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Abstract

Annona squamosa is a medicinal plant that has been used in folk medicine since antiquity. The goal of this study is to see
how effective Annona squamosa leaf extract (A.S.L.E) or its niosomal-entrapped preparation is at protecting skin from
UVA irradiation. The prepared niosomal-entrapped A.S.L.E has been characterized via spectrophotometry and transmission
electron microscopy imaging. Furthermore, the entrapment efficiency and in vitro release of A.S.L.E were determined. In
this study, ex vivo and freshly prepared samples from the dorsal region of the rats’ skin were used as biological samples,
which were divided into five groups: control UVA-unexposed, unprotected UVA-exposed, A.S.L.E-protected UVA-exposed,
and niosomal-entrapped A.S.L.E UVA-exposed. UVA irradiation was performed by exposing the skin samples to a UVA-
producing lamp for 4 h. Samples from various groups were then examined using FTIR spectroscopy, histopathology, and
protein electrophoresis methods. The results showed that A.S.L.E has a skin protective effect against UVA irradiation. The
niosomal-entrapped A.S.L.E was more effective than the native plant leaf extract in protecting skin from the damaging
effects of UVA. Therefore, the nanotechnologically formulated preparation, niosomal-entrapped A.S.L.E, can be used as an
effective photoprotector (sunscreen) against the adverse effects of UVA radiation.
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1 Introduction

Ultraviolet (UV) rays coming from the sun threaten the skin
health of human beings. Skin erythema can occur as a result
>4 Haitham S. Mohammed of prolonged exposure to UVB (280-320 nm) rays. While
Haitham @sci.cu.edu.cg exposure to UVA (320-400 nm) has a cumulative effect that
Biophysics Department, Faculty of Science, Cairo ultimately producing photo-aging and/or skin cancer [1, 2].
University, Giza, Egypt Because of the discomfort associated with the use
of physical sunscreens, people prefer to use chemical
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sunscreens [3, 4]. However, most synthetic chemical sun-
screens are unstable under UV irradiation and can be photo-
degraded producing free radicals [4—7]. Free radicals accel-
erate the photo-aging of the skin and induce cells damage
by coupling products [8§—10].

Plant products were the basis for treating human dis-
eases in traditional medicine. Nowadays, the natural phar-
maceuticals, food, and cosmetics products industry aiming
to develop new drugs by investigating biologically active
compounds obtained from plant species [11, 12]. Annona
squamosa is a fruit tree that belongs to the Annonaceae fam-
ily. It grows in different countries around the world. This
plant has been reported as a rich source of therapeutic poten-
tial compounds [13]. Its extract is a rich origin of phenolic
compounds which can act as a free radical scavenger.

Annona squamosa leaf extracts (A.S.L.E) proved to have
anti-inflammatory [14-18], antifungal [19, 20], anti-bacte-
rial [21, 22], and antiviral [23] activities. Furthermore, there
are many agents from A.S.L.E that are active against cancer
[24-26].

Tannins, steroids, saponins, phenols, and flavonoids are
among the active compounds found in the extract of differ-
ent parts of A.S.L.E. These compounds can scavenge and
reduce the cellular free radicals’ adverse effects [27-30].
However, the presence of these compounds depends on the
solvents used for the extraction and the plant part used for
the study [31].

Nanocarriers introduced development in drug delivery
concerning its protection from degradation, controlled
release, and increase in drug bioavailability [32]. Niosomes
are non-ionic surfactant vesicles that are used in the delivery
of both hydrophilic and hydrophobic drugs. Niosomes are
considered as a promising drug carrier with several advan-
tages such as high stability, small purity variability, and
biocompatibility, in addition to their economic and simple
production [33]. Therefore, entrapping of active compounds
in niosome vesicles could enhance its efficacy and avoid
some of its undesired properties.

The present study aims to examine the skin protective
effect of the native A.S.L.E and niosomal-entrapped A.S.L.E
against UVA radiation exposure. To this end, several tech-
niques were implemented: FTIR spectroscopy, histopatho-
logical investigation, and protein electrophoresis.

