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Neferine prevents ultraviolet radiation-induced skin photoaging
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Abstract. The aim of the present study was to evaluate the
anti-photoaging effect of neferine upon exposure of mice to
ultraviolet (UV) radiation. An in vivo photoaging model was
established by repeatedly exposing mouse dorsal skin to UV-A
and UV-B radiation for 12 weeks. Through skin photographs,
hematoxylin and eosin staining, Masson's trichrome staining,
and scanning and transmission electron microscopy, skin wrin-
kles, epidermal thickness and dermal collagen were analyzed
in the UV-irradiated mouse skin. Furthermore, the levels of
endogenous antioxidants, namely superoxide dismutase (SOD)
and glutathione peroxidase (GPx), were measured to deter-
mine the extent of UV-induced oxidative stress that was
associated with photoaging. The results demonstrated that
the topical application of neferine following UV irradiation
reduced oxidative stress by increasing SOD and GPx activi-
ties, and attenuated the photoaging process. Histological and
ultrastructural examination revealed that neferine delayed skin
wrinkle formation by inhibiting epidermal hypertrophy and
collagen loss and degradation. In conclusion, the results of
the present study indicated that neferine effectively prevents
UV-induced skin photoaging and photodamage.

Introduction

Plants and associated derivatives are used widely in skincare
products. In particular, the lotus plant is native to China and has
been used in Chinese traditional medicine for >1,000 years (1).
According to popular belief, lotus confers youthfulness
and longevity, whereas previous studies have reported that
lotus extract possesses hypoglycemic, antimicrobial, anti-
pyretic (2), psychopharmacological (3) and anti-inflammatory
properties (4). Lotus extract has also been used for skin
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whitening and anti-wrinkle treatment (5). Previous research
has demonstrated the antioxidant properties of various parts
of the lotus plant, including the leaf (6), stamen (7) and
rhizome (8). Lotus seed extract has been indicated to exhibit
anti-ischemic (9) and antioxidant properties (10). Furthermore,
lotus seed embryos are commonly consumed as a tea ingredient
or ingested raw, as they are considered to exhibit antiaging
properties.

Neferine (Fig. 1) is one of the major bisbenzylisoquinoline
alkaloids, along with liensinine and isoliensinine, and is
derived from the green seed embryo of the lotus plant (11).
Some of the pharmacological activities of neferine include
antiarrhythmic, antihypertensive (12), sedative (13) and
anti-diabetic properties (14). A previous study has demon-
strated the anti-inflammatory and antioxidant actions of
neferine (15). Neferine is being increasingly investigated for
its potential clinical applications; however, its anti-photoaging
effects have not yet been elucidated.

The skin is one of the most susceptible organs to ultraviolet
radiation (UVR), which is the main cause of photoaging (16).
Loss of skin tone, roughness, resilience and dryness, irregular
pigmentation and deep wrinkle formation are the main char-
acteristics of photoaged skin (17). It is well known that UV-B
(280-315 nm) and UV-A (315-400 nm) can cause skin photo-
aging and photodamage (18). The principal mode of action by
UVR is reactive oxygen species (ROS) generation (19), which
is one of the main contributors to UV-induced photoaging.
ROS damage biological macromolecules, including DNA,
carbohydrates, lipids and proteins, and deplete antioxidants,
including superoxide dismutase (SOD) and glutathione peroxi-
dase (GPx) (20,21). Antioxidants scavenge free radicals and
aid the repair of cellular damage. A variety of antioxidants,
including vitamins C and E, selenium, soy isoflavones and
polyphenolic compounds, have been revealed to attenuate
UV-induced photoaging (22,23).

The aim of the present study was to analyze the anti-photo-
aging activity of neferine by creating an in vivo model of
UV irradiation, in order to determine whether neferine could
replenish skin antioxidants including SOD and GPx, and mini-
mize skin wrinkles and collagen content loss upon UV exposure.

Materials and methods

Reagents. Neferine was purchased from Pure One
Biotechnology Co., Ltd. SOD (cat. no. A001-1); GPx
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(cat. no. A005) and bicinchoninic acid (BCA; cat. no. A045-3)
assay kits were purchased from the Nanjing Jiancheng
Bioengineering Institute.

Animals. A total of 72 female Kunming mice (weight, 25-28 g;
age, 6-8 weeks) were purchased from the Experimental Animal
Center, School of Medicine, Xian Jiaotong University. The
mice had access to food and water ad libitum and were main-
tained in a 12-h dark/light cycle with a controlled temperature
of 24+2°C and humidity of 55+10%. All mice were allowed to
acclimatize to their new surroundings for 1 week prior to the
experiments. The housing conditions were maintained constant
throughout the entirety of the experimental study period. All
animal experiments were approved and conducted under the
guidance of the International Association for the Protection of
Animal and Experimental Medicine and Laboratory Animal
Ethics Committee of Xian Jiaotong University School of
Medicine (Xian, China).

