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Abstract  
Lycium barbarum, a traditional Chinese anti-aging herb, has been shown to protect retinal ganglion 

cells (RGCs) in a rat chronic ocular hypertension (COH) model. Here, we investigated the 

expression of endothelin-1 (ET-1), a strong vasoconstrictor, and its receptors, ETA and ETB, in the 

COH model and assessed the effects of Lycium barbarum on the ET-1 axis. Elevated intraocular 

pressure (IOP) was induced in the right eye of SD rats using argon laser photocoagulation. (1) The 

expression of ET-1, ETA and ETB in normal and COH retinas was studied. (2) Some COH rats were 

fed daily with Lycium barbarum Polysaccharides (LBP) using 1 mg/kg or phosphate-buffered saline 

(PBS) for 3 weeks (started 1 week before photocoagulation). The effects of LBP on the expression 

of ET-1 and its receptors, ETA and ETB, in COH retina were evaluated. A semi-quantitative analysis 

of staining intensity was used to evaluate the expression levels of ET-1, ETA and ETB in retinal 

vasculature. We found that (1) Under COH condition, the immunoreactivity of ET-1 was increased in 

retina associated with an increase of ETB receptor immunoreactivity and a decrease of ETA receptor 

immunoreactivity. (2) After feeding COH rats with LBP, the expression of ET-1 was decreased with 

an increase of ETA expression and a decrease of ETB expression in the retina, especially in RGCs. 

(3) By comparing the staining intensity in the vasculature of COH retina in LBP-fed group with 

PBS-fed group, there was a decrease in the expression of ET-1 and ETA and an increase in ETB. In 

summary, ET-1 expression was up-regulated in the retina in COH model. LBP could decrease the 

expression of ET-1 and modulate the expression of its receptors, ETA and ETB, under the condition 

of COH. The neuroprotective effect of LBP on RGCs might be related to its ability to regulate the 

ET-1-mediated biological effects on RGCs and retinal vasculature. 
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INTRODUCTION 
    

Glaucoma is a neurodegenerative disease 

of the retinal ganglion cells (RGCs) and 

optic nerve, the second leading cause of 

blindness worldwide
[1]

. Pathologically, 

glaucoma is characterized by death of 

RGCs and elevated intraocular pressure 

(IOP)
[2]

. Elevated IOP is an important factor 

contributing to primary open angle glaucoma 

(POAG)
[3]

. The elevation of IOP could 

induce many changes involved in the 

pathogenesis of glaucoma, e.g. oxidative 

stress, glutamate toxicity, as well as 

ischemia
[4]

. Many investigations hypothesize 

that glaucoma could be linked to an 

insufficient ocular blood supply to the eye, 

which is regulated to some extent by 

endothelin-1 (ET-1)
[4-8]

. Thus, it is believed 

that ET-1 plays an important role in the 

pathogenesis of glaucoma.  

As a potent vasoconstrictor, ET-1 is 

released by blood vessel endothelial cells
[9]

. 

Clinical studies have found that there are 

increased levels of ET-1 in the plasma of 

both POAG and normal tension glaucoma 

(NTG) patients
[10-11]

. Moreover, ET-1 was 

considered to be the main factor to induce 

vascular dysfunction in glaucoma
[12]

. In 

ocular tissues, ET-1 could regulate blood 

flow by binding to its two receptors, ETA and 

ETB
[3]

. ETA contracts blood vessels; in 

contrast, ETB dilates blood vessels
[3]

.  
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Astrocytes that express ETB undergo astrogliosis, which 

contributes to RGC death through retrograde axonal 

transport
[13]

. ET-1 could mediate the apoptosis of RGC-5 

through ETB receptor by activating c-Jun N-terminal 

kinases (JNK1/2) signaling cascades in vitro
[3, 14]

. Both 

the antagonists for ETA and ETB have been shown to be 

beneficial to glaucoma
[14-16]

. Delivering ET-1 could kill 

RGCs directly through inducing ischemia in the optic 

nerve head
[17]

. More recently, it was reported that 

molecular clustering study identifies induction of 

endothelin as an early event in a mouse model of 

glaucoma
[18]

. Thus, investigation on the endothelin 

system is important for understanding the mechanism 

and treatment of glaucoma.  

