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Abstract: The stability of Cotinus coggygria extract-loaded liposomes (non-treated and UV-
irradiated) was determined after 60 days through an investigation of the impact of storage
on liposomal physical and antioxidant properties. The liposome size varied in a narrow
range for 60 days; PDI was 0.273-0.313 (non-treated) and 0.829-0.911 (UV-irradiated). The
zeta potential ranged from —28.2 to —29.6 mV (non-treated) and from —21.5 to —22.0 mV
(UV-irradiated). The obtained liposomes with the extract neutralized 81.9% of free DPPH
radicals before UV irradiation and 80.9% after irradiation. In the ABTS assay, UV irradia-
tion also significantly reduced the antioxidant capacity, from 12.02 to 10.55 pmol Trolox
equivalent (TE)/mL. The ABTS and DPPH radical scavenging activity of the UV-irradiated
liposomes significantly decreased after the 60-day storage (8.93 pmol TE/mL and 75.4%,
respectively), whereas in the non-treated sample, the mentioned drop in antioxidant capac-
ity was not noticed. Liposomal formulations of C. coggygria extract can exhibit significant
potential for further development as a functional food or dermo-cosmetic ingredient.
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1. Introduction

Smoke tree (Cotinus coggygria Scop., Anacardiaceae family) is an important source of
essential oil and extracts, with a wide range of health-promoting effects, such as antioxi-
dant, antibacterial, antigenotoxic, antimicrobial, hepatoprotective, and anti-inflammatory
potential [1-3]. According to Mati¢ et al. [2], ethanol extract formulations of the wooden
parts of smoke tree were used to cure diarrhea and stomach ulcers, while the extract was
employed as a cholagogue, an antipyretic, and in the treatment of cancer and eye diseases
as well. C. coggygria extracts induced apoptosis in HeLa cells and inhibited their migra-
tion in vitro, and they showed protective potential on normal human fibroblasts [4]. The
antioxidant activity of plant products is of great interest due to their ability to preserve
food, pharmaceutical, and cosmetic formulations from the toxic and degrading influence of
oxidants or free radicals [5].
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The encapsulation of various plant extracts within delivery systems can provide pro-
longed and controlled recovery and protection of their antioxidants [6,7]. Both lipophilic
and hydrophilic active principles can be delivered via liposomes or nanoliposomes, which
are widely used as encapsulating carriers. Hydrophilic compounds in the hydration
medium and lipophilic compounds in lipids can be entrapped by liposomes due to the
orientation of the polar lipid parts in water [8-10]. Liposomes represent spherical shell
structures with a liquid core surrounded by a phospholipid bilayer [7-9]. When phos-
pholipids are placed in water, they associate with one another and create a bilayer sheet
arrangement, which protects their hydrophobic sections from water molecules while al-
lowing the hydrophilic head groups to remain in contact with the aqueous phase [8,10].
Protein compounds, aromas, vitamins, drugs, and antioxidant agents have been delivered
using liposomal carriers in various branches of industry applications [9-11]. The stability
that liposomal systems deliver in products containing a high-water content is their primary
benefit over alternative encapsulation technologies [9].

In the current research, the stability of C. coggygria extract-loaded liposomes (non-
treated and UV-irradiated) was determined after 60 days through an investigation of
the impact of storage on liposomal physical and antioxidant properties. Vesicle size,
polydispersity index (PDI), and zeta potential were determined using photon correlation
spectroscopy in the 60-day storage study at 4 °C.

2. Materials and Methods
2.1. Chemicals

Wooden parts of the smoke tree (used in the extract preparation) were collected in Bel-
grade (Serbia, 44°47'34" N 20°26/19” E). Ethanol (96%), 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid), i.e., ABTS, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, i.e.,
Trolox, and 2,2-diphenyl-1-picrylhydrazyl, i.e., DPPH, were purchased from Sigma-Aldrich
(Hamburg, Germany), and potassium persulfate was obtained from Centrohem (Stara
Pazova, Serbia). Phospholipon (phospholipids used for the liposome preparation) was
kindly provided by Lipoid (Ludwigshafen am Rhein, Germany).

2.2. Extract Preparation

The liquid smoke tree extract was obtained using intensively ground wooden parts
of the plant (1 g) and 80% v/v ethyl alcohol (40 mL) and ultrasound-assisted extraction
in a Sonorex Super RK ultrasonic bath (Bandelin, Berlin, Germany) for 30 min. After the
extraction process, the sample was filtered using fine filter paper, and the extract was used
for further liposome preparation.

2.3. Liposome Preparation and UV Irradiation

Smoke tree extract-loaded liposomes were prepared using the proliposome method [9].
Phospholipids (2 g) and ethanol smoke tree extract (20 mL) were stirred at 50 °C for 20 min.
After ethanol evaporation and cooling to 25 °C, water was transferred, and the emulsion
was stirred at 800 rpm for 1 h at ambient temperature.

An AC2-4G8 laminar flow cabinet (Esco Lifesciences, Singapore) was used for the
UV irradiation experiment. Developed liposomes (3 mL) in uncovered Petri dishes were
exposed to UV-C irradiation (253.7 nm) at ambient temperature for 20 min.

