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Modified Drug Release from SiO,/Polyhydroxybutyrate
Composite Prepared Using Bamboo Leaf-Derived Silica

SUMMARY

The ability of a controlled or modified drug delivery system ro supply
the drug in a sustained way and assure on-demand bioavailability
makes it preferable to traditional drug administration. Due to the
reliance on alkoxysilane silica precursors, the preparation of silical
polymer composite delivery material is costly. As a result, this study
looked into using the bamboo leaf as a silica starting material. To
evaluate in vitro degradability and modified-release in phosphate-
buffered saline (PBS) solution, the ash from the bamboo leaf was
mixed with polyhydroxy butyrate (PHB) solution to make a (SiO/
PHB) composite, which was then loaded with the medication,
tetracycline hydrochloride (TCH). The shape, phase composition,
and chemical bond characteristics of the materials were evaluated
using scanning electron microscopy (SEM), X-ray diffracromerry
(XRD), and Fourier transform infrared spectroscopy. An ultraviolet
(UV) spectrophotometer was used to determine the TCH release
profile. The SiO JPHB composite was found to have a successful drug
loading ability. In addition to requlated degradability in PBS, the
composite exhibited a steady and sustained TCH release, with the
degradation solution pH remaining below safe limits. As a result,
the formulation of SiO /PHB for continuous TCH delivery from
bamboo leaf-derived silica suggests a significant potential economic
benefit for a safe, regulated drug delivery method.

Key Words: Bamboo leaf, alkoxysilanes, composites, modified drug
release, silica, tetracycline hydrochloride.

Bambu Yapragindan Elde Edilen Silika Kullanilarak Hazirlanan
Si02/Polibidroksibutirat Kompozitten Modifiye Ilag Salim:

0z

Kontrollii  veya modifiye edilmis ilag salim sistemleri, ilac:
siirekli vermesi ve istenilen biyoyararlanim: saglamast nedeniyle
konvansiyonel ilag uygulama sistemlerine gore tercib edilmektedirler.
Alkoksisilan ~ silika  prekiirsirlerine  bagl  olarak  silikalpolimer
kompozitlerin tagtyici malzeme olarak diretilmeleri pahalidir. Sonug
olarak, bu calisma bambu yapragini silika baglangic malzemesi olarak
kullanmayr amaglamgtsr. In vitro bozunmayr ve modifiye edilmis
salimi fosfar tamponlu tuz ¢ozeltisinde (PBS) degerlendirmek icin,
tetrasiklin hidrokloriir (TCH) ile yiiklenen bir (SiO /PHB) kompozit
yapmak igin bambu yapragindan gelen kiil, polihidroksibiitirat
(PHB) ¢izeltisi ile karsgtirilmaster. Malzemelerin sekli, faz bilesimi
ve kimyasal bag ozellikleri, taramaly elektron mikroskobu (SEM),
Xasini difraktometrisi (XRD) ve Fourier diniisiimii  kizilotesi
spekiroskopisi kullanilarak degerlendirildi. TCH salimim profilini
belirlemek icin bir ultraviyole (UV) spektrofotometre kullanilds. SiO /)
PHB kompozitinin basarils bir ilag yitkleme yetenegine sahip oldugn
bulundu. Hlave olarak PBSde diizenlenmis bozunabilirlige ek olarak,
kompozitin, bozunma ¢izeltisi pHimn giivenli sinirlarin altinda
kalmaswyla, TCH yi sabit ve siirekli bir sekilde saldigs bulundu. Sonug
olarak, bambu yapragindan tiiretilen silikadan siirekli TCH salimz
igin Si02/PHB formiilasyonu, giivenli, diizenlenmis bir ilag verme
yontemi olarak dnemli bir potansiyel ekonomik fayda saglayacaksr.

