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Abstract

Drug carrying amino silane coated magnetic nanoparticles were synthesized and used as a flexible magnetic
targeted delivery of antibiotics. Magnetic nanoparticles were prepared by chemical co-precipitation method and the
surfaces were coated by 3-aminopropyletriethoxy silane. The characteristics of the nanoparticles were examined by
Transmission Electron Microscope (TEM), X-Ray Diffraction (XRD), elemental analysis, and Fourier Transform Infrared
(FTIR). TEM shows the average size of 8.6 nm in diameter for modified nanoparticles, XRD confirms the formation
of nanoparticles, elemental analysis indicates that amino silane molecules have been bond onto the surface of the
nanoparticles and FTIR spectra confirm that APTES and the drugs were bond onto the surface of the nanoparticles.
Drug delivery behavior of the amino silane coated MNPs was studied by selecting ofloxacin and ciprofloxacin as model
drugs. Effects of pH and temperature on the release of the drugs were studied. The drug loading efficiency was found
93.4 and 91.1 % for ofloxacin and ciprofloxacin, respectively. Release kinetics of both drugs showed that at pH 5.5
approximately 22% and 27.13% were released while at pH 7.2 releases occur with nearly 81.7 % and 98.78 % for
ofloxacin and ciprofloxacin, respectively. In order to evaluate the release kinetics and mechanism of the drugs, different
mathematical release models were applied to the released data at pH 7.2. The data was best fitted to the first-order
and Higuchi an equations for ciprofloxacin and ofloxacin respectively, which revealed diffusion controlled and Fickian
transport.

Keywords; Magnetic nanoparticles; Drug delivery; Antibiotic; target site, resulting in effective treatment at lower doses [7,8]. In the
Ofloxacin; Ciprofloxacin; Amino silane preparation of colloidal MNPs, the stability of the colloid is of utmost
importance. Magnetic iron oxide particles without any surface coatings
have hydrophobic surfaces with a large surface area to volume ratio,

Drug delivery is an intriguing field of research that has captured this leads to particles agglomeration and formation of large clusters,
the interest of researchers because delivering a medicine to its site of resulting in increased particle size. This inherent aggregation behavior
therapeutic action is one of the main limitations of pharmaceutical and of MNPs is a crucial limiting factor that reduces the intrinsic super
biotechnology industries [1]. In the last two decades, nanostructure paramagnetic properties and triggers the opsonization process [9].
materials such as nanoparticles have attracted a great deal of interest Therefore, to minimize the aggregation, it is necessary to engineer the

in drug delivery due to their unique size and physical properties [1,2]. surface of the MNPs.

Introduction

Silica derivatives are often employed as coating material over
the surface of MNPs [10]. It is chemically inert and can weaken
the particle-particle magnetic bipolar interaction. On the other
hand, one of the preferred functional groups for bonding different
bioactive compounds is amino group. Both can provide by using
(3-aminopropyltriethoxysilane) APTES as coating material [11,12].
APTES has been reacting with nanoparticle surfaces in different
nonpolar and polar solvents. Influence of different solvents on the
silanization of silica coated nanoparticles showed that the process of
APTES bonding was the most efficient in water [13]. APTES hydrolyzes
in the presence of water and the silanol group’s condensate with metal

To improve the stability of NPs, polymers, surfactants or other ~ hydroxyl groups on the nanoparticles surface. The modified magnetic
modifiers are often adsorbed or grafted to the particles, forming alayer ~ nanoparticles with amino-silane shell are non-cytotoxic and injectable
that generates an effective repulsive force between NPs and prevents
flocculation [6].

Many types of Nanoparticles (NPs) can be used as drug-delivery
systems and these can be formulated from diverse materials with
unique architectures to serve as a possible drug-delivery vehicle to treat
a particular disease. Drugs can be loaded onto NPs by various methods,
such as encapsulation [3], surface attachment [4], or entrapment [5].
NPs due to their small size can efficiently penetrate across barriers
through small capillaries into individual cells, thus allowing efficient
drug accumulation at the target site. Therefore, the unwanted side
effects of the therapeutic agent are reduced and the therapeutic efficacy
is enhanced [4].
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[14]. These super paramagnetic particles are able to bind to drugs,
metals and biological molecules, to use as drug delivery vehicles for
controlled drug delivery or to serve as separating materials to remove
them from medium by magnetic separation procedures.

