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Abstract

This study aimed to investigate the effects and mechanisms of water-soluble Semen cassiae polysaccharide (SCP) on retinitis
pigmentosa (RP) in rats. One hundred rats were randomly divided into control, model, and 50, 100 and 200 mg/kg SCP groups.
The 50, 100 and 200 mg/kg SCP groups were treated with 50, 100 and 200 mg/kg SCP for 5 days, respectively. On the sixth day,
the model, and 50, 100 and 200 mg/kg SCP groups were treated with N-nitroso-N-methylurea (MNU). After 12 h and 5 days,
the electroretinogram, retinal thickness, apoptosis of retinal photoreceptor cells, and expressions of apoptosis related protein
in retina tissue were determined. Results showed that, after 12 h and on 5 days from MNU treatment, compared with model
group, the a-wave and b-wave amplitude and retinal thickness in SCP groups were significantly increased, the apoptosis rate
of retinal photoreceptor cells was significantly decreased, the Bcl-2 protein expression level in retinal tissue was significantly
increased, and the Bax and Caspase-3 protein level were significantly decreased (all P < 0.05). In conclusion, SCP has obvious
protective effects on RP in rats. The mechanism may be related to it regulation of Bcl-2, Bax and Caspase-3 protein expression
in retina tissue.
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Practical Application: Water-soluble polysaccharide isolated from Semen cassiae may be applied to prevention and treatment

of retinitis pigmentosa.

1 Introduction

Retinitis pigmentosa (RP) is a disease which is characterized
by progressive impairment of retinal photoreceptor cells. It has
significant genetic heterogeneity (Sorrentino et al., 2016).
The patients with early RP present the night blindness, followed
by peripheral visual field defect, which eventually leads to the
loss of central vision (Peli et al., 2016). RP is known as one of
the most important diseases that cause the visual impairment in
humans, and there is no effective treatment in clinic. At present,
the gene therapy, photoreceptor cell transplantation and drug
intervention are the main methods for the treatment of RP, and
they still have limitations to varying degrees (Shintani et al.,
2009). Seeking medicines by drug screening will be an effective
way for the treatment of RP. Semen cassiae is the mature seed
of Leguminosae cassia. In traditional Chinese medicine, Semen
cassiae is sweet and slightly cold. It can enter the liver meridian,
and acts as a good medicine in clearing liver and improving
vision and relaxing bowels (Zhou et al., 2017). In addition,
Semen cassiae can be used to for the treatment of cataracts,
retinitis, optic nerve atrophy, glaucoma, conjunctivitis and
other ophthalmic diseases (Dong et al., 2017). Polysaccharide
is one of the main components of Semen cassiae (Cheng et al.,
2018). Whether polysaccharide is related to the therapeutic
effect of Semen cassiae on ophthalmic diseases, especially RP,
has not been reported. It is found that, the changes of B-cell
lymphoma-2 (Bcl-2), Bcl-2 associated X (Bax) and Cysteinyl

aspartate-specific proteinase-3 (Caspase-3) protein expressions
in retina tissue are involved in the occurrence and development
of RP (Lin et al., 2017a; Garcia-Delgado et al., 2018). This study
investigated the protective effects of water-soluble Semen cassiae
polysaccharide (SCP) on RP in rats and explored the related
mechanisms. The objective was to provide a basis for clinical
application of SCP to prevention and treatment of RP.

2 Materials and methods
2.1 Animal grouping and treatment

Male Sprague-Dawley rats (7 weeks of age; 260-280 g;
Liaoning Experimental Animal Center, Shenyang, China)
were single-cage raised in the condition avoiding strong light
and noise (12/12-h day-night cycle; free to feed and water).
One hundred rats were randomly divided into control, model,
and 50, 100 and 200 mg/kg SCP groups, 20 rats in each group.
The rats in 50, 100 and 200 mg/kg SCP groups were intragastrically
administrated with water-soluble SCP (polysaccharide content,
35.33%; Shanghai Yiben Biological Medicine Technology Co., Ltd.,
Shanghai, China), with dose of 50, 100 and 200 mg/kg, respectively.
The control and model group were intragastrically administrated
with equal volume of normal saline. The administration was
performed once per day, for continuous 5 days. On the sixth day,
the rats in the model, and 50, 100 and 200 mg/kg SCP groups were
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subcutaneously injected with N-nitroso-N-methylurea (MNU)
(Sigma-Aldrich Corp., MO, USA), with dose of 40 mg/kg, and
the normal group was injected with equal volume of normal
saline, followed by normal feeding for 24 h and 5 days (10 rats
for each time point), respectively.

