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Abstract: Lycium barbarum polysaccharides (LBP) is commonly known as a traditional Chinese medicine, which has 
protective effects against diabetic complications in clinic, such as diabetic retinopathy (DR). Previous studies have 
revealed that Rho/ROCK pathway play an important role in DR development. However, the mechanism between LBP 
and DR remains unknown. This study aims to explore the clear mechanism of the protective effect of LBP in diabetic 
retinopathy. In this study, streptozocin (STZ, 45 mg/kg) was administered for diabetic rats modeling. Weight, blood 
glucose levels and blood lipid were measured to assess the metabolic changes by LBP on diabetic rats. Evans 
blue (EB) extravasation was determined to assess blood-retinal barrier (BRB) disruption. Hematoxylin and Eosin 
(HE) staining and immunohistochemistry assay were applied for retina morphology exploration. The membranous 
disks of retina were examined by transmission electron microscope. Further, high glucose condition was induced 
in choroidal-retinal endothelial cells (RF/6A). Western blotting was performed for P-Occludin, ROCK1 and P-MLC 
protein expression. The results indicated that the blood glucose levels, blood lipid and EB infiltration capacity were 
decreased while the weight was increased in LBP-treated diabetic rats compared with model rats. Moreover, LBP 
could thicken the overall retina, prevent the disturbance of photoreceptor cell membranous disks and inhibit patho-
logical angiogenesis in diabetes. In addition, the decreased expression of P-Occludin and increased expression of 
RhoA-associated protein kinase (ROCK) or phosphorylated myosin light chain (P-MLC) were observed in retinal tis-
sue of diabetic rats and high glucose induced by RF/6A cells, which could be rescued by LBP and/or Fasudil. LBP 
has the protective effects on blood-retinal barrier by regulating the Rho/ROCK signaling pathway in diabetic rats. 
LBP may be served as a Rho/ROCK inhibitor for the treatment of DR.
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Introduction

Diabetic mellitus (DM) is the most prevalent 
metabolic disorder, which also causes the long-
term health problems of individuals, societies 
and nations around the world [1, 2]. Diabetic 
retinopathy (DR), one of the most common 
complications of DM, is one of the major causes 
of vision loss all over the world. It has long been 
believed that DR is a microvascular complica-
tion associated with endothelial dysfunction, 
which is characterized by leakage of blood-reti-
na barrier (BRB), thickening of the retinal capil-
lary basement membrane, loss of pericyte and 

endothelial cell, disturbance of photoreceptor 
cell membranous disks and neovascularization 
[3-5]. However, it is difficult to timely control the 
level of blood glucose, blood pressure along 
with the lipids in clinic [6], and the present clini-
cal treatments of diabetic retinopathy are limit-
ed to laser photocoagulation and vitrectomy 
[7]. Therefore, it is an urgent clinical need to 
investigating innovative therapies target for DR.

Lycium barbarum (Gouqizi, Wolfberry) is com-
monly known as a traditional Chinese medicine 
used for anti-tumor, anti-oxidant, anti-inflam-
matory, immunoregulatory, anti-ageing, hepato-
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protective, anti-glaucoma and neuroprotective 
[8, 9]. Lycium barbarum polysaccharide (LBP) is 
the major liquid fraction of Lycium barbarum. 
Recent studies have reported LBP mediated 
clinical antidiabetic potential and protective 
actions against diabetic complications such as 
nephritic and retinopathy effects in animal mo- 
dels. In vitro, LBP could upregulate the expres-
sion of anti-apoptotic protein Bcl-2 levels in 
lens epithelial cells and retinal pigment epithe-
lial cells from oxidative stress-induced apopto-
sis [10, 11]. However, the studies focusing on 
the mechanisms of LBP action in DR is still 
poor.

