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1 | INTRODUCTION
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Abstract

Silver nanoparticles (AgNPs) have shown potential applications in drug delivery. In this
study, the AgNPs was prepared from silver nitrate in the presence of alginate as a capping
agent. The ciprofloxacin (Cipro) was loaded on the surface of AgNPs to produce Cipro-
AgNPs nanocomposite. The characteristics of the Cipro-AgNPs nanocomposite were
studied by X-ray diffraction (XRD), UV-Vis, transmission electron microscopy (TEM),
thermogravimetric analysis (TGA), scanning electron microscopy (SEM), Fourier-
transform infra-red analysis (FT-IR) and zeta potential analyses. The XRD of AgNPs
and Cipro-AgNPs nanocomposite data showed that both have a crystalline structure in
nature. The FT-IR data indicate that the AgNPs have been wrapped by the alginate and
loaded with the Cipro drug. The TEM image showed that the Cipro-AgNPs nano-
composites have an average size of 96 nm with a spherical shape. The SEM image for
AgNPs and Cipro-AgNPs nanocomposites confirmed the needle-lumpy shape. The zeta
potential for Cipro-AgNPs nanocomposites exhibited a positive charge with a value of
6.5 mV. The TGA for Cipro-AgNPs nanocomposites showed loss of 79.7% in total mass
compared to 57.6% for AgNPs which is due to the Cipro loaded in the AgNPs. The
release of Cipro from Cipro-AgNPs nanocomposites showed slow release properties
which reached 98% release within 750 min, and followed the Hixson—Crowell kinetic
model. In addition, the toxicity of AgNPs and Cipro-AgNPs nanocomposites was
evaluated using normal (3T3) cell line. The present work suggests that Cipro-AgNPs are
suitable for drug delivery.

KEYWORDS
ciprofloxacin, cytotoxicity, nanocomposite, silver nanoparticles, slow release

Preparation of metal nanoparticles is executed by different
methods, such as pyrolysis [5], sol—gel [6], and chemical vapor

A short time ago, nanomaterials became one of the most
exciting research areas in drug delivery. They have several
desirable physicochemical properties like small size and large
surface [1]. In fact, nanomaterials applications have been uti-
lised in different fields, for example, immunology [2], antimi-
studies  [3], solubility, bioavailability, and
pulmonary system studies [4].

crobial drug

deposition [7]. Silver nanopatrticles (AgNPs) are one example
of these metal nanoparticles. AgNPs have been the target of
study for 10 years due to their novel properties, which make
them useful to biomedical applications [8].

A simple preparation method for AgNPs was called the
green method, which was dependable, rapid, and non-toxic
[9]. A few researchers tried to incorporate AgNPs with
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liposomes, hydrogel beads, nanoemulsions and cyclodextrins,
in an attempt to achieve targeted delivery, lower toxicity and
better compatibility [10, 11]. For example, preparation of
AgNPs-liposomes has shown enhanced antibacterial activ-
ity, dermal delivery and stability properties compared to
AgNPs alone [11]. Another study found that interaction of
B-cyclodextrins with AgNPs enhanced the catalytic activity
[12].

AgNPs are one of the nanoparticles that have been used as
drug delivery carriers [13—15]. The studies propose that AgNPs
can carry drugs to their target which enhances therapeutic
properties; moreover, synergism between AgNPs and antibi-
otics drugs occurs which increases their antibacterial proper-
ties. These suppositions have been evaluated by different
researchers; for example, conjugation of AgNPs with tetracy-
cline or vancomycin and azathioprine [13-15].

Ciprofloxacin (Cipro) is a fluoroquinolone antibiotic used
to treat diseases caused by both Gram-positive and Gram-
negative bacteria, including Staphylococcus spp. And Pseudo-
monas spp. [16] and it was developed in 1981 by Bayer [17].
Cipro is able to bind to bacterial DNA gyrase and therefore
inhibit DNA replication. It is rarely soluble in methylene
chloride and ethanol, and insoluble in water [18]. Poorly water-
soluble drugs usually need high doses in order to maintain the
drug concentration in plasma at constant levels after admin-
istration. Low aqueous solubility of the drug is the main
problem in drug formulations [19].

Drug insolubility can be avoided by nanoformulations of
the drug, which include liposomes, micro-particles, micelles,
polymeric nanoparticles, and nanosuspension [20—23]. The
bioavailability of Cipro can be improved by preparation of new
formulations.

