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The paper describes the preparation, characterisation, and testing of tetracycline loaded collagen-carboxymethylcellulose/
hydroxyapatite ternary composite materials. The synthesis of this drug delivery system consists in two steps: the first step is the
mineralization of collagen-carboxymethylcellulose gel while the second step corresponds to the loading of the ternary composite
material with tetracycline. The obtained DDS is characterised by physicochemical, morphological, and release behaviour by using
FTIR spectroscopy and microscopy, scanning electron microscopy, and UV-VIS spectroscopy. Based on the release study, it can be
assumed that tetracycline is released in a prolonged way, assuring at least 6 days of antiseptic properties.

1. Introduction

Collagen (COLL) and hydroxyapatite (HA) are the main
components of the bone [1]. This is why many materials
designed for bone grafting and repair are based on collagen,
hydroxyapatite, or composite materials containing the afore-
mentioned components. The performances of these synthe-
sized materials are strongly dependent on the composition
and processing induced morphology [1–4].

Due to the compositional similitude with the bone, colla-
gen/hydroxyapatite (COLL/HA) compositematerials seem to
be the most suitable material for bone engineering. Unfortu-
nately, the lower properties of thesematerials comparingwith
natural bones made it necessary to improve the composition
of these materials by adding third components [5] or to
change the processing route in order to obtain certain
morphology [2, 6, 7].

The collagen-carboxymethylcellulose/hydroxyapatite
(COLL-CMC/HA) was previously obtained in our group
and seems to be proper material for bone grafting and repair
[5]. The three components seem to be highly compatible, the
FTIR maps obtained at wavelength corresponding to CMC
(carboxymethylcellulose) (715 cm−1), COLL (1655 cm−1),
and HA (1033 cm−1) revealing a very homogeneous material.
COLL-CMC/HA composite material containing both fibres
(CMC) and particles (HA) as reinforcing agent is a true
hybrid material, expecting superior mechanical properties
compared to COLL/HA composite materials.

One of the most important shortcomings of the surgical
intervention is related to the possibility of infections. This is
why, in many surgical interventions, systemic administration
of antibiotic is prescribed in both pre- and postoperative steps
[8–10]. Unfortunately, systemic administration of antibiotics
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also involves systemic toxicity and high incidence of antibi-
otic resistance [11, 12]. To counter the increasing antibiotic
resistance there are two solutions meaning to produce new
and new antibiotics or, much better, to use antibiotics in a
rational way in order to avoid the development of antibiotic
resistance. The most important ways to avoid antibiotic
resistance development are to avoid the irrational use of
antibiotics, to avoid the excessive use of antibiotics, to use
local instead of systemic therapies, the rational choice of the
used antibiotic, and so forth [13–17]. Tetracycline, being a
broad-spectrum antibiotic indicated against many bacterial
infections, was chosen to be used in our study.

The aimof this work is to reduce the amount of antibiotics
(tetracycline) by a more rational way of use. For this purpose,
tetracycline is embedded in the COLL-CMC/HA composite
material, the final tetracycline loaded composite materials
being able to assure the osteoregeneration and to assure
the anti-infective properties without the need of systemic
administration of antibiotic. The locoregional delivery of
tetracycline is very important because the overall systemic
side effects are limited or even removed.

2. Materials and Methods

2.1. Materials and Reagents. Type I fibrillar collagen gel
with a molecular weight of about 300.000Da and acidic pH
(2.6) was obtained in the Collagen Department of National
Research &Development Institute for Textiles and Leather as
we previously described [18] and purified by dialysis, against
water free of endotoxins.

Carboxymethylcellulose sodium salt (low viscosity) and
tetracycline hydrochloride (BioReagent, suitable for cell cul-
ture) were purchased from Sigma-Aldrich (Saint Louis, USA)
and were used without any further purification.

Hydroxyapatite was obtained in situ, in the presence of
the carboxymethylcellulose-collagen gel.The precursors used
for HA synthesis were calcium hydroxide (puriss. p.a.) and
sodium phosphate monobasic monohydrate (ACS reagent),
both purchased from Sigma-Aldrich (Steinheim, Germany).