Anabtar Kelimeler: Bambu yapragi, Alkoksisilan, kompozitler,
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INTRODUCTION

The purpose of targeted drug delivery systems is
to deliver medications at the right dosage for the right
amount of time to a specific site of action in the body.
This is done to ensure that the medicine has the re-
quired pharmacological effect while avoiding any neg-
ative effects on other organs or tissues. For successful
therapy, controlled drug delivery systems (DDS) at-
tempt to achieve efficient drug administration while
avoiding systemic and/or local side effects (Anselmo
and Mitragotri, 2014). DDS has several advantages
over traditional drug administration, including en-
hanced efficacy, lower toxicity, and improved tissue or
cell targeting (Uhrich, 1999). Other benefits include
reduced administration frequency, improved patient
compliance, and higher commercial worth of market-

ed medications due to patent extension.

Many scientists have concentrated their efforts
on biodegradable polymers and how to modify their
properties in the previous decade. Based on this,
combining inorganic and organic nanomaterials has
proven to be a more persuasive way for generating
nanocomposites with biodegradable polymers as the
organic component. When compared to neat poly-
mers, nanocomposites with superior melt strength,
mechanical properties, crystallization rate, barrier
characteristics, thermal stability, and degradation

rate, can overcome the problem of drug burst.

Because of their ability to create porous archi-
tecture, uniform distribution of guest molecules in
porous space, surface charge management, free dis-
persion throughout the body, and, most importantly,
their size, optical characteristics, high surface area,
low density, adsorption capacity, and encapsulation
ability, porous silica particles (PSP) are appealing in
drug delivery (Sakai-Kato, 2011; Bitar, 2012). As a re-
sult, PSP, especially in the form of mesoporous silica
nanoparticles (MSN) is at the forefront of drug deliv-
ery. According to in vitro and in vivo biocompatibility
tests (Fruijtier-Poelloth, 2012; Kettiger, 2015), PSP is
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also safe and well-tolerated.

The traditional routes to PSP are alkoxysila-
nes (Parfenyuk and Dolinina, 2014; Mohseni, 2015;
Parfenyuk and Dolinina, 2017; Kierys, 2020). How-
ever, the toxicity of alkoxysilanes is well documented
(Nakashima, 1998), and besides, their high cost (Es-
sien, 2012) renders them unattractive for large-scale
synthesis of PSP. Before reaching the market, place
nanomedicines are expected to satisfy the core objec-
tives of clinical translation and industrial technology
transfer. The latter would involve the scaling-up pro-
cess (Shi, 2016), where reproducibility and the total
costs are likely to constitute obstacles for effective

commercialization.

A positive alternative could be based on a change
of strategy towards biomass-derived silica. The ad-
vantage is not limited to eco-friendliness but renew-
ability and cost-effectiveness. The advantages are even
more profound if the biomass does not serve as a food
resource or has little or no significant pharmacologi-

cal or industrial applications.

The bamboo leaf is one important biomass that
has the potential to meet these requirements. It is
regarded as waste or garbage and, consequently, has
received little attention in the past. Nonetheless,
there are studies (Dwivedi, 2011; Mohapatra, 2011;
Aminullah, 2015) showing that the SiO, content of
bamboo ranges from 65.85 - 82.86%. The current
study, therefore, explored the use of silica extracted
from the bamboo leaf for the preparation of a carrier
system for modified drug release. Based on literature
information, no previous research has been done on
the creation of a silica-based polymer composite for

modified drug release using bamboo leaf silica.
MATERIALS AND METHODS
Materials

The silica precursor, bamboo (Bambusa vulgaris)
leaves were collected in a bush around the University

of Lagos, Lagos, South-West, Nigeria, and authenticat-
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ed at the University of Lagos Herbarium (LUH5493).
The following analytical grade reagents were pur-
chased from Sigma-Aldrich: Poly(3-hydroxybutyrate)
(PHB), (96% purity with average molecular weight =
600,000 g/mol) and chloroform (HPLC grade, assay
99%); doubly-distilled deionised water, sodium chlo-
ride, sodium dihydrogen phosphate, potassium chlo-
ride, and disodium hydrogen phosphate were used for
phosphate-buffered saline solution preparation (pH
7.4). Tetracycline hydrochloride (TCH) (capsules,