Cipro-single-walled carbon nanotubes show significant
antibacterial activity towards Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus, compared with free
Cipro [24].

Conjugation of Cipro-gold nanoparticles show more effi-
ciency towards Gram-negative bacteria when compared with
Gram-positive bacteria. This is due to the interaction of the
nanoparticles with PO4_3/ NH; groups of the outer membrane
of Gram-negative bacterial cell walls [25].

In addition, Cipro nano-niosomes show high intracel-
lular antimicrobial activities. Therefore, this product is
suitable for drug delivery with high efficacy and safety
properties [26].

Cipro-loaded poly-e-caprolactone nanoparticles were pre-
pared for pulmonary use. The study showed inhibited growth
of bacteria. These results indicated that nanoparticles can be
used for pulmonary delivery [27].

Therefore, the major aim of this fundamental research is to
prepare new nanocomposites as a drug delivery system, using
Cipro as an insoluble medication. The nanocomposites have
been characterized in terms of size, charge, surface
morphology, thermal analysis, release kinetics, drug release,
and the cytotoxicity of the nanocomposites.

2 | MATERIALS, METHODS AND
CHARACTERIZATION

2.1 | Materials

Cipro (97% purity), sodium alginate polymer (molecular weight
~500,000 Da) and silver nitrate, phosphate buffer tablet, MTT,
and Dulbecco’s Modified Eagle medium (DMEM) were pur-
chased from Sigma-Aldrich. Mouse embryonic fibroblast cells

(3T3) were purchased from the American Type Culture
Collection. obtained from Sigma Aldrich.

2.2 | Preparation of silver nanoparticles

(AgNPs)

The solution of sodium alginate was prepared by dissolving
1.5 wt.% into 100 ml of deionised water. Then, a 0.05 M/50 ml
of an aqueous silver nitrate solution was dropped into the
sodium alginate solution with magnetic stirring. The pH of the
prepared solution was adjusted using 0.1 M sodium hydroxide.
The suspension immediately turned to a dark brown colour,
leading to the formation of AgNPs. The component was
continuously stirred for 30 min and the obtained suspensions
of AgNPs were washed and centrifuged at 11,000 rpm. The
AgNPs powder was kept for further use (Scheme A).

2.3 | Preparation of the Cipro-AgNPs
nanocomposite

Typically, 0.6 gm of Cipro was added to 50 ml water. The
Cipro-AgNPs nanocomposite was prepared by mixing a so-
lution of Cipro with a known weight of AgNPs (0.1 gm/
50 ml). The product was magnetically stirred for 18 h to
facilitate Cipro uptake. The nanocomposites were collected
using centrifugation, and then washed five times using deion-
ised water. These were denoted as Cipro-AgNPs nano-
composites (Scheme A).

2.4 | UV-VIS spectrophotometer analysis
for Cipro quantities loaded and released from
Cipro-AgNPs nanocomposite

UV=VIS spectra for Cipro were determined using the double
beam UV/Visible spectrophotometer (Shimadzu UV-1601) at
Amax 276 nm.

Cipro release profiles from the Cipro-AgNPs nano-
composites were determined using phosphate buffer at pH 7.4.
Around 200 mg of the Cipro-AgNPs nanocomposite was
placed into the dissolution apparatus containing 500 ml of
release media. The cumulative concentration of Cipro released
from the nanocomposites in media was determined at different
times at A, = 276 nm.
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SCHEME A Representation of silver nanoparticles (AgNPs) and
Cipro-AgNPs nanocomposites

The loading of Cipro in Cipro-AgNPs was determined
using the supernatant produced from the preparation of
nanocomposites. A 2.0 ml aliquot of the supernatant was
centrifuged (Hettich Universal 30 RF) at 11,000 rpm for
20 min. Finally, the unbound Cipro was determined by the
UV /Visible spectrophotometet at Ay, 276 nm. The % loading
was calculated as follows:

CT - Cun

% Loading =
& mass of nanocomposite

x100 (1)

whete Cr is the Cipro concentration used during prepatation
of the nanocomposites, and C,, is the unbound Cipro in the
solution.

2.5 | X-ray diffraction (XRD)

XRD is a good method used for characterising the crystallinity
of materials and it provides information on structures. In this
work, XRD was used to study the structure of the AgNPs and
Cipro-AgNPs nanocomposites in the 20 = 30°-85° on an
XRD-6000 diffractometer with technical properties of 30 kV
and 30 Ma and CuK radiation (1 1.5406 A).

