract the diffusion coefficient.

Characterisation Methods

Sample structure and homogeneity were characterised by
comparison of FTIR spectra obtained in a Perkin Elmer
Spectrum GX spectrophotometer. For these analyses, the
solids were homogeneously dispersed in KBr (approximately
1 wt%) and pressed into discs. Spectra were recorded with a
resolution of 4 cm−1 with 32 scans per spectrum. Sample
morphology was studied by scanning electron microscopy
(SEM) (Quanta 200 FEI). Prior to analysis, the samples were
fastened to a sample holder with the help of a double carbon
ribbon and covered with gold. Thermogravimetric (TG),
differential thermogravimetric (DTG) and differential ther-
mal analyses (DTA) were carried out in a Shimadzu DTG-60
H thermal analyser from 25 to 900°C at 10°C/min in air.
Al2O3 was used as a standard.

Gas adsorption analysis (BET-Nova-2200, Quantachrome
Corporation) was used to study the specific surface area and the
micro- and mesoporosity of the materials. The powders were
accurately weighed using an FA2104 electronic balance with
0.1 mg precision. Before measurement, all samples were
degassed at 60°C for 24 h.

The released solution containing TC was analysed using
an HPLC-MS system. The LC equipment used was a

Fig. 1. Molecular structure of tetracycline (TC) indicating direct
interaction sites
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Shimadzu® LCMS-IT-TOF (225-07100-34). The mobile
phase was a mixture of water and methanol (1:1) and the
flow rate was 0.15 mL min−1. The injection volume was 20 μL.
The MS was operated in positive and negative electrospray
ionisation (ESI) modes using the following conditions:
electrospray voltage of 1.76 kV, block and CDL temperature
of 200°C and capillary tension of 4.5 kV. Samples were fully
scanned in the mass range 200 to 500 m/z. The qualifier ions
of the TC were 445.1605 m/z (precursor ion, [M +H]+),
428.4340 and 410.4234 m/z (fragment ion).

RESULTS AND DISCUSSION

SEM micrographs of oven-dried samples and of freeze-
dried samples, with or without TC (BGO, BGO-T, BGF and
BGF-T, respectively), before and after immersion in SBF are
shown in Figs. 2 and 3. The BGO surface is irregular and no
pores at all can be seen (Fig. 2a). The oven-dried sample
containing TC, BGO-T, (Fig. 2b) shows many irregularities
and pores before immersion, probably due to adsorbed water
bound to TC molecules. After immersion in SBF these
samples (Fig. 2c, d) become more irregular mainly through
erosion. In contrast, samples prepared by freeze-drying,
without or with TC (BGF and BGF-T, respectively), before
and after immersion in SBF (Fig. 3a, d) exhibit many pores.

The freeze-dried samples present large pore diameters,
probably due to the more efficient drying process. This
particular behaviour has been also reported in the literature
(27–29). In these works, the authors demonstrated that the
drying step can cause the volumetric contraction of oven-
dried pellets. The biggest difference in diameter appears
when freezing occurs rapidly by immersion in liquid nitrogen.

FTIR spectra of all glass samples before immersion in
SBF, either with or without TC (Fig. 4), are very similar,
probably due to the effective incorporation of the drug.
Previous studies have shown that the presence of a drug
inside a delivery system, rather than interacting at the surface,
could explain the similarity of FTIR spectra of isolated and
immobilised drug-delivery systems (30,31). The absorption
bands at 1080, 800 and 460 cm−1 are due to Si–O–Si bonds
(32–34), and the peaks at 940 cm−1 can be attributed to Si–
OH bond vibrations (35).

The dosage of tetracycline remaining in the vessel after
removal of the glass-tetracycline composite showed that
about 0.1% of the tetracycline added to the glass during its
synthesis was not incorporated.

The influence of the two drying methods on the TC
release profile is shown in Fig. 5.

