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Abstract

This study aimed to investigate the protective effect of Schisandra chinensis extract on retinal photoreceptor cell damage and
the underlying mechanism in an intend to provide the pharmacodynamic basis for Schisandra chinensis compatibility in the
treatment of retinal degenerative diseases. Forty-two male mice were randomly divided into six groups: the control group, the
light exposure group (6/12/24/36 h) and the Schisandra group (received 400 mg/kg bw twice a day Schisandra extract ip for 1
day before the experiment and during the exposure to the light). The retinal light injury model was obtained by exposure the
animals to light for 36 hours. The expression of Poly [ADP-ribose] polymerase 1 (PARP-1), Fos-related antigen-2 (Fra-2) and
apoptosis-related proteins as cytochrome ¢ (Cyt-C), BCL2 Associated X (Bax), B-cell lymphoma 2 (Blc-2), B-cell lymphoma-
extra-large (BCL-XL) were detected by Western blot. The results showed that after 12 hours of visible light exposure, the
retina of mice was damaged. At the molecular level, the expressions of Cyt-C and Bax, significantly increased after 12 h of
light exposure while the expression of Blc-2, BCL-XL significantly decreased. The levels of PARP-1 and Fra-2 in mouse
retina increased significantly from 6h to 36h of light exposure. The structure and function of retina of mice treated with
Schisandra chinensis extract intervention were complete and normal. It was observed a significant decrease in the Cyt-C and
Bax levels and a significant increase in the Bcl-2 and Bcl-xL compared with the group exposed 36h to light along with a
significant decrease in the PARP-1 and Fra-2 protein levels with no apoptosis in the outer nuclear layer of the retina. This
study showed that Schisandra chinensis extract has a significant therapeutic effect on preventing the photoreceptor cell
degeneration induced by light injury by modulating the expression of PARP-1, Fra-2 proteins implicated in the regulation of
apoptosis in light-induced retinal injury.

Rezumat

Acest studiu a avut ca scop investigarea efectului protector al extractului de Schisandra chinensis asupra deteriorarii celulelor
fotoreceptoare ale retinei precum si a mecanismului de actiune, cu scopul de a stabili o bazd farmacodinamica privind
utilitatea acestei plante in tratamentul bolilor degenerative ale retinei. Patruzeci si doi de soareci de sex masculin au fost
impartiti in mod aleatoriu in sase grupuri: grupul martor, grupul de expunere la lumina (6/12/24/36h) si grupul Schisandra
(care a primit de doua ori pe zi 400 mg/kg corp extract de Schisandra ip cu o zi inainte de experiment si in timpul expunerii la
luming). Modelul de leziune a luminii retiniene a fost obtinut prin expunerea animalelor la lumina timp de 36 de ore. S-a
evaluat expresia proteinelor PARP-1, Fra-2, Cyt-C, Bax, Blc-2 prin tehnica Western blot. Rezultatele au aratat ca, dupa 12
ore de expunere la lumind vizibila, retina soarecilor a fost deterioratd. La nivel molecular, expresia Cyt-C si Bax a crescut
semnificativ dupa 12 ore de expunere la lumind, Tn timp ce expresia Blc-2, BCL-XL a scdzut semnificativ. Nivelurile
proteinelor PARP-1 si Fra-2 in retind au crescut semnificativ de la 6h la 36h de expunere la lumina. Structura si functia
retinei soarecilor tratati cu extract de Schisandra chinensis a fost normald. S-a observat o scadere semnificativa a nivelurilor
de Cyt-C si Bax si o crestere semnificativa a Bel-2 si Bel-xL comparativ cu grupul expus la lumina timp de36h precum si cu
o scadere semnificativa a proteinelor PARP-1 si Fra-2 in stratul nuclear exterior al retinei.
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Introduction cornea and lens of the eye protect the human retina
from the damage caused by the short wavelength
radiation below 400 nm [3]. The sunlight is composed
of many electro-magnetic waves of different wave-
lengths. The size of light wavelength can affect the
energy of photons [4]. Light with a wavelength lower