In the present study, we report the preparation of super
paramagnetic  nanoparticles were coated with  3-amino
propyltriethoxysilane (APTES), NH, (CH,),Si (OC,H,),. This organo
silane bind to Fe,O, nanoparticles and the drug delivery behavior of
the modified nanoparticles was studied by selecting two antibiotics
including ofloxacin and ciprofloxacin (Figure 1) as model drugs. The
loading characteristics and release behavior of the drugs were studied
and the effect of pH and temperature on the release was determined.
Furthermore, kinetic modeling of release for the ofloxacin and
ciprofloxacin was evaluated using common mathematical equations.
The behavior of drug release from nanoparticles indicated that the
prepared nanoparticles could be effectively used as drug delivery
system for controlled released of the antibiotics and the drug release
could be effectively sustained.

Experimental
Materials and reagents

Iron (III) chloride hexahydrate (FeCL*6H,0), Iron (II) chloride
tetrahydrate (FeCl,*4H,0), aqueous ammonia (25%), 3-amino
propyltriethoxysilane (APTES), methanol, acetic acid, sodium acetate
trihydrate (CH,COONa*3H,0), sodium hydroxide, potassium
hydrogen phosphate, and Glycerol (about 87%), in analytical grade
were purchased from Merck Company (Darmstadt, Germany).
Ciprofloxacin and ofloxacin were received as a gift from Faculty of
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Figure 1: Chemical structure of (a) Ciprofloxacin and (b) Ofloxacin.
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Pharmacy, Tehran University. All the chemicals were analytical grade
and used without further purification. Deionized water was used
throughout the experiment.

Instrumentation

UV-Vis spectra of released drugs and other solutions were carried
out by UV-240 Shimadzu UV-Vis spectrophotometer. A Metrohm 827
pH meter was used for measuring and adjusting the pH of the solutions.
Phase Characterization was performed using Phillips PW-1800 X-Ray
diffraction. Characterization of Fe,O, nanoparticles and APTES-Fe O,
nanoparticles were carried out by Perkin Elmer FTIR spectrometer,
Spectrum one Bv5.3.0. A CM120 electron microscope PW6031
Transmission electron microscope was used for characterization of
particle size and morphology of modified nanoparticles. Elemental
analysis was performed onto the APTES-coated MNPs using Perkin
Elmer 2400 SERESE II. RC 0.45 um filters were used to filter the drug
solutions before recording their UV-Vis spectra. A Memmert WB10
water bath was used to precise control of the temperature.

Preparation of silane coated magnetite nanoparticles

The magnetic nanoparticles were prepared according to our previous
work [15]. Briefly, 11.68 g of FeClL,*6H,0 and 4.3 g FeCl,*4H,0 were
dissolved in 200 mL deionized water under nitrogen atmosphere with
vigorous stirring at 80°C. Then 45 mL of aqueous ammonia solution
(25%) was added. The color of solution was turned from dark orange to
the black immediately. The precipitates were washed three times with
deionized water and twice with 0.02 M sodium chloride. The prepared
magnetite suspension was placed in 250 mL round flask and allowed to
settle to remove the supernatant. Then 80 mL aqueous solution of 10 %
(v/v) APTES and 40 ml glycerol were added to the mixture and heated
at 90°C for 2 h under nitrogen atmosphere with stirring. After cooling
to room temperature the suspension was washed sequentially with
200 mL deionized water (three times), 100 mL methanol (five times),
and 200 mL deionized water (three times). The prepared silane coated
MNPs were stored in deionized water. Figure 2 shows the schematic of
the procedure.