Preparation of neferine moisture base cream. Two types of
moisture base creams were prepared for use in the current
study.

Moisture base cream with neferine. Neferine (0.1%), ethanol
(EtOH; 58.5%), propanediol (20.0%), water (20%) and
hydroxypropyl methyl cellulose (1.5%).

Moisture base cream without neferine. EtOH (58.5%),
propanediol (20.0%), water (20%), hydroxypropyl methyl
cellulose (1.5%).

UV exposure and neferine topical treatment. UV irradiation
was provided by Philips ACTINIC BL TL-K 40W/10R and
Philips TL 20W/01RS bulbs (Philips Lighting), which were
used to provide UV-A (315-400 nm; peak wavelength, 365 nm)
and UV-B (280-315 nm; peak wavelength, 311 nm) using an
array of six lamps adjusted at a distance of 30 cm from the
skin of the mice. The minimal erythema dose (MED) was
measured using a Lutron-UV-340a meter (Lutron Electronic
Enterprise Co., Ltd.). The MED for UV-A and UV-B was
calculated as 1,200 and 180 mJ/cm?, respectively. This dose
was considered to be 1 MED. The dose was then increased
from 1 to 4 MED towards week 12 of the study. This method
was applied as previously described by Li ef al (24). The skin
on the dorsal surface (1.5x1.5 inches) of all the mice was
shaved three times a week and depilated twice a week with
Veet (Reckitt Benckiser Group plc) for 12 weeks. Vehicle-
and neferine (0.1%)-treated groups were exposed to UVR
five times a week (not on Saturday or Sunday) for 12 weeks.
The mice in the control group were shaved and depilated twice
a week with Veet (Reckitt Benckiser Group, plc), but received
no UV irradiation. As presented in Table I, mice were divided
into three groups (n=6 mice/group): The neferine (0.1%) and
vehicle (without neferine) groups were topically treated with
moisture base cream with a brush applicator 30 min prior to
every UV irradiation treatment. The control group was left
untreated.

Evaluation of wrinkled appearance. One day prior to the end of
the study period, mice were anaesthetized and the dorsal skin
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was photographed using a digital camera (Canon SX200 IS;
Canon, Inc.). The photodamage was assessed using visual
scoring (Table IT), which was performed by two observers who
were blinded to the grouping, which was based on the protocols
previously described by Kong er al (20) and Bissett ez al (25).
The skin wrinkles of each mouse were further evaluated by
the capture of images using a light microscope (magnifica-
tion, x100; Nikon SM21500; Nikon Corporation).

Hematoxylin and eosin (H&E) staining and epidermal
thickening analysis. At the end of experimental study, the
mice were anesthetized and sacrificed, following which the
dorsal skin tissues were collected. The tissues were treated
with 10% phosphate-buffered formaldehyde (pH 7.4) at
room temperature for 24 h prior to staining. H&E staining
was performed according to standard protocols (26).
Following deparaffinization with 100% xylene for 3 min and
50:50 xylene/100% EtOH for 3 min, and rehydration with
100% EtOH for 3 min and 95% EtOH for 3 min, 4-ym skin
sections were stained with hematoxylin (Gill's IX) for 5 min
at room temperature and subsequently rinsed with water for
5 min. Slides were then treated with 5 dips in acid alcohol
(1% HCI in 70% EtOH) and subsequently rinsed with water.
Following treatment with ammonia (1 ml NH,OH in 1 I water)
and rinsing with water, the sections were stained with Eosin Y
solution for 1 min at room temperature, followed by dehydra-
tion with graded alcohol (95% EtOH for 2 min; 100% EtOH
for 2 min) and clearing in xylene (50:50 xylene/100% EtOH for
2 min; 100% xylene for 2 min). Stained slides were observed
under a light microscope (magnification, x200 and x400;
Nikon DS-Ril; Nikon Corporation) and photographs of each
specimen were captured at three randomly selected locations.
Epidermal thickness was evaluated by measuring the distance
from the stratum corneum to the basement membrane in the
interfollicular epidermis at five randomly selected positions.
Epidermal thickening was analyzed and quantified using
Image J 1.36 analysis software (National Institutes of Health).

