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Introduction
Lycium barbarum, also known as wolfberry, is a traditional 
Chinese medicine that can increase visual acuity, regulate 
immunity, prevent liver damage, and reduce the side effects 
of chemotherapy and radiotherapy. Although Lycium bar-
barum has been used over centuries as a traditional Chinese 
medicine for nourishing the eyes and liver, its exact bio-
chemical function remains elusive. The mechanism underly-
ing the effect of Lycium barbarum has been clarified (Chang 
and So, 2008). There is evidence that the key player of the 
therapeutic effect of Lycium barbarum is its antioxidative 
function, which alleviates conditions related to free radi-
cals (Amagase et al., 2009; Zhang et al., 2010; Bucheli et al., 
2011).  

Lycium barbarum polysaccharide (LBP), which accounts 
for more than 40% of compositions in Lycium barbarum, is 
a major component expected to have the beneficial effect of 
Lycium barbarum. Increasing lines of evidence discloses the 
therapeutic effects of LBP from different aspects, including 
neuroprotection, which verifies the use of Lycium barbarum 

in the traditional Chinese medicine practice. Studies in-
volving primary cultured cortical neurons showed that LBP 
treatment reduced cellular death induced by amyloid-beta 
peptides (Ho et al., 2007) and homocysteine insults (Ho et 
al., 2009). Because increased levels of both amyloid-beta 
peptides and homosysteine are risk factors for Alzheimer’s 
disease, so these results provide evidence for the anti-aging 
property of Lycium barbarum. 

Chan et al. (2007) reported that intragastric administra-
tion of LBP can reduce the death of retinal ganglion cells 
induced by experimental ocular hypertension. The protec-
tive effect of LBP has also been shown in ischemic models 
of retina (Li et al., 2011). Chronic consumption of a drink 
prepared from Lycium barbarum can protect elderly human 
subjects from hypopigmentation and soft drusen accumu-
lation in the macula (Bucheli et al., 2011). The abovemen-
tioned studies provide scientific evidence for the protective 
functions of Lycium barbarum in the eyes and nervous sys-
tem. However, further investigation is needed to clarify the 
molecular mechanisms underlying the therapeutic effects, 
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such as immunomodulation and anti-oxidative stress.
Cell renewal is a common mechanism underlying re-

pair of damaged tissues. Generation of new neurons under 
physiological conditions is limited in adult mammalian 
retina (Kubota et al., 2002), so the existence of a quiescent 
population of retinal progenitor cells in the ciliary body of 
mammalian retina suggests a possible source to generate 
new neurons in adulthood (Ahmad et al., 2000; Tropepe et 
al., 2000). This population of cells is responsive to retinal 
injury (Nickerson et al., 2007; Wohl et al., 2009), provides 
trophic support or immunomodulation to injured neurons 
(Gamm et al., 2007; Stanke and Fischer, 2010), and differen-
tiates to replace the injured neurons (Tropepe et al., 2000). 
An investigation on how to enhance the proliferation of the 
retinal progenitor cells that exhibit great potential for treat-
ing retina-related diseases will be helpful for development of 
neuroprotective or cell-renewal treatment for retina-related 
diseases.  

Few studies have been reported on the effect of Lycium bar-
barum on ciliary body cell proliferation. According to above-
mentioned studies, LBP is neuroprotective for retina-related 
diseases, so we hypothesized that LBP treatment can promote 
the proliferation of retinal progenitor cells in the ciliary body, 
which is beneficial for retina-related diseases. 

Materials and Methods
Animals
Eighteen adult male Sprague-Dawley rats (Laboratory Ani-
mal Unit, The University of Hong Kong, China), weighting 
250 ± 20 g, were included in this study. The experimental 
procedures were carried out according to the guidelines 
provided by the Committee on the Use of Live Animals in 
Teaching and Research (CULATR, The University of Hong 
Kong, China). All rats were allowed free access to food and 
water and were maintained under a 12-hour light/dark cycle. 
These rats were randomly intragrastrically administered LBP 
solution at 1mg/kg per day (low-dose LBP group, n = 6), 
10 mg/kg per day (high-dose LBP group, n = 6) or vehicle 
phosphate-buffered saline (PBS group, n = 6) for 35 days.  