Lycium barbarum (Wolfberry) has been used as a 

traditional anti-aging herb in Chinese pharmacopoeia for 

a long history
[19-20]

. Lycium barbarum Polysaccharides 

(LBP), the main effective ingredient of Lycium barbarum, 

has been reported to exhibit cytoprotective effects on 

neurons in the eye and brain as well as on hepatocytes 

in our previous studies
[21-31]

 and could decrease the 

leakage of blood vessels in a retinal ischemic model
[24]

. 

LBP significantly decreases RGC death, but does not 

lower the elevated IOP in laser-induced chronic ocular 

hypertension (COH) model of rats
[21]

. The possible 

mechanisms include modulating retinal microglia
[22]

 and 

up-regulating the expression of crystallins in RGCs
[23]

. A 

previous study has shown that LBP dilates blood vessels, 

enhancing blood flow in renal hypertensive rats. Thus, 

we hypothesize that neuroprotective effects of LBP may 

be related to regulating the endothelin system.  

This study aimed to investigate the role ET-1 and its 

receptors in the degeneration of RGCs in COH rats, and 

whether LBP could affect the expression of ET-1, ETA 

and ETB on RGCs and retinal blood vessels. This study 

is the first to investigate the relationship between LBP 

and ET-1 system in the pathogenesis of glaucoma and 

also provides further information on how LBP exerts its 

neuroprotective effects.   

  

RESULTS 
 

The expression of ET-1 and its receptors in the 

normal rat retina  

To understand the role of ET-1 and its receptors, ETA 

and ETB, the location of their expression pattern were 

firstly detected in normal rat retinas. ET-1 

immunoreactivity was diffusely presented in the whole 

retina, such as ganglion cell layer (GCL), retinal pigment 

cells (RPEs), neurons in the inner nuclear layer (INL), 

inner plexiform layer (IPL), outer plexiform layer (OPL), 

and outer nuclear layer (ONL) (Figure 1A). The 

immunoreactivity of ETA and ETB were found in GCL, IPL, 

INL, OPL and weakly in ONL (Figures 1D, G).  

Alteration of ET-1 system correlated with the RGC 

numbers after ocular hypertension 

The density of RGCs in the normal control eyes was 

2241 ± 27 cells/mm
2
. Laser photocoagulation induced 

about 18% RGC loss at 1 month and continuous loss to 

about 21% at 2 months
[21]

. 

After induction of the COH, at month 1 and month 2, the 

immunoreactivity of ET-1 was increased in the RGCs, as 

well as in the whole retina (Figures 1B, C) when 

compared with the normal control (Figure 1A). However, 

ETA immunoreactivity was decreased and ETB 

immunoreactivity was increased in RGCs (Figures 1E, F, 

H and I) when compared with the normal control (Figures 

1D, G).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Administration of LBP changed the expression of 

ET-1 and its receptors after ocular hypertension 

which was correlated with the survival number of 

RGCs 

At 2 weeks after COH, loss of RGC was significantly 

decreased from 17% in COH + phosphate-buffered 

Figure 1  Immunoreactivity of ET-1, ETA and ETB in COH 
retina compared to the normal.  

The immunoreactivity of ET-1 was increased at 1-month 
and 2-month in COH (B, C) when compared with the 

normal (A); the immunoreactivity of ETA receptor was 
decreased at 1-month and 2-month in COH (E, F) when 
compared with the normal (D) and the immunoreactivity of 

ETB receptor was increased at 1-month and 2-month in 
COH (H, I) when compared with the normal (G). Scale bar: 
20 μm, n = 3.   

ET-1: Endothelin-1; ETA: endothelin A receptor; ETB: 
endothelin B receptor; GCL: ganglion cell layer; IPL: inner 
plexiform layer; INL: inner nuclear layer; ONL: outer 
nuclear layer; COH: chronic ocular hypertension. 
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saline (PBS) group to about 1% in COH + LBP group
[23]

. 