In this Figure, it can be observed that, initially, there is a
fast release. Although the significance of burst release in

Fig. 2. SEM images of oven-dried samples before: a BGO, b BGO-T, and after immersion in SBF for 9 h: c BGO, d BGO-T
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controlled delivery systems has been slightly addressed in the
literature, no successful theories have been put forth to fully

Fig. 3. TEM images of freeze-dried samples before: a BGF, b BGF-T, and after immersion in SBF for 9 h: c BGF, d BGF-T

Fig. 4. FTIR spectra of samples: (A) BGO, (B) BGO-T, (C) BGF
and (D) BGF-T, before immersion in SBF

Fig. 5. Fraction of tetracycline released from the samples BGF-T and
BGO-T as a function of time. The first 10 h of release was modelled
to obtain the diffusion coefficients
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describe the phenomenon (36). One suggested explanation
for the burst effect in monolithic systems is that some drug
becomes trapped on the surface of the polymer matrix during
the manufacturing process (37), especially in the case of high
drug loading (38), and is released immediately upon activa-
tion in a release medium. When released devices are loaded
with drugs by equilibrium partitioning in highly concentration
drug solutions, this phenomenon may happen (39).

Figure 5 also shows that the freeze-dried sample presents
more efficient drug release. According to other authors
(27,29,40), this may be expected since this sample is more
porous compared with the 37°C oven-dried sample as shown
by MEV in Figs. 2 and 3. Pore size appears to be a critical
factor for achieving controlled release; the greater the pore
size, the faster the entrance of water and, consequently, the
faster the drug release.

The release profile shows two stages. The first stage
corresponds to rapid early release of the drug. A release of 6
and 10% of the TC in the first 9 h was observed for BGO-T
and BGF-T, respectively. This rapid release can be explained
by the porous structure of the samples (the release rate
depending on the pore size, shape and connectivity). In the
second stage, a more controlled and slower behaviour is
observed for TC release. These features suggest a relatively
weak interaction between TC and the glasses. We further

investigated these interactions using theoretical analyses. The
most stable structures of the optimised TC-Si(O)n systems
were used to provide the energies of formation for each
interaction site of TC with glass. The obtained results are
shown in Table I, where the B3LYP/TZVP values were
computed in the gas-phase and aqueous solution phases. As
can be seen in Table I, all interaction modes were stabilised in
both phases. Overall, the optimised structures converged,
forming intramolecular hydrogen interactions. The energy
results obtained for the gas-phase indicate that interactions
involving sites I, II and Vare favoured from a thermodynamic
point of view, showing B3LYP/TZVP values varying from −
1.38 to − 39.98 kcal mol−1. However, when solvent effects are
taken into account, only the interaction with site V remains
exothermic at − 27.78 kcal mol−1.

The computed energies in water lie above 15 kcal mol−1,
with only one exception observed for site III, which shows an
interaction energy of 46.70 kcal mol−1. These results indicate
some noteworthy features, which can be used for
interpretation of the experimental findings. First, a relatively
weak chemical interaction may, in fact, occur between TC and
glass. Another point is that the interactions between TC and
glass appear to be quite dependent on environmental factors
such as the solvent, pH and temperature. It is important to
note that a successful delivery system may be manufactured
only if the interactions between the drug and release
dispositive are favoured in the synthetic process, but in such
a way that delivery at the target site is not thermodynamically
unfavourable. Considering these factors, the obtained
theoretical insights are in good agreement with the
experimental results, which shows a rapid initial release,
followed by a slower release.

In order to obtain the diffusion coefficients, Eq. (6) was
used to fit the experimental data for the region where the
model is most efficient, during the first 9 h of release. The
summation was truncated at the highest number of terms,
although we have verified that the use of a minimum of six
terms would be sufficient to converge to the values reported
here. The calculated diffusion coefficients are 2.5 × 10−4 cm2/h
for BGF-T and 0.38 × 10−4 cm2/h for BGO-T. The theoretical
results are also in agreement, demonstrating that the freeze-
dried pellet produces a faster release profile compared with
the sample dried in an oven at 37°C. In most cases, drug
release from a porous carrier is primarily diffusion controlled,
the apparent drug diffusivity depending on the pore size as
also verified in ref. (41). As pointed out by Narasimhan and
Peppas (42), a higher drug diffusion coefficient in the samples
usually produces a greater drug release.