2 Materials and methods
2.1 Materials
Methanol was purchased from Fisher Scientific UK. Phos-

phate buffer tablets pH 7.4 (purity >99%) was purchased
from Bio Shop Canada Inc. Ethanol (purity >99.7%),
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Tween 80 (purity >99%) and cholesterol (M Wt. 386.65,
purity > 99.7%) were purchased from Sigma Aldrich.

2.2 Extraction method

Annona squamosa leaves were collected from a local Farm
(Giza, Egypt). The leaves of the plant were washed with
tap water to clean them of dust. The leaves were air-dried
for three days and then oven-dried at 55 °C and an electric
mixer was used to crush them into powder [34]. The formed
powder was stored in clean plastic bags. A 15 g of the pow-
der (A.S. leaves) were extracted with 60 ml of methanol
and distilled water (8:2), Then the extract was centrifuged
(655%g for 15 min). The supernatant was then collected
and filtered by Whatman No. 1. Finally, the solvents were
evaporated with a rotary evaporator (RV05-ST, Germini BV
laboratory) at 45 °C to obtain the concentrated extract. The
yield of the extraction was based on the powder used in the
beginning [35].

2.3 Preparation of A.S.L.E-entrapped niosomes

Niosomes nanoparticles were prepared by the hydration
method. The surfactant tween 80 and cholesterol were dis-
solved in ethanol in the ratio of 2:1 in a round flask with
a 1 ml of A.S.L.E. A dry thin film was formed after evap-
oration of ethanol using a rotary evaporator at 50 rpm at
45 °C under reduced pressure. The formed thin film was
hydrated using phosphate buffer saline (PBS) (pH 7.4) to
form niosomes which subjected to sonication (WUC-AO3H,
Daihan, Korea) for 5 min to produce small niosomes vesi-
cles. A high-speed cooling centrifuge (VS-18000 M, Korea)
(8809x g for 30 min) was used to precipitate niosomes [36].

2.4 Transmission electron microscopy (TEM)

The image of niosomes was investigated using TEM (JEOL
JEM.1230, Japan). Niosomes suspension-entrapped extracts
sample was negatively stained with a 1% of phosphotung-
stic acid and left to air-dry, then sample was incubated for
approximately 10 min on the grid, and then analyzed.

2.5 Spectrophotometry

The absorption spectra of A.S.L.E, niosomal-entrapped
A.S.L.E, and Phenylbenzimidazole-5-sulfonic acid (PBSA)
were determined using UNICO UV-2000 spectrophotometer,
China.

2.6 Entrapment efficiency

The centrifugation method was used to determine the
capacity of niosomes to entrap A.S.L.E [37]. Samples were
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centrifuged (10,483xg for 30 min) (VS-18000 M, Korea),
to separate the supernatant from the pellets containing the
free extract or the encapsulated extract. The supernatant
was collected, while the resulting pellets were diluted with
saline (10 ml, pH 7.4) and sonicated for 5 min for further
use. Each process was repeated three times. The A.S.L.E
absorbance was measured at 270 nm at different concentra-
tions using a UV-Vis spectrophotometer JENWAY 6405,
U.K.). The calibration curve of A.S.L.E was made by plot-
ting the absorbance against different concentrations of the
extract. The absorbance of the free A.S.L.E in the superna-
tant was determined at 270 nm spectrophotometrically. The
entrapment efficiency for niosomes was calculated from the
following Eq. [38]:

amounts. In the third and fourth groups, 0.5 ml of A.S.L.E
or niosomes-entrapped A.S.L.E was applied to the skin, and
samples were then subjected to UVA irradiation, respec-
tively. The exposure of the third and fourth groups was car-
ried out under the same conditions as the second group.