2.6 | Fourier-transform infra-red analysis
(FT-IR)

FT-IR analysis was used in this work to study the functional
groups of the Cipro-AgNPs nanocomposite using Perkin Elmer
(model Smart UAIR-two). For this purpose, FT-IR spectra of the
AgNPs and Cipro-AgNPs nanocomposite were determined in

4 cm™! resolutions and in the range of 400—4000 cem ™

2.7 | Thermogravimetric analysis (TGA)

TGA is one technical type of thermal analysis in which the

mass is lost during temperature changes. It provides

information about chemical phenomena including thermal
decomposition. In this work, TGA analysis was carried out
using a Metter-Toledo 851e instrument with the following
technical properties (range of 30-900°C, 150 pL alumina
crucibles and heating rate of 10°C/min).

2.8 | Zeta potential of nanocomposite
Dynamic light scattering (DLS) with Zetasizer Nano S was
used to study the zeta potential of the nanocomposite.

2.9 | Scanning electron microscopy (SEM)
for surface morphology of nanocomposites

SEM technique was used to study the surface morphology of
the Cipro-AgNPs nanocomposites using a NOVA™ Nano
SEM 230 (FEI).

2.10 |
(TEM)

Transmission electron microscopy

The TEM images were obtained using Hitachi H-7100 and
operating at 80 and 200 kV acceleration.

211 |
assay

Cell culturing and MTT cytotoxicity

The MTT assay was applied on the 3T3-L1 cell lines, which are
derived from mouse 3T3 cells. The cytotoxicity of Cipro,
AgNPs, and Cipro-AgNPs nanocomposites was determined.
The 3T3-L1 cells were seeded in 96-well culture plates (1 x 10°
cells/well) and cultured in Dulbecco’s Modified Eagle Medium
containing 10% foetal bovine serum, 15 mmol/ml glutamine,
100 pg/ml streptomycin and 100 unit’s/mL penicillin.

A 0.05% concentration of the reagent was added to 3T3
cells. After that, the reagent was replaced with dimethyl sulf-
oxide for 10 min to solubilise the purple crystals formed.
Optical density reading was measured at a wavelength of
570 nm. The percentage of cell viability was estimated ac-
cording to the literature [28].

3 | RESULTS AND DISCUSSION

3.1 | X-ray diffraction (XRD)

Analysis of the crystal structure for the synthesised AgNPs was
achieved by XRD. The XRD analysis of the prepared AgNPs
showed diffraction peaks with corresponding planes at
20 = 38.4°(111), 44.4° (200), 64.5° (220), 77.7° (311) and 81.6°
(222) [29]. The highest peak in Figure la was at 20 = 38.4°
which indicated the silver structure, similar to the results ob-
tained by Roy et al. [30].
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Comparative analysis of the XRD spectra for Cipro-
AgNPs nanocomposites with the AgNPs confirmed that the
synthesised Cipro-AgNPs nanocomposites had the same
structure, evident by the peaks with corresponding planes at 20
values of 38.2° (111), 44.2° (200), 64.5° (220), 77.5° (311) and
81.5° (222) (Figure 1b).

The Scherrer’s equation can be used to calculate the size of
the AgNPs and Cipro-AgNPs nanocomposite Equation (1), by
using the Full Width at Half Maximum (FWHM). Due to the
crystalline and cubic nature of the AgNPs, the Scherrer’s
constant value was selected at 0.94 [31]. The average sizes of
the AgNPs and Cipro-AgNPs nanocomposites were found
to be 85 nm and 100 nm, respectively.

~0.941 )
- pCos ®

where f is in the radian unit and represents the broadening at
half of its maximum intensity, 4 is the X-ray wavelength
(1.5418 A), and 6 is Bragg diffraction angle (in degrees).

3.2 | Infrared spectroscopy (FT-IR)

FT-IR spectra for free Cipro, AgNPs and Cipro-AgNPs
nanocomposites were determined in the range between 450
and 4000 cm™" as seen in Figure 2. The FT-IR spectrum of
free Cipro shows one strong peak at 3527 cm™" which was
due to hydroxide stretching. A band at 2937 cm™" represented
C-H cyclo alkane, aromatic C-H stretching, and aromatic
C = C stretching vibration. The peak at 1702 cm™" represented
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20/ degrees
FIGURE 1 X-ray diffraction patterns of the silver nanoparticles

(AgNPs) (a) and Cipro-AgNPs nanocomposites (b)

carbonyl stretching of the carboxylic group, while the peak at
1622 cm™" was assigned to stretching of the carbonyl group of
quinolones. The peak at 1439 cm™" represented stretching of

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500
1

Wavenumber/ cm”

FIGURE 2 FT-IR spectra of the free Cipro (a), silver nanoparticles
(AgNPs) (b) and Cipro-AgNPs nanocomposites (c)

.