2.2 Detection of electroretinogram

At the end of feeding, the electroretinogram (ERG) was
detected using GT-2000NV visual electrophysiology instrument
(Chongqing Guote Medical Equipment Co., Ltd., Chongqing,
China). The rat was fixed on the self-made test board. The recording
electrode, reference electrode and grounding electrode were
placed, respectively. The recording electrode and reference
electrode were made by silver needle for acupuncture use.
The recording electrode, reference electrode and grounding
electrode were inserted into the corneal stroma, forehead skin
and skin behind, respectively. Before experiment, 1% tropicamide
was used for mydriasis, followed by dark adaptation for 30 min.
The contralateral eye was covered. The a-wave and b-wave
amplitude of ERG were recorded.

2.3 Determination of retinal thickness

Rats in each group were sacrificed. The bilateral eyeballs
were taken. The lens and vitreous body were removed. The retina
tissue of one side of eyeball was taken, and was kept in -80 °C
refrigerator for western blot assay. The other side of eyeball was
fixed using 10% formalin overnight for morphological observation
of retina. The center of retina parallel to optic nerve axis in the
formalin-fixed eyeball was incised. The retina pathological
sections were prepared, followed by HE staining. The sections
were observed under the microscope. The total retinal thickness
(from the inner limiting layer to the pigmented epithelium) and
the outer retinal thickness (from the outer granular layer and
the photoreceptor layer) of the retina (approximately 400 pm
from the ciliary body) were measured.

2.4 Detection of retinal photoreceptor cell apoptosis

Apoptosis of retinal photoreceptor cells was detected using
TUNEL method. The paraffin sections of retina were conventionally
dewaxed and hydrated, followed by treating with freshly prepared
3% hydrogen peroxide solution for 10 min and PBS rinsing for
three times. At room temperature, the sections were treated with
protease K for 10 min, followed by PBS rinsing for three times.
After removing water surrounding the tissue, 20 uL. TUNEL
reaction liquid was added, followed by incubation at 37 °C for
1.5 h. After washing with PBS for 3 times, converter-POD was
added, followed by incubation at 37 °C for 30 min. The DAB
staining and hematoxylin staining were performed, followed by
mounting. The TUNEL reaction fluid without addition of TdT
enzyme was used as the negative control, and the sample with
partial DNase I degradation was used as the positive control.
The brown nucleus presented TUNEL-positive. Under the
400x microscope, 4 fields of vision were selected from each
section. The number of TUNEL-positive cells and the total cell
number in each field of vision were recorded, and the apoptosis
rate was calculated as follows (Equation 1, Chen et al., 2012):

Food Sci. Technol, Campinas, 40(1): 84-88, Jan.-Mar. 2020

apoptosis rate = ( positive cell number | total cell number) *100% (@)

The related reagents were provided by Sigma-Aldrich Corp.
(MO, USA).

2.5 Determination of apoptosis related protein expression in
retina tissue

Expressions of Bcl-2, Bax and Caspase-3 protein related to
apoptosis in retina tissue were determined using western blot
assay. The retina tissue of one side of eyeball was taken and
homogenized. The protein was extracted using RIPA lysis buffer.
The protein concentration was determined by Coomassie brilliant
blue method. 50 pg protein was used for the SDS-PAGE, then
the separated protein was transferred to the PVDF membrane.
After blocking using BSA, the membrane was incubated
with primary antibody overnight at 4 °C. The horseradish
peroxidase-labeled second antibody was added, followed by
incubation at 37 °C for 1 h. Visualization was accomplished by
the enhanced chemiluminescence. The intensity of bands was
calculated and analyzed. The primary and secondary antibodies
were provided by Sigma-Aldrich Corp. (MO, USA). B-actin was
used as the internal reference. The relative expression level of
target protein was presented by the ratio of its integral optical
density to -actin.

2.6 Statistical analysis

Each experiment was performed for 3 times. The measurement
data were presented as mean+SD. All statistical analysis was
carried out using SPSS 22.0 software (SPSS Inc., Chicago, IL,
USA). The difference between two groups was analyzed using t
test. P < 0.05 was considered as statistically significant.