RhoA is a small, guanosine-5’-triphosphate bin- 
ding protein, bound to the plasma membrane, 
which activates RhoA-associated protein ki- 
nase (ROCK). ROCK pathway has been report-
ed to regulate the expression and function of 
intercellular adhesion molecule-1 (ICAM-1) in 
endothelial cells and could be activated in vas-
cular cells by serum from diabetic retinopathy 
patients [12]. In addition, VEGF plays a critical 
role in the pathogenesis of DR-related hyper-
permeability and angiogenesis [13]. ROCK inhi-
bition could block VEGF induced endothelial 
hyperpermeability [14]. These observation sug-
gested that endothelial cells in diabetic retinop-
athy patients could be in a “ROCK-activated 
status” at the systemic level [15]. ROCK con-
tains two isoforms, ROCK1 and ROCK2, which 
occupy an overall homology of 65%. Recent 
studies have revealed that RhoA and its down-
stream target ROCK1 regulate cellular adher-
ence, migration, proliferation, and apoptosis 
through the control of the actin cytoskeletal 
assembly and cell contraction [16, 17]. Inhibi- 
tion of RhoA/ROCK1 signaling significantly re- 
duced endothelial damage and vascular leak-
age which is stimulated by high glucose/ad- 
vanced glycation end products (AGEs) in cul-
tured endothelial cells and in the presence of 
diabetes mellitus [18]. A recent paper by Zandi 
et al. showed that macrophage polarization 
was triggered by ROCK2 signaling [19]. ROCK-2 
is expressed in RPE and endothelial cells but its 
cellular distribution is not modified by diabetes. 
Thus, Rho/ROCK pathway play an important 
role in DR development, ROCK inhibition could 
be a new strategy in the total management of 
DR from its early to late stages. 

Therefore, in the present study, we investigated 
the role of LBP in DR protection. Further, we 

clarified potential mechanisms by which LBP 
regulated DR in diabetic rats and choroidal-ret-
inal endothelial cells.

Material and methods

Animals 

A total of 152 rats purchased from Department 
of Experimental Animal Science, Liaoning Me- 
dical College (8-12 weeks, 180-220 kg) were 
housed in 18-23°C with 60% humidity. All the 
animal experiments performed in this present 
study complied with the Ethical Rules applica-
ble for Molecular and Cellular Biochemistry. 

Induction of diabetes mellitus model

After starvation for 12 h, streptozotocin (STZ, 
45 mg/kg, Sigma, USA) was freshly dissolved in 
a 0.1 mol/L citrate buffer (pH 4.5). Tail vein 
injection of STZ once per day was utilized to 
induce diabetic rat model, while the control rats 
were only injected with the citrate buffer. Mo- 
reover, the fasting blood-glucose more than 
16.5 mmol/L with polyuria, polydipsia and in- 
tense hunger symptoms was defined as the 
successful diabetes mellitus rats (DM). Healthy 
rats received an injection of a corresponding 
volume of saline as control group (CON). 

Group assignment and drug treatment

The experiments were divided into 3 parts. In 
part 1, rats were assigned into control group 
(CON, n=36), diabetes mellitus group (DM, n= 
36) and Lycium barbarum polysaccharide group 
(LBP, n=36). LBP (250 mg/kg/day) was admin-
istered by oral gavage daily for 12 weeks and 
was dissolved in normal saline (2 ml/day). The 
control and DM group rats received normal 
saline daily under similar conditions.

In part 2, rats were assigned into control group 
(CON, n=12), diabetes mellitus group (DM, 
n=12), Lycium barbarum polysaccharide group 
(LBP, n=12), Fasudil group (F, n=4) and Lycium 
barbarum polysaccharide + Fasudil group (LBP 
+ F, n=4). LBP (250 mg/kg/day) and Fasudil (15 
mg/kg/day) were respectively administered by 
oral gavage and intraperitoneal injection daily 
for 12 weeks and was dissolved in normal 
saline (2 ml/day). The control and DM group 
rats received normal saline daily under similar 
conditions.
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In part 3, choroidal-retinal endothelial cells 
(RF/6A) were seeded into glucose added medi-
um for 5 groups: Group A (glucose, 5.5 mmol/L), 
Group B (glucose, 30 mmol/L), Group C (glu-
cose, 40 mmol/L), Group D (glucose, 30 mmol/ 
L; LBP, 1 g/L) and Group E (glucose, 40 mmol/L; 
LBP, 1 g/L).