Preparation of LBP
LBP was prepared as described in previous reports (Yu et 
al., 2006; Chiu et al., 2009). In brief, fruits of Lycium barba-
rum were purchased from Ningxia, China and the aqueous 
extract of the fruit was prepared by decoloration and delip-
idation in alcohol and boiling in distilled water. Then the 
extracts were then freeze-dried and stored in the form of 
powder. To prepare different concentrations of LBP solution, 
the dried extract was dissolved in 0.01M PBS.

Preparation of sections 
After 35 days of treatment, animals were killed by overdose 
of anesthetic injection. To preserve delicate neural cells, 
transcardial perfusion with 4% paraformaldehyde was 
performed immediately after the injection. Eyes were then 
dissected, enucleated and post-fixed in paraformaldehyde 
at 4˚C overnight. The eyes were then cryoprotected in 30% 

sucrose until sectioning. Frozen sections of 10 μm thickness 
were prepared by a cryostat (Leica Microsystems, Wetzlar, 
Germany). 

Immunohistochemistry 
Frozen sections affixed on gelatin-coated slides were used 
for immunohistochemistry. After two washes with 0.01M 
PBS containing 0.5% triton (PBST) for 5 minutes each, 
sections were subjected to antigen retrieval by heating in 
0.01M sodium citrate buffer (pH6.0; Sigma-Aldrich, St. Lou-
is, MO, USA) at 90˚C for 20 minutes. After three washes in 
PBS-Tween, 10% bovine serum albumin was used to block 
non-specific staining for 1 hour. Then the sections were 
incubated with primary antibodies. The primary antibod-
ies used were rabbit anti-Ki-67 (1:200; Abcam, Cambridge, 
UK), mouse anti-nestin (1:400; Abcam, Cambridge, MA, 
USA) and mouse anti-glial fibrillary acidic protein (GFAP; 
1:400, Abcam, USA). These antibodies are able to label dif-
ferent cell types via labelling different target molecules. Ki-
67, nestin and GFAP are expressed in newly generated cells, 
neurons and glial cells only, so these cells can be labeled by 
corresponding antibodies mentioned above. Sections were 
incubated with primary antibodies at 4˚C overnight and 
then with secondary antibodies (sheep anti-mouse, 1:600, 
Alexor-fluor 568; goat anti-rabbit, 1:250, Alexor-fluor 488, 
Molecular Probe, Eugene, OR, USA) at room temperature 
for 1 hour. Then the sections were washed again and 4′,6-di-
amidino-2-phenylindol (DAPI, Molecular Probes) was used 
to label cell nucleus. The sections were then stored at 4˚C 
before quantification. 

Quantification of proliferative cells 
Eye sections from 18 animals (n = 6 per group) were used 
for cell quantification. For each animal, eye sections were 
prepared in 1-in-8 manner and three sections of each rat 
were used for quantification. The ciliary body regions were 
observed under 40× objectives with a fluorescent micro-
scope (Eclipse 80i; Nikon, Tokyo, Japan). Ki-67-positive cells 
and DAPI-stained cell nuclei were quantified, and the results 
were expressed as the number of Ki-67-positive cells/the 
number of DAPI-stained nuclei × 100%. 

Statistical analysis 
Statistical analysis was performed by one-way analysis of 
variance with the least significant difference post-hoc test 
(version 20, IBM Corp., Armonk, NY, USA). Statistically sig-
nificant difference was defined as P < 0.05.  