3 Results
3.1 Effect of SCP on ERG amplitude of rats.

At 24 h after injection of MNU, compared with control
group, the a-wave and b-wave amplitude in ERG of rats in
model group were significantly reduced, respectively (P < 0.05).
Compared with model group, the a-wave and b-wave amplitude
in middle-and 200 mg/kg groups were significantly elevated,
respectively (P < 0.05). At 5 day after injection of MNU, the
a-wave and b-wave amplitude in model and 3 SCP groups
were significantly lower than at 24 h, respectively (P < 0.05).
In addition, the a-wave and b-wave amplitude in model group
were still significantly lower than control group, respectively
(P <0.05), and the a-wave in 100 and 200 mg/kg SCP groups
and b-wave amplitude in 3 SCP groups were significantly higher
than those in model group, respectively (P < 0.05) (Table 1).

3.2 Effect of SCP on retinal thickness of rats

As shown in Table 2, at 24 h after injection of MNU, compared
with control group, the full thickness and outer layer thickness of
retina in model group were significantly decreased, respectively
(P < 0.05). Compared with model group, the full thickness
and outer layer thickness in 3 SCP groups were significantly
increased, respectively (P < 0.05). On 5 day, the full thickness
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Table 1. Effect of SCP on ERG amplitude of rats.

24h 5 day
Group

a-Wave (uV) b-Wave (uV) a-Wave (uV) b-Wave (uV)
Control 99.7 £ 9.0 198.8 £ 20.5 101.5+12.9 195.7 £ 21.9
Model 27.6 +5.7* 69.2 £11.0° 16.1 £ 4.0 33.3+ 8.9
50 mg/kg SCP 33.5+7.4° 73.6 £ 9.6° 17.3 + 4.9** 55.4 +9.0%*
100 mg/kg SCP 56.7 + 6.1 140.2 + 26.0%¢ 34.7 + 9.9+ 84.2 + 13.4%*
200 mg/kg 69.3 + 8.0 162.8 + 24.2%¢ 55.0 + 12.0%cd* 121.0 + 15.72bed*

P < 0.05 compared with control group; *P < 0.05 compared with model group; P < 0.05 compared with 50 mg/kg SCP group; “P < 0.05 compared with 100 mg/kg SCP group; *P < 0.05

compared with 24 h. SCP = Semen cassiae polysaccharide; ERG = electroretinogram.

Table 2. Effect of SCP on retinal thickness of rats.

24 h 5 day
Group Full thickness (um) Outer layer thickness (jm) Full thickness (um) Outer layer thickness (um)
Control 122.1+£4.3 56.2 +2.8 123.6 £ 3.2 55.1+2.0
Model 111.3 £3.0° 21.6 + 1.0° 68.3 £ 2.5 2.4 +0.9%
50 mg/kg SCP 114.2 £ 1.8 24.6 + 2.0 77.2 +1.8%* 23.4+1.4%®
100 mg/kg SCP 116.4 + 1.6%* 49.2 + 2.3%¢ 94.4 + 2,1 47.7 +2.3%¢
200 mg/kg 121.8 + 2.0 53.4 + 2.6 120.8 + 3.0« 49.8 & 3.0%*

P < 0.05 compared with control group; *P < 0.05 compared with model group; P < 0.05 compared with 50 mg/kg SCP group; 9P < 0.05 compared with 100 mg/kg SCP group; *P < 0.05

compared with 24 h. SCP = Semen cassiae polysaccharide.

in model and 3 SCP groups and outer layer thickness in model
and 200 mg/kg SCP groups were significantly lower than at 24 h,
respectively (P < 0.05). In addition, each index in model group
were still significantly lower than control group (P < 0.05), and
that in 3 SCP groups was significantly higher than model group,
respectively (P < 0.05).

3.3 Effect of SCP on apoptosis of retinal photoreceptor cells

At 24 h after injection of MNU, the apoptosis rate of retinal
photoreceptor cells in model group was significantly higher
than control group (P < 0.05), and that in 3 SCP groups was
significantly lower than model group (P < 0.05). On 5 day, the
apoptosis rates in model and 3 SCP groups were significantly
lower than at 24 h, respectively (P < 0.05). In addition, the
apoptosis rate in model group was still significantly higher
than control group (P < 0.05), and that middle- and 200 mg/kg
groups was significantly lower than model group, respectively
(P <0.05) (Table 3).

3.4 Effect of SCP on Bcl-2 protein expression in retinal tissue

At 24 h after injection of MNU, the expression level of Bcl-2
protein in retinal tissue in model group was significantly lower
than control group (P < 0.05), and that in 200 mg/kg group was
significantly higher than model group (P < 0.05). On 5 day, the
expression level in model group was still significantly lower than
control group (P < 0.05), and that in 100 and 200 mg/kg SCP
groups was significantly higher than model group, respectively
(P < 0.05) (Table 4).

