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Ubiquitous microorganisms such as bacteria, viruses, algae, and fungi induce several
infectious diseases, representing crucial health challenges worldwide, due to increased
antimicrobial resistance, high antimicrobial cost and adverse effects. The association
between the growth of resistance mechanisms and the progress of new antimicrobial
molecules is of great concern to public health. Therefore, it is important to consider
innovative ways to face this resistance problem, such as the application of nanotechnologies,
which are interesting alternatives to traditional antibiotic development approaches [1].
In the last decade, to overcome these issues and to successfully fight infections, new
macromolecular carriers able to significantly improve the efficiency of antimicrobial species
were proposed [2]. In this regard, antimicrobial delivery systems, properly entrapping
these bioactive molecules, avoid their degradation by also decreasing the frequency of
their administration [3]. This Special Issue explores different topics concerning recent
progresses in the synthesis and characterization of suitable innovative macromolecular
systems, proposed as carriers of specific antimicrobial molecules, to be employed in the
biomedical and pharmaceutical fields.

Nowadays, the treatment of infections produced by multidrug-resistant bacteria ex-
pects as a last resort the employment of polymyxins, a potent class of peptide antibiotics.
In order to overcome the limitations related to the nephro- and neurotoxicity of these
compounds and to improve their antimicrobial activity and target specificity, several novel
polymyxin derivatives are being developed, involving structural modifications of the pep-
tides [4]. In this regard, conjugation to water-soluble polymers provides many advantages,
such as sustained plasma half-life and reduced toxicity [5]. Nanoliposomes coated with
highly deacetylated chitosan and colistin were prepared and characterized using dynamic
light scattering and zeta potential measurements [6]. The antimicrobial activity of these
formulations increased by four-fold against P. aeruginosa, but did not have any antimicrobial
activity against multidrug-resistant bacteria. Alternatively, a low-molecular-weight algi-
nate oligosaccharide, able to inhibit bacterial growth, adherence and biofilm development,
and which potentiates the activity of antibiotics against Gram-negative multidrug-resistant
pathogens, was proposed to create a bi-functional antibiotic polymer [7]. Hydroxyl and
carboxyl functional groups in this oligosaccharide were successfully employed to prepare a
colistin-based adduct that, combining the antimicrobial properties of both the antibiotics,
was able to inhibit multidrug-resistant species, as well as Gram-negative P. aeruginosa, both
in in vitro and in vivo experiments.

Alternatively, advanced micellar carriers were proposed for the encapsulation of
norfloxacin, one of the most-used antibiotics from the class of fluoroquinolones, showing
antibacterial activity against both Gram-positive and Gram-negative bacteria, and used
to treat a large variety of urinary or respiratory tract infections [8]. Specifically, novel
polymeric micelles based on Pluronic F127 and Cremophor EL were investigated as drug
carriers for norfloxacin, exhibiting good activity against S. aureus, E. faecalis, and E. coli,
while P. aeruginosa displayed low sensitivity to norfloxacin in all tested systems [9].
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The involvement of nanoparticles in the preparation of new effective carriers to deliver
antimicrobial agents was also deeply investigated [10]. This Special Issue explored the pos-
sibility of employing poly (methyl methacrylate) nanoparticles as carriers of microbicides,
such as quaternary ammonium surfactants. In particular, antibacterial performances of the
synthesized carriers, based on cetyl trimethyl ammonium bromide or dioctadecyl dimethyl
ammonium bromide and poly (methyl methacrylate), were analyzed [11]. Antimicrobial
properties were assessed by viability curves of E. coli, S. aureus and C. albicans. Significant
inhibition against bacteria and yeast was observed only for cetyl trimethyl ammonium
bromide, while dioctadecyl dimethyl ammonium bromide just displayed fungicidal activity
against C. albicans.

Encapsulating antimicrobial species into nanoparticles and incorporating these nanopar-
ticles with bio-based film to fabricate nanocomposite films represents an innovative and
effective strategy to control the release of the active molecules. Specifically, a long-term
antibacterial film nanocomposite composed by zein film and cinnamon essential oil-loaded
MCM-41 silica nanoparticles was evaluated against S. aureus [12]. The results clearly high-
lighted that the addition of silica nanoparticles significantly improve the mechanical prop-
erties of zein films, prolonging, at the same time, the antibacterial effect of the cinnamon
essential oil.

Alternatively, hydrogels appear to be excellent candidates as antibiotic delivery plat-
forms slowing down the progression of bacterial resistance to antibiotics [13]. In this
context, Carreno et al. (2020) proposed hydrophilic macromolecular systems synthesized
by cross-linking polyvinyl alcohol and aliphatic dicarboxylic acids, such as glutaric acid,
adipic acid or succinic acid to specific release linezolid, a chemotherapeutic agent able to
treat bacterial resistance accepted for the treatment of complex skin infections [14]. The
antibacterial tests against E. faecium bacterial strain confirmed that the sustained release of
linezolid from a glutaric acid-based hydrogel showed the best antibacterial activity.