500 mg) was purchased from a registered pharmacy.
Silica Preparation

Biosilica was extracted from the bamboo leaves as
described previously by Kow et al. (2014). The leaves
were initially separated from sand, stone, and other
unwanted materials, then washed with double dis-
tilled deionized water before sun-drying. The leaves
were further dried in a hot air oven at 105 °C for 72
hours and ground to form a powder. The pulverised
material was transferred into a muffle furnace and
burnt at 800 °C for 3 hours at a ramping rate of 10 °C/

min to obtain silica ash.
Preparation of SiO,/PHB Composite
The SiO,/PHB composite was prepared by the

nanoprecipitation technique. Accordingly, 1 g of the
biosilica was initially dispersed in chloroform (30 mL)
with an ultra-sonicated (Ultrasonic cleaner, CLEAN
120HD) at 40 W, 30 °C for 5 min. Afterwards, PHB
powder (0.5 g) was added and the temperature was
adjusted to 45 °C. Next, the mixture was sonicated
further for 2 hours to complete the dissolution of the
PHB to form a colloidal solution. On completion, the
mixture was immediately cast into cylindrical moulds
measuring 10.4 mm x 5.2 mm (height x diameter) in
dimension and allowed to dry at ambient conditions
for 7 days. After removal from the mould, the sample
was labelled SPC.

Preparation of $iO,/PHB-TCH Composite

The biosilica was similarly dispersed in chloroform

to the neat silica/PHB composite to perform the TCH

drug loading of the silica/PHB composite. Thus, after
sonicating the biosilica for 5 min, PHB powder (0.5
g) was added and sonicated further for 2 min, then
150 mg of the model drug, TCH (corresponding to 10
wt% of matrix weight) was dispersed in the polymer
matrix. This resulting suspension was again sonicat-
ed at 45 °C for 2 h. Then, the homogeneous solution
obtained was cast into cylindrical moulds measuring
10.4 mm x 5.2 mm (height x diameter) in dimension
and allowed to dry the room temperature for 7 days.
Upon completion of the drying process and removal
from the mould, the sample was tagged SPC/TCH.

Characterization

The tensile and compressive strengths of the
drug-loaded and unload composites were measured
on a universal testing machine (MODEL BAB-200,
Transcell Technology) with a 100 kgf load, at a cross-
head rate of 50 mm/min. The samples presented for

the tests were in triplicates.

In an energy dispersive X-ray fluorescence (EDX-
RF) spectrometer, elemental analysis was conducted
to determine the composition of the samples (Mini-
pal 4). The samples were pulverized into extremely
fine particles and homogeneously sieved through a
150-micron mesh sieve. On the machine’s sample
changer, the appropriate masses of the samples were
weighed into sample cups. For oxides, the voltage was
set at 14 kV using a Kapton filter, and for trace ele-
ments, it was adjusted to 20 kV with an Ag/Al-thin
filter.

A scanning electron microscope was used to ex-
amine the microstructure of the composites (Phenom
ProX, Phenomworld). Using a quorum-Q150R Plus
E sputter coater, the samples were distributed over
carbon conductive tape and sputter-coated with 5 nm
gold.

The phase composition and crystallinity of the
materials were investigated using an X-ray diffrac-
tometry (XRD) (Empyrean Panalytical) system that

used Cu K radiation with a wavelength of 1.5418 nm
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and a tube current of 40 mA to generate the X-ray.
The samples were evaluated using the - parameters
on the reflection-transmission spinner stage. With a 2
step of 0.026261 at 8.67 seconds each step, the diffrac-

tion angle was scanned from 4 to 75

The spectra depicting the chemical bond proper-
ties of the composites were obtained from a Fourier
transform infrared spectrometer (Agilent Technology
Cary 630 FTIR) in transmittance mode. The spectra
were obtained by averaging 30 scans at 8 cm resolu-

tions over the spectral scan range of 4000- 650 cm™.
Experiment on Drug Release In Vitro