3.5 Effect of SCP on Bax protein expression in retinal tissue

As shown in Table 5, at 24 h after injection of MNU, compared
with control group, the expression level of Bax protein in retinal
tissue in model group was significantly increased (P < 0.05),
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Table 3. Effect of SCP on apoptosis rate of retinal photoreceptor cells (%).

Group 24h 5 day
Control 0.5+0.1 0.3+0.0
Model 243 +3.2° 12.3 £2.0%*
50 mg/kg SCP 18.3 +£2.2% 11.8 +1.9%
100 mg/kg SCP 5.1+ 1.9% 3.2+ 1.0
200 mg/kg 4.5 +1.2% 2.7 £ 0.5%%

*P < 0.05 compared with control group; "P < 0.05 compared with model group;
P < 0.05 compared with 50 mg/kg SCP group; *P < 0.05 compared with 24 h. SCP = Semen
cassiae polysaccharide.

Table 4. Effect of SCP on Bcl-2 protein expression in retinal tissue
(Bcl-2/B-actin).

Group 24h 5 day
Control 1.3+0.2 1.3+0.1
Model 1.1+0.2* 1.1+£0.1*
50 mg/kg SCP 1.2 +0.2° 1.1+0.1°
100 mg/kg SCP 12402 1.3+0.1%
200 mg/kg 1.3 £0.1* 1.3 +0.2"

*P < 0.05 compared with control group; *P < 0.05 compared with model group; P < 0.05
compared with 50 mg/kg SCP group. SCP = Semen cassiae polysaccharide; Bcl-2 = B-cell
lymphoma-2.

Table 5. Effect of SCP on Bax protein expression in retinal tissue
(Bax/B-actin).

Group 24h 5 day
Control 03+0.1 0.3+0.0
Model 1.1+£0.1* 1.0+£0.1*
50 mg/kg SCP 1.0 +0.1° 0.9 + 0.1
100 mg/kg SCP 0.8 + 0.2 0.6 % 0.1+
200 mg/kg 0.4 +0.1b 0.4 + 0.1

*P < 0.05 compared with control group; *P < 0.05 compared with model group; P < 0.05
compared with 50 mg/kg SCP group; P < 0.05 compared with 100 mg/kg SCP group.
SCP = Semen cassiae polysaccharide; Bax = Bcl-2 associated X.

Food Sci. Technol, Campinas, 40(1): 84-88, Jan.-Mar. 2020



He et al.

Table 6. Effect of SCP on Caspase-3 protein expression in retinal tissue
(Caspase-3/p-actin).

Group 24h 5 day
Control 0.2+0.0 0.3+0.0
Model 0.4+0.1* 0.4 £0.1*
50 mg/kg SCP 0.3+0.1° 0.3 +0.0°
100 mg/kg SCP 0.3 +0.0% 0.2+ 0.0
200 mg/kg 0.2 + 0.0 0.3 +0.1%

‘P < 0.05 compared with control group; "P < 0.05 compared with model group;
P < 0.05 compared with 50 mg/kg SCP group; “P < 0.05 compared with 100 mg/kg SCP
group. SCP = Semen cassiae polysaccharide; Caspase-3 = Cysteinyl aspartate-specific
proteinase-3.

and that in 100 and 200 mg/kg SCP groups was significantly
lower than model group, respectively (P < 0.05). On 5 day, the
expression level of Bcl-2 protein in 50 and 100 SCP groups was
significantly lower than at 24 h, respectively (P < 0.05). In addition,
the expression level in model group was still significantly higher
than control group (P < 0.05), and that in 3 SCP groups was
significantly lower than model group, respectively (P < 0.05).

3.6 Effect of SCP on Caspase-3 protein expression in retinal
tissue

Table 6 showed that, at 24 h after injection of MNU, the
expression level of Caspase-3 protein in retinal tissue in model
group was significantly higher than control group (P < 0.05),
and that in 100 and 200 mg/kg SCP groups was significantly
lower than model group (P < 0.05). On 5 day, the expression
level in model group was still significantly higher than control
group (P <0.05), and that in 100 and 200 mg/kg SCP groups was
significantly lower than model group, respectively (P < 0.05).