The size of pores present in different materials covers the
wide range of values, from micro- (pores with sizes smaller
than 2 nm) to macropores (pores with sizes larger than
50 nm). In order to determine the possible applications of the
present materials, the knowledge of parameters such as
specific surface, pore volume, etc., is of great interest. In the
sol-gel processes, the formed gel is constituted by cross-linked
structures giving rise to a porous development. Inside the
pores of the gel one can detect alcohol, water, etc., that are
occluded. Such liquids are eliminated along the drying phase
of the gel. In such step, contraction and hardening of the gel
occur. As can be observed in the present study, drying of the
two glasses was successfully obtained by different processes.

Table I. The B3LYP/TZVP Energies (ΔE) for the Formation of TC-
Si(OH)2 Systems, in Kilocalories per Mole

TC-Si(OH)2

Systems ΔE (in kcal mol−1)
Gas phase
I − 4.02
II − 1.38
III 48.12
IV 7.38
V − 39.98
VI 26.32

Water PCM solvent
I 5.33
II 2.50
III 46.70
IV 4.08
V − 27.78
VI 14.75

Table II. Structural Parameters, Specific Surface Area (SBET) and
Total Pore Volume (VP) of the BGO, BGF, BGO-T and BGF-T

Samples before Immersion in SBF

Samples SBET (m2/g) VP (cm3/g)

BGO 95.2238 0.22119
BGF 15.8707 0.05909
BGO-T 1.4183 0.00691
BGF-T 1.3348 0.00521
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Therefore, products with different porosities may have been
formed, which may have changed the tetracycline release
profile.

The physicochemical parameters surface area (SBET)
and total pore volume (VP) are shown in Table II. If we
compare the BGO and BGF samples without TC, and
before the test release, one can observe that the drying
process drastically alters these parameters (Table II). For
example, the SBET for BGO is more than six times higher
than for BGF. Similarly, VP is higher by a factor of seven.
On the other hand, in the samples incorporating TC, there
is no great difference. Since the nitrogen adsorption
technique (BET method) characterises meso- and micro-
pores (43), we can observe that the oven-dried sample
presents more meso- and micropores than the freeze-dried
sample. However, it can be observed that these properties
are decreased after loading of the drug and before the test

release, confirming that TC has been loaded into the
samples (Table II). A comparison of samples BGO-T and
BGF-T before immersion in SBF demonstrates that the
specific surface area and total pore volume are very
similar. This result leads us to conclude that micro- and
mesopores do not affect the release of TC in this study.
Probably macropores observed in the TEM images are
responsible for the difference in each release.

The isotherms of the BGO and BGF samples before
immersion in SBF (data not shown) belong to a mixed type
in the IUPAC classification (44). According to this
classification, our results suggest that the materials belong
to type IV. In this type, the hysteresis loop is associated
with capillary condensation taking place in mesopores
(pores of widths between 2 and 50 nm) and its initial part
corresponds to monolayer-multilayer adsorption. This ob-
servation is typical of non-porous or macroporous
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Fig. 6. TGA/DTA diagrams of samples: a tetracycline, b BGO, c BGO-T, d BGF and e BGF-T, before
immersion in SBF. The initial tetracycline percentage (wt%) was approximately 2% for all samples
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materials, and represents a process of monolayer–multi-
layer adsorption.

Thermogravimetric (TG) and differential thermal
analysis (DTA) curves of various samples are shown in
Fig. 6. The TG curve of TC (Fig. 6a) shows two mass loss
events, the first starting at about 210°C and a second one
at a temperature higher than 210°C. Both mass losses are
attributed to thermal decomposition of the compound with
formation of elemental carbon. These events correspond
to an exothermic peak at about 503°C in the DTA curve.
For the TG curves of samples without TC (BGO and
BGF), two weight loss stages are observed (Fig. 6b, d).
Similar to Ma et al. (2011) (45), we observed that the first
weight loss occurs between the initial temperature, 30°C,
and 170°C, being associated with the removal of physically
adsorbed water. This corresponds to an endothermic peak
at about 110°C in DTA curves. It is important, however,
to observe that the BGF sample presents a smaller mass
loss than the BGO sample up to 170°C (17.17 and
34.78%, respectively). This observation is evidence that
the freeze-drying method is more efficient at extracting
water rather than oven drying at 37°C. For samples
containing TC (Fig. 6c, e), this peak in the DTA curve
appears at a lower temperature, probably due to weaker
interactions between residual water molecules in the glass
and TC. It is again observed that the freeze-dried sample
loses less mass than the oven-dried sample with values of
16.36 and 32.30%, respectively. The second weight loss
starts from the end of the first weight loss (170°C) and
continues up to 360°C, and it can be attributed to the loss
of more volatile organics (45).

