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Study of the Antibacterial Activity of Levofloxacin Biocomplexes Based
on Natural and Synthetic Polymers on Medical Meshes

Abstract

In the presented article, a model system was created and tested on cultures to determine the
antibacterial activity of composites without metal nanoparticles, as well as those containing silver
(Ag°) and magnetite (Fe3Os) nanoparticles. During surgical operations for abdominal hernias,
special antisterile synthetic meshes made of polyvinylidene fluoride were impregnated with
polymer matrices, their homopolymer mixtures, and solutions with levofloxacin. The polymer- and
polymer/drug-impregnated meshes were placed in bacterial media in Petri dishes, and their
antibacterial activity was compared based on the diameter of the resulting lysis zones. For control
purposes, levofloxacin alone was also impregnated into synthetic meshes with a size of 1 cm? and a
mass of 30-40 mg, and experiments were conducted. Each synthetic mesh was impregnated with
polymer samples comprising about 15-20 % of the mass, a metal oxide-metal nanoparticle coated
with a polymer chain, and approximately 5 micrograms of levofloxacin. It was found that the
homogeneous systems containing metal nanoparticles both levofloxacin free and the levofloxacin-
loaded samples had a stronger microbial effect. This led to an increase in the area of the lysis zone.
This effect is naturally related to the antibacterial properties of the metal nanoparticles themselves,
which make the composite more effective in killing microbes. Additionally, compared to samples
without nanoparticles, the lysis zone remains stable for a longer period.
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Introduction
The convergence of nanotechnology and medicine has led to the active development of a new
field of research — nanobiotechnology — which creates interesting opportunities for the discovery of
new materials.
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It is known that the synthesis of Ag and FesO4 nanoparticles in biological media without using
chemical reagents is widely applied. The simplicity, non-toxicity, and environmental compatibility
of this method are noteworthy. The synthesis of Ag°® nanoparticles in the presence of biomolecules
such as starch, dextran, gum arabic, chitosan, enzymes, amino acids, and fungi allows for stable
long-term maintenance, a primary principle for biocompatibility. Ag° nanoparticles have also been
synthesized using bacterial proteins and plant extracts as reducing agents, with positive results in
drug delivery applications in medicine (Park et al., 2012; Xiliang et al., 2014). The bactericidal and
antimicrobial activity of Ag°® nanoparticles depends on the chemical and biological coating
surrounding their surface. For instance, the positive charge on the surface of Ag° nanoparticles
enables them to remain in the bloodstream for a long time, a crucial requirement for drugs and
reagents used against cancer (Hiramatsu et al., 2004).

Research

Recently, the bactericidal property of Ag® nanoparticles has been linked to their slow oxidation
upon contact with the environment, resulting in an excited state. For example, the impact of 3-25
nm Ag°® nanoparticles on the survival times of Gram-negative microorganisms like E. coli, V.
cholerae, and P. aeruginosa has been studied (More et al., 2023). The physical and chemical
properties of Ag® nanoparticles make them suitable for use as carriers and protective materials in
medicine, either alone or in compositions with various natural polymers (Humbatova et al., 2017).
The field of application of Ag® nanoparticles depends on their synthesis method and the nature of
the compound used as a stabilizer (Helmlinger et al., 2015; Huang et al., 2008; Schlinkert et al,
2015; Hengbo et al., 2004). When natural polymers are used both as reducing and stabilizing
agents, the physical stability of the Ag® nanoparticles obtained is high, and the toxicity of the final
product is lower, facilitating its application in green synthesis in medicine. The physicochemical
properties of the obtained nanoparticles affect their biological indicators, so factors like size,
distribution, surface area and energy, aggregation tendency, solubility, toxicity, and
biocompatibility must be evaluated after the synthesis of Ag°® nanoparticles (Ping-Chang et al.,
2014; Richard et al., 2008).

