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Pectin was used as nucleation agent in the synthesis of spherical mesoporous AgsPO4 microspheres for
the development of dual antimicrobial carrier containing a fluoroquinolone. The hybrid Ag3;PO4—pectin
microspheres were characterized by biophysical methods using optical, scanning and transmission
electronic microscopies, X-ray diffraction and energy dispersive analysis, differential scanning calorim-
etry, laser diffraction, and molecular gas adsorption (Brunauer—Emmett—Teller). Scanning electron mi-
croscopy (SEM) images of silver phosphate microspheres without pectin displayed heterogeneous
surface, bimodal size distribution between 0.9—1.0 um and 1.5—1.8 um with 20% and 25% population
yield respectively and high amount of salt detritus. Meanwhile, SEM microphotographies of silver
phosphate microspheres synthesized in presence of pectin showed a drastic change of particle
morphology, homogenous surface, narrow size particle distribution in the 1.3—1.5 pm range with 90%
population yield, 20—30% pore size increase and without debris. X-ray diffraction analysis of silver
phosphate microspheres showed the same crystal profile in presence or absence of pectin suggesting no
changes in the crystalline structure of AgzPO,4 by the addition of the biopolymer was made. Effect of
silver phosphate hybrid microspheres loaded with levofloxacin tested against Escherichia coli and
Staphylococcus aureus showed strong bactericidal activity compared with the bacteriostatic effect of free
levofloxacin. The results are suggesting that hybrid AgzPO4—pectin microspheres containing levofloxacin
can be used as effective antimicrobial against several microorganisms, making them applicable to diverse
medical devices and for antimicrobial control systems. The Ags;POs—pectin hybrid microspheres are
advantageous since they are synthesized by green chemistry methodology under standard laboratory
conditions, do not requiring purification steps, the technique is highly reproducible and they are avail-
able for drug loading and specific target tailoring. The main advantage of AgsPO4—pectin microspheres is
the synergic antimicrobial activity of the silver ion and the antibiotic in the same microdevice acting as
biocide matrix and also as carrier for levofloxacin.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

diseases [2]. Additionally, for many reasons the discovery, devel-
opment and production of novel antibiotics were delayed over the

The emergency of multi-drug resistance (MDR) is a huge
concern for human health at global scale [1]. For example, 450,000
new cases of MDR were reported in 92 countries only for tuber-
culosis in 2012. In particular, nosocomial microbial infections are
serious obstacles everywhere for treatment of many microbial
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last 30 years [3]. In order to solve the sanitary emergency, two main
strategies for antimicrobials administration were established: the
first one involves the development of novel and more effective drug
carriers; and the second is the selection of two drug molecules with
different microbiocide activity loaded together in the formulation
[4].

Particularly, the interest of silver as antibacterial, used since
ancient times, was recently rediscovered by the academy and
extensively studied in last ten years [2,5]. The main advantages of
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silver devices are based on their low toxicity in humans, broad
antimicrobial spectrum and low probability to produce bacterial
resistance compared to traditional antibiotics. In fact, silver alone or
combined with other molecules are currently used for controlling
bacterial growth in a variety of applications, including dental im-
plants, skin creams and patches, catheters, and clothes [6—8].