2.9 Fourier-transform infrared spectroscopy (FTIR)

FTIR spectra were measured on lyophilized skin samples.
Tissues were grounded with KBr at a ratio of 1:100 and
are pressurized with a hydraulic press under a pressure of
15,000 1bs. The pellets of the samples have been scanned
over the spectrum range 400-4000 cm™! by type A FT/
IR-4100 (A Basic Vector, Germany).

Initialconcentration — Finalconcentration

EntrapmentEfficiency% = — -
Initialconcentration

x 100.

2.7 Invitro release

The dialysis technique was used to find in vitro release of
A.S.L.E from niosomes in PBS (pH 7.4) [39, 40]. Two mil-
liliters of niosomes-entrapped A.S.L.E suspension were put
into a cellulose acetate dialysis bag (Spectra/Por, MW cut-
0ff12,000, Spectrum, Canada) and immersed in 100 ml of
PBS with magnetically stirring at 50 rpm (Model TK22,
Kartell, Italy). One milliliter was taken at fixed time inter-
vals (every 1 h) of the immersed solution, replacing it with
an equal volume of fresh PBS. The samples absorbance was
measured at 270 nm using UNICO UV-2000 spectrophotom-
eter, China. The experiment was ended when the concentra-
tion of the extract in the receiving medium became constant
(i.e., a plateau was obtained in the absorption curve).

2.8 The experimental design

The experiment was carried out using fresh skin samples
of adult albino male rats weighing ~ 120 g. The skin was
obtained from the dorsal skin of recently scarified (decapi-
tated under anesthesia) animals and cut into small pieces of
same dimensions (53 cm?). Then samples were divided
into four groups (5 samples /group). The first group repre-
sents the control unexposed group, the second group was
exposed to UV radiation (UV lamps: Bioblock Scientific,
Ilikirch, France, A=365 nm, P=6 W) without protec-
tion. The radiant energy was measured with a radiometer
(VLX-3 W; Cole-Parmer, Vernon Hills, I1l., USA) with a
microprocessor, equipped with two variable sensors. The
total UV radiation dose reaching the skin was 1.667 J/cm?>.
The distance between the source and the skin surface was
8 cm and the exposure time was 4 h. The hair on the rat’s
skin was removed using a depilatory cream and the nioso-
mal preparations were applied directly on the skin in equal

2.10 Histopathology

Skin samples were kept in 10% neutral formalin and then
were inserted into paraffin blocks. Samples were sectioned
into very thin pieces at 4-5 pum thickness and stained with
hematoxylin and eosin (H&E) [41, 42]. Sections were
investigated by an optical microscope (BX500lympus
microscope, Tokyo, Japan) and captured using Olympus
DP27 camera linked to cell Sens dimensions software
(Olympus).

2.11 One-dimensional sodium dodecyl sulfate gel
electrophoresis (1D SDS-PAGE)

1D SDS-PAGE was performed to observe protein bands in
the skin tissue sample. 100 mg of each sample were homog-
enized with 300 pul saline and were then subjected to cooling
centrifugation (VS-18000 M, Korea, power 220 V/50 Hz)
(12,303%g for 30 min at 4 °C). 100 pl from the supernatant
proteins were mixed with 500 ul acetone and left overnight
at —20 °C. Before measurement, samples were centrifuged
at 12,303xg for 3 min at 4 °C. Proteins were diluted with
sample buffer (10% SDS, 20% Glycerol, 0.2 M trispH6.8,
10 mM beta-mercapto-ethanol, and 0.05% bromophenol
blue) at the ratio of 1:4 and were then heated for 5 min at
95 °C. Proteins were loaded into the well of kD™ Mini-
PROTEAN® TGX™ Precast Gel (Bio-Rad, Hercules,
CA), and were run with Mini-PROTEAN electrophoresis
cells (Bio-Rad, Hercules, CA) at 80 V for 4 h. EZ-Run Pre-
stained Rec Protein Ladder (Fisher Bioreagents, Pittsburgh,
PA) containing proteins from 16 to 270 kDa was used as
a protein marker. Gels were stained with staining solution
(50% dH,0, 40% methanol, and 10% glacial acetic acid)
[43].
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Fig. 1 Transmission electron
microscope (TEM) images

of the niosomal-entrapped
A.S.L.E. Size scale is indicated
with the bar at the bottom of the
picture
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Fig.2 Absorption spectra of PBSA, A. Squamosa leaf extract, nioso-
mal-entrapped A. Squamosa leaf extract and free niosomes

