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S1. Supplementary results   

S1.1. Hydrogel stability 

The stability of the hydrogels both with and without vesicles was evaluated as the 

texture properties and pH over time. The texture properties of hydrogels with vesicles 

demonstrated higher stability over a period of four weeks compared to hydrogel without 

vesicles (Table S1). The parameters cohesiveness and adhesiveness of the plain hydrogel 

demonstrated significant changes. This might be attributed to the effects of phospholipids. 

Since phospholipids could act as plasticizers, which could provide an improved long-term 

effect. Glycerol was added as a plasticizer in all hydrogels, both to improve the mobility 

in the hydrogel networks and to improve the stability of the hydrogels [44]. The increased 

mobility in the hydrogels with vesicles was evident from the lowered cohesiveness in 

these hydrogels compared to the hydrogel without vesicles. Jøraholmen and colleagues 

did not observe this effect upon addition of liposomes in a concentration of 10 or 20% in 

chitosan hydrogel [45]. Additionally, Hurler and colleagues suggested that vesicles with 

positive zeta potential stabilize the chitosan hydrogel network better than neutral vesicles 

[38], probably due to the repulsive effects. 

The pH of all hydrogels proved stable over the whole period and no significant 

changes were observed (Table S1).  

 

Table S1. Stability hydrogel measured as texture properties and pH.  

 
Week Hardness  

g 

Cohesiveness  

g·s 

Adhesiveness 

g·s 

pH 

Hydrogel 
2 143 ± 3 177 ± 2 -164 ± 2 4.6 ± 0.0 

4 144 ± 5 190 ± 5 -174 ± 5 4.6 ± 0.0 

HG-PL-EMP 
2 153 ± 6 160 ± 5 -155 ± 3 4.9 ± 0.1 

4 164 ± 10 166 ± 8 -162 ± 7 4.9 ± 0.1 

HG-CHI-EMP 
2 160 ± 9 162 ± 2 -159 ± 3 4.8 ± 0.0 

4 165 ± 11 166 ± 5 -162 ± 6 4.8 ± 0.0 
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HG-PL-CHX 
2 139 ± 6 169 ± 10 -156 ± 9 4.7 ± 0.0 

4 141 ± 3 161 ± 5 -152 ± 2 4.7 ± 0.0 

HG-CHI-CHX 
2 145 ± 8 169 ± 4 -160 ± 4 4.7 ± 0.0 

4 150 ± 6 174 ± 5 -165 ± 3 4.7 ± 0.0 
Hydrogel characteristics were evaluated 2 and 4 weeks after preparation. Hydrogel = plain 

hydrogel, HG-PL-EMP = plain, empty vesicles in hydrogel, HG-CHI-EMP = empty chitosomes in 

hydrogel, HG-PL-CHX = plain, CHX-vesicles in hydrogel, HG-CHI-CHX = CHX-chitosomes in 

hydrogel. Results are expressed as means with their respective SD (n = 3).  

 

S1.2. Anti-inflammatory activity 

In Figure S1, the inflammatory responses of both chitosomes and plain vesicles with 

and without CHX are presented. The plain vesicles demonstrated dose-dependent 

reduction of the inflammation response in lipopolysaccharide (LPS)-induced murine 

macrophages compared to untreated activated cells, whereas the chitosan-infused vesicles 

maintained the same response as the non-treated cells and did not introduce any 

additional inflammation response. These results are promising for these lipid and 

chitosan-based vesicles in wound therapy.  

 

 

Figure S1. Evaluation of anti-inflammatory activity of vesicles on RAW 264.7 cells. Three different 

concentrations were tested, namely 1 (no pattern), 10 (stripes) and 50 (dots) µg/mL lipid and the 

results are presented as inflammatory response of treated cells compared to control (100%). All 

results are expressed as means with their respective SD (n = 2). 

PL-EMP = plain, empty vesicles, CHI-EMP = empty chitosomes, PL-CHX = plain, CHX-vesicles, 

CHI-CHX = CHX-chitosomes.  

 

S2. Supplementary methods   

S2.1. Stability testing of hydrogels 

The stability of hydrogels and vesicles-in-hydrogel were evaluated after storage for 

two and four weeks after preparation. The texture properties and pH were measured as 

described in section 3.4.2. 
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S2.2. Anti-inflammatory activity  

Anti-inflammatory activity was determined by LPS-induced NO production in 

murine macrophages RAW 264.7 cells [88].  Cells were cultured in complete RPMI 

(containing 10 % fetal bovine serum and 1 % penicillin and streptomycin) and seeded in 

24 well plates prior to incubation (37 °C /5 % CO2) for 24 hours. After incubation, the 

complete medium was replaced with medium containing LPS (1 µg/mL). The cells were 

then treated with chitosome suspensions of different concentrations (1, 10 and 50 µg/mL 

lipid concentration) diluted in LPS (1 µg/mL) containing medium. LPS containing 

medium and complete medium served as positive and negative controls. The cells were 

then incubated for another 24 hours and the NO production was evaluated on a UV-vis 

plate reader (Tecan Trading AG, Männedorf, Switzerland) with Griess reagent (2.5 % 

phosphoric acid with 1 % sulphanilamide and 0.1 % N-(-1-naphthyl)ethylenediamine) at 

540 nm. 
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