The strong silver biocide activity was attributed to several
antimicrobial mechanisms such as damage of cell membrane pro-
teins, blocking RNA transcription, disruption of DNA binding and
replication [9]. Silver phosphate crystals with different morphol-
ogies synthesized in presence of detergent (Triton X-100) or poly-
mers (polyacrylates or polyglycol 2000) were reported as
bacteriostatic on Escherichia coli DH5a. [10]. The antimicrobial
mechanisms of silver phosphate crystals postulated by the authors
were the membrane damage, ROS formation in the cytoplasm by
the Ag'* and interference on ATP synthesis by the silver salt [10].
Similarly, crushed code fish bones immersed into silver nitrate
solution and dried showed high antimicrobial activity against E. coli
and Staphylococcus aureus [11]. In another work, antimicrobial ac-
tivity of hydroxyapatite containing silver was strongly correlated
with the Ag'* content. However, hydroxyapatite-silver particles
higher than 45 nm or with high silver payload showed structural
inhomogeneity and low antimicrobial activity against S. aureus and
Pseudomonas aeruginosa [12]. Interestingly, no toxicity was found
using calcium phosphate surfaces sprayed with silver nitrate on
Chinese hamster V79 cell line [13]. Diverse silver phosphates
morphologies and features such as amorphous to crystals struc-
tures showing from irregular spheroids to arrow-head morphol-
ogies in presence of ammonia (i.e. diamine—silver complex
formation) were observed by SEM. In addition, polyhedral and
cubic silver phosphate crystals were synthesized by modifying the
reaction components and physicochemical parameters such as
solvent polarity, the ratio of solvation (e.g. ethyleneglycol—water
mixtures), temperature, etc [14—16]. Besides, SEM images of the
reported silver phosphate salts showed medium to high poly-
dispersity, and/or wide polymorphism and/or the presence of
parasitic structures because of complicated intrinsic control of
physicochemical experimental conditions. The particle poly-
morphism and high polydispersity are both serious drawbacks for
the development of drug delivery carriers since it is not possible to
establish a proper drug loading and controlled release profile.

In recent years, mesoporous silica-based materials, e.g. MCM-41
or SBA-15, loaded with wide range of antimicrobials from silver
nanoparticles, antibiotics to lytic enzymes were explored for the
development of microbiocide devices against fastidious and anti-
biotic resistant microorganisms [17,18]. The main advantages of
mesoporous materials are the ability of absorb and contain many
molecules with different molecular weights and physicochemical
properties keeping their biological activities by tailoring pore
diameter and/or chemical structure. The tuning of mesoporous
structures is determining the interactions within the loads and
consequently the controlled release kinetics [19].

Devices based on silver salts and polymers could improve
antimicrobial activity against pathogens but only few reports were
found in the literature and the mechanisms are not fully under-
stood [20,21]. Biopolymers such as alginate, cellulose, pectin
among others were lately reported as potential “green carriers” for
drug delivery [22]. Natural polymers are providing excellent plat-
forms for molecular loading and release because of gelling prop-
erties, and also considered smart molecules since they are sensitive
to environmental conditions (e.g. pH, temperature, ionic strength).
Most of biopolymers are non-toxic, degradable, showing high
structural diversity and some of them are used in food or food
supplements (e.g. fibers). Also, biopolymers displayed wide variety
of functional groups easy to tailor by Green Chemistry techniques.

Particularly, pectins are water-soluble food-grade polysaccharides
synthesized in plant cell walls. Pectins are linear poly-o-(1,4)-D-
galacturonic acids chains partially methoxylated. Pectins are slowly
degraded in humans by the intestinal flora, which can be consid-
ered advantageous for the development of intestinal drug delivery
carriers [4]. In this sense, the use of biopolymers as nucleation
agents for the development of hybrid inorganic matrices carrying
biocides is a feasible alternative (e.g. encapsulation of ciprofloxacin
in a matrix composed of CaCO3; and carrageenans) [23]. Similar
approach was reported for the synthesis of silver phosphate anti-
microbial particles in presence of chitosan and hyaluronic acid, but
the particles are displaying wide particle size distribution, and no
biocide was incorporated into the device [24].

Fluoroquinolones are among the most used broad-spectrum
antibiotics for Gram(+) and Gram(—) bacteria. The main mecha-
nism of fluoroquinolones antimicrobial activity is based on the
inhibition of topoisomerases (e.g. DNA gyrase and topoisomerase
type IV) causing DNA breakage and consequently microbial cell
death. Levofloxacin is a fluoroquinolone used to treat many bac-
terial infections (e.g. chronic bronchitis, sinusitis, conjunctivitis,
and penicillin-resistant strains of Streptococcus pneumonia, etc.),
urinary tract and abdominal infections, but also skin and soft tissue
infections. However, some adverse effects of levofloxacin like
gastrointestinal problems such as abdominal discomfort, anorexia
and diarrhea were reported in clinical studies [25]. Additionally,
fluoroquinolones are showing unwanted secondary side effects
because of molecular stacking attributed to the aromatic ring
structure and low solubility in aqueous media [26]. These main
properties of fluoroquinolones are reducing the antibiotic bio-
disponibility and became toxic because of crystal formation inside
the body [27].