Characterization

The size and morphology of modified nanoparticles were obtained
using Transmission Electron Microscope (TEM) and the images were
obtained by placing one drop of each sample on a carbon plate. The
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Figure 2: Schematic illustration of preparation of the coated magnetic nanoparticles.
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average size of silane coated nanoparticles based on more than 300
particles was measured from TEM images. Phase Characterization
was performed by X-Ray diffraction using Cu K radiation source
(A=1.540598) with reflection scan mode. Surface modification and
drug loading of magnetic nanoparticles were analyzed using Fourier
transform infrared spectroscopy with 4 cm™ resolution. The FTIR
spectra were measured in the 400-4000 cm™ region for sample
dispersed in KBr pellets. Elemental analysis was performed onto the
APTES-coated MNPs to confirm the coating of amino silane modifier.

Drug loading

The drug loading was carried out by dispersing 168 mg of magnetic
nanoparticles in 20 mL of methanolic solution of the drug with the
concentration in the range of 8.4-840 ug mL" for both ciprofloxacin
and ofloxacin. The solutions were stirred for 5 h at room temperature
to facilitate drug uptake. At appropriate time intervals, the MNPs were
collected from the solution by an external magnet. The supernatant
was withdrawn from the solutions and filtered. The concentrations of
residual drugs were measured spectrophotometerically at 270 and 287
nm for ciprofloxacin and ofloxacin, respectively. The solutions obtained
from the unloaded nanoparticles in the same experimental conditions
were used as blank. Ciprofloxacin and ofloxacin concentrations loaded
to the nanoparticles were determined by measuring absorbance against
a standard curves were constructed with different concentrations of the
drugs (1-14 pg mL?) with the same conditions as the samples. If needed,
appropriate dilutions were done to make the concentration of the
solutions in the range of calibration curves. After each measurement,
MNPs were redispersed for further drug loading. After a certain
adsorption time, there were no further changes in the concentrations
of the drugs which mean the loading capacity of MNPs were saturated.
The percentage of loading efficiency at each predetermined time
was calculated as the ratio of difference between the initial drug
concentration and the drug concentration in the supernatant (drug
loss) to the initial drug concentration, as followed,

initial drug conc. —drug loss

Loading efficiency% = x100%

initial drug conc.
The drug loaded nanoparticles were then magnetically separated,
rinsed with 100 mL methanol three times and dried in vacuum oven
at 45°C.

Loading capacity

To determine the loading capacity of prepared nanoparticles, 168
mg of modified nanoparticles were dispersed in 20 mL methanolic
solution of each drug with the different concentration in the range
of 8.4-840 ug mL"* and left the solutions for further adsorption. After
2 and 5 hours, the magnetic nanoparticles were removed from the
solution by magnet and the concentrations of residual drugs were
measured by UV-Vis spectrophotometer. The loading capacity (drug
content) of MNPs were calculated by following equation,

mg
Loading capacity% = —S(drugloaded) 16005
mg(nanoparticles)
where, mg . .., is the weight of the drug loaded to the nanoparticles

andmg, .., 1s the gross weight of the nanoparticles.
In vitro drug release

The in vitro release study of drug-loaded nanoparticles were carried
outat 37°Cin acetate buffered solution at pH 5.5 and phosphate buffered

solution at pH 7.0 under stirring. 1.0017 g of drug loaded MNPs were
dispersed in 50 ml of each buffer solution. The tube was shaken in
the shaking water bath at 37°C. At predetermined time intervals, 6
ml of supernatant was withdrawn from the solutions and filtered to
remove any nanoparticles may exist in the supernatant. Absorbance of
the collected solution was measured at 270 and 287 nm to determine
the drug concentration of ciprofloxacin and ofloxacin respectively.
The solutions obtained from the unloaded nanoparticles in the same
experimental conditions were used as blank. The concentrations of
two drugs were determined by measuring the absorbance against the
standard curves. The cumulative release of drugs were expressed by
following equation,