For the in vitro drug release study, the SPC/TCH
composite (0.25 g) was immersed in a 100 mL release
medium of PBS, pH 7.4 in a clear glass vial and in-
cubated at 37 °C with constant agitation of 50 rpm
for a maximum of 28 days. The PBS solution was
withdrawn at pre-defined time intervals to determine
the quantity of TCH released, which was measured
as absorbance with a UV/visible spectrophotometer
(T70+ UV/Vis Spectrometer, PG Instruments Ltd.) at
a wavelength of 358 nm. The TCH stock concentra-
tion of 5-100 pg/mL in PBS solution was first used
to obtain the calibration curve, and the drug concen-
tration was extrapolated from an absorbance-concen-
tration calibration curve. The quantity of the cumu-
lative TCH released from the SPC/TCH composite
was plotted against time and calculated relative to the
initial drug weight in the polymer matrix. The drug

release evaluation was carried out in triplicates.
In Vitro Degradation Test

The weight loss of the SPC/TCH composite was
studied for a maximum of 28 days by incubating 0.39
g of the sample in 20 mL of PBS (pH 7.4) at 37 °C with
constant stirring at 50 rpm. The samples were stored
in glass vials secured with a lid to prevent evapora-
tion of the PBS buffer. The PBS soaking medium was
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not refreshed during the incubation period (1, 7, 14,
21, and 28 days) to allow for the daily (1 - 14 days)
determination of pH changes. The change in pH of
the degradation media was monitored with a pH me-
ter (Metrohm, Germany), while the test environment
was UV-sterilised to prevent microbial contamina-
tion, which could affect the validity of the result. After
removing from PBS, the samples were cleaned with
distilled-deionized water and dried in the oven at 105
°C until a constant weight was obtained, then cooled
and stored in a desiccator at ambient temperature for
60 min. The degradation (weight loss) in percentage
was estimated according to the relation (1) (Yu, 2013)
W, and W, are the dry weights of the original and de-

graded specimens, respectively, and D is the degrada-

tion rate.
D= [(W, - W)/W,] x 100% (1)
RESULTS AND DISCUSSION

Composition of the Bamboo Leaf-Derived Sil-
ica

The yield of the silica based on the dry weight of
the bamboo leaf biomass was 46.27%. This result com-
pares with the study of Rangaraj and Venkatachalam
(2017) which obtained 49.88% of silica from bamboo
leaf biomass after burning dried bamboo leaf at 750
°C for 3 h in a muffle furnace. The elemental compo-
sition of the calcined bamboo leaves as determined by
EDXREF is given in Figure 1. The analysis shows a high
percentage abundance of silicon (80%), which agrees
with previous reports (Arumugam, 2018; Renita,
2019) and hence indicates that bamboo leaf is a rich
source of silica. Traces of calcium, phosphorus, potas-
sium, aluminium, magnesium, sulphur, and chlorine
were also observed. It is very interesting to observe
the absence of toxic heavy metals, like Pb, As, and Ni,
indicating that the prepared biosilica is safe for use in

preparing drug delivery vehicles.
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Figure 1. EDXRF spectrum of the bamboo leaf-derived silica showing a high percentage content of Si and

the absence of toxic heavy metals.

Mechanical Properties

The compressive strength for SPC was 0.897 *
0.12 MPa, while the tensile strength gave 6.222 + 0.24
MPa and a force downfield of 8.952 Kgf. From the
comparison of typical composite scaffold stress-strain
curves, this moderate result was due to the presence
of pores in the microstructure caused by incorpora-
tion of silica into the material. The result shows that
the material was not compact but contained pore
structures that could enable the encapsulation of
drugs if applied in controlled/modified release. The
compressive strength of SPC/TCH was 0.989 £ 0.3
MPa, while the tensile strength gave 6.884 + 0.27 MPa
and with a force downfield of 8.952 Kgf. The slight
difference in the strength of the drug-loaded and un-
loaded composites was due to the filling of the pores
in the composite by the drug. This result compares to
a previous study (Chou and Woodrow, 2017) on drug
release from electrospun fibres of polycaprolactone
(PCL) and poly(D, L-lactic-co-glycolic) acid (PLGA)
blends. The fibres in this investigation, which had a
tensile strength of up to 6.409 MPa, declined dramat-