The aim of the present work was to develop a simple and
reproducible aqueous method for the synthesis of AgzPO4 micro-
spheres (AgP-Ms) in presence of pectin and loaded with levo-
floxacin as novel dual-antimicrobial device. The novel hybrid AgP-
Ms were characterized by biophysical methods using optical,
scanning and transmission electronic microscopies (OM, SEM and
TEM), X-ray techniques like diffraction (XRD) and Energy Disper-
sive Analysis (EDAX), Differential Scanning Calorimetry (DSC), Laser
Diffraction (LD), and molecular gas adsorption (Bru-
nauer—Emmett—Teller, BET and Barrett—Joyner—Halenda, BHJ).
Finally, the antimicrobial activity of AgP—pectin microspheres
containing levofloxacin was tested against the Gram(+) S. aureus
and the Gram(-) E. coli in agar plates, and also the microbial
viability and minimal inhibitory concentrations (MIC) were deter-
mined in liquid medium.

2. Experimental
2.1. Materials

High Methoxylated Pectin (HMP, ED 74%, average Mn
1.60 x 10° Da) was kindly provided by C.P. Kelco (Buenos Aires,
Argentina). All other reagents used were of analytical grade pur-
chased from Sigma (St. Louis, MO) or Merck (Darmstadt, Germany)
or from local suppliers. Deionized water was prepared using
reverse osmosis equipment Aqual 25 (Brno, Czech Republic) and
further purified by using a MiliQ Direct QUV apparatus equipped
with a UV lamp.

2.2. Silver phosphate microspheres synthesis
Silver phosphate microspheres (AgP-Ms) containing or not high

methoxylated pectin (HMP) were made by precipitation. Briefly,
9.0 ml of 100 mM AgNOs solution was quickly added to 9.0 ml of
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60 mM sodium tripolyphosphate (NasP301g) with or without 2.0 ml
of 1.0% HMP at room temperature under stirring for 5 min. The
precipitate was centrifuged (4000 x g, 10 min) and washed twice
with one volume of MiliQ water. The supernatant were discarded
and the microspheres obtained were lyophilized (Rificor L3,
Argentina) and kept under the dark.

2.3. X-ray diffraction (XRD)

Dried sample diffraction patterns were collected using Analyt-
ical Expert Instrument (Philips 3020, The Netherlands) using CuKj,
radiation (A = 1.54 A) and scans in the 26 range 20° < 26 < 90° with
0.04 step size and 1.00 seg/step at room temperature. The generator
tension was 40 kV and current of 35 mA. The sizes of AgP-Ms were
determined by the Scherrer equation:

K-
L= G-cos

where K = 1, assuming spherical particles; § is the width at half
maximum intensity of the reflection, # is Bragg's angle and
A = 154 A is the wavelength of the X-ray radiation.

2.4. Differential scanning calorimetry (DSC)

The calorimetrical analyses were made using a TA-Instrument
calorimeter (model Q2000 V24.10 Build 122; New Castle, DE,
USA). The temperature was scanned at heating rate of 10 °C/min
from 20 °C to 250 °C range under nitrogen atmosphere. Each
experiment was performed by triplicate.

2.5. Morphology and structural analysis of the particles by optical
microscopy

The AgP-Ms were analyzed using an optical microscope at 10x,
40x and 100x magnifications (Leica DM 2500, Germany), under
different experimental conditions: humid, lyophilized and
rehydrated.

2.6. Morphology and structural particle analysis by scanning
electron microscopy (SEM)

SEM analysis was performed using freeze-dried AgP-Ms for 72 h
and stored in desiccators under dark conditions. The samples were
prepared by sputtering the surface AgP-Ms with gold using a
Balzers SCD 030 metalizer with layer thickness between 15 and
20 nm. Particles surfaces and morphologies were observed using
Philips SEM 505 model (Rochester, USA), and processed by an im-
age digitalizer program (Soft Imaging System ADDA II (SIS)).

The size distribution, diameter and surface roughness of the
AgP-Ms SEM images were analyzed by Image] software (NIH, USA).
The roughness of the surface was estimated by the standard vari-
ation of the gray values of all the pixels on the image. The less the
standard variation value is, the smoother the surface is [31]. The
histograms were performed by duplicate of SEM images at 5000 x
magnification.