Medicinal plants represent nowadays a relevant and
reliable source of active principles that are used in
order to prevent, ameliorate or treat wide range of
pathologies [1, 2]. Retinal light damage is the damage
of retina caused by excessive light exposure. The
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than 510 nm may be directly related to retinal light
damage. The shorter the wavelength, the greater the
damage. Ultraviolet light is the main cause of retinal
damage [5]. Red light and visible light can all reach
the retina through the refractive stroma of the eye
tissue, leading to light-induced retinal damage [6].
Up to now, the mechanism of retinal light injury has
not been fully elucidated, but experts and researchers
have carried out in-depth exploration and made great
progress [7]. In the process of retinal damage, there
were observed changes and remodelling in neurons
and glial cells that lead to retinal structure changes
and retinal damage. The process of retinal remodelling
is progressive starting with the apoptosis of photo-
receptor cells, including cone cells and rod cells that
lead to the destruction of the normal structure of the
retina, and finally remodelling of the neuroretina,
apoptosis of retinal ganglion cells, and activation,
proliferation and fibrosis of the optic glial cells [8].
Retinal remodelling is associated with apoptosis of
retinal cells, destruction of retinal spatial structure,
the disappearance of retinal structural stability, synaptic
connection and reconstruction of the transduction
pathway [9]. In the process of vision formation, visual
signals are transmitted from all directions of the retina
to the retinal ganglion cells of the optic papilla, and
the axon fibres of the retinal ganglion cells transmit
the signals to the visual centre. The apoptosis of the
retinal ganglion cells is one of the main physiological
and pathological characteristics of several ophthalmic
diseases [10]. It has been proved that visible light
can induce apoptosis of retinal ganglion cells,
especially in diabetic, glaucoma induced retinopathy
[11] and ischemia-induced neuroretinopathy. Retinal
ganglion cells are more vulnerable to visible light
stimulation and damage.

Schisandra chinensis is a member of Schisandraceae
family, used in the traditional Chinese medicine for
its properties that strengthen the body [12]. In this study,
we aimed to investigate the mechanism of Schisandra
chinensis in protecting from the retinal damage induced
by light exposure using a mouse retinal light damage
model in order to provide the proof of concept for
using this plant in the treatment of retinal light damage.

Materials and Methods

Animals and groups

The animal experiment protocol was approved by the
Ethical Committee of Xianning Central Hospital, China.
Forty-two 8 - 12 weeks old male BALB/c mice, with a
weight of 25.2 + 3.0 g were provided by Medical
Experimental Animal Center of Guangdong Province.
Before the experiment, all mice were acclimatized
for one week to the new laboratory conditions: 12 h
light/dark cycle, constant temperature (26°C) and
humidity (40 - 60%) and had free access to normal
animal feed and drinking water. The mice were
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randomly divided into 6 groups, 7 animals per group:
control group, light 6 h group, light 12 h group, light
24 h group, light 36 h group, Schisandra group. The
Schisandra group received 400 mg/kg Schisandra
extract twice per intraperitoneally for 1 day before
the experiment and during the 36 h of exposure to
the light. The Schisandra extract was purchased
from Xi'an Yuansen Biotechnology Co., Ltd., China.
The extract specification provided a composition of
Schisandrin B + Schizandrin A + Schizandrin > 3%.
Establishment of a light damage model

A self-made incubator with a length of 1 m, a width of
1 m and a height of 1 m is equipped with fluorescent
lamps (wavelength 510 — 560 nm) on six sides of the
incubator. According to the illuminance meter, the
light intensity is 2600 lux. All experimental animals
were kept in light for 12 hours and dark environment
for 12 hours before modelling, for 10 days. After 10
days acclimatization period, the mice were dark-
adapted for 24 hours and then moved to the light
incubator and exposed to the light for 6, 12, 24 and
36 h respectively, to receive 24 hours of light.
Haematoxylin and eosin (HE) staining and observation
on the microstructure of retinal light injury in mice
HE staining and light microscopy was used to observe
the histopathological changes of the eyeballs in each
group. Extraction and fixation: the eye tissue fixed
in 4% paraformaldehyde (Sigma-Aldrich, USA) was
removed under the microscope (Yzzot, Suzhou Medical
Equipment Factory, China), the vitreous body and lens
were removed, the part of the eyecup was retained,
and the eyecup tissue was fixed in 4% paraform-
aldehyde for 24 hours. After dehydration with anhydrous
ethanol, the tissue was sectioned in slices of 8 um
thickness.

HE staining: the slides were stained with haematoxylin
for 5 min, washed with distilled water for 1 min,
differentiation for 2 s with 1% hydrochloric acid ethanol,
then treated for 2 min with 1% ammonia water, washed
with distilled water for 1 min, stained for 1 min with
1% eosin and finally washed for 5 min with, distilled
water.

