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Abstract

Plant extracts are valuable pharmaceutical complexes, recognized worldwide for their
antibacterial, antifungal, antiviral, antioxidant, anticancer, and anti-inflammatory properties.
Nevertheless, their use is limited by their low water solubility and physicochemical stability. To
overcome these limitations, we developed nanostructured carriers in the form of magnetite
nanoparticles (NPs), as delivery systems for plant extracts.
Based on its antimicrobial effect and antitumor activity, we selected the Anthriscus sylvestris
(AN) plant extract.
The scope of this study was to synthesize and investigate the physicochemical and biological
features of composite coatings based on AN-extract-functionalized magnetite (Fe3O4@AN) NPs
obtained by laser techniques.
The physical and chemical properties of laser-synthesized coatings were studied by SEM, while
FTIR spectroscopy comparative analysis was used for determining the chemical structure and
functional integrity.
The in vitro toxicity assessment of the Fe3O4@AN showed noteworthy cytotoxic activity against
human adenocarcinoma cells after extended exposure. The antimicrobial assays demonstrated
that Fe3O4@AN coatings can inhibit microbial colonization and biofilm formation of S. aureus and
E. coli.
These types of coatings represent multifunctional solutions for the development of tailored
medical devices and surfaces.

Aims

To develop and characterize a nanostructured thin coating based on PLGA,
Fe3O4, and AN extract with multifunctional bioactivity

To assess the antimicrobial activity of the coating against opportunistic
pathogens (the Gram-positive S. aureus and the Gram-negative E. coli)

To verify the toxicity of the coating against tumor cells in vitro

Materials

Fe3O4 are used as active transporters, tolerating drug transfer, and in targeted
therapeutic effects

PLGA, biocompatible and biodegradable polymer, approved by FDA, is used
protect the magnetic core of Fe3O4 against corrosion, prevent phagocytosis by
macrophages, and avoid the removal by reticuloendothelial systems

AN has been used as an antipyretic, analgesic, diuretic, and as a cough remedy

Methods and results 
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Fig.3. MAPLE experimental set-up

Fig. 1. HPLC chromatograms of EtOH:H2O (70:30 v:v) AN 
extract with detection at 250 nm

Polyphenols identified in the AN extract: Tannic
acid, Epicatechin, Naringenin, etc.

Chromatographic assay of hydroalcoholic extracts Physicochemical characterization of Fe3O4@AN NPs

Fig. 2. TEM images of Fe3O4@ANpowder (a–c), 
histogram (d), and SAED pattern (e).

NPs average size of (Fig. 2d) was ~2.2 nm

The SAED pattern (Fig. 2e) confirms the crystalline
structure of the powder

Thin films deposition

Physicochemical characterization of obtained coatings

MAPLE deposition technique did not damage functional
groups or induce changes to the chemical structure of the
raw material

Fig. 4. HPLC chromatograms of EtOH:H2O (70:30 v:v) AN extract with 
detection at 250 nm

Conclusions

Biological evaluation of the PLGA–Fe3O4@AN coatings

In vitro toxicity of the coatings against human 
adenocarcinoma HT-29 Cells

Microbiological evaluation of the coatings

Fig. 5. Cytotoxicity of the coatings; treatment after 
24, 48, and 72 h of culture

The prolonged contact of coatings severely
affected the cell viability and metabolic
activity of the HT-29 tumor cells

Fig. 6. S. aureus biofilm formation (expressed 
as CFU (colony-forming units)/mL values) on 
control and coated surfaces for 24, 48, and 

72 h of incubation at 37 °C

Fig. 7. E.coli biofilm formation (expressed as 
CFU (colony-forming units)/mL values) on 
control and coated surfaces for 24, 48, and 

72 h of incubation at 37 °C

The utmost effectiveness of
coatings against early stages of
S. aureus colonization and
biofilm formation was detected
after 24 h of incubation

Although a slight relapse of
bacterial biofilm formation is
shown after 48 h, one can
observe that CFU/mL values
for biofilms at 72 h are
reduced by more than 1 order
of magnitude

We confirmed that MAPLE represents a promising deposition technique for obtaining nanocomposite coatings with multifunctional activity, namely antimicrobial and cytotoxic activity,
against tumor cells

These types of coatings represent multifunctional solutions for the development of tailored medical devices and surfaces

mailto:negut.irina@inflpr.ro
mailto:valentina.grumezescu@inflpr.ro