In overall study, LBP was purchased from the 
Ningxia Agricultural and Forestry College and 
the fasudil was purchased from Apexbio. The 
experimental design is presented in Figure 1.

Blood-retinal barrier permeability

The tail vein injection of Evans Blue (EB: 45 
mg/kg) was performed at the time point of 4, 8 
and 12 weeks (w) after administration of LBP. 4 
rats of each group (LBP, DM and CON groups) 
were anesthetized by intraperitoneal injection 
of 10% chloral hydrate (50 mg/kg). Then, the 
EB was administrated to rats by tail vein injec-
tion for 1 min. After 2 h circulation, eyeballs we- 
re taken out and the retina was detached from 

the eyeballs. Subsequently, the detached reti-
nas were dried for 4 h within vacuum dryer and 
incubated with formamide (Sigma) for 18 h at 
70°C. After 45 min centrifugation at 4°C with 
12000 r/min, the 100 μl supernatant was col-
lected for EB concentration determination us- 
ing spectrophotometer at 620 nm and 740 nm 
wavelength. Finally, the EB infiltration capacity 
was defined as the content of EB (ng) in per reti-
nal dry weight (mg).

Levels of blood glucose, weight and blood lip-
ids in diabetic rats

Tail vein blood was taken for blood glucose 
detection by OneTouchll (Johnson & Johnson, 
USA). In addition, weight of rats was measured 
using a MPZOOB electronic balance. Moreover, 
triglyceride and total cholesterol concentration 
was determined employing Micro glycerin trilau-
rate (TG) content assay kit (BC0625) and Total 
cholesterol (TC) content assay kit (BC1980) 
purchased from Beijing solarbio life sciences 
Co., Ltd.

Figure 1. Study design and experimental groups. In part 1, STZ was injected once per day to induce DM. LBP was 
administered by oral gavage daily for 12 weeks. In part 2, STZ was injected once per day to induce DM. LBP and/
or Fasudil were respectively administered by oral gavage and intraperitoneal injection daily for 12 weeks. In part 
3, different level of glucose or 1 g/L LBP + glucose were added in medium of RF/6A cell. All animals and tissues 
were measured at 4, 8 and 12 weeks after LBP and/or Fasudil administration. Cells were measured at 3, 5 and 7 
days after seeding in different level of glucose or 1 g/L LBP + glucose. STZ, streptozotocin; I.P, intraperitoneal; I.G, 
intragastric administration; WB, Western blot; IHC, Immunohistochemistry.
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Hematoxylin and eosin staining

After fixation for 72 h, the 5 μm retina tissue 
paraffin slice was made employing paraffin slic-
ing machine. Retina tissue paraffin slice was 
stained with hematoxylin for 5 min and eosin 
for 2 min at room temperature (Hematoxylin-
Eosin Staining Kit, G1120, Beijing solarbi life 
sciences Co. Ltd., China) after dewaxing. The 
slice was sealed with neutral resin after wash-
ing. The morphology of retinal vessel was de- 
tected using light microscope.

Immunohistochemistry assay

The detached retina was fixed and digested as 
previously mentioned. The primary antibodies 
of VEGF (#P931; dilution 1:500) was purchased 
from Invitrogen. The primary antibodies of P- 
Occludin (#AF7069, 1:1000, Affinity Bioscien- 
ces) and ROCK1 (ab45171, dilution 1:100, Ab- 
cam) were purchased from Abcam. The retinal 
vascular network was blocked with primary 
antibodies for 1 h and secondary antibodies 
(#21543; dilutiuon: 1:200, Wuhan Khayal Bio-
Technology Co., Ltd, Wuhan, China) for 45 min 
at room temperature. Subsequently, sections 
were visualized with diaminobenzidine (DAB; 
Shanghai Jierdun Biotech) and counterstained 
with hematoxylin and eosin (H&E). Images were 
captured with a digital camera (Nikon).