ically in PBS; 20% after 1 h, 30% after 48 hours, and
90% after 240 hours in the release media. After 1 h,
the average tensile strength of the drug-loaded fibres
had decreased by 60%, 50%, and 50%, respectively,
.and after 240 hours, the tensile strength reduced by
80%, indicating that drug release leads to a decrease

in mechanical properties.
Morphology

The microstructure of SPC (Figure 2(a)) revealed
the presence of aggregates of SiO, crystals embedded
in the polymer matrix. These sites are seen all over the
surface of the polymer matrix. The surface on which
the particles are embedded appear flat and broad, thus
presenting a large surface area. A large surface area is
important to confer a high specific capacity needed
to provide high drug loading capacity (Pang and Na-
zar, 2016). After loading with TCH (Figure 2(b)), the
surface became more compact with a larger number
of particle aggregates, increased in the number of em-
bedment sites, and consequently, giving a much larger
surface area. This is caused by the drug molecules fill-

ing up the micropores in the material.
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Diffraction Patterns

The diffractograms showing the phase identifica-
tion of the crystallographic structure of the compos-
ites are presented in Figure 3. The diffraction pattern
of SPC exhibited peaks that match both PHB and SiO,
components in the sample (Figure 3(a)). Prominent
peaks are observed at 20 21.5°, 26.5°, 28.5° 31.5°,
36.5° and 40° 26 which match cristobalite (SiO,) in
both angular position and intensity when indexed
with the standard reference file ICDD # -01-077-
1317 (Hao, 2015). The peaks corresponding to PHB
are located at 20 13.5°, 17.0°, 45° and 57° (Renita,
2019). The SPC sample exhibited a semi-crystalline
behaviour, judging from the sharpness and intensity
of diffraction peaks and the nature of their pattern
at the baseline. The presence of SiO, and PHB peaks
in the XRD spectrum support the SEM result, which

showed SiO, embedment in a polymer matrix.

The XRD pattern after drug loading (SPC/TCH) is
depicted in Figure 3(b). All the SiO, and PHB peaks
identified in the spectrum of SPC are still present. In
addition, three new peaks emerged at the angular po-
sitions 20 10.55°, 26.18°, and 30.95° corresponding
to the TCH crystal plane reflections (Thangadurai,
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Figure 2. SEM micrographs of (a) SPC showing SiO, embedded in PHB matrix and (b) SPC/TCH; where

SiO, and TCH are embedded in the PHB matrix. White arrows show some embedment sites.
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2005; Blanchard, 1989). There was no difference in
diffraction patterns between the SPC and SPC/TCH.
However, a slight decrease in baseline intensity was
observed for SPC/TCH. This is attributed to the im-
pregnation of the drug into the polymer matrix (Basu
and Adhiyaman, 2008).

Bond Properties

The vibrational modes of the sample without the
drug (SPC) and that containing the drug (SPC/TCH)
are presented in the FTIR spectra (Figure 4). The
spectrum of SPC (Figure 4(a)) contains bands at 1738
and 1207cm™ attributed to the vibrational stretching
of C=0 and C—O bonds, respectively, and are due
to the presence of PHB. The presence of PHB in the
sample is further indicated by the C-H stretch at 2937
cm’’. The successful incorporation of silica into the
polymer matrix is confirmed by the peaks observed at
1114, 1051, 988, 908, and 855 cm™'. The peaks at 1114
and 1051 correspond to Si-O-Si stretching vibrations
(asymmetric). The signal at 988 cm™ is considered
for the asymmetric vibrational stretching of Si-OH,
while those at 908 and 855 are ascribed to the stretch-
ing (symmetric) of Si-O-Si bond (Liu, 2004).
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Figure 3. XRD patterns of (a) SPC and (b) SPC/
TCH. C = cristobalite, P = PHB and T = TCH.