ME(drug released) %1

Cumulative release (%) = 00

mg(total drug)

where, mg , ..., is the amount of drug released at the time t and
MG 1 arug 15 the total amount of drug present in drug loaded magnetic

nanoparticles.
Kinetic modeling of drug release

Many kinetic models were describing the overall release of drug
from the dosage forms because qualitative and quantitative changes
in a formulation may alter drug release and in vivo performance.
Developing tools that facilitate product development by reducing
the necessary of bio-studies was always desirable. A class of methods
to investigate the kinetics of drug release from controlled release
formulation is model dependent methods which are based on
different mathematical functions, which describe the release profile.
Various kinetic models used are i) the zero-order release rate which
describes the system where the drug release rate is independent of its
concentration, ii) the first order rate describes the release from system
where release is concentration dependent (Bourne), iii) Higuchi model
which describes the release of drugs from insoluble matrix as a square
root of time, which is dependent process based on fickian diffusion and
iv) Hixson-Crowl cube root law which describes the drug release from
system where there is a change in surface area and diameter of particles
or tablets. In this study, the release profile of each drug was fitted to
these models to ascertain the kinetic modeling of drug release.

Results and Discussion
Characterization

The magnetic nanoparticles were prepared by co-precipitation
process in an aqueous medium through the reaction [16]:

Fe?* +2Fe* + 8OH > Fe,0, + 4H,0

Magnetic nanoparticles are very sensitive to presence of oxygen
in air, some of them may undergo oxidation or phase transition
(for example the maghemite, y-Fe,O,). Thus the process was done
in the atmosphere of nitrogen. The difficulty in preparing MNPs by
chemical co-precipitation is the tendency of MNPs to agglomeration.
This problem can be solved by surface modification. The process of
surface modification is done by silanization reaction. The final product
was dense, black and exhibit strong magnetization under magnetic
field. TEM micrograph of silane-coated iron oxide nanoparticles was
shown in Figure 3. The size distribution was determined by measuring
diameters of more than three hundred NPs randomly selected on the
TEM micrographs which shown in Figure 4. Although the pristine
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Fe,O, NPs were polydisperse and seriously aggregated commonly [17],
after surface modification by APTES, the particle size is almost uniform
and has spherical shape with an average size of 8.6 +1.6 nm.

The crystalline phase of APTES-coated MNPs was characterized by
observing XRD pattern of the sample. Figure 5 shows the XRD pattern
of pristine APTES-coated Fe,O, NPs. A series of characteristic peak for
Fe,O, nanoparticles (20 = 30.10, 35.53, 43.08, 57.10 and 62.73) were
observed in the sample. These peaks are consistent with the standard
pattern of Fe,O, with a cubic structure [18]. The result indicates that
the modification did not change the crystal structure of the Fe,O, NPs.
In addition, in the synthesis of Fe,O, nanoparticles (magnetite), some
maghemite (y-Fe,O,) often formed, showing the similar XRD pattern
to magnetite. From the peaks, it can be considered that separate
maghemite is not present in the samples.

In order to confirm the coating of the magnetite surface through
the silanization reaction, FTIR spectroscopy was used. Figure 6 shows
the FTIR spectra of the Fe,O, and APTES-Fe O, nanoparticles. For the
Fe,O, nanoparticles, the characteristic absorption peaks at 579 and 636
cm! are attributed to the Fe-O structure [19]. APTES is absorbed on
the magnetite nanoparticles surfaces by Fe-O-Si bands, because of the
absorption band corresponded to this band appears at around 587.6
cm and therefore overlaps with the Fe-O band, latest band cannot
be seen in FTIR spectrum. The band at 1113.8 due to the stretching
vibration of Si-O band and the two bands at 3305.6 and 1662.5 cm™ due
to the N-H stretching vibration and NH, bending mode of free NH,
groups, confirm the existence of APTES.

FTIR was further extended to study the conjugation of ciprofloxacin
and ofloxacin. FTIR of pure ciprofloxacin and ciprofloxacin-conjugated
APTES-coated iron oxide nanoparticles are presented in Figure 7.

