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The widespread use of antibiotics has accelerated the

emergence of multidrug-resistant bacteria, highlighting the

need for alternative antimicrobial strategies.

Antimicrobial peptides (AMPs) represent a promising

alternative; however, their therapeutic application is often

limited by poor stability, bioavailability, and potential

cytotoxicity [1].

Drug delivery systems have therefore emerged as promising

strategies to overcome these limitations, enhance the

antimicrobial activity of therapeutic agents, and improve the

overall performance of AMPs.

In this study, the mosquito-derived AMP Hypl3pro,

previously shown to exhibit low antibacterial activity, was

incorporated into niosomes to enhance its antimicrobial

potential for topical application [2].

Sample
Size (nm) 

± SD
PDI ± SD

ζ-Potential (mV) 

±SD

Entrapment 

efficiency %

Anisotropy 

(A.U.)

Nio 100.48 ± 0.23 0.26 ± 0.41 -15.50 ± 0.37 - 0.15

Nio13 118.27 ± 0.11 0.16 ± 0.15 -22.37 ± 0.27 55% 0.17

Physico-chemical properties of  niosomes

As shown in Table 1, Niosomes characteristics remained comparable following Hyp13pro 

encapsulation.

Monitoring of  Hypl3pro concentration following encapsulation
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UV–Vis analysis showed a rapid decrease in the detected Hyp13pro concentration in the free peptide, 

occurring within a few hours. In contrast, following encapsulation in niosomes, a comparable decrease 

was observed only after 7 days at all tested temperatures.
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Bacterial Strain
CTRL

UFC/ml

Hyp13pro (19 𝜇M) 

UFC/ml

Nio (19 𝜇M)

UFC/ml

Nio13 (19 𝜇M)

UFC/ml

Staphylococcus epidermidis

ATCC 35984
5.5 x 108 3.6 x 108 4.5 x 108 1.0 x102

Staphylococcus aureus 

ATCC 6538P
1.5 x 108 8.0 x 107 8.0x 107 1.0 x 102

The niosomal system ensured efficient peptide encapsulation, protected the loaded peptide, 

enhanced the biological activity of Hyp13pro, and supported its local skin effect. Overall, 

these findings support Nio13 as a promising carrier for topical peptide delivery.

Sample
Tween 85 

(mg/ml)

Span 20 

(mg/ml)

[Peptide] 

(mg/ml)

Nio 9.6 7.8 /

Nio13 9.6 7.8 0.5

Composition of  Niosomal Formulations

Stability studies and In Vitro release evaluation 

In vitro Permeation studies

Donor 

compartmentStrat-M®

Thermostatically 

controlled water 

bath 
Receptor 

compartment

Franz cell
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As shown in Figure 4, at 0.1 and 1 μM, all formulations showed good cytocompatibility, whereas a 

marked reduction in cell viability was observed at 10 μM. In particular, Hyp13pro and Nio13 showed

comparable effects on HaCaT cell viability, with no relevant cytotoxicity at ≤1 μM.
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Table 1. Physicochemical properties of niosomes.

Figure 1. Evaluation of Hyp13pro concentration over time.

Hypl3pro concentration was monitored by UV–Vis spectrophotometry in free peptide (A) and Hypl3pro-loaded 

niosomes (B) at 37°C, 25°C, and 4°C.

Hyp13pro encapsulation enhanced antibacterial activity against both S. epidermidis ATCC 35984 

and S. aureus ATCC 6538P, resulting in a marked reduction in bacterial load compared with the control 

and non-encapsulated Hyp13pro.

Table 2. Antimicrobial evaluation against selected Staphylococcus spp. strains.

(A) (B)

Figure 2. Evaluation of Nio13 stability and Hyp13pro release in selected culture media.

(A) Nio13 size stability over time. (B) Hyp13pro release profile from Nio13 over time.

Nio13 showed no significant changes in size over time in the tested culture media.

The release profile was highly favorable, with 67% of Nio13 released within 8 h. The slightly higher

release observed in culture media was likely related to differences in medium composition.

Figure 3. In vitro permeation study of Hyp13pro encapsulated in Nio13 across Strat-M® using Franz diffusion cells.

Figure 4. In vitro cytotoxicity evaluation of Nio, Nio13, Hyp13pro, Span 20, Tween 80 and surfactants mixture

in HaCaT keratinocytes.

Franz cell studies showed limited permeation of Hyp13pro when encapsulated in Nio13, with less than 10% 

permeating through Strat-M® after 48 h, supporting the suitability of Nio13 as a carrier for topical delivery.

Hyp13pro (19 amino acids)

Nio13 Characterization Biological Evaluation
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