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1. INTRODUCTION

Over the past decades, the development of nanotechnologies in designing
pharmaceutical drugs for various diseases has been strongly affecting the
biomedicine, both in diagnostics and therapy. Since nanotechnology offers a
suitable means of site-specific and/or time-controlled delivery of drugs and
other bioactive agents, the various nanocarriers such as nanoparticles,
nanocapsule, micellar systems, and conjugates have been exploded for the
potentials of a drug delivery system. Recently the design of biomaterials
aims to improve drug delivery by controlling the timing and location of drug
release. Ocular diseases affect 80 million people nowadays. Since million
people wear contact lenses, there has been a great deal of interest in using
contact lenses as the delivery device. The advances of biomaterials are
being adapted to ocular drug delivery systems that may improve patient
adherence through the use of therapeutic contact lenses. Although there are
a variety of nonsurgical treatment options, drug-loaded contact lenses, are
preferred treatment method. Soft contact lenses are hydrogels, water-soluble
polymers that are cross linked to form networks. Hydrogels have a tremendous
number of Dbiomedical applications including drug delivery. However,
water—soluble drugs, such as glaucoma, tend to elute very quickly from the
highly hydrated polymer networks. The contact lenses made through molecular
imprinting show fast release profiles than that of embedded microparticles.
One of the greatest challenges with using hydrogels for drug delivery is
that the contact lenses made through a covalent loading of drug into
nanoparticles would maintain a local therapeutic dosage for a longer time.
Utilizing these types of therapeutic contact lenses would lead to lower

required dosage and less frequent drug application, thereby improving
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patient adherence. The purpose of this work is to test the feasibility of

covalent loading of drug into porous silicon (PS) nanoparticles.
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2. EXPERIMENTAL DETAILS

2.1 Preparation of Porous Silicon

Porous silicon were prepared by electrochemical etching of a (100)-oriented
pt+-type silicon wafer (boron-doped, 0.8-1.2 mQ cm, Siltronix). The
electrochemical etch was conducted in Teflon cell with a platinum counter
electrode. The applied current was supplied by a Keithley 2420 high-precision
constant current source meter. The electrochemical etching was carried out by
application of a constant current density of 200 mA/cm2 for 150 s in a 3:1 by
volume mixture of absolute ethanol (Sigma Aldrich) and aqueous 48% HF (ACS
reagent) was used as the etching solution.

2.2 Covalent Loading of Drug

PS sample and 5 mg of levofloxacin (Sigma Aldrich) were placed in 5 mL of DI
water at room temperature for 24 h. PS was slowly oxidized, chemically
functionalized, and covalently bonded with levofloxacin. For the preparation of
oxidized porous silicon (OPS) covalently bonded with levofloxacin, PS was heated
at 1000C in furnace chamber (HQ-OMF 14, Coretech) for 24 hours.

2.3 Preparation of OPS Nanoparticles Covalently Bonded with Orug; Levo—OPS
Nanoparticles

Levo—OPS was placed in DI water in the presence of HF catalyst and
fractured into multi-sized particles by sonication for overnight. The
solution containing Levo—0PS nanoparticles were then centrifuged at 9600 rpm
for 30 min. The supernatant containing Levo—OPS nanoparticles was
re—centrifuged at 14000 rpm for 30 min. After the removal of the
supernatant, the precipitates, Levo-OPS nanoparticles, were dried at 100 oC
in furnace for 1 h.
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2.4 Quantification of Drug in Levo—OPS Nanoparticles

0.5 mg of Levo-OPS nanoparticles were incubated in a 0.3 M HCI 70% ethanol
solution for overnight. The released quantities of levofloxacin to obtain a
standard curve were measured by using fluorescence spectrometer.

2.5 Preparation of Levo—OPS Nanoparticle Lens and Drug Release Measurement

0.25 mg of Levo-OPS nanoparticles, volume mixture of 99.6:0.4 of
2-hydroxyethy| methacrylate; HEMA (Sigma Aldrich) and ethyleneglycol
dimethacrylate; EGDMA (Thermo Fisher), and 0.1 Wt% of
azobisisobutyronitrile; AIBN (Sigma Aldrich) were mixed. 0.2 mL of mixture
solution was dropped in the mold and heated for 6 h at 100 oC in furnace to
cure. The cured Levo—OPS nanoparticles lens was immersed in DI water for
hydration and transferred a beaker with 100 mL of phosphate—buffered saline
(PBS) solution for drug release measurement. The drug release was measured
by fluorescence spectrophotometer (F-7000, Hitachi) and the concentration of
levof loxacin was calculated from the standard curve of known levofloxacin
concentrations.

2.6 Preparation of levof loxacin—embedded lens (Levo-lens) and
levof loxacin—embedded OPS (Levo—OPS)

For Levo-lens, 10 mg of levofloxacin, volume mixture of 99.6:0.4 of HEMA and
EGDMA, and 0.1 wt% of AIBN were mixed. 0.2 mL of mixture solution was
dropped in the mold and heated for 6 h at 100 oC in furnace to cure.