Ag* ions and Ag°-based compounds are highly effective against microorganisms, demonstrating
strong biocidal activity against 12 types of bacteria, including E.coli (Shankar & Rhim, 2015; Xi-
Feng Zhang et al., 2016). Modern dressing materials can gradually release silver, helping to prevent
toxicity and ensure a therapeutic dose of silver for wounds (Sangiliyandi et al., 2016; Cabrini et al.,
2011). Research results show that these dressings can destroy common wound pathogens, including
Staphylococcus aureus and Pseudomonas aeruginosa (Thakkar et al., 2010). The antibacterial
activity of chitosan tripolyphosphate nanoparticles loaded with various metal ions has been
investigated by Du and colleagues, showing increased antibacterial activity due to the loaded metal
ions (Wen-L.i et al., 2009).

In this regard, FeszOs-based composites among metal oxide nanoparticles also form the
foundation of highly effective antibacterial preparations (Prabhu et al., 2015). Although these
composites have wide applications in optics, mechanics, biotechnology, engineering, microbiology,
electronics, and other fields, research on green synthesis and their antimicrobial activity has rapidly
increased in the past decade (Khwaja et al., 2016; Pelgrift & Friedman, 2013).

Fes04 nanoparticles possess unique properties, including small size, high conductivity, surface
modification, and others. These nanoparticles are significant in delivering antibacterial drugs to
infected sites, increasing effective drug concentrations, thereby enhancing antibacterial effects,
reducing drug doses, and overcoming bacterial resistance (Bharathi et al., 2019). Studies have
shown that iron oxide nanoparticles coated with chitosan have antioxidant activity and exhibit
potential antibacterial activity against both Gram-positive and Gram-negative pathogens (Vallabani
et al., 2020; Bhuiyan et al., 2020).

Experimental Section

In this research, poly-N-vinylpyrrolidone (PVPr) with an average molecular weight of 360,000
was used, obtained from Fluka. Gum arabic (GA), with a chemical purity sufficient for biological
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research (98 %), was used in synthesis processes without further purification (CAS number 9000-
01-5, obtained from Sigma Aldrich).

Arabinogalactan (AG), with sufficient chemical purity for biological research, containig less
than 15 % moisture, was used in synthesis processes without further purification (CAS 9036-66-2).

The preparation of magnetite (FezOs) nanoparticles was performed according to the
methodology in reference (Mahdavi et al., 2013), using FeCl, and FeCls salts as the iron oxide
source.

Levofloxacin (Lfx) with the chemical formula C1sH20FN3O4 and ATC code JO1IMA12, has 99 %
bioavailability, with 83 % excreted unchanged by the kidneys (CAS number 100986-85-4). It is a
white-yellowish solid crystal with a molar mass of M(C1sH20FN304) = 361.368 g/mol, and a density
of 1.5 g/cm3. Commercially known as Levaquin, it is used in drug form as a hemihydrate
C18H20FN304 x %2 H20 and was obtained as a hemihydrate from Sigma Aldrich for use as a reagent.

Chitosan (CS) is a white, yellowish solid called deacetylated chitin or poly-D-glucosamine,
CAS number 9012-76-4, average molecular weight 230 kDA, insoluble in water, well soluble in 1
% acetic acid, polyaminosaccharide with a linear structure with 85 % degree of deacetylation.

Meshes containing polyvinylidene fluoride, used for abdominal hernia treatment, were
impregnated with Lfx alongside synthesized hydrogels to test their antibacterial activity in vitro.
The method for impregnating polymer gel-antibiotic onto the mesh and evaluating its antimicrobial
activity was improved according to reference (Kuleshova, 2015).

The impregnation of the polymer gel-antibiotic into the meshes was performed according to the
methodology proposed by us, and the assessment of its antimicrobial activity was performed using
the traditional method. So, meshes of 1 cm? size and 0.02 g mass were cut in sterile conditions.
First, suspensions of synthesized gels with a concentration of 50 mg in 15 ml of distilled water are
prepared. On the other hand, 10 ml of solution containing 5 pg of Lfx is prepared. Meshes are
soaked with the appropriate hydrogel sample and released from the solvent at 35-40°C. 20-25 % of
the mass of nets has gel. At the end, 0.2 ml of Lfx was absorbed into the mesh-gel composite over
the entire surface and dried again at low temperature. Then, the mesh-gel-drug composite is stored
under sterile conditions and directed to the next antibacterial tests.