Developed liposomes (non-treated and UV-irradiated) were stored in a refrigerator
(4 °C) during the 60-day study.
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2.4. Photon Correlation Spectroscopy

The developed smoke tree extract-loaded liposomes’ diameter, size distribution (ex-
pressed as PDI), and zeta potential were measured before and after UV irradiation. The
device used was a Zetasizer Nano Series, Malvern Instruments (Malvern, UK). Samples
were diluted 500 times and measured in triplicate at ambient temperature during the
60-day study.

2.5. Determination of the Liposome Antiradical Capacity

The anti-ABTS and anti-DPPH radical activities of the smoke tree extract-loaded
liposomes (non-treated and UV-irradiated) were tested by employing spectrophotometric
methods. The absorbance was measured using a UV1800 Shimadzu UV spectrophotometer
(Kyoto, Japan). The testing of the antioxidant potential of the developed liposomes with
smoke tree extract was carried out on the 1st and 60th days.

In the ABTS assay [12], the ABTS** working solution was diluted using ethanol (an
absorbance of ~0.700 at 734 nm). ABTS®** solution (2 mL) was mixed with liposomes con-
taining smoke tree extract (20 uL, non-treated or UV-irradiated). After 6 min of incubation,
the absorbance was measured, and the radical scavenging activity of the liposomes was
calculated using the following equation:

AA = Agaprs — Ax 1)

where Agaprs is the absorbance of the control, and Ay is the absorbance of the ABTS**
solution and liposomes. Trolox was used as a standard for the calibration curve. The data
are shown as umol Trolox equivalent (TE)/mL.

In the DPPH assay [13], liposomes containing smoke tree extract (20 puL, non-treated
or UV-irradiated) were mixed with 2 mL of ethanol DPPH?® radical solution (an absorbance
of ~0.800 at 517 nm). The absorbance was recorded after 20 min of incubation, and the
percentage of inhibition was calculated using the following equation:

% inhibition = (Agpppy — Ax) X 100/ AgpprH 2)

where Agpppy is the absorbance of the control, and Ay is the absorbance of the DPPH® solu-
tion and liposomes. The data are shown as a percentage of the DPPH radical neutralization.

2.6. Statistical Analysis

The statistical data processing was carried out by one-way ANOVA and Duncan’s
post hoc test (STATISTICA 7.0). The differences were considered statistically significant at
p < 0.05, and measurements were performed in triplicate.

3. Results and Discussion

The particle size, PDI, zeta potential, and antioxidant activity of smoke tree extract-
loaded liposomal vesicles were examined using photon correlation spectroscopy and
two antioxidant assays (ABTS and DPPH methods), respectively. The measurements were
performed on the 1st and 60th days of storage. The data are shown in Table 1 (physical
characteristics) and Table 2 (antioxidant potential) as mean values + standard devia-
tions, while different letters and numbers in superscript show the presence of statistically
significant differences.

As can be seen from Table 1, during storage at 4 °C, the liposome size varied in a
narrow range, from 3131.0 &= 17.0 nm to 3078.0 & 42.0 nm (for the non-treated liposomal
sample with smoke tree extract) and from 2092.0 & 22.0 nm to 2136.0 & 37.0 nm (for
the UV-irradiated liposomal samples with smoke tree extract). PDI values were between



Proceedings 2025, 119, 4

40f7

0.273 £ 0.089 (1st day) and 0.313 £ 0.051 (60th day) (for the non-treated liposome system)
and 0.829 £ 0.074 (1st day) and 0.911 % 0.078 (60th day) (for the UV-irradiated liposome
system). It can also be noted that there was a significant difference in size and PDI between
the non-treated and UV-irradiated samples. Namely, the UV-irradiated liposomal system
with smoke tree extract showed a significantly lower diameter of liposome vesicles and a
higher PDI value (Table 1). The presence of giant liposomes in both cases (non-treated and
UV-irradiated smoke tree extract-loaded liposomes) was expected due to the occurrence of
the hydration step of the proliposome protocol used in the development of these liposomes,
where the phospholipids swell and become hydrated, resulting in swelling and hydration
of the phospholipid components and causing the formation of highly diverse and large
multilamellar lipid particles [14]. The significantly higher PDI of the UV-irradiated lipo-
somes with smoke tree extract in comparison to the non-treated parallel can be explained
by their significantly lower diameter, since smaller lipid particles possess a higher PDI than
giant vesicles [15].

Table 1. Particle size, polydispersity index (PDI), and zeta potential of phospholipid liposomes with
encapsulated smoke tree extract, before and after UV irradiation, measured on the 1st and 60th days
of storage at 4 °C.