Figure 3: TEM image of APTES-coated Fe,O, nanoparticles with average
diameter of 8.6 nm.
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Figure 4: Size distribution of APTES- coated magnetic nanoparticles.
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Figure 5: XRD patterns of (a) Fe,O, nanoparticles and (b) APTES coated-
Fe,0, nanoparticles.

Ay ] o B 2 o 1= o Ly . 1000 o Ll Asod
wianly

Figure 6: FTIR spectra of (a) Fe,0, nanoparticles, and (b) APTES coated-
Fe,0, nanoparticles.

FTIR spectrum of pure ciprofloxacin is complicated because of many
absorption modes of several groups. But some of useful absorption
bands mentioned here. FTIR spectra of pure ciprofloxacin shows peaks
at 3378 and 1708 cm™ due to free -OH and C=0 stretching vibration
of carboxylic acid groups, 3528 and 1624 cm™ due to stretching and
bending vibration of amine -NH respectively, and 987 cm™ due to C-F
stretching vibration.

In ciprofloxacin-conjugated magnetic nanocomposite, existence of
many drug peaks such as C=C stretching vibration peak of aromatic
groups at 1616 and 1465 beside existence of two peaks at 1632 and 1742
which show -NH and -C=O0 stretching vibration of carboxylic group
and a peak at 994 cm™ which shows C-F strong stretching vibration
and moreover, the existence of the characteristic strong band for
Fe,O, nanoparticles at 558 cm™ confirm the conjugation of drug to the
magnetic carrier.

FTIR spectra of pure ofloxacin and ofloxacin-conjugated APTES-
coated iron oxide nanoparticles are presented in Figure 8. Similar to
ciprofloxacin, because of similarity in structure, FTIR spectrum of pure
ofloxacin shows peaks at 3421 and 1713 cm™ due to free ~-OH and -
C=0 stretching vibration of carboxylic acid groups, and 979 cm™ due
to C-F stretching vibration. Existence of many drug peaks such as C=C
stretching vibration peak of aromatic groups at 1613 and 1467 beside
existence of two peaks at 1637 and 1733 which show -NH and -C=0
stretching vibration of carboxylic group and a peak at 1002 cm™ which
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shows C-F strong stretching vibration and moreover, the existence
of the characteristic strong band for Fe,O, nanoparticles at 579 cm™
confirms the conjugation of drug to magnetic carrier.

Elemental analysis was also used to confirm the coating of magnetic
surface with amino silane modifier. According to the elemental analysis,
the content of carbon, hydrogen and nitrogen in APTES-coated Fe,O,
NPs was 2.34%; 0.50%, and the 0.80%, respectively. This confirms that
the surface of magnetic nanoparticles was coated by APTES.

Drugs loading

The drug loading is attributed to the conjugation of -COOH
groups in ciprofloxacin and ofloxacin to the surface -NH, groups in
APTES-coated nanoparticles. Ciprofloxacin and ofloxacin are of the
fluoroquinone compounds which the presence of both the carboxyle and
amine groups makes the acid-base behavior of these drugs influenced
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Figure 9: Time dependent loading of ciprofloxacin and ofloxacin. The drug
concentration was 84 pg mL".
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Figure 7: FTIR spectra of (a) Pure ciprofloxacin, and (b) Ciprofloxacin-
conjugated APTES-Fe,O, nanoparticles.
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Figure 8: FTIR spectra of (a) Pure ofloxacin, and (b) Ofloxacin-conjugated

APTES-Fe,0, nanoparticles.

Table 1: The loading characteristic of modified magnetic nanoparticles.

and 8.22 [21]. Both drugs are zwitterions and neutral at pH 7. The
pK, of APTES is 10.8 [22,23] and the electron-reach amine groups
can bonded via H-bonding with hydrogen donating groups of drugs
like carboxyl or amines. In addition, APTES-coated nanoparticles
have positive charge [24] and could be electrostatically bonded to the
negative carboxyl group of the drugs.