Transmission electron microscopy

Retina was fixed in 1% osmic acid for 3 h and 
washed with ethyl alcohol and acetone under 
4°C. Then, the retina was soaked in EPnosZl 
Epoxy resin impregnated mixed with 100% ace-
tone (1:1) for 30 min and permeated with EP- 
nosZl Epoxy resin embedding agent for 12 h. 
Subsequently, the retina was sliced and col-
lected using copper mesh. The copper mesh 
with retina was stained with acetic acid and 
lead nitrate for 30 min respectively. The trans-
mission electron microscope was used for the 
photoreceptor cell membranous disks obser- 
vation.

Cell culture

Choroidal-retinal endothelial cells (RF/6A) were 
purchased from the Shanghai Institute for Bi- 
ological Science, Chinese Academy of Sciences. 
Cells were subultured with MEM complete me- 
dium (containing 1% sodium pyruvate, 1% es- 

sential amino acid, 15% fetal bovine serum, 
100 U/mL penicillin, 0.1 mg/mL streptomycin) 
at 37°C with 5% CO2. Moreover, D-glucose and 
LBP were added in medium, which concentra-
tion and groups were mentioned above. After 1, 
3, 5 and 7 days incubation, the morphology and 
density were observed using microscope.

Western blot assay

The detached retina was smashed with ultra-
sonic grinder and the protein was collected 
from the supernatant after the centrifugation at 
4°C at with 12000 r/min for 30 min. Then, pro-
teins were separated using 15% resolving gel. 
PVDF membrane was blocked with 5% skim 
milk prior to protein transfer. GAPDH was re- 
garded as the internal reference. Furthermore, 
the membrane was incubated with primary 
antibodies of Occludin (#ab216327, dilution 
1:1000, Abcam), ROCK1 (#ab45171, dilution 
1:2000, Abcam), P-Occludin (#AF7069, 1:1000, 
Affinity Biosciences) and P-MLC (#3671, 1: 
1000, Cell Signaling Technology) for 1 h and 
secondary antibodies for 45 min at room tem-
perature. ECL kit (#32209, Suzhou Biotsith 
Bioscience Co., Ltd, Suzhou, China) was applied 
for band visualization. The image was detected 
with ImageJ.

Measurement of endothelial permeability

According to the methods previously (6), RF/6A 
cells (3×105/well) were seeded into the tran-
swell chamber (3 μm pore size, 12 mm diame-
ter) with polycarbonate filter and cultured at 
37°C with 5% CO2. The permeability detection 
was performed at 1, 3, 5 and 7 d incubation. 
100 μl (0.34 mg/ml) HRP solution was added 
to each well and incubated for 5 min. Then, 50 
μL cultures from the lower chamber was mixed 
with 850 μl HRP for 15 min at room tempera-
ture and the reaction was terminated by 100 μl 
H2SO4 (2 mol/l). Subsequently, the HRP absor-
bency was determined by microplate reader 
under 470 nm wavelength.

Statistical analysis

Statistical analysis was conducted using SPSS 
17.0 (IBM, Armonk, NY, USA). The results are 
means ± S.D. Statistical comparisons of the 
results were performed using one-way ANOVA. 
Differences among treatments with a value of 
P<0.05 were considered to be statistically si- 
gnificant.
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Results

LBP decreased blood glucose levels, blood 
lipid levels and EB infiltration capacity while 
increased the weight of diabetic rats