To detect the effect of LBP treatment on the eye, the 

immunostaining of ET-1, ETA and ETB was examined at 

day 14 under COH condition. Compared with PBS group 

(COH + PBS) (Figures 2A,C and E enlarged by Figures 

2G, I, K), 1 mg/kg LBP daily feeding markedly decreased 

the ET-1 expression level in the surviving RGCs (COH + 

LBP group) (Figure 2B), with increased ETA (Figure 2D) 

and decreased ETB immunoreactivity (Figure 2F, enlarged 

by Figures 2H, J, L).    

To further analyze the vasculature in different areas of 

the eye, the blood vessels in GCL and choroid as well as 

ciliary blood vessels around the optic nerve in COH + 

LBP and COH + PBS groups were examined. 

Interestingly, stronger expression levels of ET-1 (4.05 ± 

0.17) and ETA (3.98 ± 0.16) with a lower expression level 

of ETB (2.04 ± 0.32) were found in COH + PBS group, 

while decreased expression levels of ET-1 (3.04 ± 0.3) 

and ETA (2.13 ± 0.35) with a higher expression level of 

ETB (3.62 ± 0.19) in COH + LBP group were observed in 

all of the above areas. After semi-quantitative analysis of 

the vasculature staining, these changes were confirmed 

with statistic difference (Figures 3A-F, Figures 4A-F and 

Figures 5A-F). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Immunoreactivity of 
ET-1, ETA and ETB in retinas with 
different treatment of LBP and 
PBS at day 14 post COH. The 

immunoreactivity of ET-1 and ETB 
was decreased whereas ETA 
immunoreactivity increased in 

COH+LBP group (B, D, F), when 
compared with COH+PBS group 
(A, C, E). G-L were enlarged 

pictures of GCL from A-F. Scale 
bar: 20 μm, n = 3. 

COH: Chronic ocular 
hypertension; PBS: 

phosphate-buffered saline; LBP: 
Lycium barbarum 
Polysaccharides; COH+PBS: 

COH with feeding PBS group; 
COH+LBP: COH with feeding LBP 
group; GCL: ganglion cell layer; 

IPL: inner plexiform layer; INL: 
inner nuclear layer; ONL: outer 
nuclear layer. 

Figure 3  The immunoreactivity of ET-1 in vasculature 
of different areas in the eye at day 14 post COH. The 
immunoreactivity of ET-1 was decreased in COH+LBP 
group (B, D, F) when compared with COH+PBS group 

(A, C, E). Scale bar: 30 μm, n = 3, aP = 0.043. 

ET-1: Endothelin-1; GCL: ganglion cell layer; COH: 
chronic ocular hypertension; PBS: phosphate-buffered 
saline; LBP: Lycium barbarum Polysaccharides; 

COH+PBS: COH with feeding PBS group; COH+LBP: 
COH with feeding LBP group. 
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Figure 4  The immunoreactivity of ETA receptor in vasculature of different areas in the eye at day 14 post COH. The 
immunoreactivity of ETA receptor was decreased in COH+LBP group (B, D, F) when compared with COH+PBS group (A, C, E). 

Scale bar: 30 μm, n=3, aP=0.009.  

ETA: Endothelin A receptor; GCL: ganglion cell layer; COH: chronic ocular hypertension; PBS: phosphate-buffered saline; LBP: 
Lycium barbarum Polysaccharides; COH+PBS: COH with feeding PBS group; COH+LBP: COH with feeding LBP group. 

Figure 5  The immunoreactivity of ETB receptor in vasculature of different areas in the eye at day 14 post COH. The 
immunoreactivity of ET B receptor was increased in COH+LBP group (B, D, F) when compared with COH+PBS group (A, C, E). 
Scale bar: 30 μm, n = 3, aP = 0.012. 

ETB: Endothelin B receptor; GCL: ganglion cell layer; COH: chronic ocular hypertension; PBS: phosphate-buffered saline; LBP: 
Lycium barbarum Polysaccharides; COH+PBS: COH with feeding PBS group; COH+LBP: COH with feeding LBP group. 
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DISCUSSION 
  

Argon laser coagulation-induced COH in rats has shown 

a significant loss of RGCs and the sustaining IOP 

elevation lasting more than 2 months in our previous 

studies
[21-23]

. Here we show for the first time, there was 

an increased expression of ET-1 associated with the 

alteration of ETA and ETB in the retina, which is correlated 

to the loss of RGCs in this model.  