Masson's trichrome staining and collagen content
quantification. Mice were anesthetized and sacrificed at
the end of experimental study. Skin tissue samples (4 um),
after deparaffinization and rehydration, were treated with
Bouin's solution at 56°C for 15 min. After cooling the slides
with water at 18-26°C for 5 min, samples were stained using
working Weigert's iron hematoxylin solution for 5 min at room
temperature. Subsequently, slides were rinsed in deionized
water and stained in Biebrich scarlet-acid fuchsin for 5 min
at room temperature and rinsed in deionized water for 1 min.
Slides were then treated with working phosphotungstic/phos-
phomolybdic acid solution for 5 min at room temperature and
placed in Aniline Blue solution for 5 min at room temperature.
Slides were treated with acetic acid (1%) for 2 min at room
temperature and dehydrated through a graded alcohol series
(70, 80, 90 and 100%), and cleared in xylene for 5 min. Slides
were observed under a light microscope (magnification, x200
and x400; Nikon DS-Ril; Nikon Corporation) and each spec-
imen was photographed at three randomly selected locations.
To evaluate the dermal collagen density, quantification was
conducted using Image J 1.36 software (National Institutes of
Health) (27,28). Collagen density was evaluated by measuring
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Figure 1. Chemical structure of neferine.

the distance from the papillary layer to the upper layer of
subcutaneous tissue at five randomly selected positions. The
relative % of collagen density was then calculated using the
following equation:
skin area (blue
Collagen (%) = mxloﬂ

Scanning and transmission electron microscopy. The dorsal
skin samples were cut into small pieces (~2x2x2 mm) and
immediately fixed with 2.5% glutaraldehyde and 4% para-
formaldehyde for 2 h at 4°C, washed with 0.1 M phosphate
buffer (PB) for 30 min at 4°C, followed by post-fixation with
1% osmium tetroxide for 2 h at 4°C and washing 2 or 3 times
with 0.1 M PB. The skin fragments were dehydrated using a
graded EtOH series (30% EtOH in water 10 min, 50% EtOH
in water 10 min, 70% EtOH in water 10 min, 90% EtOH in
water 10 min and 100% EtOH). The samples were immersed
in a mixture of propylene oxide and Epon 812 overnight at
37°C followed by polymerization embedding for 48 h at 60°C.
The tissues were then cut into 1-3-um sections and stained
with Azure II or toluidine blue for 1 min on a 60°C hotplate
to identify and observe the area of interest. The blocks
were sectioned at 50-70 nm using an LKB Ultratome. The
ultra-thin sections were then stained with uranyl acetate and
lead hydroxide at room temperature for 10 min and observed
using scanning electron microscopy (Hitachi TM-1000;
Hitachi, Ltd.) by probing the images with focused electron
beams. For transmission electron microscopy, mice dorsal
skin tissue samples were dehydrated through an ethanol series
at 37°C and then transferred to propylene oxide followed
by embedded in epoxy resin at 60°C overnight. Samples
were observed using transmission electron microscope
(Hitachi H-7650; Hitachi, Ltd.).

Assays of SOD and GPx activity. Dorsal skin samples
(80 mg) were homogenized in physiological saline at 4°C and
centrifuged at 13,000 x g for 15 min. The collected superna-
tant was used to measure the total SOD and GPx activities
using SOD and GPx assay kits according to manufacturers'
protocols. The absorbance of SOD and GPx was measured
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Table I. Experimental design of the study.

Groups Shave UV irradiation Vehicle Neferine (0.1%)
Control + - - -
Vehicle + + + -
Neferine + + + +

+, treatment; -, no treatment; UV, ultraviolet.

Table II. Grading scale for evaluation of skin wrinkles.

Grade Description

0 Smooth skin without any wrinkles; fine striations
running down the length of the body

1 Fine striations

2 A few shallow wrinkles; disappearance of all fine
striations

3 Shallow wrinkles across the dorsal skin

4 Deep and coarse wrinkles with laxity

5 Increased wrinkle depth

6 Surface marked by severe wrinkles; development

of lesions

spectrophotometrically (Multiskan; Thermo Fisher Scientific,
Inc.) at 512 and 405 nm, respectively.

Assay of protein concentration. Total protein concentra-
tion was measured according to the BCA protein assay kit
protocol. Briefly, the supernatant obtained by the abovemen-
tioned method was centrifuged at 13,000 x g for 15 min at
4°C. The homogenate was then incubated for 30 min at 37°C
and the absorbance of SOD or GPx was measured at 560 nm
spectrophotometrically (Multiskan; Thermo Fisher Scientific,
Inc.).