In this study, 54 rats were divided and treated 
as part 1. The blood glucose levels, blood lipid 
levels, weight and EB infiltration capacity were 
measured at 4, 8 and 12 weeks after LBP 
administration by gavage in STZ-induced rats. 
In Figure 2A, the blood glucose levels were sig-
nificantly increased in DM and LBP groups com-
pared with control group. And the blood glucose 
was reduced by 57% at 4 weeks, 40% at 8 
weeks and 36% at 12 weeks in LBP-treated 

group compared with DM group. Furthermore, 
the weight of rats in DM group was dramatically 
lower than control group, which could be signifi-
cantly rescued in LBP group (Figure 2B). For 
blood lipid level, the triglyceride was much high-
er in DM group compared with control group 
after 4 weeks, which could be significantly res-
cued in LBP group after 4 weeks (Figure 2C). 
And total cholesterol showed the similar ten-
dency after 8 weeks (Figure 2D). In addition, as 
shown in Figure 2E, the EB infiltration capacity 
in DM group was increased compared with con-
trol group at 4, 8 and 12 weeks, which could be 
rescued in LBP group likewise. Therefore, these 
results implied that LBP was able to reduce the 
blood glucose levels, blood lipids levels, EB 

Figure 2. Effects of LBP on blood glucose levels, 
blood lipid levels, weight and EB infiltration capac-
ity of diabetic rats. After the rats modeling and LBP 
treatment, the blood glucose level, weight, TG, TC 
and EB infiltration capacity was measured at the 
4, 8 and 12 weeks in CON, DM and LBP groups 
as shown in (A-E) respectively. CON: control group 
treated with normal saline; DM: model group treat-
ed with normal saline; LBP: model group treated 
with LBP. Overall retina was shown in frame. 
*P<0.05 vs. CON group, #P<0.05 vs. DM group.



Protective effects of lycium barbarum polysaccharides in diabetic retinopathy

6309 Am J Transl Res 2019;11(10):6304-6315

infiltration capacity and increase the weight of 
diabetic rats.

Effects of LBP on morphological changes of 
blood-retinal barrier in diabetic rats

In HE staining results, 54 rats were also divided 
and treated as part 1. As shown in Figure 3, 
compared with control group, the results sh- 
owed that overall thickness of the retina in the 
DM group was reduced compared with control 
group at 12 weeks. However, the thickness of 
the overall retina in LBP treated group were 
almost the same as the control group at 4 and 
8 weeks. Therefore, LBP may play protective 
roles in BRB in DM rats.

In Figure 4, the results suggested the twisted 
capillary in DM group at 12 weeks. The branch 
point of DM group significantly increased com-
pared with control, and this tendency could be 
reversed via adding LBP, especially at 12 we- 
eks. LBP significantly decrease the angiogene-
sis induced by DM status. In addition, we could 

observe the obvious increase or decrease of 
VEGF expression in DM or LBP group indirectly 
and qualitatively, indicating that LBP might pro-
tect BRB by inhibiting the increase of VEGF 
expression.

In Figure 5, the photoreceptor cell membra-
nous disks showed orderliness, and their struc-
ture was discernible in control group. In DM 
group, the photoreceptor cell membranous di- 
sks appeared irregularity, frizzy and loose at 12 
weeks. Nevertheless, LBP group improved the 
structure disturbance of photoreceptor cell 
membranous disks.

Effect of LBP on Rho/ROCK1 pathway in dia-
betic rats

Followed by part 2, the immunohistochemistry 
assay was conducted to evaluate the expres-
sion of P-Occludin and ROCK1 in inner nuclear 
layer. Our results were shown decreased ex- 
pression of P-Occludin and increased expres-
sion of ROCK1 during the progression of diabe-

Figure 3. Effects of LBP on morpho-
logical changes of blood-retinal bar-
rier in diabetic rats. Morphological 
changes were shown in HE-staining 
at 4, 8 and 12 weeks after adminis-
tering LBP. CON: control group treat-
ed with normal saline; DM: model 
group treated with normal saline; 
LBP: model group treated with LBP. 
Overall retina was shown in frame.
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tes after 8 weeks (Figure 6). However, LBP in- 
duced the significant increase of P-Occludin 
and decrease of ROCK1 in LBP group com-
pared with DM group. Additionally, the expres-
sion of P-Occludin and ROCK1 in LBP group 
was similar to Fasudil group.