4 Discussion

Itis found that MNU can lead to the retinal injury (Tao et al.,
2017). At 24 h after single intraperitoneal injection of MNU
(60 mg/kg), the photoreceptor cells in the outer nuclear layer of
retina degenerate. On the 7 days, only 2-3 layers of photoreceptor
cells remain (Tsubura et al., 2010). In this study, at 24 h and
5 day after injection of MNU, compared with control group, the
a-wave and b-wave amplitude in ERG of rats in model group
were reduced, and the full thickness and outer layer thickness
of retina in model group were decreased. This indicates that,
MNU has caused obvious retinal injury in rats. In addition,
compared with model group, the wave amplitude in ERG and
retinal thickness in certain-dose SCP group were increased.
This indicates that, SCP has protective effect on retinal injury
induced by MNU.

Photoreceptor cell apoptosis is a major event in human
retinitis pigmentosa and MNU-induced retinal injury animal
model (Kaplan et al., 1997). It is confirmed that, the apoptosis
is the main form of photoreceptor cell death in retinitis
pigmentosa (Arslan et al., 2018). When the retinal detachment
occurs, the TUNEL positive expression of photoreceptor cells is
consistent with their morphological changes (Liu et al., 2017).
It is found that, the injection of MNU (60 mg/kg) can induce
the apoptosis and depletion of photoreceptor cells within 7 days
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(Uehara et al., 2006). In this study, at 24 h and on 5 day after
injection of MNU, the apoptosis rate of retinal photoreceptor
cells in model group was higher than control group, and that
in 3 SCP groups was lower than model group. This has further
confirmed the damage of MNU to photoreceptor cells and the
protective effect of SCP.

Bcl-2 is the earliest studied related to gene apoptosis, and
the expressions of Bcl-2 and Bax are closely related to cell
apoptosis and survival. The expression of anti-apoptotic gene
Bcl-2 can inhibit the apoptosis induced by various toxic stimuli,
and this is the last way to prevent cell death (Heinicke et al.,
2018). The expression of pro-apoptotic gene Bax can promote
the apoptosis of cells through the formation of two dimers with
Bcl-2, which antagonizes the action of Bcl-2, thus promoting
the cell apoptosis (Lai et al., 2019). Therefore, the relative
concentration of Bcl-2 and Bax protein is the key factor to decide
the fate of cells. It is reported that, the over-expression of Bcl-2
can reduce the apoptosis of photoreceptor cells in 3 kinds of
retina (Lin et al., 2017b). The expression of Bcl-2 can prevent
the degeneration of photoreceptor cells in retinal degeneration
slow mice (Zhao et al., 2017). Results of this study showed that,
at 24 h and on 5 day after injection of MNU, compared with
control group, the expression level of Bcl-2 protein in retinal
tissue in model group was significantly decreased (P < 0.05), and
the Bax protein level in model group was significantly increased
(P <0.05). Compared with model group, the Bcl-2 protein level
in retinal tissue in certain-dose SCP group was increased, and the
Bax protein level in model group was decreased. This indicates
that, the SCP can up-regulate Bcl-2 protein expression and
down-regulate Bax protein expression, thus exerting protective
function for retinitis pigmentosa.

Caspase-3 is the key enzyme in the apoptotic cascade. Under
normal physiological conditions, Caspase-3 is inactive in the
cells. When the cell apoptosis occurs, Caspase-3 is activated
by the upstream proteases. The activated Caspase-3 cuts the
downstream substrate, thus participating in the DNA repair
process. This causes the activity loss of DNA-dependent protein
kinase, leading to morphological changes of cell apoptosis,
chromatin condensation, nuclease activation, DNA fracture and
emergence of nuclear pyknosis (Wang et al., 2015). In this study,
at 24 h and on 5 day after injection of MNU, the expression level
of Caspase-3 protein in retinal tissue in model group was higher
than control group, and that in 100 and 200 mg/kg SCP groups
was lower than model group. This indicates that, the protective
role of SCP on retinitis pigmentosa may be related its inhibition
of Caspase-3 expression in retina.

In conclusion, water-soluble SCP has obvious protective
effects on RP in rats. The mechanism may be related to it
regulation of Bcl-2, Bax and Caspase-3 protein expression in
retina tissue. This study has provided an experimental basis
for clinical application of SCP to prevention and treatment of
RP. It is expected that, with the further study of SCP, SCP will
be used as a safe and efficient medicine for human RP. This
study still has some limitations. The sample size of this study is
relatively small. Larger sample size will make the results more
convincing. In addition, whether there are other mechanisms
for the protective effects of water-soluble SCP on RP needs to
be further explored.
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