3 Results
3.1 Niosomal-entrapped A.S.L.E characterization
3.1.1 Transmission electron microscope

TEM examination showed non-aggregated nanoparticles
with spherical shape of the prepared A.S.L.E-entrapped
niosomes as shown in Fig. 1, the average size of the prepared
niosomal-entrapped A.S.L.E was 100+ 2 nm.

3.1.2 Spectrophotometry

The UV-Vis spectrum of A.S.L.E, niosomal-entrapped
A.S.L.E, and PBSA (standard) is presented in Fig. 2. As
shown in the figure, A.S.L.E and niosomal-entrapped
A.S.L.E have a broad peak in the UV wavelength range
(200—400 nm) compared to the commercial compound that
is used as a reference material (PBSA).

@ Springer
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Fig.3 The release rate of A. squamosa and niosomal- entrapped A.
squamosal

3.1.3 Entrapment efficiency

Niosomes exhibit a high efficiency for entrapping A.S.L.E.
The calculated average percentage of entrapping efficiency
was 90+ 3%. The high entrapment efficiency could be
attributed to the high affinity of A.S.L.E to the bilayers of
niosomes.

3.1.4 Invitro release

The release of A.S.L.E from the dialysis bag was rapid and
reached equilibrium within 4 h (Fig. 3) due to its parti-
cles were unrestricted and had freedom of movement. The
release of A.S.L.E from niosomes took a longer time interval
(Fig. 3) since A.S.L.E was located within the niosome. It is
worth mentioning that our formulation has been designed to
prolong the release of A.S.L.E as the nano-entrapment saves
the extract from premature degradation, improves its solubil-
ity, and promotes controlled release. The sustained release
of A.S.L.E from niosomes is shown in Fig. 3. The release
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was measured at room temperature, pH 7.4 in PBS buffer
and within 12 h. A.S.L.E is released steadily and slowly over
the period of the experiment which supports that niosomes
are good stable carriers for the sustained release of A.S.L.E
and this could reinforce the therapeutic effects of A.S.L.E.
Niosomes leading to a lower diffusion compared to diffu-
sion seen in A.S.L.E alone, which encourages their release
for long periods. This emphasizes that niosomes are good
vehicles for the sustained release of A.S.L.E.

A.S.L.E in methanol solvent contain alkaloids, phenols,
flavonoids, carbohydrate and tannins compounds as reported
in Tables 1, 2. This screening reveals that A.S.L.E has sev-
eral bioactive chemical compounds which may be useful
in the discovery of new pharmacological drugs, especially
against UV exposure [29].

3.2 FTIR spectroscopy analysis

FTIR analysis is an informative technique, and it could be
used for skin damage detection. The average IR spectra were
recorded for all samples in the range of 4000—-400 cm™".
Transmission spectra of the different group samples
are shown in Fig. 4. The broad peak at approximately
3430 cm™! corresponds to the amide A band of hyaluronic
acid due to N-H stretching vibrations. This band decreases
in intensity due to degradation in the hyaluronic acid chain.
Peaks showed a decrease in the intensity in the unprotected
UVA-exposed skin samples with respect to the control unex-
posed samples.