The expression of P-Occludin, ROCK1 and P- 
MLC was determined by Western blot after 4, 8 

and 12 weeks incubation. In Figure 7A, the 
results demonstrated that the P-Occludin ex- 
pression was declined in DM group compared 
with control group. However, the decreased 
P-Occludin was significantly rescued by LBP 
and/or Fasudil compared with DM group at 8 
weeks. For ROCK1 expression, the results in 
Figure 7B indicated that the expression of 
ROCK1 was increased in DM group compared 

Figure 4. Immunohistochemis-
try of retinal vessel and VEGF 
expression. VEGF expression 
was observed at 4, 8 and 12 
weeks after administering LBP. 
CON: control group treated with 
normal saline; DM: model group 
treated with normal saline; LBP: 
model group treated with LBP.

Figure 5. The structure of retina under electron microscope. After treatment for 12 week, the structure of retina was 
observed using electron microscope. CON: control group treated with normal saline; DM: model group treated with 
normal saline; LBP: model group treated with LBP.
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with control group and the increased ROCK1 
was reduced by LBP and/or Fasudil. As shown 
in Figure 7C, the expression of P-MLC was 

largely increased in DM group compared with 
control group. While in LBP and/or Fasudil tr- 
eated group, the decreased expression of P- 

Figure 6. Immunohistochemistry (IHC) assay for P-Occludin and ROCK1 protein expression. The IHC assay was per-
formed at 4, 8 and 12 weeks after administration. CON: control group treated with normal saline; DM: model group 
treated with normal saline; LBP: model group treated with LBP; F: model group treated with fasudil; F + LBP: model 
group treated with fasudil and LBP.

Figure 7. Western blot assay for P-Occludin, ROCK1 and P-MLC protein expression. The Western blot was performed 
at 4, 8 and 12 weeks after administration. The relative expression of P-Occludin, ROCK1 and P-MLC was displayed 
in (A-C) respectively. (D) Western blot assay. *P<0.05, **P<0.01 vs. CON group; #P<0.05, ##P<0.01 vs. 8 w DM group.
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the cells were contracted 
with long pseudopods, blur-
ring the border at 7 day, 
and indicated that high glu-
cose condition contribute 
to cell permeability and ap- 
optosis. However, the cells 
in LBP-treated group (Group 
D-E) only showed the slight-
ly rounded shape and less 
decreased cell number at  
7 day. According to Figure 
8B, the permeability of RF/ 
6A cells in high glucose tr- 
eated group (Group B-C) 
suggested the higher OD 
values compared with con-
trol group at 3, 5 and 7 
days, especially in group C. 
However, the increased pe- 
rmeability of RF/6A cells 
was reversed by LBP treat-
ment (Groups D-E).

The expression of occudin, 
ROCK1 and P-MLC protein 
was evaluated by Western 
blot after 7 d incubation. 
The results implied that the 
expression of P-Occludin 
was decreased according 
to the increasing concen-
tration of glucose in Figure 
9A. Furthermore, the decr- 
ease of P-Occludin in high 
glucose condition was dra-
matically inhibited by LBP 
(Groups D-E) compared wi- 
th high glucose induced 
groups B-C. In addition, as 
shown in Figure 9B, the 
expression of ROCK1 was 
increased along with the 

MLC was observed at 8 weeks compared with 
DM group.

Effect of LBP on Rho/ROCK1 pathway in high 
glucose induced RF/6A cells

As it was shown in part 3, after incubation with 
high glucose and LBP in RF/6A cells, morpho-
logical observation was demonstrated. As sh- 
own in Figure 8A, the normal RF/6A in control 
group (Group A) displayed in the shape of the 
flattened monolayer epithelium. While in groups 
A and B, the cell number was decreased and 

increased glucose levels while the increased 
ROCK1 expression was significantly reversed 
by LBP (Groups D-E). For P-MLC, the expression 
of P-MLC was increased due to the increasing 
levels of glucose, while LBP markedly sup-
pressed the increasing of P-MLC in groups D 
and E (Figure 9C).