Results
LBP treatment increased the number of Ki-67-positive 
cells in the ciliary body
Ki-67 was used as a cell proliferation marker. Ki-67-positive 
cells were observed in the ciliary bodies, but not in the reti-
na, in all three groups (Figure 1). The number of Ki-67-pos-
itive cells in the high-dose LBP (Figure 1A, B) and low-dose 
LBP groups (Figure 1E, D) was significantly greater than 
that in the PBS group (Figure 1E, F). The ratio of number 
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Figure 1 Ki-67-positive cells in the adult ciliary body following LBP administration.
(A–F) Representative fluorescence images of Ki-67-positive cells in the ciliary body in LBPH (A, B), LBPL (C, D) and PBS (E, F) groups. Scale 
bars: 250 μm. (G) Quantification of Ki-67-positive cells in the ciliary body. Both LBPH and LBPL groups showed significantly greater number of 
Ki-67-positive cells than PBS group (**P < 0.01, vs. PBS group), and the number of Ki-67-positive cells in the LBPL group was significantly greater 
than in LBPH group (##P < 0.01). One-way analysis of variance with the least significance difference post-hoc test was used. LBPH or LBPL group: 
Adult rats were intragastrically administrated 10 or 1 mg/kg LBP for 35 days. PBS group: Adult rats intragastrically administrated PBS for 35 days. 
LBP: Lycium barbarum polysaccharide; LBPH: high-dose Lycium barbarum polysaccharide; LBPL: low-dose Lycium barbarum polysaccharide; PBS: 
phosphate buffered saline; DAPI: 4′,6-diamidino-2-phenylindol. 

Figure 2 Fluorescence microscopy images of nestin and Ki-67 co-expression and DAPI labeling in the ciliary body of LBPH (A–D) and LBPL (E–
F)-treated adult rats.  
Nestin or Ki-67 expression is indicated by arrows and arrowheads. The nestin and Ki-67 co-expression indicated with arrow is magnified for better 
morphological observation in the box at the left-bottom corner. Scale bars: 250 μm. LBPH or LBPL group: Adult rats administrated intragastrically 
with 10 or 1 mg/kg LBP for 35 days. DAPI: 4′,6-Diamidino-2-phenylindol; LBP: Lycium barbarum polysaccharide. 
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of Ki-67-positive cells/number of DAPI-stained nuclei in 
the high-dose LBP (1.85 ± 0.64%) and low-dose LBP groups 
(2.79 ± 0.74%) was significantly higher than in the PBS 
group (1.15 ± 0.27%; both P < 0.01 for both comparisons), 
and the ratio in the low-dose LBP group was significantly 
higher than in the high-dose LBP group (P < 0.01).  

Co-expression of Ki-67 and nestin in the ciliary body 
Co-expression of Ki-67 and nestin was observed in the cili-
ary bodies in both high-dose LBP and low-dose LBP groups 
(Figure 2), while no Ki-67 expression was observed in the 
neural retina. Ki-67 expression was observed, but no co-ex-
pression of Ki-67 and nestin was observed, in the ciliary 
bodies in both high-dose LBP and low-dose LBP groups. No 
co-expression of Ki-67 and nestin was observed in the ciliary 
bodies in the PBS group. 

No expression of GFAP in the ciliary body 
GFAP, a marker of astroglia, was expressed in the neural ret-
ina, but not in the ciliary body (Figure 3). No co-expression 
of Ki-67 and GFAP was observed in the ciliary body. 

Discussion
Beside LBP, goji berry also contains taurine, which has been 
proven to be an effective component for eye protection 
(Lim, 2012). Both taurine and taurine containing methanol 
Lycium barbarum extract can protect against blood-retinal 
barrier disruption caused by retinal pigment epithelial cell 
exposure to high levels of glucose via various mechanisms 
(Song et al., 2011; Pavan et al., 2014). However, this study is 
unlikely affected by the taurine content of Lycium barbarum, 
as the preparation route of LBP used in this study is com-
pletely different. First, column chromatography with diethyl-
aminoethylcellulose (DEAE)-sepharose fast flow column 
was applied in this study for purification of LBP. Second, a 
dialysis procedure with the eluted fraction was performed, 
in which the molecular weight cut-off is 3,000-5,000 Da (Yu 
et al., 2007). These two preparation steps are very effective to 
remove small molecules like taurine (125.15 g/mol).