2.2. Synthesis of COLL/HA-Tetracycline Composite Material.
COLL/HA-tetracycline was obtained as schematically pre-
sented in Figure 1.

The first step is devoted to the preparation of the support
material, the second step to the loading with tetracycline, and
the last step to the drying. The support preparation consists
in homogenisation of the collagen gel and carboxymethyl-
cellulose (COLL : CMC weight ratio is 2 : 1) followed by
mineralization with Ca(OH)

2

and NaH
2

PO
4

⋅H
2

O as previ-
ously presented [5, 7, 19], cross-linked with glutaraldehyde
1% (reported to the dry collagen), and finally washing
with distilled water (three times, each washing step taking
30min) to remove the soluble salts. The mineralization was
performed in order to obtain COLL : CMC :HA composite
support material with a mass ratio of 2 : 1 : 8. The loading
with tetracycline was done by absorbing the corresponding
amount of tetracycline hydrochloride (0.5 g tetracycline/10 g
composite) as aqueous solution. The drying can be done by

(I) Support synthesis COLL, CMC (1) Ca(OH)2

(2) NaH2PO4

Mineralization

Cross-linking

Purification

Glutaraldehyde

Distilled water

Tetracycline hydrochloride

(II) Loading with tetracycline

(III) Drying

COLL-CMC/HA-tetracycline

Figure 1: Schematic representation of preparation of COLL-
CMC/HA-tetracycline.

controlled air drying or by freeze-drying, depending on the
desired properties, as previously described by Andronescu
et al. [1].

2.3. Characterisation and Testing. After synthesis and freeze-
drying, the compositematerial was analyzed by using Fourier
Transform–Infrared (FTIR) spectroscopy and microscopy
and scanning electron microscopy (SEM). The release of
tetracycline was monitored by using UV-VIS spectroscopy.

IR microscopy/spectroscopy was performed by using a
Thermo FTIR Nicolet iN10 MXmicroscope; the spectra were
recorded in ATR mode over the wave number range of
675–4000 cm−1, with a resolution of 4 cm−1. For a better
identification of the peaks, the obtained spectra were resolved
using a Gaussian-Lorentzian peak resolve procedure, with no
baseline (previously for all the spectra baseline correctionwas
done). For IR microscopy, the data were recorded using an
imaging detector (MCT array detector) in reflection mode
over the 715–4000 cm−1 range, the collection time being 3 s.

SEM analyses were performed on a HITACHI S2600N
electron microscope with EDAX, on samples covered with
silver layer.

The drug released was evaluated by ultraviolet-visible
spectrophotometry based on the peak from 270 nm using a
Thermo Evolution 300 spectrophotometer, in quartz cuvettes
of 10mm with a scan speed of 240 nm/min and data interval
of 1 nmwhile the bandwidth was set at 1 nm. For this purpose,
1 g of samplewas immersed in 500mLphosphate buffer, 0.1M
(7.4 pH), maintained at 37∘C. At fixed time intervals, sample
of 5mL was extracted and replaced with the same volume of
fresh, preheated acceptor phase. All samples were measured
in triplicate.
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Figure 2: Representative SEM images of COLL-CMC/HA-tetracycline.

3. Results and Discussion

Scanning electron microscopy is a useful tool for charac-
terizing materials, the morphology of the materials being
essential both for bone grafts and for drug delivery systems.
At low magnification (Figure 2 (right-down side)), spherical
and ovaloidal pores can be identified, their size being optimal
for bone cell colonization (20–150𝜇m) [20–23].

At higher magnification, micronic and submicronic
structures can be identified which, based on our previous
study, can be the ends of CMC microfibres [24].

Figure 3 presents the experimental spectra of COLL/HA,
COLL-CMC/HA, COLL-CMC/HA-tetracycline, tetracycline
hydrochloride, and carboxymethyl cellulose.