Peaks at 2926 and 2856 cm™! correspond to absorption
caused by C—H, N-H, and O-H single bonds from Lipid. As
shown in Fig. 4, a great increase in these bands’ intensity

Table 1 The main volatile

. Compound Retention Area (mV.s) Height (mV) Area (%) Height (%)

compounds of rpethanol fraction time (min)

A.S.L.E determined by GC

mass Solvent (methanol) 1.8 110.40 12.42 99.7 99.7
Limonene 2.11 82.86 21.75 0.1 0.2
R-Carvone 2.84 168.32 14.52 0.0 0.1
Spermidine 3.26 12.95 1.47 0.0 0.0
5-Methyl 1-5-(4,8,12,trimethytri- 20.19 3.14 0.25 0.0 0.0

dencyl) dihydro-2 (3H)-furanone

16-Hentriacontanone 20.89 12.26 0.46 0.0 0.0
Adenosine 3 phosphoric acid 23.22 5.94 0.44 0.0 0.0
Midacamide 23.61 9.59 0.42 0.0 0.0

Table2 The main non—volatille Retention  Peak area Peak height Area [%] Height [%]

compounds of n.lethanol fraction time [min]

A.S.L.E determined by HPLC
Solvent (methanol) 0.867 10.493 0.98 0.0 0.0
Unknown 2.10 116,043.05 3671.12 35.5 33.8
Unknown 2.55 19,592.15  2602.641 6.0 24.0
Unknown 2.933 138,201 3770.166 423 34.7
1,2,3 propanetriol 4.417 14,650.769 333.812 4.5 3.1
Pinene 5.217 26,805.131  301.479 8.2 2.8
Linalool 10.08 73.6 7.003 0.0 0.1
Palmitic acid 10.87 1410.514 39.316 0.4 0.4
Hexadecanoic acid 11.7 28.201 3.531 0.0 0.0
Octadecenoic acid 12.17 171.304 9.655 0.1 0.1
3,7,11,15-tetramethyl-1-2-hexadecane ~ 12.82 348.031 15.214 0.1 0.1
Amy] alcohol 13.57 895.527 25.33 0.3 0.2
n-decanal 14.53 869.036 25.014 0.3 0.2
Alpha-tocopherol beta-D-mannoside 18.65 3044.036 20.081 0.9 0.2
Polysaccharides 22.5 4779.162 31.05 1.5 0.3
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was observed in the spectra of skin samples exposed to
UVA radiation without protection. Interestingly, niosomal-
entrapped A.S.L.E peak in this region looks very similar to
the UVA-unexposed skin samples. The band at 2856 cm™
is indicated to branched alkyl chain. Due to the exposure to
UVA radiation, free alkyl radicals were produced.

There were strong C=0, C=N, C=C, and C-H stretching
bands in the region 2000 cm™'-1500 cm~! which belong-
ing to Amide I band (1600-1780 cm™"). The absorption
band at1750 cm™" which is characteristic of the carbonyl
(C=0) stretching vibrations of ester bonds in membrane
phospholipids. Protein secondary structures appear in
amide I band. All samples have peaks at 1640 cm™! refers
to proteins with random coil conformation and overlapping
with 1648-1660 cm™! corresponds to the alpha helix. In
the unprotected sample, there is an increase in the peak at
1745 cm™! which assigns to the presence of the p-structure
band and turns indicating the increase in the -structure pro-
tein content compared to the control group [44].

The spectral fingerprint region (1500 to 400 cm™!) con-
tains a large number of peaks due to fatty acids, amino acids,
phospholipids, polysaccharides, symmetric stretching modes,
PO, and C-O-C vibrations groups (1163 cm™!). There is an
increase in the observed 1163 cm™' band in the unprotected
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wavenumber cm'!

sample and a slight increase in the protected with A.S.L.E
sample compared to the control group indicating a reduction
in the amount of hydrogen-bonded C-OH groups of cellular
proteins and an accumulation of carbohydrates.