Figure 9 shows the kinetics of each drug loading. The experiments
carried out at room temperature and concentration of ciprofloxacin
and ofloxacin was 84 pug ml”. As seen, the drug loading was rapid in the
first 10 min and nearly 84.6 % of ciprofloxacin and 82.5% of ofloxacin
were loaded. After 1 h, the rate of drug loading decreased and finally
about 91.1 % of ciprofloxacin and 93.4% of ofloxacin were loaded in 5

h.
Loading capacity

The loading capacity of MNPs was determined by varying the
weight ratio of MNPs to each drug. The loading characteristics of
modified MNPs were summarized in Table 1. It can be seen that for
ofloxacin, when the weight ratio (MNPs:Drug) was 10:1 (sample I), the
loading capacity was above 8.8%. If the weight ratio was 100:1 (sample
IT), the loading capacity decreased to about 1 % (with loading efficiency
about 93%) and when the weight ratio was 1000:1 (sample III), and the
loading capacity was 0.1% (with loading efficiency of about 99%). As
we expected, high absorption occurred due to high surface area of the
MNPs in sample II and III that cause to nearly all the drug loaded to
the nanoparticles. Similar results can be seen in ciprofloxacin-loaded
magnetic nanoparticles and indicate good loading capacity of modified
nanoparticles. This manner also can be seen in ciprofloxacin-loaded
MNPs and indicate good loading capacity of modified nanoparticles.
Similar results were observed previously [25-27].

Clearance of ofloxacin is fast and its plasma elimination half-life
is approximately 4 to 5 hours. In addition, the elimination half-life of
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Ciprofloxacin is about four hours. This means that every four hours,
the level of Ciprofloxacin in your blood will drop by 50 percent of the
previous level. Slow release of the drugs with lower content could be
compensating this level decease.

In vitro drug release studies

For designing oral dosage forms, it must be considered that the
pH of environment in gastrointestinal tract varying from acidic in the
stomach to slightly alkaline in the intestine. However most literatures
were focused on the drug carriers responding to a relatively large pH
differences between 1.2 and 7.4, and did not report their drug release
behaviors at pH values slightly lower than 7.4. As we know, many
factors may affect gastric pH although most commonly the gastric pH
is lower than pH 3, after ingestion of a meal the gastric acidity can vary
over a wide range and be typically higher than pH 3. Other influences
on gastric pH include pathophysiological conditions and individual
variations. Therefore, it is important to explore the drug release
behavior at the pH higher than 3 and lower than 7.4. To this end, we
evaluate the potential of employing APTES-Fe O, nanoparticles as a
drug delivery system for ciprofloxacin and ofloxacin.

Effect of pH

The coating technique is the main approach used to synthesis of
pH dependent drug delivery vehicles and it is most suitable for water
soluble drugs. The release profiles of ciprofloxacin and ofloxacin was
studied in different buffered pH (5.5, 6.0, 7.2, 8.0, 8.5 and 9.0). The
results were achieved after 2 h at 25°C and shown in Figure 10. As seen,
the maximum release occurred in pH 8.0 for both drugs. In this pH,
the ammonium groups of APTES became deprotonized and became in
the form of NH, and carboxylic acid groups of the drug remain in the
COO form simultaneously. It is known that the ionizable drugs that
contain at least one acidic or basic group in their structure are more
soluble in charged form and their aqueous solubility is pH-dependent
[28]. Thus, the release of the drug is increased in higher pH. Since we
have to perform the experiments in body conditions; we select the pH
5.5 and 7.2 for further studies.