The large peaks at 3587 and 3335 cm™! are linked
to O-H stretching of surface water molecules, as evi-
denced by the angular vibration at 1628 cm (Adams,
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2017). The presence of hydroxyl group (OH) in the
sample confirms the hydrophilicity of the silica. The
appearance of the hydroxyl group can be attributed
to the silanol bonds solely responsible for the adsorp-
tive behaviour of hydrophilic silica and silicate surfac-
es. These silanol groups can participate in hydrogen
bonding between the silica and PHB, resulting in the
formation of a rigid material. It is therefore suggested
that the semi-crystalline nature of SPC observed in
the XRD result was due to this phenomenon.

After drug loading, the sample (SPC/TCH) gave
some shifts in vibrational frequencies as observed in
Figure 4(b). The C=0 and C-O stretching are now
observed at 1729 and 1237 cm, respectively, while
the C-H stretching bond undergoes vibrational
coupling to give two modes: at 2922 and 2855 cm'
due to the methylene (CH,) hydrogens of the PHB.
Furthermore, the Si-O-Si asymmetric stretching vi-
bration, which was observed in the unloaded sample
became diffuse, while the one initially located at 1051
cm is shifted to 1021 cm™. Also, the peaks linked to
the Si-O-Si vibrational symmetric stretching signal
disappeared from the spectrum. These manifestations
were a result of the impregnation of the drug into the
polymer matrix. It is also worthy of mention that the
disappearance of some of the FTIR peaks justify the
reduction in the baseline intensity of the XRD peaks
observed previously in the SPC/TCH XRD spectrum
(Figure 3(b)).
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Figure 4. The vibrational frequencies and intensities of the bonds present in (a) SPC and (b) SPC/TCH

FTIR spectra.
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Confirmation of the presence of TCH in the com-
posite was seen by the increase in the intensity of the
O-H large band centred at 3217 cm™, which was due
to the joint contribution of O—H vibrational stretch-
ing of the hydroxyl group in surface water and that in
the TCH. Additionally, a prominent peak developed
at 1636 cm™ and another smaller one at 1543 cm™
which is due to C=O stretching in the tetracycline
rings (Caminati, 2002).

Biodegradability Assessment of the SiO,/PHB-
TCH Composite

The degradation behaviour of SPC/TCH on im-
mersion in PBS solution was monitored for a total
duration of 28 days at 37 °C. The loss of weight and
degradability upon immersion were studied using
the relation in Equation 1. Figure 5 represents the
degradation of the composite at different times after
soaking in PBS for 28 days. Degradation was observed
to be insignificant at the onset of the study due to a
loss of about 6.64% of its initial weight in 24 hours,
suggesting slow hydrolytic degradation of the sample.
The weight loss increased up to 32% on the 7th day,
58.24% on day 14, 66.50% on the 21st day, and reach-
ing 68.51% loss on the 28th day. The degradation re-
sults suggest that most of the components were lost in

28 days after soaking in PBS.
Freier et al. (2002) reported that PHB scaffold gave

slow hydrolytic erosion in PBS medium when incu-
bated at 37°C owing to the crystalline and water-re-
sistance nature of PHB. The degradation behaviour
often depends on the structure and arrangement of the
polymer matrix, pore sizes, and degradation media.
The depletion of PHB in the degradation medium by
hydrolysis was caused by irregular cleavage of the ester
linkages in the polymer matrix, causing a lowering of

the molar mass; the reduction in the molar mass results
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in loss of weight and macroscopic shapes (Peifia, 2006).
PHB degradation occurs through hydrolysis and pro-
duces butyric acid, which decreased the pH of the PBS
solution. The degradation kinetics exhibited by the

composite is significant for sustained drug release.