2.7. Energy dispersive X-ray analysis (EDAX)

Chemical analysis by EDAX analysis was performed using Apex 2
EDAX Apollo X coupled to SEM in dried samples.

2.8. Nitrogen adsorption isotherms (BET and BHJ analysis)

Nitrogen adsorption—desorption were carried out in dry mi-
crospheres at 77 K. Surface area, pore volume and pore size of the
different formulations were estimated using the Micromeritics
ASAP 2020V3.00 Software by applying the Brunauer—Emmett—-
Teller (BET) equation and the Barrett—Joyner—Halenda (BJH)
technique.

2.9. Transmission electron microscopy (TEM) analysis

The AgP-Ms were analyzed by TEM to determine morphology
and size. A volume of suspended AgP-Ms (1.0 mg/ml) at room
temperature was removed and applied to a collodion-coated Cu
grid (400-mesh). Liquid excess was drained with filter paper. Im-
ages were obtained in a Jeol-1200 EX II-TEM microscope (Jeol, MA,
USA).

2.10. Laser diffraction (LA)

Particle size distribution was measured using a laser light
diffraction instrument (LA 950 V2, Horiba). Particle size distribu-
tions are reported as normalized mass histograms and cumulative
distributions. Also representative sizes dyg, dso (median mass size)
and dgg were calculated from the normalized cumulative mass
passing distributions. dqo, dsp and dgg represent the opening sizes
that would let pass 10, 50 and 90 wt% of the sample, respectively.
The distribution width was characterized in terms of span. The span
index was calculated as follows:

(dgo — dio) )

Span =
P dso

Span values lower than 2 indicate relatively narrow particle size
distributions [29].

2.11. Antibacterial studies

2.11.1. Microbial cultures
S. aureus (ATCC 6538) and E. coli (ATCC 25922) were cultured in
nutrient broth medium at 100 rpm and 37 °C for 12 h.

2.11.2. Assays of AgP-Ms antimicrobial activity in agar plates

Inhibition zones against S. aureus and E. coli were determined by
using modified disk diffusion method in agar plates according to
CLSI/NCCLS, replacing the disks for sterile glass cylinders. The glass
cylinders were further placed on the inoculated agar plate surface.
Solutions containing 1.0 pg/ml of AgP-Ms and further dilutions
were tested. Each solution (25 ul) was placed inside the cylinders
on the plates and incubated at 37 °C and then the inhibition zones
were determined after 24 h.

2.11.3. Levofloxacin loading

The microspheres were charged with Levofloxacin (Levo) by
placing 10.0 mg of lyophilized microspheres into a 1.0 mg/ml so-
lution of the drug at room temperature under slow agitation for
24 h. After loading, the microspheres were centrifuged at
10,000 x g for 5 min and them the precipitates were washed with
miliQ water two times. The particles were resuspended in water
miliQ, this solution was then used for the antimicrobial essays.

2.11.4. Antimicrobial assays using AgP-Ms loaded with levofloxacin
(levo)

Antimicrobial activity against E. coli and S. aureus was per-
formed as mentioned before (see Section 2.11.2). Solutions
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containing 1.0 mg/ml of AgP-Ms with and without pectin, AgP-Ms
with and without pectin loaded with Levo and free drug control
were analyzed.

2.11.5. Viability essays in nutrient broth

E. coli and S. aureus were cultivated in 50 ml Erlenmeyer flasks
containing nutrient broth at 37 °C and used to compare the anti-
microbial activity between the free drug and the drug-loaded mi-
crospheres. Bacterial cultures were followed up to the half
exponential phase, and them particles loaded with Levo or free
drug were added to the flasks. Upon completion of 24 h culture
aliquots of 100 ul were taken and spread on Petri dishes containing
Mueller Hinton agar incubated at 37 °C. The bacterial survival was
estimated by UFC/ml count on the agar plates. Controls of bacterial
growth in absence of Levo, with increasing free antibiotic concen-
trations (from 5.0 to 10.0 pg/ml) and with unloaded antibiotic mi-
crospheres were carried out. The bacterial inhibition growth was
also measured by optical density at 600 nm.

