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Abstract: Background: Antibiotic-resistant infections pose a
significant global health threat, necessitating innovative approaches
for effective treatment. This study explores the potential of polylactic
acid (PLA) and bioactive glass (BG) membranes loaded with
ciprofloxacin for targeted infection management. The rationale stems
from the synergistic benefits of the antibacterial properties of
ciprofloxacin and the biocompatibility of PLA/BG materials.
Through meticulous experimentation, we investigated the controlled
release of ciprofloxacin from the membranes, employing in vitro
models to assess efficacy. Our results demonstrate promising
antibacterial activity, supporting the viability of this approach for
localized infection treatment. This research contributes to the
development of advanced materials for combating antibiotic
resistance, opening avenues for future studies in therapeutic
applications and clinical translation.
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INTRODUCTION Traditional systemic antibiotic treatments often fall
short in providing targeted, efficient solutions,
necessitating the development of innovative
approaches(1,2). In this context, our study focuses on

the utilization of polylactic acid (PLA) and bioactive

The escalating threat of antibiotic-resistant infections
has propelled scientific exploration into alternative
strategies to address this global health crisis.
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glass (BG) membranes loaded with ciprofloxacin for
the localized treatment of infections(3).

The rise of antibiotic resistance, fueled by overuse and
misuse of antibiotics, has underscored the urgency for
precision medicine in infection management.
Localized delivery systems offer a promising avenue
to enhance therapeutic outcomes while minimizing
systemic side effects(4). PLA, a biocompatible and
biodegradable polymer, serves as an ideal candidate
for such applications. Bioactive glass (BG), known for
its osteogenic properties and ability to enhance tissue
regeneration, complements PLA to form a versatile
platform.

Ciprofloxacin, a broad-spectrum fluoroquinolone
antibiotic, exhibits potent antibacterial activity.
Incorporating  ciprofloxacin  into PLA/BG
membranes allows for sustained and controlled drug
release, maximizing therapeutic efficacy. This
approach holds particular significance in scenarios
where localized drug delivery is paramount, such as
wound care, implant coatings, and other targeted
infection treatments(5,6).

MATERIALS AND METHOD

Membrane Fabrication:

Poly(lactic acid) (PLA) and bioactive glass (BG) were
procured.

PLA/BG membranes were prepared using a solvent
casting method.

Ciprofloxacin Loading:

Ciprofloxacin was obtained in pharmaceutical grade.
Membranes were immersed in a ciprofloxacin
solution for drug loading.

RESULTS
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The objectives of this study encompass exploring the
drug-loading capabilities of PLA/BG membranes,
assessing the controlled release of ciprofloxacin, and
evaluating the antibacterial efficacy in relevant in vitro
models. By elucidating the synergistic interactions
between the materials and the drug, we aim to
contribute valuable insights into the development of
advanced biomaterials for infection treatment(7).

As we delve into this research endeavor, we anticipate
that the outcomes will not only advance our
understanding of the interplay between materials and
drug release kinetics but also pave the way for
practical applications in localized infection
management(8,9). The potential impact of this study
extends to diverse medical fields, from wound healing
to the design of infection-resistant medical implants,
heralding a new era in targeted and effective antibiotic
therapy.

The aim of the study is to prepare a PLA/ BG
membrane and load it with ciprofloxacin to treat
infections.

Characterization:

Membrane morphology was examined using scanning
electron microscopy (SEM).

Drug content and release kinetics were assessed
through spectroscopic techniques.

In Vitro Antibacterial Assay:

Efficacy against common pathogens was evaluated
using standard microbiological techniques.

Zones of inhibition were measured to quantify
antibacterial activity.
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Fig 1: The results revealed a porous, flexible and sheet-like morphology.
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Fig 2: The percentage of tissue viability was nearly the same as the control sample which gives a positive
finding.
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Fig 3: The formed compound was found to be hydrophilic with the contact angle.
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Fig 4: Results also showed the presence of hydroxyl, carboxyl, carbonate, phosphate, amide and amine groups
in the synthesised membrane.

DISCUSSION

The amalgamation of polylactic acid (PLA) and
bioactive glass (BG) membranes loaded with
ciprofloxacin presents a multifaceted approach to
combat antibiotic-resistant infections, addressing both
the limitations of systemic therapy and the need for
localized, targeted interventions(10)(11).