3.3 Histopathological analysis

Figure 5 shows the histopathological results of the skin sam-
ples of the different groups and the effects of UV exposure
on the tissue structure. Photomicrographs of the skin samples
exposed to UVA radiation without protection showed thick-
ening of stratum corneum (hyperkeratosis), parakeratosis,
and hypertrophy of epidermal cell layer (yellow arrow) with
edema in the dermis (red arrow) which were associated with
few inflammatory cells infiltration and necrosis of dermal
collagen. Skin samples protected with A.S.L.E showed a
focal necrosis of dermal collagen, slight thickening of stratum
corneum, and slight hypertrophy of epidermal cell layer after
exposure to UVA radiation. Therefore, these histopathologi-
cal findings revealed that A.S.L.E was unable to fully protect
the skin from the destructive effects of UVA radiation.

On the other hand, normal epidermal and dermal layers
with no histopathological alterations were obtained in con-
trol unexposed skin samples and in samples protected with
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Fig.5 Photomicrograph of nor-
mal H & E stained (scale bars
100 um and 25 pm, magnifica-
tion X 100) skin sections taken
from the dorsal skin of the rats.
A Normal, showing normal
epidermal and dermal layers.

B irradiated with UV for 4 h
showing thickening of stratum
corneum (hyperkeratosis) (black
arrow), hypertrophy of epider-
mal cell layer (yellow arrow),
and necrosis of dermal collagen
(blue arrow). C treated with
annona free and UV irradiated
for 4 h showing slight thicken-
ing of stratum corneum (black
arrow), slight hypertrophy of
epidermal cell layer (yellow
arrow), and focal necrosis of
dermal collagen (blue arrow).
D treated with niosomal A.
Squamosa for 4 h showing

no or slight histopathological
alterations

niosomes-entrapped A.S.L.E after a continuous exposure
for 4 h of UVA. Thus, the histopathological investigation
indicated that the niosomal A.S.L.E is, on structural basis,
capable of protecting the skin from the adverse effects of
UVA irradiation.

3.4 Electrophoresis results

Figure 6 shows the different protein patterns obtained via
gel electrophoresis of the skin samples in different groups.
Clear differences have been obtained in the protein pattern
of skin samples irradiated with UVA without protection
with respect to the control unexposed samples. Changes

have been obtained in case of A.S.L.E used in protecting
skin samples. However, only negligible changes appeared in
the skin samples protected by niosome-entrapped A.S.L.E.

4 Discussion

The photo-damaging effect of UV radiation from sunlight
or artificial sources is a dermatological problem that affects
many populations worldwide [45, 46]. UVA in the range
from 320 to 400 nm is absorbed in the skin tissues and
reaches the dermal layer producing reactive oxygen species
(ROS) that cause lipid peroxidation in the cell membrane
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UV AS+UV NAS+UV

M C

16 kDa|

Fig.6 SDS-PAGE pattern of protein in C=control UVA-unex-
posed skin samples, UV =Skin samples exposed to UVA for 4 h,
AS+UV=A. Squamosa leaf extract protected UV-exposed skin,
and NAS+UV =Skin samples protected with niosomal-entrapped
A. Squamosa leaf extract and exposed for 4 h to UVA radiation.
M =Protein marker

leading to skin aging, inflammation, and melanoma [47, 48].
Therefore, protecting the skin from these adverse effects is
crucial for healthy skin and the whole health of the subject.

Annona squamosa is a plant that grows in many places
worldwide. A.S.L.E has a broad absorption band in the UV
region [49]. This property makes this natural material a good
candidate for the protection of biological tissues from the
adverse effects of UV radiation exposure. To investigate
this hypothesis in the present study, ex vivo skin samples
were exposed under controlled conditions to UVA radia-
tion with and without protection by A.S.L.E and compared
to the unexposed skin samples. Furthermore, to enhance
the efficacy of this natural material a nanosized entrapment
has been implemented via the preparation of niosomes as a
nanocarrier loaded with A.S.L.E.

Niosomal-entrapped A.S.L.E offers several advantages
over the native material when it is used to cover the skin
for protection. It increases the duration of the existence of
the active material over the skin as indicated from its long-
time release compared to the native compound. Moreover, it
facilitates with its nanosize the transdermal entrance of the
material into the skin layers [5S0-52] and therefore provides
deep protection to the skin structure.