2.12. Statistical analysis

All experiments were carried out at least in triplicates. The mean
values were analyzed by the one way analysis of variance (ANOVA)
with a significance level of 5.0% (p < 0.05) followed by Fisher's least
significant difference test (p < 0.05).

3. Results and discussion
3.1. Synthesis of Ag3PO4 hybrid microspheres

Colloidal precipitation of AgP-Ms with or without 0.1% (w/v)
HMP under our experimental conditions resulted in microspheres
determined by optical microscopy (Fig. 1). However, SEM and TEM
micrographs showed lyophilized fine microspheres powders with
different morphologies and surfaces depending on the presence or
absence of pectin. SEM micrographs confirmed spherical shapes of
AgP-Ms but also are providing significant evidence of the relevant
role of pectin during AgP-Ms synthesis (Fig. 2). In absence of pectin,
the Ag-Ms microspheres synthesis is producing many salt detritus,
particle aggregation and irregular surface (Fig. 2A). On the other
side, images of AgP-Ms synthesized in presence of pectin revealed
spherical shape, more uniform and narrow size dispersion with
increased smooth surface (Fig. 2B). Besides the spherical shape was
conserved, new distinctive surface pattern appeared when pectin is
present during microparticle synthesis. This characteristic was also
observed in the TEM images (Fig. 3): smooth surface architecture

was evidenced in the AgP—pectin microspheres indicating a crucial
role of biopolymer during the silver salt nucleation and particle
formation. In this sense, AgP—Pectin microspheres could expose
pores in the surface occupied by pectin chains, creating an inter-
esting pattern made by the polymer coat. Energy-dispersive X-ray
spectroscopy (EDAX) analysis of the silver phosphate microspheres
containing or not pectin displayed the same profile distribution
suggesting that chemical composition for both types silver phos-
phate salt was unaltered by the presence of the biopolymer during
the microparticle synthesis (Fig. 1S, Supplementary material).

3.2. Size distribution of SPP's beads

SEM micrographs and Image] software analysis showed an
average diameter of dried AgP-Ms containing HMP in the range of
1.30—1.50 pm with population yield higher than 90% and without
noticeable salt detritus (Fig. 2B). On the contrary, dried AgP-Ms
synthesized in absence of pectin showed a wide and bimodal par-
ticle size distribution (Fig. 2A). The top particle distributions of AgP-
Ms without pectin were in the range of 0.9—1.0 pm and 1.5—1.8 pm
diameter but also with very low population yields of about 20% and
25% respectively (Fig. 4). Surface analysis of the AgP—pectin mi-
crospheres by Image] program showed about 30% lower standard
deviation compared to the same microspheres without the
biopolymer which are indicating smooth surface for the
AgP—pectin microspheres (Fig. 2S, Supplementary material).
Similar trends were observed in the CaCO3 microspheres synthe-
sized in presence or absence of A-carrageenans [27].

3.3. Laser diffraction (LD)

The median size of microspheres determined using LD doesn't
match the particle size observed in the SEM images. The reason of
the discrepancy is because of LD analyze ionic radius which is
usually bigger than real particle size. Silver phosphate micro-
spheres showed asymmetric size distribution tailed to large di-
ameters (Fig. 5A). In contrast AgP—pectin microspheres showed
Gaussian type distribution (Fig. 5B). Silver phosphate microspheres
showed asymmetric size distribution tailed to large diameters with
maximum medium size (dsp) of 1.57 pm. In contrast AgP—pectin
microspheres showed Gaussian type distribution with maximum
medium size (dsp) of 2.41 pm. The increase of medium size of the
AgP—pectin microspheres could be attributed to the presence of the
polymer in microspheres and the contribution of residual electric
charges of the biopolymer in the microsphere surface. The
biopolymer lead to a narrower distribution, in fact the distribution

Fig. 1. Optical microscopy of the silver phosphate—pectin microspheres: (a) 40x; (b) 100x.
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Fig. 2. SEM images of silver phosphate microspheres in absence (A) and in presence of pectin (B) at 5000x magnification.