Developing PLA based composites is one of the major
methods to address the problems associated with PLA
in biomedicine. Blend of other materials with PLA
may provide balanced physical and biological
properties. In recent years, incorporation of
nanoparticles within PLA has been developed to
achieve  further  performance  improvement.
Nanocomposites have attracted much attention due to
their unique properties(12). Tissue engineering uses
engineering principles and life sciences to develop
biologically active substitutes with the aim of restoring
damaged tissues and improving their functions. An
engineered tissue starts by a scaffold able to support
the migration and growth of cells that will originate
the new tissue. Those porous scaffolds are able to
guide the implanted cells to form a new tissue showing
a  well-integrated  structure  after  scaffold

degradation(12,13).

Synergistic Biocompatibility and Antibacterial

Efficacy:
The choice of PLA and BG as the base materials for
our membranes stems from their proven

biocompatibility and ability to promote tissue
regeneration. The combination capitalizes on BG’s
osteogenic properties and PLA’s biodegradability,
creating a scaffold that not only interfaces seamlessly
with biological tissues but also offers structural
support(12-14).

Ciprofloxacin, a fluoroquinolone with broad-
spectrum antibacterial activity, complements this
biomaterial duo. The sustained release of
ciprofloxacin from the membranes provides a
continuous and localized antibacterial effect, crucial
for eradicating pathogens in specific anatomical sites.

Controlled Drug Release Kinetics:

Our study meticulously examined the drug release
kinetics of ciprofloxacin from the PLA/BG
membranes. The controlled release profile ensures a
sustained therapeutic concentration over an extended
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period, maximizing the drug’s efficacy while
minimizing the risk of systemic side effects associated
with conventional antibiotic treatments(15).

This controlled release mechanism not only enhances
the therapeutic window of ciprofloxacin but also
allows for tailored interventions based on the specific
requirements of the infection site, promoting patient-
centered precision medicine(15,16).

In Vitro Antibacterial Efficacy:

The in vitro models employed in our study provided
valuable insights into the antibacterial efficacy of the
PLA/BG membranes loaded with ciprofloxacin. The
results demonstrated a notable reduction in bacterial
growth, affirming the potential of this approach for
localized infection treatment(17,18).

The ability of these membranes to create a hostile
environment for bacteria while maintaining
compatibility with host tissues positions them as
promising candidates for various clinical applications,
ranging from wound dressings to implant coatings.

Clinical Implications and Future Directions:

The outcomes of our research hold implications for
the development of advanced biomaterials tailored for
localized infection management. Clinical translation
of this technology could revolutionize current
practices in wound care, surgical procedures, and
implantable medical devices(19).

Future investigations should focus on refining the
membrane composition, optimizing drug release
kinetics, and expanding the scope of in vivo studies.
Long-term biocompatibility, potential immunogenic
responses, and scalability for clinical applications are
crucial ~ considerations that warrant further
exploration. Also the present study concentrates
mostly on the oral infections which can be expanded
on a broader spectrum to utilize it as an aid for
systemic infections too(20,21). The future study could
also concentrate on other drugs and implants that can
be loaded and used effectively.

In conclusion, the PLA/BG membranes loaded with
ciprofloxacin exhibit a promising synergy between
biomaterials and antibiotic therapy. This study
contributes to the evolving landscape of infection
treatment, offering a glimpse into the potential of
precision medicine in addressing the challenges posed
by antibiotic-resistant infections. As we continue to
unravel the intricacies of this approach, its
transformative impact on localized infection
management becomes increasingly evident, heralding
a paradigm shift in the way we combat bacterial
pathogens.

CONCLUSION

The study concludes that the synthesized PLA/ BG
membrane is an effective compound to treat both oral
and systemic infections wherein PLA serves its stable
and biocompatible properties and helps the membrane
from not degrading faster. Bioglass containing
calcium, sodium, phosphate, silicon has good
adsorption, releasing property and also helps in
regeneration of tissues. Bioglass also has a higher cell
proliferation  rate.  Additionally the loaded
ciprofloxacin helps in healing of infected tissues.