Results and Discussion

The antibacterial properties of homopolymers and graft copolymers used in this study were
examined by the disk diffusion method. To evaluate these properties, Staphylococcus aureus
(Gram-positive bacteria) and Escherichia coli (Gram-negative bacteria), Pseudomonas aeruginosa,
and Candida were used as test cultures, which are the main causative agents of purulent-
inflammatory processes. In the disc diffusion method, a suspension with 0.2 billion microbial cells
per 1 ml is prepared from the daily culture of the microorganism, i.e., a small amount is taken from
the daily microbial culture on the skew agar surface with a bacteriological loop on a sterile
physiological solution, and a suspension with 1 billion microbial cells per 1 ml is adjusted to the
standard and brought to the limit. This was then poured into Petri dishes containing nutrient agar
(Meat-Peptone Agar, MPA) and spread evenly. The dishes are gently moved so that the suspension
is spread equally in all directions. After that, the remaining suspension is sucked through a pipette
and placed in the disinfectant solution. The dishes are kept at 37°C for 10 min to allow the solution
to dry slightly. After that, the dishes are removed from the thermostat, divided into 2 or 4 parts with
a pencil, 1 cm? meshes impregnated with polymer gel-levofloxacin are placed on the surface
(sectors) of the nutrient medium where the microbe is planted, with a distance from each other, and
gently pressed with tweezers so that the squares are well let it get wet. Then the MPAs are placed in
a thermostat with a temperature of 37°C. As the meshes absorbed moisture, the impregnated
substances diffused into the agar, killing the microbes. After 24-48 hours, the plates were removed,
and results were recorded. The results were compared with those of meshes impregnated without
levofloxacin. Antimicrobial indicators were determined based on the area of the lysis zone. Larger
lysis zones indicate higher antimicrobial properties.
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Homopolymers and graft copolymers samples are CS, AG, PVPr, and their mixtures. Visual
images of the lysis zones around the meshes observed over a one-week period are shown in Figures
land 2.

Figure 1

Effect of natural and synthetic homopolymers, graft copolymers, and their mixtures with
Levofloxacin, absorbed onto synthetic meshes, on Staphylococcus, Pseudomonas aeruginosa, and
Escherichia coli microbes
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Figure 2
The effect of biocomplexes of colloidal solutions containing Ag® and FesO4 nanoparticles

coated with natural and synthetic polymers, infused with levofloxacin, on Staphylococcus,
Pseudomonas aeruginosa, and Escherichia coli bacteria

Various polymer and graft copolymer blends impregnated into mesh were initially cut into
square shapes, and their antibacterial properties were studied using the disk-diffusion method. To
assess these properties, standard test cultures were selected, representing common causative agents
of purulent-inflammatory processes: Staphylococcus aureus (as a Gram-positive bacterium),
Escherichia coli (a Gram-negative intestinal bacterium), and Pseudomonas aeruginosa (a Gram-
negative, pigment-producing bacterium). Additionally, homopolymer samples combined with silver
nanoparticles were impregnated into mesh and tested for antibacterial activity. The antibacterial
efficacy observed over a 3-week period was evaluated by measuring the lysis zone area (Table 1).

Table 1
Determination of antibacterial properties of natural and synthetic-based polymers, their graft
copolymers, Ag® and FezO4 nanoparticle complexes, and Lfx -immobilized samples

Test cultures
Substances Staphylococcus | Esherichia coli Pseudomonas
aureus(mm) (mm) aeruginosa, (mm)
1 AG 20 18 20
AG-Lfx 24 20 24
2

AG-Ag° 21 19 21
AG-AgP-Lfx 28 27 25
AG-Fe304- LfX 29 28 23
3 CS + (5-7) + (4-6) +(2-3)
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CS-Ag° 11 9 8-9
4 CS-Lfx 24 28 28
5 CS-AgP-Lfx 37 34 39
6 CS-Fes04-L1x 35 38 40
7 PVPr +(7-9) + (5-6) + (4-6)
PVPr-Ag° 24 39 40
8 PVPr-Lfx 35 25 35
9 PVPr-Age-Lfx 38 41 39
PVPr-Fes04- Lfx 36 43 16
10
CS-PVPr-Lfx-
Age 41 48 52
Physiological solution N N +
(control)

Note: The numbers indicate the diameter of microbe-free zones in millimeters, while "+" indicates
full inhibition.