The elevation of IOP has been considered as the most 

important factor to induce the RGC death in glaucoma
[33]

. 

A previous study using the Morrison rat model of 

glaucoma found an increased level of ET-1 in aqueous 

humor and optic nerve head
[5]

. Other studies showed that 

ET-1 could target the activation of astrocytes in optic 

nerve head leading to contribute to RGC death
[34-35]

. 

Blocking the biological effect of ET-1 in the anterior 

chamber could lower the elevated IOP in glaucoma
[18]

. All 

the evidence have demonstrated that ET-1 plays a role in 

the pathogenesis of glaucoma by an indirect mode 

through regulating the IOP and activating astrocytic 

gliosis of optic nerve head. In this experiment, we 

showed the elevated IOP resulted in an increased 

expression of ET-1 on RGCs. It could serve as an 

evidence for the role of ET-1 to be involved in the death 

of RGCs of glaucoma directly. Furthermore, in the COH 

retina, we also found the up-regulation of ETB receptor 

on RGCs. Taken together, the results suggest that the 

binding of ET-1 with ETB receptor on RGCs could be 

activated by the elevated IOP in glaucoma, which would 

contribute to the apoptosis of RGCs
[3]

. It also provides an 

in vivo evidence to reflect the in vitro finding showing that 

ET-1 could mediate apoptosis of RGC-5 cells directly via 

the increased expressions of ETB-receptor
[14]

. In this 

COH model, we also detected the increase of ET-1 with 

up-regulation of ETA receptor in retinal blood vessels, 

which is also due to the elevation of IOP. The binding of 

ET-1 with ETA receptor in blood vessels could induce 

vasoconstriction
[8]

. From the previous studies, it is known 

that ET-1-induced vasoconstriction is also an important 

mechanism involved in the pathogenesis of 

glaucoma
[6,36]

.  

Finding the effective bio-markers for early diagnosis of 

glaucoma has always been an important goal in the 

clinical research. However, since there are many 

mechanisms and risk factors involved in the 

pathogenesis of glaucoma, it is difficult to find a unique 

indicator to reflect glaucoma in different population and 

the different stages of the disease. ET-1 could be a 

promising candidate because ET-1 has been reported as 

the most sensitive indicator to be detected in glaucoma 

patients from other research groups
[7, 10-11]

. Previous 

study has shown that sustained high level of ET-1 was 

found in the aqueous humor in the Morrison model of 

glaucoma rats
[5]

. Indeed, our COH model also shows 

sustained high levels of ET-1 in the retina tissue. Both of 

these studies may provide an experimental foundation to 

support the notion that ET-1 could be an effective 

bio-marker to detect the early defection of glaucoma. 

Survival of RGCs has been one main therapeutic goal for 

neuroprotection in glaucoma. It was showed that the 

activation of microglial cells was involved in the process 

of RGC degeneration in our laser-induced COH model
[22]

. 

Modulating microglia was one possible mechanism for 

neuroprotective effects of LBP
[22]

. The present study 

demonstrated another possible mechanism, of 

neuroprotective effect of LBP, since LBP could decrease 

the expression of ET-1. In blood vessels of COH retina, 

LBP could reduce the ET-1/ETA signal pathway while 

activate ET-1/ETB pathway by down-regulating the 

expression of ETA and up-regulating ETB. This kind of 

regulation by LBP to ETA and ETB receptors may induce 

an effect of increasing the blood supply to the retina and 

optic nerve head, which would be beneficial to the 

survival of RGCs under the COH conditions. The similar 

effects of LBP in the blood vessels were also reported in 

a renal hypertension model of rats
[32]

. Thus, it is 

reasonable to believe that to regulate the expression of 

ETA and ETB receptors on blood vessels could be one of 

the mechanisms of LBP in vascular regulation in COH 

rats. Whether the effect of LBP on ET-1 system 

suggested in this study plays a role in mediating the 

activation of retinal microglia should be further 

investigated.   

 

MATERIALS AND METHODS 
 

Materials 

Female adult Sprague-Dawley rats (250-280 g) were 

used in this study. The rats were maintained on a 12 

hour: 12-hour light-dark cycle and received food and 

water ad libitum. All animal experimental protocols were 

approved by the Committee for the Use of Live Animals 

in Teaching and Research (CULATR: 1664-08) at the 

University of Hong Kong.  