Statistical analysis. Experimental values were analyzed using
GraphPad Prism 5 (GraphPad Software, Inc.). Analysis of data
was carried out by one-way ANOVA followed by Bonferroni's
multiple comparisons test. All data are expressed as the
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference.

Results

Neferine inhibits wrinkle formation. During the 12-week
duration of the current study, the control group mice did not
exhibit any skin changes, including deep wrinkles, desquama-
tion, and erythema or scaling. However, there was a marked
difference in the appearance of skin wrinkles between the
UV irradiated vehicle and neferine-treated groups (Fig. 2).
Mice in the vehicle-treated group displayed dry, scaly skin
with the formation of deep wrinkles (visual scoring, 5). By
contrast, the neferine-treated group exhibited improved skin


https://www.spandidos-publications.com/10.3892/etm.2020.8587
https://www.spandidos-publications.com/10.3892/etm.2020.8587

3192

A Control

Vehicle+UV

KHAN et al: NEFERINE PREVENTS ULTRAVIOLET RADIATION-INDUCED SKIN PHOTOAGING

Nef (0.1%)+UV

Figure 2. Nef application inhibits skin wrinkles in mice upon UV exposure. (A) Representative images showing wrinkles on the dorsal skin of mice at the end
of the 12-week study. (B) Photographic images (upper panels) and scanning electron microscopy images (lower panels) of wrinkles in mice dorsal skin. Nef,

neferine; UV, ultraviolet.

appearance and significantly diminished wrinkles (visual
scoring, 3; Fig. 2). Scanning electron microscopy analysis
revealed deep wrinkles in the vehicle-treated group, whereas
less wrinkling was observed in mice treated with neferine
(Fig. 2B).

Neferine inhibits epidermal hyperplasia. Epidermal hyper-
plasia is a histological characteristic of photoaged skin and
can be used as one of the parameters to reflect the extent of
UV-induced skin damage, since epidermal thickening contrib-
utes to skin roughness (29-31). As presented in Fig. 3, the
control group exhibited a low epidermal thickness compared
with the vehicle and neferine-treated groups (Fig. 3A). The
vehicle-treated and Nef + UV groups exhibited significantly
increased epidermal thickening after 12 weeks of UV irradia-
tion when compared with the control group (P<0.05). In mice
treated with neferine, the epidermal thickness was significantly
reduced when compared with that in the vehicle-treated group
(P<0.05; Fig. 3B).

Neferine prevents dermal collagen loss. The vehicle-treated
group exhibited a marked reduction in dermal collagen
density compared with the control group. However, skin
pretreatment with neferine inhibited this dermal collagen

loss (Fig. 4). Furthermore, the collagen fibers were less dense
and somewhat disorganized in the vehicle-treated group. In
the neferine-treated group, however, the collagen fibers were
denser and more organized (Fig. 4A).

Transmission electron microscopy revealed disarrayed,
broken and a reduced number of collagen fibers in the
vehicle-treated group compared with the control group, in
which the collagen fibers were intact and organized in bundles
(Fig. 4B). By contrast, the neferine-treated group displayed
minimal collagen loss and structural alterations (Fig. 4B).
There was a significantly reduced amount of collagen in the
vehicle-treated group compared with the control ("P<0.05);
however, the UV-induced reduction of collagen was signifi-
cantly attenuated in the neferine-treated group (*P<0.05;
Fig. 4C).

Neferine increases SOD and GPx levels. The effects of neferine
on UV-induced oxidative stress were examined by measuring
SOD and GPx levels. As presented in Fig. 5, SOD and GPx
activities were significantly reduced in the UV-irradiated
vehicle-treated group compared with the control group
("P<0.05). However, the decreased activities of SOD (Fig. 5A)
and GPx (Fig. 5B) were significantly increased by the topical
application of neferine (*P<0.05).
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Figure 3. Nef inhibits epidermal thickening in UV-irradiated mice. (A) Hematoxylin and eosin staining showing epidermal thickness. (B) Epidermal thickness
expressed as the mean + standard deviation (n=6). "P<0.05 vs. control group; “P<0.05 vs. the vehicle + UV group. Nef, neferine; UV, ultraviolet.

Discussion

Natural phytochemicals are currently used in cosmetics
to replenish antioxidants, suppress collagen degradation
and reduce the harmful impact of UVR on the skin. The
antioxidant activity of certain natural compounds and their
derivatives has been reported to prevent skin aging (32).
Natural compounds contain bioactive substances, including
anthocyanins, isoflavones and catechins, which may exhibit
antioxidant properties (33). It has also been previously
suggested that lotus seed embryos possess antiaging proper-
ties (34). Therefore, exploring the therapeutic potential of the
lotus seed embryo-derived compound neferine in UV-induced
photoaging may be beneficial. The present study demonstrated
the anti-photoaging effects of neferine on the skin of mice that
were exposed to UVR.