Effect of temperature

Sensitivity of a system to temperature is one of the most
characteristics in controlled drug delivery. The effect of temperature on
the drug release has been investigated in two different acidity solutions
with pH 5.5 and 7.2. The results are summarizing in Table 2. As seen,
the drug release increase with increasing temperature and was highest
at 40°C. Higher mobility along with decreasing in medium viscosity
may one of the reasons for this observation. In addition, increase in
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Figure 10: Release profiles of ofloxacin and ciprofloxacin at different pH.
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ciprofloxacin ofloxacin
Temperature (°C)
pH 5.5 pH 7.2 pH 5.5 pH 7.2
25 14.1 69.95 11.41 76.18
37 16.69 77.46 12.13 80.04
40 17.73 79.20 14.83 81.89

Table 2: Release (%) of ciprofloxacin and ofloxacin at different Temperature and
pH.
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Figure 11: In vitro release profile of (a) Ofloxacin and (b) Ciprofloxacin at pH
5.5and 7.2.

temperature may speed up the rate of H-bonding dissociation between
carboxylate negative charged groups of the drug and ammonium
positive charged groups of APTES. Same reason as the pH, temperature
of 37°C was selected for further studies.

Release behavior

The release behavior of both drugs was carried out under simulated
physiological conditions (temperature is 37°C and pH 5.5 and 7.2) with
significant differences in release rate when pH varies from acidic in the
stomach (pH 5.5) to slightly alkaline in the intestine (pH 7.2). In vitro
release profiles of the drugs are shown in Figure 11. As seen, the release
of both drugs was rapid within first 30 min (nearly 69% for ofloxacin
and 67% for ciprofloxacin) at pH 7.2. This can be attributed to the
hydrolysis of amine group in the drugs. Finally, after 12 h about 81.7%
of ofloxacin and 98.8% of ciprofloxacin were released. On the other
hand, at pH 5.5, only 22.2% of ofloxacin and 27.1% of ciprofloxacin
were released. As mentioned above, the first pK, of both drugs are
about 6 and below this pH carboxyl groups are in the form of -COOH.
Thus, the intermolecular H-bonding between drugs and APTES-coated
nanopatricles block the drug release from the particles. Hence the
release of these drugs in acidic medium such as stomach, decreases and
increases at neutral pH of intestine. From the more practical point of
view, the APTES-Fe,O, nanoparticles can overpass the acidic medium
of gastric fluid with virtually no drug release, and then release the most
of the drugs in intestine fluids.
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Zero-order First order Higuchi Hixson-Crowll
Drug
K R? K x 104 R? K R? K R?
Ciprofloxacin 0.05 0.604 4.342162 0.951 1.95 0.805 0.002 0.858
Ofloxacin 0.15 0.648 4.342162 0.768 2.91 0.826 0.005 0.729

Table 3: Results for different release mechanisms for ciprofloxacin and ofloxacin.

Kinetic modeling of drug release

The drug release data were fitted to different models in an attempt
to establish the kinetics and release mechanisms. Modeling was limited
to four models that are commonly applied to drug release data from
solid dosage forms. Korsmeyer-Peppas model dose not mentioned here
because it is used commonly for polymeric matrix. Table 3 shows the
correlation coefficient and rate constant of different kinetic models
which are the main factors in choosing the best fit model. As could
be observed, the first-order and Higuchi models found to be the best
fitted for ciprofloxacin and ofloxacin release respectively, indicating
that drug release mechanism was diffusion controlled [29,30].

Conclusion

The APTES -coated Fe,O, nanoparticles were synthesized as a
simple drug carrier system for delivery of two antibiotics, ofloxacin and
ciprofloxacin. The loading kinetics and capacity of the two drugs were
measured and the results showed good loading capacity for the two
drugs. The effect of pH and temperature on the release of the two drugs
was investigated. The drug-loaded nanoparticles showed pH-triggered
release of drugs with higher release rate at pH of 7.2 compared to
lower pH of 5.5 and followed first-order and Higuchian kinetics for
ciprofloxacin and oflaxacin respectively, confirming that it can be used
as a good drug carrying vehicle for delivery of two antibiotics in neutral
medium. In addition, one of the proposed applications for this drug
carrier is the injection of the carrier to the muscles. This can causes
the nano-carrier experience neutral medium without passing through
the acidic stomach medium and release the drugs gradually within 12
hours. We have revealed that feasibility of using APTES coated Fe,O,
nanoparticles as a carrier for controlled drug delivery. In future works,
the use of pH-responsive polymers as coating materials was studied to
extend the range of pH applied for these antibiotics.
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