FTIR spectrum of the COLL-CMC/HA-tetracycline sam-
ple exhibits the main absorption bands of collagen, car-
boxymethyl cellulose, and hydroxyapatite as well as the bands
of tetracycline. The intensities of these bands are strongly
influenced by composition and molar absorptivity of each
characteristic vibration. The low content of tetracycline (5%
tetracycline) as well as the moderate intensity of its charac-
teristic peaks makes it difficult to clearly identify these peaks.
For this reason the deconvolution of the spectrum over the
1200–1800 cm−1 spectral range is necessary. In this range, the
deconvolution procedure permits the identification of over 30
absorption bands, some of them being assigned to the main
bands of tetracycline (1235, 1283, 1384, 1406, 1468, 1515, 1551,
1585, 1616, 1645, and 1660 cm−1). It is also worth mentioning
that the relative intensity of these bands is similar to that
from tetracycline and consequently proves the presence of the
drug. Carboxymethyl cellulose can be also identified both in
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Figure 3: FTIR spectra of tetracycline, COLL/HA, and COLL/HA-
tetracycline.

support material (COLL-CMC/HA) and in the antimicrobial
DDS (COLL-CMC/HA-tetracycline). Based on the three
experimental spectra, differences can be observed once the
number of components increases. For instance, the spectrum
of the ternary COLL-CMC/HA composite material differs
comparing with the COLL/HA, especially in the region of the
absorption bands of CMC (1200–1600 cm−1).

The ternary composite material was also analyzed by
FTIRmicroscopy.Themapswere obtained based on the three
main independent absorption bands of collagen (1650 cm−1),
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Figure 4: FTIR microscopy recorded on COLL-Cell/HA-tetracycline.

hydroxyapatite (1022 cm−1), and cellulose (715 cm−1). The
three maps are presented in Figure 4.

The FTIR maps, colored from blue (low intensity) to
red (high intensity), reveal the distribution and relative
intensity of the monitored bands (components). Based on
the correlation with the video image, as well as the relative
intensities of the three monitored bands, it can be seen that
collagen and hydroxyapatite are intimately associated but also
carboxymethylcellulose microfibers are well dispersed into
the COLL/HA hybrid composite material, the blue/red dis-
tribution being especially a result of the hill/valley topology
of the analyzed section.

The release process was monitored by recording the UV-
VIS spectra of the solutions at different times (Figure 5).

It can be seen that the COLL/HA samples are stable in
time, the spectra recorded after three days being identical to
that recorded after some minutes of immersion which means
that only soluble salts are delivered into the solution. The
delivery of tetracycline depends on time. The tetracycline
spectra recorded after 1, 3, and 6 days clearly show that
the absorbance of both peaks increases. Based on this we
can affirm that these systems exhibit prolonged delivery and
could be proper candidates as bone grafts for infected bone
defects. For quantification, a calibration curve was plotted
between 0.1 𝜇g/mL and 10 𝜇L, the linearity being better than
𝑅

2

= 99.98. Based on the calibration curve, the correlation
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Figure 5: UV-VIS spectra of the solution recorded during the
delivery process.

between absorbance and concentration is given by the equa-
tion 𝐴 = 0.0896 ⋅ 𝑐 + 0.0031. Comparing with the theoretical
concentration, after 6 days, the recovered tetracycline was
79.8% which is good enough to assure antimicrobial activity
during the healing of the wound. In the case of infections,
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over 6 days of delivery could be enough to treat the infections,
and, if not, supplementary antibiotic can be administered in
classical way.

4. Conclusions

New antimicrobial bone grafts with prolonged delivery of
tetracycline were obtained by coprecipitation of hydroxyap-
atite in the presence of the carboxymethylcellulose-collagen
gel followed by loading with tetracycline. This material was
designed to be used only for infected bone defects. This
locoregional delivery of tetracycline is essential to reduce the
systemic side effects associated with the use of antibiotics.
These materials can be considered with prolonged delivery
because even after 6 days the recovery of tetracycline is lower
than 80%. This result is consistent with the clinical protocols
of treating infections but reduces the amount of tetracycline
and reduces the systemic side effects.
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