FIGURE 3 Possible interaction between Cipro, silver nanoparticles
and alginate
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FIGURE 4 TGA curve showing free Cipro (a), silver nanoparticles
(AgNPs), (b) and Cipro-AgNPs nanocomposites (c)

C-O and C-N bonds, while the peak at 1269 cm™" represented
bending of hydroxide group. The strong peak at 1039 cm™
was assigned to the C—I group [32] (Figure 2a).

For AgNPs capped with alginate (Figure 2b), the FT-
IR spectrum showed a peak at 3397 cm™', representing
hydroxide and/or amine stretching [33]. The band shown at
2802 cm™' was due to C—H alkane stretching. The small
peak observed at 2136 cm™' was due to the carbonyl
stretching. The peak seen at 1618 cm™'
bending of the amine bond. The peaks shown at
1340 cm™' and 1083 cm™' were due to the C—H alkane
bending and C-O alcohol/ether stretching, respectively
[33, 34].

Matching the main peaks of the AgNPs with pure
Cipro and Cipro-AgNPs nanocomposites, the results
showed that there was interaction between Cipro and

capped AgNPs. In the FT-IR spectrum in Figure 2c, the
1

was due to the

Cipro-AgNPs nanocomposites show a peak at 3388 cm™
which was due to the stretching of hydroxide and hydrogen
bonding, while the peak at 1035 cm™' represented C—F
stretching vibration.

Figure 3 shows the interactions between the three com-
ponents of Cipro-AgNPs nanocomposites. The AgNPs capped
by alginate throw a lone pair of electrons of oxygen around the
Alg [35]. In addition, a hydrogen bond is seen in the type of
interaction between Cipro and AgNPs in Cipro-AgNPs
nanocomposites [306].

3.3 | Thermogravimetric analysis (TGA)

The thermal properties of the materials during incorpora-
tion of Cipro into AgNPs were determined using TGA and
DTA analysis (Figure 4). The free Cipro seen in Figure 4a
shows four mass losses steps. The first step occurred be-
tween 39 and 216°C with a mass loss of 4.2%, corre-
sponding to the loss of acetylene molecule (C,Hj) [37].
The second and third mass losses were seen between 216—
356°C and 356-534°C at a maxima of 322°C and 410°C,
respectively; these can be attributed to the loss of acetylene
molecule (C,H,), ethylene (C,;H,;), mono nitrogen ox-
ide (NO), hydrogen fluoride (HF) and hydrogen gas (Hy)
[37].

TGA/DTG cutves of AgNPs are given in Figure 4b. It
can be seen from the figure that the dominant mass loss
of the AgNPs occurred in the region between 171 and
878°C in two steps. These were due to the degradation of
the polymer [38, 39].

TGA curves of the Cipro-AgNPs nanocomposites are
given in Figure 4c. The figure shows that three mass losses
occurred in the region between 30 and 878°C. The first
mass loss was between 30°C and 171°C with 9.9% mass
loss, due to the loss of the H,O molecule. The second and
third stages (overlapping steps) were due to the degradation
of Cipro drug, formation of a carbonaceous residue and
degradation of the polymer. In addition, TGA was used to
analyse the amount of Cipro bound on the AgNPs, where
the Cipro-AgNPs nanocomposites contained about 22%
Cipro.
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FIGURE 7 TEM image of Cipro-silver nanoparticles (AgNPs) nanocomposites (a), and the histogram of the Cipro-AgNPs nanocomposites size

distribution (b)

3.4 | Zeta potential

The zeta potential instrument represents the stability of the
nano-prepared particles in suspended media. Figure 5 shows
the data of Cipro-AgNPs nanocomposites. The Cipro-AgNPs
exhibited a positive zeta potential with a value of 6.5 mV.

3.5 | SEM analysis

SEM analysis was performed to study the morphological prop-
erties of Cipro-AgNPs nanocomposites (Figure 6). The SEM
analysis revealed that particles were nearly round needle-lumpy
shaped. Most of the Cipro-AgNPs nanocomposites were



9s|

HUSSEIN-AL-ALI ET AL.

aggregated, and very few individual Cipro-AgNPs nano-
composites were also observed [40].