Methods 

COH model generation and animal treatment 

In the present study, we used a chronic ocular 

hypertension (COH) model to study the effect of LBP on 

ET-1 expression. COH was induced in the right eye of 

rats with Argon laser coagulation of the limbal and 

episcleral veins
[21, 37]

. The increased IOP could last for at 

least 2 months. We confirmed the significant loss of 

RGCs using Fluoro-Gold (FG) retrograde labeling from 

bilateral superior colliculi
[22-23]

. This method was routinely 

used in our laboratory for RGC survival and degeneration 

studies
[38-40]

. 

Rats were grouped and fed daily with LBP or 

phosphate-buffered saline (PBS, 0.01 M, pH 7.4) vehicle 

for 3 weeks (started 1 week before photocoagulation)
[22]

. 

LBP extracts was from Lycium barbarum, the preparation 

method has been reported by our previous study
[22]

. LBP 

solution for feeding was prepared using freeze-dried 

powder dissolving into PBS (0.01 M, pH 7.4). The 

feeding dosage was 1 mg/kg.  
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Sample collection and tissue processing  

To study the time course profile of ET-1 and its receptors 

in COH retina, the eye samples were collected at 1 and  

2 months after COH procedure compared with the 

normal control (Figure 6A). To evaluate the effect of LBP 

on ET-1 and its receptors, the eye samples were 

collected at the time point of 14-day post COH. 

Immunostaining was compared between the LBP-fed 

COH group (COH + LBP) and PBS-fed COH group  

(COH + PBS) (Figure 6B).  

After an overdose of pentobarbital sodium (150 mg/kg), 

the animals were perfused with 0.9% saline solution. The 

eye-cups were immediately fixed in 4% 

paraformaldehyde overnight at 4°C, and then dehydrated 

with a graded series of ethanol and xylene and 

embedded in paraffin wax. Serial sections (4 μm 

thickness) were prepared for immunohistochemistry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immunohistochemistry for ET-1, ETA and ETB 

Paraffin sections of retinas were deparaffinized in xylene 

and rehydrated with a graded series of ethanol. After 

washing in 0.01 M PBS, sections were blocked with 3% 

hydrogen peroxide for 15 minutes, and followed with 2% 

normal goat serum blocking for 1 hour, and then 

incubated with the following antibodies: anti-ET-1 (1:800, 

polyclonal, Peninsula Laboratories, San Carlos, CA, 

USA), anti-ETA (1:100, polyclonal, Calbiochem Merck, 

Darmstadt, Germany) and anti-ETB (1:200, polyclonal, 

Calbiochem Merck, Darmstadt, Germany) respectively, 

at 4°C overnight. Sections were then incubated with 

secondary antibodies accordingly (1:200) for 2 hours at 

room temperature. Avidin-biotin-peroxidase complex 

(ABC-Elite Kit, Vector Laboratories, Burlingame, CA, 

USA) was added onto each section and incubated for 

30 minutes, then subsequently treated with stable 3, 

3′-diaminobenzidine tetrahydrochloride as a peroxidase 

substrate for color development. Finally, sections were 

counterstained with Hematoxylin for nuclear staining. All 

the pictures taken for analysis were from sections 

stained in the batch concurrently. 

Statistic analysis 

To semi-quantitatively analyze the staining of the blood 

vessels, a classification of DAB staining color was 

defined as grade 1-5 with scoring 1-5, e.g. grade 1 with 

score 1 for white color, grade 2 with score 2 for light 

yellow, grade 3 for golden, grade 4 for brown and grade 

5 for dark brown. The average staining level was given to 

each retinal section by scoring each blood vessel 

together versus the total number of blood vessels on the 

section. Twelve sections per group were analyzed by 

observers blinded to the identification of the animals. 

Data were represented as mean ± SEM for average 

staining level. Kruskal-Wallis test followed by the 

Mann-Whitney U test was performed to compare the 

staining scores of these LBP and PBS groups using 

SPSS 12.0 software, and P < 0.05 or P < 0.01 were 

considered statistically significant. 
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