The pH changes of SPC/TCH monitored for 14
days in PHB are depicted in Figure 6. The pH de-
creased linearly during the first 6 days, then slowed
between 6 — 12 days, and remained constant after the
12th day at a value of 7.11. The generation of some-
what acidic breakdown products from the breaking of
the ester links in the PHB caused the pH to drop. In-
terestingly, the pH changes of the medium were at val-
ues that would not be cytotoxic such that may lead to
aseptic inflammation (Wang, 2016) if the composite

material is to serve as an in vivo drug delivery vehicle.
In Vitro Drug Release Examination

The release profile of SPC/TCH in the PBS me-
dium at pH 7.4 and at 37 °C as determined by UV-
visible spectroscopy at 358 nm is presented in Figure
7. The TCH cumulative release curves exhibited effi-
ciently sustainable release, giving only a slight bipha-
sic pattern (Figure 7 inset) usually associated with a
drug embedded in a polymer as the only encapsulat-
ing material (Swornakumari, 2018). A release of 7.132
pg/mL at 0 - 1 h was observed, which was 4.74 % of
the total concentration of the encapsulated drug. Af-
ter 2 h, the cumulative release was 9.63 pg/mL, 14.60
pg/mL after I day, representing 6.40 and 9.70%, re-
spectively. The modified release was sustained beyond
these periods until the 28th day. As seen in Figure 7,
the cumulative releases were 38.6, 60.89 and 74.5% for
7, 14, and 21 days, respectively. At the end of the 28th
day, the cumulative release reached a peak value of

126.39 pg/mL, accounting for 84% of the drug.
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Figure 7. In vitro TCH release profile of SPC/
TCH immersed in PBS for 28 days. The release pro-
file for the first 2 days is shown in the inset.

The modified release profile can be explained in
terms of adsorption of the TCH onto the SiO, net-
work structure, which reduced the instantaneous
burst release of TCH at the initial stages, thus giving
rise to a slow and sustained TCH release. The slight
burst of the drug observed during the first 2 hours
(Figure 7 inset) was due to incomplete adsorption
of the TCH by SiO,. Further TCH release was due to
bulk diftusion from the silica network structure. The
mechanism of drug release from polymeric nanocom-
posites is usually such that the drug is desorbed from
the surface of the nanoparticles and diffused through
the pores of the drug vehicle; the polymeric carrier is
eroded and degraded as it absorbs water from the re-
lease medium. The rate of dissolution is slower for the
particles remotely inside the polymeric matrix and
often relies on diffusion through the matrix (Fernan-
dez-Colino, 2016). Since the core to the surface diffu-
sion rate decreases with time, the rate of release of the
drug also decreases, hence, the drug is sustained. The
result obtained from this study conforms to an earlier
study by Luo et al. (2018), even though they used TiO,
in place of SiO,.
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CONCLUSION

A silica/PHB composite was prepared where the
silica was obtained economically from a bamboo leaf.
The composite material was loaded with the drug
TCH to serve as a drug carrier system to study mod-
ified drug release. Results obtained indicated a suc-
cessful encapsulation of the TCH into the polymer
matrix. The drug release test conducted on the ma-
terial gave a good sustained release profile where the
SiO, component played a significant role in adsorbing
the TCH molecule, thus leading to its delayed release.
The degradation rate of the composite during a 28-day
duration in PBS showed the ability of the PHB-sili-
cate network to degrade controllably while releasing
the drug, which is optimal for a material intending to

serve as an in vivo drug release vehicle.

Of great significance is that the silica was obtained
from biomass, which besides being an inexpensive
source, the preparation process poses no health con-
cerns or danger to the environment when compared
to the corresponding analytical grade silica starting
materials, usually alkoxysilanes. Also worthy of note
is that the bamboo plant is widely available and, in
most places, where it grows, it serves as a biowaste,
thus making it attractive as large-scale silica starting
material for preparing SiO,/polymer composite for
drug delivery application.
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