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ARTICLE INFO Abstract

Background. Recently, it has been found that tyrosol and farnesol can replace antibiotics
Article History: due to their known antimicrobial and medicinal effects. Niosomes have been extensively
Received: 8 Apr 2023 researched for drug delivery during the last few decades, and their efficiency has been
Accepted: 6 Jun 2023 proven. The current study aimed to investigate the physical properties and antibacterial
ePublished: 17 Apr 2024 effects of niosomes loaded with tyrosol and farnesol.

Methods. Nanoniosomes loaded with farnesol and tyrosol were synthesized by the thin-
Keywords: layer hydration method. The physical properties of nanoformulations were measured
e Tyrosol using dynamic light scattering and scanning electron microscopy (SEM), and the release
o Antimicrobial of farnesol and tyrosol from the nanocarrier was examined using a dialysis bag. In
e Wound Infection addition, Fourier-transform infrared spectroscopy was used to check the functional
e Farnesol groups, and the stability studies of nanoniosomes were performed at temperatures of 25
 Nanonisome "C and 4 “C for two months. Finally, its antimicrobial properties against the bacterial

pathogens Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), and Pseudomonas
aeruginosa (P. aeruginosa) underwent investigation. The cytotoxicity of free and farnesol-
and tyrosol-loaded nanoniosomes on human foreskin fibroblast cells was also evaluated
by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide method.

Results. The size of nanoniosomes and farnesol- and tyrosol-loaded nanoniosomes was
estimated to be 208 nm and 240 nm, respectively. SEM results indicated the spherical
structure of niosomes. The slow release of farnesol and tyrosol from niosomes was
observed, so that almost half of the drug was released from nanoniosomes after 72 hours.
Nanoniosomes loaded with the above-mentioned drugs demonstrated good stability at 4
°C for 60 days. The results of the minimum inhibitory and bactericidal concentrations
confirmed the antibacterial effects of both free farnesol and tyrosol and nanoniosomes
loaded with farnesol and tyrosol against all three bacterial species, although these effects
were more considerable for the nanoniosomes formulation.

Conclusion. Nanoniosomes loaded with farnesol and tyrosol have the potential to be
used in the treatment of some common bacterial wound infections. However, clinical
studies are needed in this field.

Practical Implications. Farnesol- and tyrosol-loaded nanoniosomes had strong
inhibitory effects on S. aureus, E. coli, and P. aeruginosa.
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Extended Abstract

Background

Microorganisms such as fungi, bacteria, and
viruses can cause infectious diseases. Antibiotics
have a special place in the treatment of such diseases;
however, the emergence of antibiotic-resistant strains
in most pathogens has reduced the effectiveness of
treatment. Therefore, finding natural compounds
with antibacterial effects can be of great importance.
The antibacterial effects of tyrosol and farnesol as
guorum-sensing compounds have been reported in
many studies. Nevertheless, it is highly important to
develop new nanoformulations of these compounds
due to their sustained and slow release as well as
their increasing therapeutic efficacy. Nanoniosomes
have attracted the attention of various researchers
due to their favorable properties compared to
liposomes. Hence, the current study investigated the
entrapment of farnesol and tyrosol inside the
niosomal nanocarriers and determined
physiochemical properties and antibacterial effects of
nanoniosomal farnesol-tyrosol on Staphylococcus
aureus, Escherichia coli and Pseudomonas
aeruginosa.

Methods

The thin-layer hydration method was used to
prepare farnesol- and tyrosol-loaded nanoniosomes.
Briefly, cholesterol and spin 60 were dissolved in
ethanol, and then 18.2 mg of farnesol and tyrosol
were added to the solution and centrifuged. Next, the
ethanol was evaporated in a rotary device, and the
formed thin film was sonicated. After the synthesis
of these nanoformulations, their physicochemical
properties, including the dynamic diameter of
nanoniosomes, morphology, and functional groups,
were studied using dynamic light scattering, scanning
electron microscopy (SEM), and Fourier-transform
infrared spectroscopy (FTIR) techniques,
respectively. After determining the encapsulation
percentage of drugs in nanoformulations, drug
release was evaluated by the dialysis bag technique
during 72 hours (1, 2, 4, 8, 24, 48, and 72 hours).
Furthermore, the stability of the prepared samples
was evaluated for two months at 25 'C and 4 'C in

terms of size and encapsulation rate. Farnesol- and
tyrosol-loaded nanoniosomes’ antibacterial effects
against E. coli, S. aureus, and P. aeruginosa were
examined using the disk diffusion method. In
addition, the microdilution method was utilized to
determine the minimum inhibition concentration
(MIC) in 96-well plates by serial dilution of 1500
pg/mL  of samples, and finally, the minimum
bactericidal concentration of these nanoformulations
was estimated by culturing the contents of the MIC
well and the like in the nutrient agar medium. The
current study also evaluated the toxicity effect of
empty and loaded nanocarriers on human foreskin
fibroblast cells by the 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide method.

Results

The results of the physiochemical evaluation of
nanoformulations revealed that the size of the
prepared nanoniosomes was 208.3 nm. When these
nanoniosomes were loaded with farnesol and tyrosol,
their size increased, and the size of nanoniosomes
loaded with those compounds was 240.7 nm. The
SEM results indicated that the nanoniosomes were
spherical and stuck to each other, and their average
particle size was 30 nm. The encapsulation efficiency
after indirect measurement by the centrifuge method
was calculated at 96% and 70% for farnesol and
tyrosol, respectively. Both free farnesol and tyrosol
showed the highest release at the beginning of the
study, so that 84% of free farnesol and 97% of free
tyrosol were released into the medium six hours after
placing them in the dialysis bag. However, farnesol-
and tyrosol-loaded nanoniosomes represented a slow
release pattern over time. The release of farnesol and
tyrosol from nanoniosomes was 51% and 60% in 24
hours, respectively. However, at later times, both
drugs demonstrated slow release, and the release of
farnesol and tyrosol from nanoniosomes was 60%
and 70%, respectively, within 72 hours. The
farnesol- and tyrosol-loaded nanoniosomes also
showed a similar pattern (approximately 50% release
after 72 hours). The results of FTIR analysis revealed
that by adding farnesol to nanoniosomes, the band
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related to the C-OH functional group of farnesol
binding to the nanoniosomes appeared in the region
of 1011 cm™, which is due to the entry of farnesol
into the structure of nanoniosomes and the formation
of a link between farnesol and the structure
containing nanoniosomes. Based on the results of the
antimicrobial effect section, free farnesol and tyrosol
had strong effects on S. aureus. In addition, farnesol-
tyrosol-loaded nanoniosomes inhibited E. coli, and
free tyrosol had an inhibitory effect on P.
aeruginosa. Accordingly, farnesol and tyrosol and
their nanoniosome formulations are good candidates
as antimicrobials, but more studies are still needed in
this regard. Tyrosol has an antibacterial effect against
S. aureus and most likely represents antimicrobial
activity on S. aureus, E. coli, and Candida albicans.

Conclusion

The optimal physical properties, effective
antimicrobial effects, and low toxicity of farnesol-
and tyrosol-loaded nanoniosomes make them
suitable candidates for the treatment of some
common bacterial wound infections. Our results
confirmed that farnesol and tyrosol and their
nanonisomes had inhibitory effects on S. aureus, E.
coli, and P. aeruginosa in vitro. Nevertheless, more
studies are required on laboratory animals in in vivo
conditions by creating an infectious wound model.
Therefore, farnesol and tyrosol and their
nanoniosome formulations are useful drug candidates
as antimicrobial agents.
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