1 pum

1pm

Fig. 3. TEM images of silver phosphate microspheres synthesized in absence (A) and in presence of pectin (B) at different magnifications 10,000x (A) and 20,000x (B).
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Fig. 4. Shape and size distribution of AgsPO4 microspheres with () and without (00)
pectin.

span for AgP—Pectin-Mps was 1.4 while for samples without pectin
was about 2.0 (Table 3S).

3.4. Structural analysis of the particles using XRD

The AgP-Ms structure was evaluated by X-ray diffraction anal-
ysis of the microspheres containing or not Pectin (Fig. 6). The
presence of the peak at 33° with highest intensity was assigned to
(210) plane in the XRD of Ag3zPO4 microspheres and it is the char-
acteristic peak of silver phosphate [31]. Also, the diffractograms
showing the same spectrum profile for both type of samples which
are strongly suggests that the crystal structure of the AgP-Ms
containing pectin was unchanged.

3.5. Nitrogen adsorption isotherms (BET)

Determination of the microspheres porosity was carried out by
N> adsorption and desorption at 77 K (Table 1). Gas adsorption in
the P/Po range of 0.1—0.3 gave a specific surface area of 74 m? g~ of
Ag3P0O, particles, meanwhile 43 m? g~! for AgP—Pectin micro-
spheres. The high surface area suggested the presence of nanopores
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Fig. 5. Normalized mass size distributions of silver phosphate microparticles without (A) or with (B) pectin determined by laser diffraction.
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Fig. 6. Particle X-ray diffraction analysis.

within the particle structure. This could be also observed in the
hysteresis obtain of the isotherm linear plot graph, characteristic
place in the mesoporous materials. Analysis of the matrices showed
between 19% and 34% pore size increase by the addition of pectin to
the mesoporous microparticle synthesis (Table 1). The smaller
surface area and pore volume for AgP—Pectin microspheres can be
attributed to the pectin, which would led to less but wider pores
than the observed for AgP-Ms. Also, this hypothesis is in agreement
with the smooth surface determined in the microspheres by Image]
analysis of SEM microphotographies. These results are suggesting

that the polymer is covering the particle surface making it
smoother and making wider pores.

3.6. Thermal properties using DSC

The thermal analysis with DSC studies was performed in order
to confirm the hypothesis of AgzPO4/pectin interactions and the
presence of pectin in the microspheres. The thermogram of
AgP—pectin microspheres showed an exothermic peak at approx-
imately 110 °C corresponding to the melting point of pectin
incorporated in particles nanostructure. However, no peaks were
observed in the silver phosphate microspheres thermogram profile.
Also, pectin showed the characteristic profile with the smooth
endothermic peak (Fig. 4S, Supplementary material).

3.7. Antibacterial study against Gram positive and Gram negative
strains

3.7.1. Zone of inhibition
Antimicrobial activity of the AgP microspheres were tested on

agar plates containing the typical Gram(+) and Gram(—) microor-
ganisms S. aureus and E. coli respectively.

Comparison of 0.50 mg/ml AgP-Ms antimicrobial activity with
and without pectin in agar plates showed similar results for both
bacterial strains tested (Fig. 5S). The antimicrobial capability of
AgP-Ms containing pectin tested against S. aureus and E. coli are
confirming the antimicrobial activity of silver in particles.

Table 1
Characterization of microspheres by nitrogen adsorption isotherms (BET). In all cases standard deviation is lower than 5.0%. BJH adsorption cumulative volume of pores

between 1.7 nm and 300.0 nm width.

Pore size (nm)

Pore volume (cm?/g)

Microsphere sample Surface area (m?/g)

BJH adsorption BET method
AgP 74.04 0.24 12.34 13.07
AgP—Pectin 43.21 0.17 16.57 15.56
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Fig. 7. Antimicrobial assay in agar plates using dilutions of the Ags;PO4 microspheres (AgP-Ms). Microorganisms: (a) Escherichia coli (b) Staphylococcus aureus. (Particles Stock:
5.0 mg/ml; wells: (1) control with water; (2) control Levo (1.0 mg/ml); (3) AgP-Ms; (4) AgP—pectin Ms; (5) AgP-Ms loaded with Levo; (6) AgP—pectin Ms loaded with Levo.