Previous reports showed that LBP have neuroprotective 
effects in different experimental models, including acute 

hepatotoxicity (Xiao et al., 2012), cytotoxic insults (Yu et 
al., 2005; Ho et al., 2010), secondary degeneration (Li et al., 
2013), experimental glaucoma (Chan et al., 2007) and retinal 
ischemia (Li et al., 2011). The present study showed another 
physiological effect of LBP, i.e., promotion of retinal progen-
itor cell proliferation in the ciliary body. With chronic intra-
gastric administration of either 10 or 1 mg/kg LBP, ciliary 
body cells were greatly proliferated, showing a neuronal phe-
notype. Although the underlying mechanism is unclear yet, 
our results provide a new insight into the biological effect of 
LBP and may be useful for future studies on the proliferation 
of retinal progenitor cells.

With advances in stem cell biology, there is a hope that de-
generative retinopathies, which are incurable by medication 
at the present stage, can be treated with stem cell therapy to 
replace the damaged retinal neurons (Volarevic et al., 2011). 
Although promising results were gained in generation of 
photoreceptors from isolated retinal progenitor cells (Klas-
sen et al., 2004), the generation of retinal ganglion cells was 
shown to be more problematic due to complex connection 
of retinal ganglion cells within the retina and the long dis-
tance for axons to extend and reinnvervate the brain (John-
son et al., 2009). However, possible development of onco-
logical diseases from exogenous source of stem cells suggests 
caution to develop a cell replacement therapy (Anisimov et 
al., 2010). 

Rather than replacing the injured neurons, several studies 
suggested that the proliferative progenitor cells may serve 
another function for recovery: providing trophic support for 
the existing neurons or regulating the immunological micro-
environment (Martino and Pluchino, 2006; Lau et al., 2011). 
As endogenous retinal progenitor cells can be found in the 
ciliary body, stimulation of this quiescent stem cell popula-
tion may be an alternative method to increase the progenitor 
cell pool in the retina. This approach has the advantage over 
exogenous cell transplantation since teratoma is unlikely to 
occur due to treatment manipulation.  

Different groups are exploring the ways to increase cil-
iary body cell proliferation for potential treatments. For 
instance, Abdouh and Bernier (2006) reported that injection 
of growth factors induced the proliferative cells in the ciliary 

Figure 3 Co-expression of Ki-67 and GFAP in the adult rat ciliary body cells following LBP administration. 
No co-expression of Ki-67 and GFAP was observed in the ciliary body cells in the LBP groups and PBS group. Scale bars: 250 μm. LBPH or LBPL 
group: Adult rats intragastrically administrated 10 or 1mg/kg LBP for 35 days. PBS group: Adult rats intragastrically administrated PBS for 35 days. 
GFAP: Glial fibrillary acidic protein.
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body and iris to re-enter the cell cycle in adult rats. In this 
study, we investigated whether LBP, a traditional Chinese 
medicine for improving vision, has effect on the prolifer-
ation of ciliary body retinal progenitor cells. To the best 
of our knowledge, this is the first report to show that LBP 
treatment increases cell proliferation in the ciliary body. This 
finding provides another support to the effect of LBP on the 
eyes. The present study did not investigate the effect of LBP 
in animal disease models, but the discovered pro-prolifer-
ative effect will be tested in future studies to determine its 
potential application in stem cell therapy.

Our results showed that intragastric adminstration of LBP 
either at a low (1 mg/kg) or a high (10 mg/kg) dose for 35 
days significantly increased cell proliferation in the ciliary 
body and iris, which is indicated by quantification of Ki-67 
expression. The low-dose LBP group had a greater number 
of proliferative cells in the ciliary body than the high-dose 
LBP group. Co-expression of nestin and Ki-67 in the ciliary 
body indicates that newly born cells differentiate into neu-
ronal lineage. Our results showed that cell proliferation in 
the iris was not observed in the PBS group, and the number 
of new cells in the ciliary body was significantly lower in the 
high- and low-dose LBP groups than in the PBS group. In 
addition, no co-expression of nestin and Ki-67 was observed 
in the PBS group. This suggests that LBP administration can 
induce the proliferative cells in the ciliary body to re-enter 
the cell cycle and express nestin. As no co-expression of Ki-
67 and GFAP was observed, it is unlikely that the newborn  
cells belong to the glial cell lineage. The number of prolifer-
ated cells in the low-dose LBP group was greater than in the 
high-dose LBP group. The dose-dependent effect needs to be 
elucidated in future studies, such as quantification of Ki-67 
expression by western blot analysis. 