This Special Issue was completed by three reviews providing an overall view on the
use of nanotechnology in the transport and release of antimicrobial molecules. In partic-
ular, Wang et al. (2021) analyzed the recent advances in the highly efficient delivery of
antimicrobial agents by polymeric nanomaterials such as dendrimers, micelles, nanofibers,
nanogels and vesicles [15]. The authors concluded that the versatility of the polymeric
nanomaterials provided several benefits, showing significant potential in a wide variety of
biomedical applications, such as fighting multidrug-resistant bacteria, wound healing and
anti-biofilm. On the contrary, the other two reviews focused their attention on the delivery
of specific antimicrobial agents. Spizzirri et al. (2021) discussed the most innovative strate-
gies to synthesize nanodevices able to release antimicrobial natural extracts originating
from herbs, plants, and agro-food waste by-products [16]. Finally, Jancic and Gorgieva high-
lighted the structure and properties of plant origin bromelain and antimicrobial peptide
nisin, analyzing their mechanisms of action and the immobilization strategies involving
macromolecular systems, in order to expand their application in the pharmaceutical and
biomedical fields [17].

In conclusion, the challenges for the large-scale fabrication and translation from the
bench to clinical trials of these polymeric systems to fight the multidrug resistance of several
dangerous pathogens will represent a major focus in the coming decades. However, to
overcome this issue, novelty from chemists and engineers, as well as regulatory policies
able to simplify access to trials and patients are required.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Rubey, K.M.; Brenner, J.S. Nanomedicine to fight infectious disease. Adv. Drug Deliv. Rev. 2021, 179, 113996. [CrossRef] [PubMed]
2. Contera, S.; De La Serna, J.B.; Tetley, T.D. Biotechnology, nanotechnology and medicine. Emerg. Top. Life Sci. 2020, 4, 551–554.

[PubMed]

http://doi.org/10.1016/j.addr.2021.113996
http://www.ncbi.nlm.nih.gov/pubmed/34634395
http://www.ncbi.nlm.nih.gov/pubmed/33295610


Pharmaceutics 2022, 14, 487 3 of 3

3. Birk, S.E.; Boisen, A.; Nielsen, L.H. Polymeric nano- and microparticulate drug delivery systems for treatment of biofilms. Adv.
Drug Deliv. Rev. 2021, 174, 30–52. [CrossRef] [PubMed]

4. Kanazawa, K.; Sato, Y.; Ohki, K.; Okimura, K.; Uchida, Y.; Shindo, M.; Sakura, N. Contribution of each amino acid residue
in polymyxin B3 to antimicrobial and lipopolysaccharide binding activity. Chem. Pharm. Bull. 2009, 57, 240–244. [CrossRef]
[PubMed]

5. Azzopardi, E.A.; Ferguson, E.L.; Thomas, D.W. The enhanced permeability retention effect: A new paradigm for drug targeting
in infection. J. Antimicrob. Chemother. 2013, 68, 257–274. [CrossRef] [PubMed]

6. Laverde-Rojas, V.; Liscano, Y.; Rivera-Sánchez, S.P.; Ocampo-Ibáñez, I.D.; Betancourt, Y.; Alhajj, M.J.; Yarce, C.J.; Salamanca, C.H.;
Oñate-Garzón, J. Antimicrobial contribution of chitosan surface-modified nanoliposomes combined with colistin against sensitive
and colistin-resistant clinical Pseudomonas aeruginosa. Pharmaceutics 2021, 13, 41. [CrossRef] [PubMed]

7. Stokniene, J.; Powell, L.C.; Aarstad, O.A.; Aachmann, F.L.; Rye, P.D.; Hill, K.E.; David, T.W.; Ferguson, E.L. Bi-functional
alginate oligosaccharide-polymyxin conjugates for improved treatment of multidrug-resistant gram-negative bacterial infections.
Pharmaceutics 2020, 12, 1080. [CrossRef] [PubMed]

8. Faccendini, A.; Ruggeri, M.; Miele, D.; Rossi, S.; Bonferoni, M.C.; Aguzzi, C.; Grisoli, P.; Viseras, C.; Vigani, B.; Sandri, G.; et al.
Norfloxacin-loaded electrospun scaffolds: Montmorillonite nanocomposite vs. free drug. Pharmaceutics 2020, 12, 325. [CrossRef]
[PubMed]