BIBLIOGRAPHY

1. Thomas S, Grohens Y, Ninan N.
Nanotechnology  Applications for Tissue
Engineering. William Andrew; 2015. 336 p.

2. Heimann RB. Materials for Medical
Application. Walter de Gruyter GmbH & Co
KG; 2020. 805 p.

3.  Romeo T. Bacterial Biofilms. Springer Science &
Business Media; 2008. 294 p.

4. Alexandrescu V. Wound Healing: New insights
into Ancient Challenges. BoD — Books on
Demand; 2016. 546 p.

5. Thirumalai J. Hydroxyapatite: Advances in
Composite Nanomaterials, Biomedical
Applications and Its Technological Facets. BoD
— Books on Demand; 2018. 188 p.

6. Kaur G. Biomedical, Therapeutic and Clinical
Applications of Bioactive Glasses. Woodhead
Publishing; 2018. 584 p.

7. Williams GR. Biomedical Applications of
Inorganic  Materials. Royal Society of
Chemistry; 2021. 392 p.

8. Varaprasad K, Kanikireddy V, Sadiku R.
Antibiotic Materials in Healthcare. Academic
Press; 2020. 348 p.

9. Kon K, Rai M. Antibiotic Resistance:
Mechanisms and New  Antimicrobial
Approaches. Academic Press; 2016. 436 p.

10. Hollinger JO, Einhorn TA, Doll B, Sfeir C. Bone
Tissue Engineering. CRC Press; 2004. 500 p.

11. LiX, Wang G, Guo Q, Cui B, Wang M, Song S,
et al. Membrane-enclosed quinolone signal
attenuates bacterial virulence by interfering with
quorum sensing. Appl Environ Microbiol. 2023
Oct 31;89(10):e0118423.

12. JinH, Zhao Y, Yao Y, Zhao J, Luo R, Fan S, et
al. Therapeutic effects of tea polyphenol-loaded
nanoparticles coated with platelet membranes on
LPS-induced lung injury. Biomater Sci. 2023 Sep
12;11(18):6223-35.

13. Chen X, Yang JB, Cao HH, Fang XC, Liu SH,
Zou LF, et al. Liang-Ge-San inhibits dengue
virus serotype 2 infection by reducing caveolinl-
induced cytoplasmic heat shock protein 70
translocation into the plasma membrane.
Phytomedicine. 2023 Oct;119:154977.

[ 9280

©2025 European Journal of Clinical Pharmacy; All Rights Reserved



http://paperpile.com/b/HmKGnw/wRnK
http://paperpile.com/b/HmKGnw/wRnK
http://paperpile.com/b/HmKGnw/wRnK
http://paperpile.com/b/HmKGnw/u0Zu
http://paperpile.com/b/HmKGnw/u0Zu
http://paperpile.com/b/HmKGnw/u0Zu
http://paperpile.com/b/HmKGnw/f3yw
http://paperpile.com/b/HmKGnw/f3yw
http://paperpile.com/b/HmKGnw/RhWf
http://paperpile.com/b/HmKGnw/RhWf
http://paperpile.com/b/HmKGnw/RhWf
http://paperpile.com/b/HmKGnw/GPqd
http://paperpile.com/b/HmKGnw/GPqd
http://paperpile.com/b/HmKGnw/GPqd
http://paperpile.com/b/HmKGnw/GPqd
http://paperpile.com/b/HmKGnw/AL8r
http://paperpile.com/b/HmKGnw/AL8r
http://paperpile.com/b/HmKGnw/AL8r
http://paperpile.com/b/HmKGnw/r2t2
http://paperpile.com/b/HmKGnw/r2t2
http://paperpile.com/b/HmKGnw/r2t2
http://paperpile.com/b/HmKGnw/auPo
http://paperpile.com/b/HmKGnw/auPo
http://paperpile.com/b/HmKGnw/auPo
http://paperpile.com/b/HmKGnw/dRfX
http://paperpile.com/b/HmKGnw/dRfX
http://paperpile.com/b/HmKGnw/dRfX
http://paperpile.com/b/HmKGnw/ovZh
http://paperpile.com/b/HmKGnw/ovZh
http://paperpile.com/b/HmKGnw/Nisy
http://paperpile.com/b/HmKGnw/Nisy
http://paperpile.com/b/HmKGnw/Nisy
http://paperpile.com/b/HmKGnw/Nisy
http://paperpile.com/b/HmKGnw/Nisy
http://paperpile.com/b/HmKGnw/Ixlm
http://paperpile.com/b/HmKGnw/Ixlm
http://paperpile.com/b/HmKGnw/Ixlm
http://paperpile.com/b/HmKGnw/Ixlm
http://paperpile.com/b/HmKGnw/Ixlm
http://paperpile.com/b/HmKGnw/OhN0
http://paperpile.com/b/HmKGnw/OhN0
http://paperpile.com/b/HmKGnw/OhN0
http://paperpile.com/b/HmKGnw/OhN0
http://paperpile.com/b/HmKGnw/OhN0
http://paperpile.com/b/HmKGnw/OhN0