Western blot

Using 12.5% SDS-PAGE gel and a half dry sucking
instrument (Bio Rad Laboratory), the proteins were
transferred to nitrocellulose membrane (Millipore,
Eschborn, Germany) by electricity and incubated
overnight at 4°C with primary antibodies anti-PARP-1
(Invitrogen-44-698G, USA, 1:1000), Fra-2 (Invitrogen-
MAb5-27192, USA, 1:2000), Cyt-C (Invitrogen-33-
8500, USA, 1:1000), Bax (Invitrogen-33-6400, USA,
1:1000), Blc-2 (Invitrogen-MA5-15046, USA, 1:1000),
BCL-XL (Invitrogen-MA5-15142, USA, 1:1000). The
second antibody (1:2000) combined with horseradish
peroxidase (HRP) was added for 2 hours and washed
for 3 times. Amersham enhanced chemiluminescence
(ECL, Invitrogen iBright, USA) was used to detect the
reaction bands. Amersham scanning imprinted image
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600 scanner (GE Healthcare Life Sciences, USA) was
used to quantify the protein band density.

Real time fluorescence quantitative PCR (RT-PCR)
RT-PCR was used to detect the expression of PARP-1
and/Fra-2 mRNA in the mouse retina. The total RNA
of mouse retina was extracted by Trizol lysate (Invitrogen

TRIzol, USA), and cDNA was synthesized by reverse
transcription kit (Takara Bio, Japan). The specific
primers for each gene were designed and synthesized
by Huada gene company. The nucleotide sequence
of the primers is shown in Table I.

Table |
Primer sequence information

Name Primer sequence (5°-3”)
PARP-1 Upstream primers TCCCAAGGACTCCCTCCGCATGG
Downstream primers CTTTGCCTGCCACGCCTCCAGCC
fra-2 Upstream primers GGATCCGGGAGCTGACAGAGAAG
Downstream primers GTCGACTTACAGAGCCAGCAGAG
B-actin Upstream primers CTTAGTTGCGTTACACCCTTTCTTG

Downstream primers

CTGTCACCTTCACCGTTCCAGTTT

Statistical analysis

All data were processed by SPSS 23.0 (IBM, USA).
The measured data were expressed as mean +
standard deviation. The t-test was used for
comparison between the two groups and analysis of
variance (ANOVA) for comparison of three or more
groups. A value of p < 0.05 was considered statistically
significant.

Control group

=

24 hours of hight

6 hours of light

36 hours of light

Results and Discussion

Damage of mouse retina by light exposure

The HE staining showed that with the prolongation of
light exposure time, the retina of mice suffered serious
damage after continuous light exposure, with more
significant results after 12 h of exposure.

12 hours of light

Schisandra intervention group

Figure 1.
HE staining was used to observe the damage of retinal tissue structure in mice under continuous light (400X)

The main damage appeared in the nuclear layer and
ganglion cell layer, which showed tissue and cell
lysis. After exposure to light for 12 hours, the inner
and outer nuclear layers of the retina in mice
became thinner, tissue dissolution occurred, the outer
segments of photoreceptors were disordered, and the
ganglion cell layer developed apoptosis. The effects
were worsened with the time of exposure. In the control
group and Schisandra group, the retina structure was
normal, the monolayer was closely arranged, the layers
were well anastomosed, and the tissue did not dissolve
or fall off obviously (Figure 1).
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Expression of apoptosis-related proteins in mouse
retina after light exposure

The expression of apoptosis-related proteins Cyt-C,
Bax, Bcl-2 and Bcl-xL in the retina of mice is shown
in Figure 2. Among the four apoptosis-related proteins,
the expression of Cyt-C and Bax increased significantly
after 12 hours of light exposure, in a time depending
manner (p < 0.01), and the expression of Bcl-2 and
Bcl-XL decreased significantly after 24 hours of light
exposure in a time depending manner. In Schisandra
group, the expression of Cyt-C and Bax significantly
decreased compared with the 36 h light group, while
the Bcl-2 and Bcl-xL significantly increased compared
with 36 h light group (Figure 2).
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Figure 2.