For Levo-OPS, PS sample and 5 mg of levofloxacin were placed in 5 mL of
hexane at room temperature for 24 h. The levofloxacin—-embedded PS was heated
at 1000C in furnace chamber for 24 h and transferred a beaker with 100 mL of
PBS solution for drug release measurement.
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2.7 Particle Size Analysis for Levo—OPS Nanoparticles

An average particle size of Levo-OPS nanoparticles was obtained by using
dynamic light scattering (DLS-8000HL, Otsuka Electronics). Cold field
emission scanning electron microscopy (FE-SEM, S-4800, Hitachi) used to
determine particles size and to obtain the morphology.
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3. RESULT AND DISCUSSION

Acute bacterial conjunctivitis, which requires an immediate management, is a
prevalent infection. Generally a treatment with ocular antibiotics,
levof loxacin, is recommended for bacterial conjunctivitis. Levofloxacin, which
is a third generation of fluoroguinolone antibiotic, shows good activity against
Staphylococcus aureus on cornea and conjunctiva. To develop a prolonged ocular
drug delivery system with less frequency dosing, nanoparticles covalently bonded
with levofloxacin in contact lenses will be a good candidate.

Figure 1 shows the schematic diagram for the preparation of Levo-OPS
nanoparticles. It is well known that OPS nanoparticles are a biodegradable
materials.6 The OPS was prepared by electrochemical etching of single-crystal
silicon wafers in ethanolic HF solution. Levofloxacin was attached to the Si-OH
surface of OPS in the presence of catalytic HF to form silyl ester (Figure 2).

In order to confirm the silyl ester, Fourier Transform Infrared (FTIR) spectra
were obtained. Figure 3 shows the non-derivatized OPS (red line) and
levo—derivatized OPS (blue line) spectra for the formation of the silyl ester
group on the surface of OPS. The silyl ester carbonyl peak (Si-0-CO-R) at 1710
cm—1 and C=C peak from levofloxacin at 1600 cm-1 were obtained. Levo-OPS
nanoparticles were prepared by ultrasonication of the Levo-0OPS. Figure 4,
obtained by dynamic light scattering measurements shows the size of Levo—OPS
nanoparticles. Average diameter of Levo-OPS nanoparticles was about 100 nm. The
surface morphology and size of Levo-OPS nanoparticles were obtained with cold
FE-SEM and shown in Figure 5. The Levo—OPS nanoparticles appear spherical and
fairly uniform with a well-defined micro- and meso—porous nanostructure. The
pore diameters are of the order of 5-10 nm. Size of Levo-OPS nanoparticles was
about 100 nm. The surface image of Levo—-OPS nanoparticles indicated that the

pore size of particle retained good porosity without destruction of porous
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structure during the ultrasonication. Since levofloxacin molecule has a strong
fluorescence property, the quantity of levofloxacin release in OPS nanoparticles
are obtained by using a standard curve of fluorescence measurement and was 0.024
mg of levofloxacin per 0.5 mg of Levo—OPS nanoparticles. The polyHEMA contact
lens shows an average visible light transmittance (400-700 nm) of 93.8%.19 The
Levo—OPS nanoparticle lens shows an average of 89.0%. The addition of 0.1%
Levo—OPS nanoparticle lens does not lower this average transmission by more than
10%. Figure 6 shows PL spectra for the release of levofloxacin from Levo-OPS
nanoparticle lens. Fast release of levofloxacin from contact lenses is observed
within one day. Recently the mechanism for the hydrolysis of the silyl ester
bond shown in Figure 7 is reported and indicated that the results reveal
biexponential rate law consisting of a slow process and a fast process.22 Our
result is very similar to their report. The release of levofloxacin was studied
in three different ways: Levo-OPS nanoparticle lens, levofloxacin—embedded lens
(Levo-lens), and levofloxacin—embedded OPS (Levo-OPS) nanoparticles. In the
levofloxacin release profile, Levo-lens and Levo-OPS nanoparticle, shown in
Figure 8(a), exhibit a burst release within 1 h. However Levo-OPS nanoparticle
lens exhibits two step release processes: a fast release for 5 h and then a slow
release. Figure 8(b) shows that the cumulative drug release from the Levo-OPS
nanoparticle lens is 9.0 pg over 200 h, which is slower than that from
molecular imprinting method and nanogel method.19 Sailor et al. reported that
OPS degraded into silicic acid in a short time and dissolve in PBS solution.
However, degradation is slowed by addition of a polymeric coating.6 Silicon is a
common trace element in humans and a biodegradation product of OPS, orthosilicic
acid (Si(0H)4), is the form absorbed by humans and is naturally found in
tissues. These results demonstrate a new type of drug delivery system with a

low-toxicity degradation pathway.
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Fig. 1. Schematic diagram for the preparation of Levo-OPS nanoparticles.
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Surface derivatization of OPS with levofloxacin.
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Figure. 5. FE-SEM image of Levo—OPS nanoparticles.
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Figure. 6. PL spectra upon the release of levofloxacin from Levo—OPS
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Figure. 7. Hydrolysis of silyl ester.
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Figure. 8. Drug release profile for Levo-OPS nanoparticle lens, Levo-lens,
and Levo—OPS nanoparticle in PBS for 5 h and 200 h.

4. CONCLUSION

These studies have demonstrated that the levofloxacin covalent—bonded contact |
ens serves as an effective device for the hydrolysis—triggered delivery of levof
loxacin. The Levo—OPS nanoparticle lens subsequently allows sustained drug relea
se due to the hydrolysis of silyl ester. This eliminates the uncontrolled releas
e observed with other lens types. Optical clarities maintained at practical leve

Is. This work has provided a new method for preparing contact lenses.
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