Particle Size (nm) ! PDI Zeta Potential (mV)
Samples
1st Day 60th Day 1st Day 60th Day 1st Day 60th Day
Non-treated 5151 4 17021 30780+ 42031 0273 +£008922 03134005122 —282+073  —296+ 0921
liposomes
UVdrradiated 09, ), 29022 21360437022 0829+ 00741 0911+ 007821  —215+08%2  —220+ 1132
liposomes
1 Values with the same letter (a and b) in each row and the same number (1 and 2) in each column in the superscript
showed no statistically significant difference (p > 0.05; n = 3; analysis of variance, Duncan’s post hoc test).
Table 2. Antioxidant capacity of phospholipid liposomes with encapsulated smoke tree extract, before
and after UV irradiation, measured on the 1st and 60th days of storage at 4 °C.
s | ABTS Assay (umol TE/mL) DPPH Assay (% of Radical Neutralization)
amples
P 1st Day 60th Day 1st Day 60th Day
Non-treated 12.02 + 0.54 a1 11.30 + 0.32 a1 81.9 + 0.4 21 82.1 4+ 1.01
liposomes
V-irradiated
UV-irradiate 10.55 & 0.28 2 8.93 + 0.45 b2 80.9 + 0.4 22 75.4 + 0.7 b2
liposomes

ABTS, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid); TE, Trolox equivalent; DPPH, 2,2-diphenyl-1-
picrylhydrazyl; values with the same letter (a and b) in each row and the same number (1 and 2) in each column
in the superscript showed no statistically significant difference (p > 0.05; n = 3; analysis of variance, Duncan’s post
hoc test).

The zeta potential was —28.2 £ 0.7 mV on the 1st day and —29.6 = 0.9 mV on
the 60th day for the non-treated sample, while for the UV-irritated liposomes, the zeta
potential was —21.5 & 0.8 mV on the 1st day and —22.0 &= 1.1 mV on the 60th day (Table 1).
Therefore, the zeta potential of the developed liposomes with the smoke tree extract did
not change during storage in the refrigerator. Additionally, UV light exposure caused
a significant decrease in the absolute value of the zeta potential of the extract-loaded
liposomes compared to the non-treated parallel (Table 1). Changes in the zeta potential
values after UV irradiation were expected according to the literature data, where the
change in liposomes after UV exposure includes, among others, a decrease in zeta potential
(absolute value), as well as the occurrence of an aggregation process [16].

In the case of the ABTS assay, UV irradiation also significantly reduced the an-
tioxidant capacity of the liposomes with extract, from 12.02 4+ 0.54 pmol TE/mL to
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10.55 4= 0.28 pmol TE/mL (Table 2). The obtained liposomes with smoke tree extract
neutralized 81.9 + 0.4% of free DPPH radicals before UV irradiation and 80.9 4= 0.4%
after irradiation (Table 2). Furthermore, the ABTS and DPPH radical scavenging ac-
tivities of the UV-irradiated liposomes significantly decreased after the 60-day storage
(8.93 = 0.45 pmol TE/mL and 75.4 & 0.7%, respectively), whereas in the non-treated sample,
the mentioned drop in the antioxidant capacity was not noticed (11.30 £ 0.32 umol TE/mL
and 75.4 & 0.7%, respectively) (Table 2).

Regarding the influence of UV light exposure on the antioxidant potential of the
liposomes with smoke tree extract, the decreased radical neutralization capacity of the UV-
irradiated liposomal population can be explained by reactive oxygen species damage of the
phospholipid bilayer upon irradiation [17]. The application of liposomal formulations in
the food, cosmetic, and pharmaceutical industries, particularly in products such as wound
and burn dressings, requires effective sterilization methods that preserve the integrity of
the liposomal carriers. However, sterilization remains a significant challenge due to the
inherent physicochemical sensitivity of liposomes, which are prone to degradation under
conventional sterilization conditions [18]. Ultraviolet (UV) irradiation has emerged as
a promising alternative, offering a rapid and efficient method for microbial inactivation
without the use of harmful chemicals or the formation of carcinogenic by-products. This
technique has demonstrated broad-spectrum antimicrobial activity, making it a viable
candidate for the sterilization of liposomal systems while minimizing adverse effects on
their structural and functional properties [19]. Furthermore, the impact of UV light irradi-
ation on the stability and functionality of ingredients commonly used in pharmaceutical
and cosmetic skin formulations—such as liposomes—warrants thorough investigation,
particularly as a means of simulating the effects of sunlight exposure [20]. Thus, it was
important to investigate the influence of UV irradiation on the liposomal characteristics,
including antioxidant potential.

4. Conclusions

In this research, the changes in the physical characteristics and antioxidant potential
of smoke tree extract-loaded liposomes (non-treated and UV-irradiated) were determined
before and after 60 days of storage. Size, PDI, and zeta potential did not change in both
types of liposomes, while UV light exposure significantly affected the mentioned variables.
On the other hand, UV irradiation significantly reduced the antioxidant capacity of the
developed liposomes with smoke tree extract, which continued to decrease up to the
60th day of storage. Future work will include in vitro testing of antimicrobial and anti-
inflammatory properties, in vivo testing on animal models, as well as the development of
film carriers with incorporated extract-loaded liposomes and their characterization.
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Abbreviations
The following abbreviations are used in this manuscript:
ABTS  2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)

DPPH  2,2-diphenyl-1-picrylhydrazyl
PDI Polydispersity index

TE Trolox equivalent
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