The present study utilized different techniques to inves-
tigate the protective effects of A.S.L.E and its niosomal-
entrapped preparation on skin samples irradiated for 4 h
with the UVA lamp. FTIR spectroscopy, histopathological,
and protein electrophoresis data revealed several structural
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changes in the unprotected skin samples exposed to UVA
radiation. Oxidative stress, hyaluronic degradation, and pro-
tein secondary structure changes are the main alterations
in the UV-exposed skin samples in the present/ work. The
FTIR intense amide A band of hyaluronic band for skin sam-
ples protected with niosomes-entrapped A.S.L.E could be
assigned to the significant preserving potential of the nano-
formulated for the skin internal structure. Furthermore,
increase in lipid bands in UVA-irradiated skin indicates
that the membrane environment has changed, and the sur-
rounding matrix has become more lipophilic, and this can be
considered as a marker of the oxidative stress, i.e., indicators
of lipids peroxidation [53]. Protecting the skin with A.S.L.E
before the UVA irradiation has succeeded in preventing the
increase in the intensity of these peaks.

These changes are well documented for skin tissue
exposed to UV radiation due to the interaction of the radia-
tion with the cellular structure of the skin tissue [53, 54].
Also it caused numerous histopathological changes, charac-
terized by thickening of stratum corneum (hyperkeratosis),
parakeratosis, and hypertrophy of epidermal cell layer with
edema in the dermis associated with few inflammatory cells
infiltration and necrosis of dermal collagen in accordance
with the findings of [55], excessive deposition of keratin
in the epidermis and an increase in epidermal thickness for
protection of the dermis from UV damage [56].

Protein electrophoresis revealed that skin samples that
exposed to UV radiation had a loss in proteins correspond-
ing to the standard regions (30-37 KDa) and (37-52 KDa)
which may refer to proteins of molecular weight ~30 KDa,
~36-38 KDa, ~34-42 KDa”.These changes are correspond-
ing to transforming growth factor beta, connective tissue
growth factor, vascular endothelial growth factor and alpha
smooth muscle actin [57] while niosomal A.S.L.E formula-
tion may have protected those proteins during UV exposure.

The protection of the skin samples with A.S.L.E and nio-
somal A.S.L.E has succeeded, by different proportion, in
protecting skin from the adverse and photo-damaging effects
of UVA radiation. This protection could be attributed to the
elevated and broad absorption of A.S.L.E to UV radiation in
addition to its anti-oxidant effects [58, 59] that act as a scav-
enger to the ROS formed due to the interaction. The superior
protection obtained by the niosomal A.S.L.E in comparison
to A.S.L.E which was explored in the histopathological and
protein electrophoresis investigations could be attributed to
the stability offered by the nanoformulation and the sus-
tained release of the A.S.L.E from the niosomes, which pro-
longed skin tissue protection. Furthermore, the free A.S.L.E
may be greatly degraded as a result of its interaction with
UVA under the continuous exposure. Thus, it provides lower
protection to the skin tissues than the sustained niosomal
A.S.L.E which provides full protection to the skin epidermal
and dermal structures.
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To the best of our knowledge, this is the first study that
provides evidence for using niosomal-entrapped A.S.L.E as a
UVA-protecting agent for the skin tissues, making this mate-
rial a powerful candidate for sunscreen production. The simple
method for extracting the material and the inexpensive way for
the present preparation are considered as an added value to its
powerful action in protecting the skin from the photo-damaging
effects of UVA radiation. Furthermore, the biological origin of
the A.S.L.E enhances its compatibility with biological tissues in
comparison to the chemically synthesized compounds that are
used as sunscreens. However, further investigations concerning
the study of the molecular and cellular changes due to exposure
to UV radiation and the protecting effects of niosomal A.S.L.E
against these adverse effects are warranted.
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