3.6 | Determination of the average size and
size distribution

The TEM image of the Cipro-AgNPs nanocomposites is
shown in Figure 7. It is evident that the Cipro-AgNPs nano-
composites were mainly spherical in shape and well dispersed
(Figure 7a). To determine the Cipro-AgNPs nanocomposites’
size distribution, ] Image software was used, and the data
obtained was reported in a histogram (Figure 7b). The Cipro-
AgNPs nanocomposites had an average size 96 nm.

100

80

60

% Release

40

20

0 1 1 1 1
0 200 400 600 800

Time (min)

FIGURE 8
Cipro-silver nanoparticles nanocomposite performed in phosphate
buffered saline at pH 7.4

Cipro cumulative release percentage (%0) profiles from

3.7 | Drug loading capacity and in vitro
release study of Cipro from the Cipro-AgNPs
nanocomposites

The calculated Cipro loading capacity by the UV instrument for
prepated Cipro-AgNPs nanocomposites is 26.3% w/w. In vitro
Cipro release tests from Cipro-AgNPs nanocomposites were
performed at pH 7.4 to simulate intestinal fluid using phosphate
buffered saline (PBS) medium. The percent of Cipro release
profiles into the PBS medium versus time is shown in Figure 8.
First, the Cipro release profiles indicate the presence of a burst of
about 8.0% after 8 min. Then, the release from Cipro-AgNPs
nanocomposites increases steeply, reaching 98% after 770 min.
In this work, the first fast step of the release profile may be due to
the release of the Cipro drug that is free on the surface of the
AgNPs [41, 42]. The release in the slow second step is due to
anion exchange between Cipro and phosphate anions in the
release media. In addition, the release may be facilitated through
the internal diffusion of AgNPs and Cipro anions.

The average dissolution time (ADST) is the average time
required for drug dissolution. It is calculated according to
Equation (2) [43].

n
Z tmidAM
ADSTin—vitro = Z:1n7 (3)
STAM
=1
where 7 is the number of dissolution times, AM is the con-
centration of the drug dissolved between time ¢; and £;_q, iy is
the time at midpoint between ¢ and ¢y, j term is the disso-
lution sample number.

A higher value of ADST indicates a higher drug withhold
in the polymer and vice-versa [44]. The ADST value for Cipro-
AgNPs nanocomposites was found to be 407.5 min; this result
indicates a sustained release model.

TABLE 1 The kinetics equations of the models used in fitting the Cipro drug release data from Cipro-silver nanoparticles nanocomposites [45-48]
Model Equation Parameters
Zero order g =kot Kp is the zero-order rate constant

Pseudo-first order In (g —q) =1nq— kit

t/q = 1/keq’” + t/qe

Pseudo-second order

Higuchi q. =Knv/t
Hixson—Crowell M, — V9 = ky.ct
Korsmeyer—Peppas L= K pt”

oo :

qq is the quantity released at any time (£)

t is the time of drug release

K is the first-order rate constant

qe is the quantity released at equilibrium

K; is the second-order rate constant

Ky is the Higuchi-order rate constant

Ky c is the Hixson-Crowell-order rate constant

M, is the initial quantity of the drug in the nanocomposite
Ky p is the Korsmeyer-Peppas -order rate constant

Qoo is the release at infinite time
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3.8 | Release kinetics of Cipto from the
Cipro-AgNPs nanocomposites

The mechanism of Cipro release from Cipro-AgNPs nano-
composites was estimated using six models to fit the experi-
mental cumulative drug release data (Table 1).

Cipro release kinetics from the Cipro-AgNPs nano-
composites is shown in Figure 9 with regression coefficient
(Rz) values. From the figure, the release of Cipro from Cipro-
AgNPs nanocomposites followed the Hixson—Crowell kinetic
model with R’ values of 0.9847.
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The Hixson—Crowell law was also called the cube root
equation. The equation describes the release from nano-
composites where there is a change in surface area and
diameter of particles [49].

3.9 | Cytotoxicity studies

The cytotoxic effects of the Cipro, AgNPs and Cipro-AgNPs
nanocomposites on the viability of the 3T3 cell lines are pre-
sented as percent cell viability in Figure 10. Values obtained
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FIGURE 9 Release data fitting for Cipro release from Cipro-silver nanoparticles nanocomposites using six kinetic models
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