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Silk fibroin (SF)/alginate blend films have been prepared for controlled release of tetracycline hydrochloride, an antimicrobial
model drug. The blend films were analysed by Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy
(SEM), and UV-vis spectroscopy. The functional groups of the SF/alginate blends were monitored from their FTIR spectra. The
homogeneity of the blend films was observed from SEM images. The dissolution and film transparency of the blend films depended
on the SF/alginate blend ratio. The in vitro drug release profile of the blend films was determined by plotting the cumulative drug
release versus time. It was found that the drug release significantly decreased as the SF/alginate blend ratio increased. The results
demonstrated that the SF/alginate blend films should be a useful controlled-release delivery system for water-soluble drugs.

1. Introduction

Controlled-release drug delivery is a term referring to drug
delivery in response to time. Prolonged release, sustained
release, and delayed release are terms used to identify drug
delivery systems that are designed to deliver a precise amount
of a drug at a preprogrammed rate in order to achieve the
drug level necessary for treatment after administration of
a single dose [1]. Controlled-release drug delivery not only
prolongs the action, thus reducing the frequency of drug
administration, but also attempts to maintain drug levels
within the therapeutic window to avoid potentially haz-
ardous peaks in drug concentration following injection or
ingestion and to maximise therapeutic efficiency. Various
types of controlled-release drug delivery system have been
prepared such as films, particles, gels, and fibres. Polymeric
materials have been widely investigated for use as matri-
ces of drug delivery systems. The drug delivery systems
obtained from biodegradable polymers have the advantage
over nonbiodegradable polymers in that the removal of
these devices at the completion of therapy is not required.
The biodegradable polymers consist of natural type such
as silk fibroin, chitosan, starch, and alginate and synthetic

type such as polylactic acid, polyglycolic acid, and poly(e-
caprolactone). Usually, the natural biodegradable polymers
are less expensive.

Silk fibroin (SF) obtained from Bombyx mori silkworm
is a protein polymer [2]. SF has been widely studied for
use in tissue engineering [3] and drug delivery applications
[4, 5]. SF in film, fibre, tube, gel, and particle forms has
been prepared for these purposes. SF has two conformational
forms: water-soluble (random coil) and water-insoluble (f3-
sheet). The conformational transition of SF from the random
coil form to the f3-sheet form can be done by treatment with
alcohol, heat, cross-linker, and polymeric blending [2].

Alginates are natural polysaccharides that have many uses
in biomedical and pharmaceutical applications due to their
low toxicity, biocompatibility, and biodegradability [6, 7].
Alginate-based devices have been widely used as drug car-
riers for controlled release due to their low immunogenicity
and mucoadhesive properties [8-10]. However, alginate is
easily dissolved in aqueous media. Cross-linking of alginate
with Ca** ions has been used to reduce their swelling and
dissolution [8].

In the present study, SF/alginate blend films containing
a model drug were prepared by the solvent evaporation
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FIGURE I: Chemical structures of (a) silk fibroin, (b) alginate, and (c) tetracycline hydrochloride.

method. The influence of SF/alginate blend ratio on film
characteristics and drug release behaviour was determined.
Tetracycline hydrochloride was chosen as an antimicrobial
model drug due to its good water solubility. SE, alginate,
and drug were blended in an aqueous medium before film
casting. Tetracycline hydrochloride has been shown to be
clinically effective in the treatment of periodontal infection
[11]. The chemical structures of SE, alginate, and tetracycline
hydrochloride are illustrated in Figure L.

2. Materials and Methods

2.1. Materials. Silk fibroin (SF) aqueous solution was pre-
pared as follows. Briefly, cocoons of B. mori gifted from the
Silk Innovation Centre, Mahasarakham University, Thailand,
were degummed by boiling twice in 0.5% (w/v) Na,CO,
solution at 95°C for 1h, followed by rinsing thoroughly
with distilled water to remove sericin before drying at room
temperature [12]. Degummed SF fibres were dissolved in
the ternary solvent system, CaCl,-ethanol-water (molar ratio
= 1:2:8), by stirring at 85°C for 2h. The resultant SF
solution was then dialysed in a dialysis tube (molecular
weight cutoff 6,000-8,000 Da) for 3 days in distilled water.
The distilled water was changed every day. The SF solution
was filtered before adjusting to 1% (w/v) with distilled water.
Sodium alginate ((C4H,O4Na),, pharmaceutical grade) was
purchased from Carlo Erba. The intrinsic viscosity of the
sodium alginate measured in 0.1 M NaCl water solution at
25°C using an Ubbelohde viscometer was 850 mL/g. Tetracy-
cline hydrochloride (C,,H,,N,Oq - HCI, 99%) was used as
a water-soluble model drug and purchased from Sigma. The
1% (w/v) alginate solution was prepared using distilled water
as the solvent.