The cell fate, potential migration, differentiation and func-
tional significances of the newly born cells also need to be 
further clarified. For instance, investigation of the expression 
of markers specific to immature and mature neurons like 
doublecortin, beta-III tubulin, rhodopsin and recoverin in 
those newborn cells will provide basis for characterization of 
the new cells. 

Lycium barbarum contains a wide array of components 
speculated to exert its biological function. For instance, lu-
tein and zeaxanthin, which are two common components 
studied in Lycium barbarum (Chiu et al., 2010), have been 
shown to prevent light-induced retinal injury (Sasaki et al., 
2012) and be potentially beneficial for the prevention of 
age-related macular degeneration (Huang et al., 2015). Ly-
cium barbarum exhibits antioxidant property by lowering 
abnormal oxidation index back to normal (Amagase et al., 
2009). 

LBP, a major component of Lycium barbarum, has also 
been shown to exhibit a variety of biological effects, includ-
ing anti-aging (Yu et al., 2005), lowering blood glucose level 
(Luo et al., 2004), reducing the side effects of chemotherapy 
or radiotherapy (Gong et al., 2005), anti-tumor progression 
(Zhang et al., 2005) and protecting the streptozotocin-in-
duced diabetic rats from liver and kidney injury (Zhao et 
al., 2009). But the underlying mechanisms are still unclear. 

Alternation of immune functions may be one mechanism by 
which LBP exerts biological function (Yu et al., 2006; Chiu et 
al., 2009; London et al., 2011). LBP has been shown to pre-
vent apoptosis of retinal ganglion cells in an experimental 
model of ocular hypertension/glaucoma (Chan et al., 2007), 
which is induced by laser photocoagulation of episcleral and 
limbic veins in the retina. Feeding of LBP at a dose range 
from 0.01 to 1,000 mg/kg per day can significantly prevent 
the loss of retinal ganglion cells with the intraocular pressure 
unaltered, while the optimal effect was found at the doses of 
1 and 10 mg/kg. Later studies revealed that LBP may exert 
the protective effect on the retina through the activation 
of microglia, a type of macrophages in the central nervous 
system. A previous study showed that with inhibition of 
microglial activation by macrophage/microglia inhibitory 
factors, the protective effect of LBP on retinal ganglion cells 
was diminished (Chiu et al., 2009). A similar conclusion was 
also drawn in a study which utilized another animal model 
to induce retinal damage (Li et al., 2011). Li et al. (2011) 
used carotid artery occlusion to induce retinal cell death 
and showed that LBP treatment significantly attenuated 
the apoptosis of retinal interneurons, oxidative stress and 
blood-retinal barrier disruption. In addition to the neuro-
protective effect of LBP, the dose range at which LBP affects 
ciliary cell proliferation requires further investigation. 

Previous studies showed that paroxetine and corticoste-
rone, which are known for their effect on neural stem cell 
proliferation in neurogenic zones of the brain (Lau et al., 
2007), also affected the proliferation of dividing cells resid-
ing in the ciliary body (Wang et al., 2010). 

Our results demonstrated that LBP treatment increased 
ciliary body cell proliferation, suggesting that LBP exerts 
protective effect on the eye, and providing hints for subse-
quent treatment to promote retinal progenitor cell prolifera-
tion. A better understanding of the effect of LBP on different 
retinal disease models will be beneficial to reveal the poten-
tial use of LBP. 
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