Discussion

Lycium barbarum has acted as a traditional 
herbal medicine for thousands of years in Chi- 
na. It was reported that LBP could prevent or 

Figure 8. Morphology and permea-
bility of RF/6A monolayer. After ad-
ministration of LBP to RF/6A cells, 
the experiments were conducted at 
1, 3, 5 and 7 days. A: The results of 
RF/6A monolayer after horse rad-
ish peroxidase stain at 7 day. B: OD 
value of each group at 1, 3, 5 and 7 
days under the 470 mm. *P<0.05, 
**P<0.01 vs. 5.5 mM Glu; #P<0.05, 
##P<0.01 vs. 30 mM Glu; ΔP<0.05, 
ΔΔP<0.01 vs. 40 mM Glu.
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postpone the development of diabetic compli-
cations [20]. A previous clinical study indicated 
that LBP exerts a remarkable protective effect 
in patients with type 2 diabetes, significantly 
decreasing serum glucose, increasing the insu-
linogenic index, and increasing high density 
lipoprotein (HDL) levels [21]. In present study, 
we reported the diabetic rats treated by LBP 
could increase weight of rats, decrease the lev-
els of blood glucose and blood lipids after 12 
weeks. This study implied that long-term treat-
ment with LBP may be beneficial for controlling 
blood glucose in diabetic patient.

As previously mentioned, DR was considered a 
microvascular complication of endothelial dys-
function which is characterized blood-retina 
barrier leakage, neovascularization, retina thin-
ning, changes of neurocyte morphology, retinal 
pigment epithelium dysfunction occur in DR 
and result in the gradual loss of retinal function 
[3-5]. In this study, retina permeability was pre-
vented by LBP treatment compared with DM 

group. HE-stained retinal sections showed that 
the overall thickness of the retina in the dia-
betic rats was reduced compared with the con-
trol group, while, in the LBP-treated group, the 
thickness of the overall retina increased com-
pared with the diabetic group. By transmission 
electron microscopy, the photoreceptor cell 
membranous disks appeared inordinate, frizzy 
and loose in diabetic rats, and which could be 
rescued by LBP. All these results were consis-
tent with the previous study, and LBP might 
play important roles in BRB protection by mor-
phological assays.

Previous studies have shown that the expres-
sion of VEGF could induce the breakdown of 
blood-retinal barrier in the progress of diabetic 
retinopathy [22-25]. In our present study, LBP 
could inhibit the angiogenesis, which might 
associate with VEGF expression and result in 
the delay of DR development. More important-
ly, Rho/ROCK pathway play an important role in 
DR development [17, 26]. Rho kinase activation 

Figure 9. Western blot assay for P-Occludin, ROCK1 and P-MLC protein expression. The expression of Occudin, 
ROCK1 and P-MLC protein was evaluated by Western blot after 7 day incubation. A-C: Displayed the expression pro-
file of P-Occludin, ROCK1 and P-MLC respectively. D: The photograph of Western blot band. *P<0.05, **P<0.01 vs. 
5.5 mM Glu; #P<0.05, ##P<0.01 vs. 30 mM Glu; ΔP<0.05, ΔΔP<0.01 vs. 40 mM Glu.
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could preserve the phosphorylated myosin light 
chain (P-MLC), which is associated with hyper-
tension and vascular contractility dysfunction 
[27, 28]. Recent studies also indicated Rho 
kinases (RhoK) directly phosphorylates occlu-
din and other tight junctional proteins [29, 30]. 
Our present study suggested that the downreg-
ulated P-Occludin and upregulated ROCK1 and 
P-MLC in diabetic rats was reversed by LBP 
treatment, which associated with the integrat-
ed morphology of retinal cells and blood-retinal 
barrier. Furthermore, LBP could attenuate the 
damage of retina cells caused by high glucose. 
All these results above indicate that LBP has 
the protective effects on blood-retinal barrier in 
diabetic rats by targeting Rho/ROCK1 signaling 
pathway.

Conclusion

LBP has the protective effects on blood-retinal 
barrier by regulating the Rho/ROCK signaling 
pathway in diabetic rats. Rho/ROCK may be 
promising targets for the treatment of DR.
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