2.2. Preparation of Drug-Loaded Blend Films. SF/alginate
blend films containing the model drug were prepared by
the solvent evaporation method. Appropriate volumes of
1% (w/v) SF and 1% (w/v) alginate solutions were blended
together by magnetic stirring for 30 min. The total volume
of the blend solution was kept constant at 20 mL. The model
drug (2 mg) was completely dissolved in the blend solution
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FIGURE 2: FTIR spectra of drug-loaded blend films with SF/alginate
blend ratios of (a) 0/1, (b) 1/1, (c) 2/1, (d) 4/1, (e) 8/1, and (f) 1/0 (w/w).

before film casting on polystyrene dishes. SF/alginate blend
ratios of 8/1, 4/1, 2/1, and 1/1 (w/w) were investigated. Plain SF
and alginate films were also prepared for comparison. The (SF
+ alginate)/drug ratio was kept constant at 100/1 (w/w). The
blend solution was dried at 40°C for 48 h. The obtained films
were kept in a desiccator before property characterisation and
drug release testing.

2.3. Characterisation of Drug-Loaded Blend Films. Chemical
functional groups of the blend films were analysed by Fourier
transform infrared (FTIR) spectroscopy using a Perkin-
Elmer Spectrum GX FTIR spectrophotometer. A resolution
of 4cm™' and 32 scans were employed. The morphology
of the blend films was determined by scanning electron
microscopy (SEM) using a JEOL JSM-6460LV SEM. The
blend film samples were coated with gold to enhance the
surface conductivity before the scan. Film transparency was
measured from the percentage of transmittance at 660 nm
(%Tge) [13] by UV-vis spectrophotometry using a Perkin-
Elmer Lambda 25 UV-vis spectrophotometer. Dissolution
of the films (~10 mg) was tested in 2mL of distilled water
at 37°C for 24h under shaking. The remaining film was
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FIGURE 3: SEM micrographs of surfaces of drug-loaded blend films with SF/alginate blend ratios of (a) 0/1, (b) 1/1, (c) 2/1, (d) 4/1, (e) 8/1, and

(f) 1/0 (w/w). All bars = 1 ym.

collected by centrifugation and freeze-dried before weighing.
The dissolution was calculated from the following:

(A-B)

Dissolution (%) = [ ] x 100, )

where A and B are the weights of the starting and remaining
films, respectively.

2.4. In Vitro Drug-Release Test. An in vitro drug-release
test was performed in 1mM PBS buffer (pH 74) at 37°C
under shaking. The drug-loaded blend films (~10 mg) were
immersed in 2mL of buffer. At the desired time, ImL of
drug solution was collected after centrifugation at 5,000 rpm
for 5min. The 1mL of fresh buffer was then replaced. The
drug release was determined by UV-vis spectrophotometry

at A, = 360 nm and compared to a standard curve of drug
solution. Cumulative drug release was calculated in terms of
the ratio of the cumulative mass of the released drug at a given
time against the initial drug loading in the film sample. In
vitro drug release tests were run in triplicate (n = 3).

3. Results and Discussion

3.1. FTIR of Blend Films. FTIR spectra were used to deter-
mine the chemical functional groups and molecular inter-
actions between SF and alginate as shown in Figure 2. The
FTIR spectrum of the alginate film in Figure 2(a) shows
two distinctive absorption bands at around 1600 cm™ and
1418 cm ™ relative to both asymmetric and symmetric C=0
stretching absorptions of the carboxylic acid salts [14]. The
absorption band at 1000-1200cm™" is attributed to the
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FIGURE 4: SEM micrographs of cross-sections of drug-loaded blend films with SF/alginate blend ratios of (a) 0/1, (b) 1/1, (c) 2/1, (d) 4/1, (e)
8/1, and (f) 1/0 (w/w). All bars = 10 ym.

characteristic saccharide absorptions of polysaccharides [15,
16]. The FTIR spectrum of the SF film in Figure 2(f) exhibited
absorption bands at 1641 cm™! (amide 1), 1551cm™ (amide
II), and 1244 cm™' (amide III), which are assigned to the
predominantly random coil form [17, 18]. The characteristic
absorption bands of both SF and alginate characters were
found in the FTIR spectra of all the blend films. As would
be expected, the band intensities of the alginate’s distinc-
tive absorptions (C=0 symmetric stretching and saccharide
bands) significantly decreased as the SF/alginate blend ratio
increased as shown in Figures 2(b)-2(e). The band intensities
of SF amide IIT seem similar to those of the 8/1, 4/1, and 2/1
(w/w) SF/alginate blend films. This is due to the fact that SF
is dominant in these blend films. However, the band intensity
of SF amide III significantly decreased as the SF/alginate
blend ratio decreased to 1/1 (w/w), as shown in Figure 2(b).