As shown in the table, most of the newly developed formulations (meshes) demonstrated
varying degrees of antimicrobial effects against bacteria. The most active bactericidal agents were
the samples containing Ag° and Fe3zO, nanoparticles. These samples exhibited strong lethal effects
on both Gram-negative (Ps. aeruginosa and E. coli) and Gram-positive (St. aureus) bacteria, with
the sterile zones around the mesh measuring between 35-40 mm.

In all trials, complete inhibition was observed in the control samples. Due to their biological
activity, these samples demonstrated antibacterial activity even without nanoparticles, making them
valuable components in materials with bactericidal properties. All experiments were repeated three
times for accuracy.

Conclusion

Based on previous and recent test cultures with the above samples, it can be concluded that free
arabinogalactan, poly-N-vinylpyrrolidone, CS, and its graft copolymers with poly-N-
vinylpyrrolidone exhibit bactericidal properties even without antibiotic immobilization. This feature
enhances the antibacterial effect of the final product, requiring a smaller amount of drug for
immobilization. It was found that antibiotic-free AG formed a lysis zone of 20 mm against
Staphylococcus, while Ag°- and nanoparticle-containing polymer composites created a 30 mm lysis
zone. Free PVPr formed lysis zones of 32-34 mm against all three microbes. Additionally, the graft
copolymer of PVPr and CS exhibited bactericidal effects, forming lysis zones of 30—-40 mm. After
Lfx immobilization on these polymer samples, bactericidal activity increased, surpassing the
activity of free Lfx. These findings suggest that drug formulations structured with these polymers,
or their graft copolymers with nano metal oxides and metal nanoparticles, can maintain their
biological activity for at least three weeks. This stability makes them suitable for long-term drug
delivery application.

Research also determined that when homogeneous systems containing Ag® and Fes0,
nanoparticles were loaded with and without Lfx, antimicrobial efficacy increased. The lysis zone
expanded, indicating enhanced bactericidal properties attributed to the inherent antibacterial effects
of silver and magnetite nanoparticles. This improvement makes the composite more effective
against microbes, with the lysis zone remaining stable for longer periods compared to samples
without nanoparticles.

46



Nature & Science International Scientific Journal ISSN: 2707-1146
2024 / Volume: 6 Issue: 11 / 41-48 e-ISSN: 2709-4189

10.

11.

12.

13.

14.

15.

16.