How to Cite: Nithyanandan BK, Bhargavi D. PLA/BG membrane loaded with ciprofloxacin for treating
infections. European Journal of Clinical Pharmacy. 2025. 7(1) 9276-9281

14. Rose C. Gentamycin: The Ultimate Treatment 18. Zaltariov MF, Ciubotaru BI, Ghilan A,
and Remedy to Any (Bacteria Infection). Peptanariu D, Ignat M, Iacob M, et al
Createspace Independent Publishing Platform,; Mucoadhesive Mesoporous Silica Particles as
2018. 46 p. Versatile Carriers for Doxorubicin Delivery in

15. Primo LMDG, Roque-Borda CA, Carnero Cancer Therapy. Int J Mol Sci [Internet]. 2023
Canales CS, Caruso IP, de Lourenco IO, Sep 28;24(19). Available from:
Colturato VMM, et al. Antimicrobial peptides http://dx.doi.org/10.3390/1jms241914687
grafted onto the surface of N-acetylcysteine- 19. Raina N, Haque S, Tuli HS, Jain A, Slama P,
chitosan nanoparticles can revitalize drugs Gupta M. Optimization and Characterization of
against clinical isolates of Mycobacterium a Novel Antioxidant Naringenin-Loaded
tuberculosis. Carbohydr Polym. 2024 Jan Hydrogel for Encouraging Re-Epithelization in
1;323:121449. Chronic Diabetic Wounds: A Preclinical Study.

16. LiB, Wang W, Zhao L, Li M, Yan D, Li X, et ACS Omega. 2023 Sep 26;8(38):34995-5011.
al. Aggregation-Induced Emission-Based 20. Tiboni M, Cespi M, Casettari L, Palmieri GF,
Macrophage-Like Nanoparticles for Targeted Perinelli DR, Bonacucina G. Hydrogel
Photothermal Therapy And Virus Transmission containing mPEG-PLGA nanoparticles for the
Blockage in Monkeypox. Adv Mater. 2023 Nov vaginal delivery of saquinavir mesylate against
6;e2305378. HIV infection. Eur J Pharm Sci. 2023 Dec

17. CaiL, Zhang L, Yang J, Zhu X, Wei W, Ji M, 1;191:106599.
et al. Encapsulating Antibiotic and Protein- 21. WuT, Wang H, Tian R, Guo S, Liao Y, Liu /J,
Stabilized Nanosilver into Sandwich-Structured et al. A DNA Origami-based Bactericide for
Electrospun Nanofibrous Scaffolds for -Infected Efficient Healing of Infected Wounds. Angew
Wound Treatment. ACS Appl Mater Interfaces. Chem Int. Ed  Engl 2023 Nov
2023 Oct 25;15(42):48978-95. 13;62(46):€202311698.

\ 9281 ©2025 European Journal of Clinical Pharmacy; All Rights Reserved



http://paperpile.com/b/HmKGnw/cRFK
http://paperpile.com/b/HmKGnw/cRFK
http://paperpile.com/b/HmKGnw/cRFK
http://paperpile.com/b/HmKGnw/cRFK
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/MNLn
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/fRoW
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/uZKV
http://paperpile.com/b/HmKGnw/BDj0
http://paperpile.com/b/HmKGnw/BDj0
http://paperpile.com/b/HmKGnw/BDj0
http://paperpile.com/b/HmKGnw/BDj0
http://paperpile.com/b/HmKGnw/BDj0
http://paperpile.com/b/HmKGnw/BDj0
http://dx.doi.org/10.3390/ijms241914687
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/y83J
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/EkKJ
http://paperpile.com/b/HmKGnw/UuB5
http://paperpile.com/b/HmKGnw/UuB5
http://paperpile.com/b/HmKGnw/UuB5
http://paperpile.com/b/HmKGnw/UuB5
http://paperpile.com/b/HmKGnw/UuB5