More insights into the thermal decomposition peaks
can be obtained from the DTG curves (Fig. 7). The TC
decomposition peak at about 225°C is probably shifted to
about 100°C in the BGO-T and BGF-T glasses. This could
indicate a lower thermal stability of loaded TC in
comparison with isolated or pure TC.

In this work, TC was incorporated during glass
synthesis, at pH 1.7. This incorporation was possible
because we did not use high temperatures in the glass
synthesis, which can degrade biologically active compounds.
However, it is known that some TC, particularly chlortetra-
cycline, rapidly isomerise in aqueous solutions of pH 2–6 at
the C-4 dimethylamino group, forming 4-epitetracyclines
(46). In addition, keto-enol tautomers are also rapidly
formed in aqueous solution (47). Mohammed-Ali (2012)
studied the effects of factors such as humidity, light and pH
on the stability of TC solutions (48). He showed a change in
colour over 10–20 days, from light yellow to brown and dark
brown, on exposure to acidic or alkaline solutions. Thus, it
is necessary to investigate whether the chemical compound
released from the glass is the same TC compound as that
originally loaded into the sample. HPLC-MS analysis was
employed to clarify this, if the tetracycline molecule was
being released intact from the glass sample.

With optimisation, it was verified that the MS
response after extraction in methanol and using positive
mode was higher than that after extraction in water and
using negative mode. In the tetracycline spectra of the
stock solution, the protonated molecular ions [M +H]+ m/
z 445.1605 showed a quite abundant ion peak (Fig. 8).
The mass spectrum also showed losses of 17.0265 and
35.0371 Da, corresponding to m/z peaks at 428.1340 and
410.1234. The loss of 17 Da corresponded to the loss of
NH3. The loss of 35 Da corresponded to the loss of NH3

with a subsequent loss of H2O. These peaks agree with
the findings of other research groups (15,49,50). The m/z
of the tetracycline spectrum obtained in this study was
445.1610, with an error of less than 1.5 ppm, and the
released compound was the same as the drug that was
originally incorporated.

In the spectra of solutions released by samples
containing tetracycline, all peaks of the precursor were
identified, which shows that tetracycline molecule was
being released.

Fig. 7. DTG curves of samples: (a) BGO, (b) BGO-T, (c) BGF and
(d) BGF-T before immersion in SBF, and (e) tetracycline
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Fig. 8. Chromatogram of [M +H]+, [M +H − NH3]
+ and [M +

H − NH3 − H2O]+ for tetracycline, indicating the products observed
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CONCLUSIONS

This work presents results concerning the performance
of drug delivery systems based on glasses prepared by a sol-
gel process. Firstly, the tetracycline was successfully incorpo-
rated into glass, and the drying process was shown to
influence the morphology and homogeneity of samples, and
the release of drug. In this case, the BGF-T sample
demonstrated a higher fraction of released TC compared to
BGO-T, probably because the freeze-dried samples were
relatively more porous than those that were oven dried.
Other interesting results are related to the modification of the
thermal stability of tetracycline-glass samples. The isolated or
pure tetracycline decomposition peak at about 225°C was
shifted lower to 100°C when the drug was incorporated into
glasses, indicating that the loaded tetracycline is of lower
thermal stability.

Drug delivery profiles were reasonably consistent with
theoretical analyses of the TC-glass interactions as well as the
diffusion theoretical model. They showed that the employed
synthesis of a tetracycline hydrochloride-containing glass
might offer a useful way to design a controlled-release drug
delivery system in freeze-dried or 37°C oven-dried samples.
This study also demonstrated that higher levels of drug
release are correlated with higher drug diffusion coefficients.
Finally, the analysis of solutions released by samples contain-
ing tetracycline indicated that TC was released.
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