All cells have an antioxidant defence system. SOD,
GPx and catalase are naturally occurring antioxidants that
serve a crucial role in oxidative balance. SOD converts
superoxide anions into the substantially less toxic H,O,

and O,. Its activity is an indirect measure of ROS scav-
enging, which is essential for the dynamic balance of ROS
in the body. Glutathione (GSH) is the primary intracellular
non-enzymatic antioxidant defense against ROS and serves
a central role in the reduction of oxidative stress. GPx uses
GSH as a hydrogen donor to reduce H,0, and hydroperoxides
to H,O and O, (35). The imbalance between antioxidants
and free radicals, which is either caused by a decrease in
antioxidants or an increase in ROS, leads to cell damage
and cell death (36). A study has previously demonstrated
the photo-protective effect of neferine in UVB-irradiated
human epidermal keratinocytes, in which neferine application
increased SOD and GPx activities, and reduced ROS-induced
oxidative stress (37). In the present study, it is indicated that
the topical application of neferine significantly increased
SOD and GPx activities in mice skin. However, a comparison
between known antioxidants and neferine was not performed
in the present study, as the focus was on neferine antioxidant
activity. The antioxidant activity of neferine may be associ-
ated with the presence of the hydroxyl group in its structure.
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Figure 4. Nef application reduces dermal collagen loss following 12 weeks of UV irradiation. (A) Masson's trichrome staining: Upper panels. (B) Transmission
electron microscopy. (C) Quantification of dermal collagen density. Data are expressed as the mean * standard deviation (n=6). "P<0.05 vs. control group;

"P<0.05 vs. the vehicle + UV group. Nef, neferine; UV, ultraviolet.
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Figure 5. Nef treatment increased antioxidant levels in mouse skin following 12 weeks of UV irradiation. (A) SOD and (B) GPx levels in mouse skin. Data are
expressed as the mean + standard deviation (n=6). "P<0.05 vs. control group; “P<0.05 vs. the vehicle + UV group. Nef, neferine; SOD, superoxide dismutase;

GPx, glutathione peroxidase; UV, ultraviolet.
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The photoprotective and anti-photoaging effects of neferine
were demonstrated to be associated with an increase in
antioxidant levels, which was associated with a reduction in
UV-induced oxidative stress and skin photoaging. However,
the effects of neferine and vehicle treatment alone were
not evaluated on non-irradiated mouse skin.

Photoaging is associated with an increase in epidermal
thickness and alterations in connective tissue organiza-
tion (38,39). In the present study, the topical application of
neferine reduced these effects, and was revealed to minimize
skin photo damage and the presence of wrinkles.

Atrophy of the dermal connective tissue, particularly
collagen fibers, is also associated with skin photoaging. It
has been demonstrated that collagen is mainly responsible for
maintaining the tensile strength and resistance of the skin, and
comprises up to 75% of the dry weight of the dermis (29,40).
Collagen is one of the major components of the extracellular
matrix and can be directly degraded by UVR (41), which is an
important early event in the progression of wrinkle formation
and skin sagging (42). A number of studies have investigated the
role of matrix metalloproteinases (MMPs) in skin aging. UV
exposure has been demonstrated to induce MMP-1 expression
in the mouse epidermis (39). Neferine has also been revealed
to reduce the expression of MMP-1 in UV-A-irradiated human
dermal fibroblasts (34). In the present study, collagen density
was indicated to be significantly decreased after 12 weeks
of UV irradiation. Observations from the present study are
consistent with the previous study, in which ICR mice irradi-
ated with UV light exhibited reduced collagen content and
skin photoaging (42). In addition, neferine application to mice
skin reduced UV-induced collagen density loss in the present
study, and it is hypothesized that this may be associated with a
reduction of MMP-1 expression. The mechanisms underlying
the anti-photoaging effects of neferine on UV irradiation are
associated with the inhibition of collagen degradation and
increased collagen synthesis, thereby causing the reduction of
wrinkles and skin sagging.

In conclusion, to the best of our knowledge, the current
study is the first to investigate the anti-photoaging properties of
neferine in vivo. Neferine application reduced oxidative stress
by restoring antioxidant levels, reducing collagen degradation
and the formation of skin wrinkles. However, further studies
are required to evaluate its anti-inflammatory properties and
underlying molecular pathways.
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