3.7.2. Antimicrobial assay using AgP-Ms loaded with levofloxacin
(levo)

Furthermore, Levofloxacin was loaded into the silver micro-
spheres to test antimicrobial activity. The biocide activity of AgP-Ms
containing or not pectin was enhanced by the presence of levo-
floxacin (Fig. 7). Comparative microbial inhibition diameter be-
tween free and encapsulated levofloxacin do not show differences,
suggesting no interference by the presence of the formulation
components of the microspheres, silver ion and pectin in the
biocide activity.

Additionally, the loading capability of silver microspheres con-
taining pectin was enhanced and attributed to the interaction be-
tween the fluoroquinolone and biopolymer similarly as previously
reported in the case of ciprofloxacin and alginate [24,30].

Controls

E. coli

S. aureus

AgP-MPs charged

3.7.3. Viability test in nutrient broth

Samples of batch cultures of E. coli and S. aureus cultivated one
day in presence or absence of levo and silver microspheres loaded
with levo were spread in agar plates and incubated at 37 °C for 12 h.
The plates are indicating some microbial growth after incubation
with levofloxacin during 24 h, meanwhile no viable cells were
found in the cultures exposed to silver phosphate microspheres
loaded with the fluoroquinolone (Fig. 8 and Table 2).

4. Conclusions
Spherical hybrid mesoporous AgsPOs—pectin microspheres

were successfully synthesized using reproducible and facile pre-
cipitation method under physicochemical controlled conditions.

Levofloxacin

Fig. 8. Viability counting assay in agar plates using AgsPOs—pectin microspheres loaded with levofloxacin and free drug, against Escherichia coli and Staphylococcus aureus.

(Particles: 1.0 mg/ml; Levo: 10.0 pug/ml, controls in absence of any antimicrobial agent).
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Table 2
Colony counting of the viability assays corresponding to the pictures of Fig. 8.

Microorganism Bacterial control

AgP—pectin Ms (UFC/ml) Levofloxacin (UFC/ml)

E. coli Lawn 0 920 + 60
S. aureus Lawn 0 825 +40
The antimicrobial activity is directly related to structure of the References

mesoporous microspheres which is advantageous since its high
intrinsic crystal stability compared to the silver loaded silica mes-
oporous structures.

The formation of mesoporous silver phosphate—pectin hybrid
microspheres are displaying well-defined spherical shape and
narrow size distribution confirmed by diverse microscopy tech-
niques (OM, SEM and TEM) and LD. X-ray diffraction of
AgP—pectin microspheres showed no changes in the crystal
structure of AgzPO,4 in the presence of pectin. However, the in-
clusion of pectin into AgP-Ms produces a reduction almost in half
in microparticle surface and almost in one third in pore diameter,
but increase in about 25% the pore size determined by BJH and BET
techniques. Another advantage of the AgP—pectin microspheres is
the absence of salt detritus and the enhanced incorporation of
levofloxacin into the microspheres. Additionally, the amount of
the loaded antibiotic can be tuned based on the pectin content in
the mesoporous microspheres which is advantageous since can
make a versatile drug delivery device for different therapeutic
purposes.

The AgP—pectin microspheres loaded with levofloxacin showed
an increased biocide activity against E. coli and S. aureus. The results
demonstrate that microbial cultures exposed to 1.0 mg/ml levo-
floxacin contains viable microbial cells after 24 h incubation,
meanwhile no viable cells were detected in presence of silver
phosphate hybrid microspheres loaded with the antibiotic. The
main advantage of AgP—pectin microspheres is the synergic anti-
microbial effect of silver ion with the antibiotic in the same
microdevice with dual function: acting as biocide matrix and as
carrier for levofloxacin. The enhanced antimicrobial activity of
AgP—pectin device containing levofloxacin allowed to diminish the
antibiotic concentration in the dose and consequently decreasing
the potential undesirable antibiotic side effects favoring patient
compliance.

Mesoporous silver phosphate microspheres containing pectin
can be synthesized by Green Chemistry technical approach in a
simple, reproducible and cost-effective manner and they are suit-
able for formulation of new types of dual bactericidal materials
containing also others molecules. Application of antibacterial silver
phosphate—pectin microspheres may be useful on the treatment of
skin infections or in diverse industrial fields such as textiles, coat-
ings, paintings, and medical devices.
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