Advances in Materials Science and Engineering

The band intensities of SF and alginate depended on the blend
ratio. In addition, the amide III bands of the SF component
shifted to a higher wavenumber after blending with alginate,
suggesting interactions between the SF and alginate in the
blend films. These interactions may be the hydrogen bonds
between the carbonyl groups of SF and hydroxyl groups of
alginate.

3.2. Morphology and Transparency of Blend Films. Figures
3 and 4 show SEM micrographs of the film surface and
cross-section, respectively. Film thicknesses observed from
Figure 4 were in the range of 40-60 ym. It can be seen that
both film surfaces and cross-sections of the SE alginate, and
their blend films were homogeneous. For the blend films,
phase separation was not observed in all of the blend ratios.
This is due to the fact that both the SF and alginate are
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FIGURE 5: T, of drug-loaded blend films with different SF/alginate
blend ratios.
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FIGURE 6: Dissolution of drug-loaded blend films with different
SF/alginate blend ratios.

hydrophilic polymers and are miscible in aqueous media
before film casting.

The SF and blend films were highly transparent, whereas
the alginate film was slightly opaque. Film transparencies
were compared from their % T, values. A higher %Tg,
value indicates higher film transparency. Figure 5 shows the
%Teq of the SE alginate, and their blend films. The %Tq,
values of the SF and alginate films were 91% and 75%,
respectively; that is, the SF film showed higher transparency
than that of the alginate film. The film transparency of the
blend films slightly decreased as the SF/alginate blend ratio
decreased. The film transparency results supported the fact
that the blend films consisted of different SF/alginate blend
ratios as according to the FTIR results.

3.3. Dissolution of Blend Films. Figure 6 shows the dissolu-
tion behaviour in distilled water of SE alginate, and their
blend films. The dissolutions of SF and alginate films were
13% and 84%, respectively. The low dissolution of the SF film
may be due to the SF containing strong hydrogen bonds.
The dissolution of the blend films was lower than that of
the alginate film and decreased as the SF/alginate blend ratio
increased. This result indicates that the dissolution of the
blend films can be controlled with the SF/alginate blend ratio.

3.4. Drug Release of Blend Films. Figure 7 shows the in vitro
drug release profiles of the film samples in phosphate buffer
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FIGURE 7: In vitro drug release profiles of blend films with
SF/alginate blend ratios of (m) 0/1, () 1/1, (a) 2/1, (O) 4/1, () 8/1
and (A) 1/0 (w/w).

solution (pH = 7.4) at 37°C for 24 h. In the case of the alginate
film (SF/alginate ratio = 0/1), around 95% of the loaded drug
was released within 3h, due to the fast dissolution of the
alginate film matrix. The SF film (SF/alginate ratio = 1/0)
showed the lowest drug release, which might be due to the
lowest dissolution of the SF film matrix. For all the SF/alginate
blend films, a sustained drug release can be observed. For
SF/alginate blend ratios of 0/1, 1/1, 2/1, 4/1, 8/1, and 1/0 (w/w),
the drug release levels at 24 h were 95%, 90%, 85%, 82%,
71%, and 64%, respectively. This result revealed that the
drug release steadily decreased as the SF/alginate blend ratio
increased. The lower dissolution of SF provided a decreased
drug release level of the blend films as previously described.

4. Conclusions

In this research, the drug-loaded SF/alginate blend films were
prepared by the simple solvent evaporation method. The
drug, SE and alginate were blended in an aqueous medium
before film casting. SEM images reveal that the drug-loaded
blend films for all SF/alginate blend ratios are homogeneous.
The transparency and dissolution of the blend films strongly
depend on SF/alginate blend ratio. The drug release profiles
can be adjusted by varying the SF/alginate blend ratio. These
SF/alginate blend films are potential as controlled-release
delivery media for water-soluble drugs.
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