References
Bhuiyan, M. S. H., Miah, M. Y., Paul, S.C., Aka, T. D., Saha, O., Rahaman, M. M., Sharif, M.
J. 1., Habiba, & O., Ashaduzzaman, M. (2020). Green synthesis of iron oxide nanoparticle using
Carica papaya leaf extract: Application for photocatalytic degradation of remazol yellow RR
dye and antibacterial activity. Heliyon. https://doi.org/10.1016/j.heliyon.2020.e04603
Bharathi, D., Ranjithkumar, R., Vasantharaj, S., Chandarshekar, B., Bhuvaneshwari, V. (2019).
Synthesis and characterization of chitosan/iron oxide nanocomposite for biomedical
applications. International Journal of Biological Macromolecules.
https://doi.org/10.1016/j.ijbiomac.2019.03.233
Cabrini, A., Lariviere, A. B., & Goldin, J. A. (2011). Silver toxicity with the use of silver-
impregnated dressing and wound vacuum-assisted closure in an immunocompromised patient.
Journal of Clinical Wound Care, 10(5), 123-130. https://doi.org/10.1016/j.jcws.2011.05.002
Helmlinger, J., Heise, M., Heggen, M., Ruckb, M., & Epple, M. (2015). A rapid, high-yield and
large-scale synthesis of uniform spherical silver nanoparticles by a microwave-assisted polyol
process. RSC Advances, 5(92), 92134-92143. https://doi.org/10.1039/C5RA16324D
Yin, H., Yamamoto, T., Wada, Y., & Yanagida, S. (2004). Large-scale and size-controlled
synthesis of silver nanoparticles under microwave irradiation. Materials Chemistry and Physics,
85(1), 66-70. https://doi.org/10.1016/j.matchemphys.2003.09.006
Hiramatsu, H., & Osterloh, F. E. (2004). A simple large-scale synthesis of nearly monodisperse
gold and silver nanoparticles with adjustable sizes and with exchangeable surfactants. Chemistry
of Materials, 16(13), 2509-2511. https://doi.org/10.1021/cm049532v
Huang, J., Lin, L., Li, Q., Sun, D., Wang, Y., Lu, Y., He, N., Yang, K., Yang, X., Wang, H., &
Wang, W. (2008). Continuous-flow biosynthesis of silver nanoparticles by lixivium of sundried
Cinnamomum camphora leaf in tubular microreactors. Industrial & Engineering Chemistry
Research, 47(16), 6081-6090. https://doi.org/10.1021/ie701698e
Humbatova, S. F., Tapdiqov, S. Z., Zeynalov, N. A., Tagiyev, D. B., & Mammadova, S. M.
(2017). Synthesis and study of structure silver nanoparticles by polyethylene glycol gum-arabic.
Polymers, 9(1), 25-33. https://doi.org/10.4028/www.scientific.net/JNanoR.45.25
Siddiqi, K. S., Ur Rahman, A., Tajuddin, & Husen, A. (2016). Biogenic fabrication of iron/iron
oxide nanoparticles and their application. Nanoscale Research Letters, 11(1), 1714-1720.
https://doi.org/10.1186/s11671-016-1714-0
Kuleshova, S. I. (2015). Testing activity of antibiotics by agar diffusion. The Bulletin of the
Scientific Centre for Expert Evaluation of Medicinal Products, 10(2), 13-17.
Mahdavi, M., Ahmad, M. J., Haron, M., Namvar, F., Nadi, B., Rahman, M. Z. A., & Amin, J.
(2013). Synthesis, surface modification, and characterization of bio-compatible magnetic iron
oxide nanoparticles for biomedical applications. Molecules, 18(6), 7533-7548.
More, P. R., Pandit, S., Filippis, A. D., Franci, G., Mijakovic, 1., & Galdiero, M. (2023). Silver
nanoparticles: Bactericidal and mechanistic approach against drug-resistant pathogens.
Microorganisms, 11(2), 369-379. https://doi.org/10.3390/microorganisms11020369
Park, J., Kwon, S. G., Jun, S. W., Kim, B. H., & Hyeon, T. (2012). Large-scale synthesis of
ultra-small-sized silver nanoparticles. ChemPhysChem, 13(10), 2540-2543.
https://doi.org/10.1002/cphc.201101035
Pelgrift, R. Y., & Friedman, A. J. (2013). Nanotechnology as a therapeutic tool to combat
microbial resistance. Advanced Drug Delivery Reviews, 65(15), 1803-1815.
https://doi.org/10.1016/j.addr.2013.07.011
Lin, P.-C., Lin, S., Wang, P. C., & Sridhar, R. (2014). Techniques for physicochemical
characterization of nanomaterials. Biotechnology Advances, 32(4), 711-726.
https://doi.org/10.1016/j.biotechadv.2013.11.006
Prabhu, Y. T., Venkateswara Rao, K., Siva Kumari, B., Sai Kumar, V. S., & Pavani, T. (2015).
Synthesis of Fe304 nanoparticles and its antibacterial application. International Nano Letters,
5(1), 85-92.