9. Tanase, M.A.; Raducan, A.; Oancea, P.; Ditu, L.M.; Stan, M.; Petcu, C.; Scomoroscenco, C.; Ninciuleanu, C.M.; Nistor, C.L.;
Cinteza, L.O. Mixed pluronic—Cremophor polymeric micelles as nanocarriers for poorly soluble antibiotics—The Influence on
the antibacterial activity. Pharmaceutics 2021, 13, 435. [CrossRef] [PubMed]

10. Sanna, V.; Lubinu, G.; Madau, P.; Pala, N.; Nurra, S.; Mariani, A.; Sechi, M. Polymeric nanoparticles encapsulating white tea
extract for nutraceutical application. J. Agric. Food Chem. 2015, 63, 2026–2032. [CrossRef] [PubMed]

11. Mathiazzi, B.I.; Carmona-Ribeiro, A.M. Hybrid nanoparticles of poly (methyl methacrylate) and antimicrobial quaternary
ammonium surfactants. Pharmaceutics 2020, 12, 340. [CrossRef] [PubMed]

12. Liu, X.; Jia, J.; Duan, S.; Zhou, X.; Xiang, A.; Lian, Z.; Ge, F. Zein/MCM-41 nanocomposite film incorporated with cinnamon
essential oil loaded by modified supercritical CO2 impregnation for long-term antibacterial packaging. Pharmaceutics 2020, 12, 169.
[CrossRef] [PubMed]

13. Forero-Doria, O.; Polo, E.; Marican, A.; Guzmán, L.; Venegas, B.; Vijayakumar, S.; Wehinger, S.; Guerrero, M.; Gallego, J.;
Durán-Lara, E.F. Supramolecular hydrogels based on cellulose for sustained release of therapeutic substances with antimicrobial
and wound healing properties. Carbohydr. Polym. 2020, 242, 116383. [CrossRef] [PubMed]

14. Carreño, G.; Marican, A.; Vijayakumar, S.; Valdés, O.; Cabrera-Barjas, G.; Castaño, J.; Durán-Lara, E.F. Sustained release of
linezolid from prepared hydrogels with polyvinyl alcohol and aliphatic dicarboxylic acids of variable chain lengths. Pharmaceutics
2020, 12, 982. [CrossRef] [PubMed]

15. Wang, Y.; Sun, H. Polymeric nanomaterials for efficient delivery of antimicrobial agents. Pharmaceutics 2021, 13, 2108. [CrossRef]
[PubMed]

16. Spizzirri, U.G.; Aiello, F.; Carullo, G.; Facente, A.; Restuccia, D. Nanotechnologies: An innovative tool to release natural extracts
with antimicrobial properties. Pharmaceutics 2021, 13, 230. [CrossRef] [PubMed]

17. Jancic, U.; Gorgieva, S. Bromelain and nisin: The natural antimicrobials with high potential in biomedicine. Pharmaceutics 2022,
14, 76. [CrossRef] [PubMed]

http://doi.org/10.1016/j.addr.2021.04.005
http://www.ncbi.nlm.nih.gov/pubmed/33845040
http://doi.org/10.1248/cpb.57.240
http://www.ncbi.nlm.nih.gov/pubmed/19252313
http://doi.org/10.1093/jac/dks379
http://www.ncbi.nlm.nih.gov/pubmed/23054997
http://doi.org/10.3390/pharmaceutics13010041
http://www.ncbi.nlm.nih.gov/pubmed/33396760
http://doi.org/10.3390/pharmaceutics12111080
http://www.ncbi.nlm.nih.gov/pubmed/33187332
http://doi.org/10.3390/pharmaceutics12040325
http://www.ncbi.nlm.nih.gov/pubmed/32260441
http://doi.org/10.3390/pharmaceutics13040435
http://www.ncbi.nlm.nih.gov/pubmed/33804932
http://doi.org/10.1021/jf505850q
http://www.ncbi.nlm.nih.gov/pubmed/25599125
http://doi.org/10.3390/pharmaceutics12040340
http://www.ncbi.nlm.nih.gov/pubmed/32290276
http://doi.org/10.3390/pharmaceutics12020169
http://www.ncbi.nlm.nih.gov/pubmed/32085384
http://doi.org/10.1016/j.carbpol.2020.116383
http://www.ncbi.nlm.nih.gov/pubmed/32564841
http://doi.org/10.3390/pharmaceutics12100982
http://www.ncbi.nlm.nih.gov/pubmed/33080791
http://doi.org/10.3390/pharmaceutics13122108
http://www.ncbi.nlm.nih.gov/pubmed/34959388
http://doi.org/10.3390/pharmaceutics13020230
http://www.ncbi.nlm.nih.gov/pubmed/33562128
http://doi.org/10.3390/pharmaceutics14010076
http://www.ncbi.nlm.nih.gov/pubmed/35056972

	References