Relative expression of Cyt-C, Bax, Bcl-2 and Bcl-xL protein in control, 6 h, 12 h, 24 h and 36 h group and
Schisandra intervention group
**yvs. the control group, p < 0.01; * vs. the control group, p < 0.05; ## vs. the 36 h group, p < 0.01
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Figure 3.
Fra-2 and PARP-1 mRNA expression levels in retinal tissues of mice detected by fluorescence quantitative PCR
** vs. the control group, p < 0.01; * vs. the control group, p < 0.05; ## vs. the 36 h group, p < 0.01

The mRNA expression level of Fra-2 and PARP-I in
mouse optic reticulum

The mRNA expression level of Fra-2 and PARP-1 in
the retina of mice significantly increased compared
with the control group in a time-dependent manner
with the exposure period. The treatment with Schisandra
extract significantly decreased the mRNA expression
of Fra-2 and PARP-1 compared with the 36 h group
(Figure 3).

The Protein expression level of Fra-2 and PARP-I
in mouse optic reticulum

With the increase of light exposure time, the expression
level of Fra-2 and PARP-1 in the retina of mice
significant increased compared with the control group
(p < 0.01). The Schisandra treatment significantly
decrease the Fra-2 and PARP-1 protein expression
compared with 36 h group, with no differences compared
with the control group (Figure 4).
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The sensitivity of the retina to light signal is the basis
of vision formation, but the adaptability of various
retinal cells to light intensity is limited. Therefore,
when the retina is stimulated by strong light, it will
cause the damage of retina tissue structure and cell
apoptosis [13]. It has been reported that strong light
exposure can cause damage to photoreceptor cells/
retinal pigment epithelial cells, accompanied by local
retinal tissue oedema. As an important functional cell
in retinal tissue, retinal ganglion cells have been reported
to participate in photoreceptor damage induced by
light exposure [14]. Besides, when the photoreceptor
cells of the retina are damaged and changed, the synapses
also undergo reorganization [15]. The reorganization
of photoreceptor cells shows that the deep synaptic
invagination decreases and the number of connecting
bands changes. The presynaptic vesicles of non-apoptotic
rod cells contracted from the outer plexiform layer to
the outer nuclear layer [16]. At this time, although the
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synaptic vesicles of cone cells are still in the outer
plexiform layer, their morphology and the specificity
of synaptic connection change. The mechanism of

retinal damage caused by light exposure is complex
and not fully elucidated.
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Figure 4.
Fra-2 and PARP-1 protein expression in retinal tissues detected by western blot
** Compared with the control group, p < 0.01; * Compared with the control group, p < 0.05; ## Compared with 36 h group, p <0.01

In this study, we use a mice model of light retinal
damage by exposing the animals for 36 hours to
continuous light, and samples were collected after
6, 12, 24 and 36 hours of exposure respectively. The
results of HE staining showed that the monolayer of
the retina in the normal, non-exposed group was closely
arranged, the layers were well fitted, and there was
no obvious dissolution or detachment of the retina.
After 12 hours of strong light exposure, the retina tissue
structure and, the outer ganglion membrane disc of
photoreceptor cells was damaged, the inner and outer
nuclear layers were thinned, tissue dissolution occurred,
the arrangement of photoreceptor cells was disordered,
and the ganglion cell layer was apoptotic. Previous
studies have shown that the photoreceptor cells of
the retina are damaged significantly after strong light
exposure, which causes the membrane disc of photo-
receptor extracellular node to fall off, and after the
damaged retina is repaired, the photoreceptor extra-
cellular node cannot completely regenerate, resulting
in irreversible changes of ganglion cells and bipolar
cells [17]. We showed the implication of up-regulation
of Cyt-C and Bax expression and the down-regulation
of Bcl-2 and Bcl-xL in this process along with the
upregulation of Fra-2 and PARP-1 expression in the
light retinal damage.

The implication of Fra-2 upregulation that determines
a significant increase in the expression PARP-1 in the
pathogenesis of light-induced retinal damage was
previously shown also by Lv and Xing [18].

Conclusions

In this study, Schisandra chinensis treatment regulates
photoreceptor cell damage and protects photoreceptor
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cells by down-regulating the Cyt-C and Bax levels
and up-regulating the Bcl-2 and Bcl-xL levels through
Fra-2 down-regulation that inhibits PARP-1 pathway.
In conclusion, the Schisandra chinensis extract could
be a promising treatment for the light-induced retinal
damage. Further clinical studies should be developed
in order to confirm these findings.
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