47


https://doi.org/10.1016/j.heliyon.2020.e04603
https://doi.org/10.1016/j.ijbiomac.2019.03.233
https://doi.org/10.1016/j.jcws.2011.05.002
https://doi.org/10.1039/C5RA16324D
https://doi.org/10.1016/j.matchemphys.2003.09.006
https://doi.org/10.1021/cm049532v
https://doi.org/10.1021/ie701698e
https://doi.org/10.4028/www.scientific.net/JNanoR.45.25
https://doi.org/10.1186/s11671-016-1714-0
https://doi.org/10.3390/microorganisms11020369
https://doi.org/10.1002/cphc.201101035
https://doi.org/10.1016/j.addr.2013.07.011
https://doi.org/10.1016/j.biotechadv.2013.11.006

Nature & Science International Scientific Journal ISSN: 2707-1146
2024 / Volume: 6 Issue: 11 / 41-48 e-ISSN: 2709-4189

17.

18.

19.

20.

21.

22.

23.

24,

25.

Murdock, R. C., Braydich-Stolle, L., Schrand, A. M., Schlager, J. J., & Hussain, S. M. (2008).
Characterization of nanomaterial dispersion in solution prior to in vitro exposure using dynamic
light scattering technique. Toxicological Sciences, 103(2), 239-253.
https://doi.org/10.1093/toxsci/kfm240

Gurunathan, S., Han, J. W., Kwon, D.-N., & Kim, J.-H. (2014). Enhanced antibacterial and anti-
biofilm activities of silver nanoparticles against Gram-negative and Gram-positive bacteria.
Nanoscale Research Letters, 9(1), 373-380. https://doi.org/10.1186/1556-276X-9-373
Schlinkert, P., Casals, E., Boyles, M., Tischler, U., Hornig, E., Tran, N., Zhao, J., Himly, M.,
Riediker, M., Oostingh, G. J., Puntes, V., & Duschl, A. (2015). The oxidative potential of
differently charged silver and gold nanoparticles on three human lung epithelial cell types.
Journal of Nanobiotechnology, 13(1), 1-9. https://do1.org/10.1186/s12951-014-0062-4

Shankar, S., & Rhim, J. W. (2015). Amino acid mediated synthesis of silver nanoparticles and
preparation of antimicrobial agar/silver nanoparticles composite films. Carbohydrate Polymers,
122, 353-363. https://doi.org/10.1016/j.carbpol.2015.05.018

Thakkar, K. N., Mhatre, S. S., & Parikh, R. Y. (2010). Biological synthesis of metallic
nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine, 6(3), 257-262.
https://doi1.org/10.1016/j.nan0.2009.07.002

Vallabani, N. V. S., Vinu, A., Singh, S., & Karakoti, A. (2020). Tuning the ATP-triggered pro-
oxidant activity of iron oxide-based nanozyme towards an efficient antibacterial strategy.
Journal of Colloid and Interface Science, 564, 154-164.
https://do1.org/10.1016/.jc1s.2020.01.099

Dua, W.-L., Niu, S.-S., Xu, Y.-L., Xu, Z.-R., & Fan, C.-L. (2009). Antibacterial activity of
chitosan tripolyphosphate nanoparticles loaded with various metal ions. Carbohydrate
Polymers, 77(1), 385-389.

Zhang, X.-F., Liu, Z.-G., Shen, W., & Gurunathan, S. (2016). Silver nanoparticles: Synthesis,
characterization, properties, applications, and therapeutic approaches. International Journal of
Molecular Sciences, 17(9), 1534-1550. https://doi.org/10.3390/ijms17091534

Xiliang, Q., Yang, C., L, T., He, P, Wang, J., L, P., & Xiaolong, G. (2014). Large-scale synthesis
of silver nanoparticles by aqueous reduction for low-temperature sintering bonding. Journal of
Nanomaterials, 1-8. https://doi.org/10.1155/2014/594873

Received: 12.08.2024
Revised: 10.09.2024

Accepted: 19.10.2024
Published: 20.11.2024

48


https://doi.org/10.1093/toxsci/kfm240
https://doi.org/10.1186/1556-276X-9-373
https://doi.org/10.1186/s12951-014-0062-4
https://doi.org/10.1016/j.carbpol.2015.05.018
https://doi.org/10.1016/j.nano.2009.07.002
https://doi.org/10.1016/j.jcis.2020.01.099
https://doi.org/

