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Abstract
● AIM: To investigate the antioxidant protective effect of 
Lycium barbarum glycopeptide (LbGP) pretreatment on 
retinal ischemia-reperfusion (I/R) injury (RIRI) in rats.
● METHODS: RIRI was induced in Sprague Dawley rats 
through anterior chamber perfusion, and pretreatment 
involved administering LbGP via gavage for 7d. After 24h 
of reperfusion, serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and creatinine (CREA) 
levels, retinal structure, expression of Caspase-3 and 
Caspase-8, superoxide dismutase (SOD) activity, and 
malondialdehyde (MDA) in the retina were measured.
● RESULTS: The pretreatment with LbGP effectively 
protected the retina and retinal tissue from edema and 
inflammation in the ganglion cell layer (GCL) and nerve 
fiber layer (NFL) of rats subjected to RIRI, as shown by light 
microscopy and optical coherence tomography (OCT). Serum 
AST was higher in the model group than in the blank group 
(P=0.042), but no difference was found in ALT, AST, and 
CREA across the LbGP groups and model group. Caspase-3 
expression was higher in the model group than in the blank 
group (P=0.006), but no difference was found among LbGP 
groups and the model group. Caspase-8 expression was 
higher in the model group than in the blank group (P=0.000), 

and lower in the 400 mg/kg LbGP group than in the model 
group (P=0.016). SOD activity was lower in the model group 
than in the blank group (P=0.001), and the decrease was 
slower in the 400 mg/kg LbGP group than in the model group 
(P=0.003). MDA content was higher in the model group than 
in the blank group (P=0.001), and lower in the 400 mg/kg LbGP 
group than in the model group (P=0.016). The pretreatment 
with LbGP did not result in any observed liver or renal 
toxicity in the model.
● CONCLUSION: LbGP pretreatment exhibits dose-
dependent anti-inflammatory, and antioxidative effects by 
reducing Caspase-8 expression, preventing declines of SOD 
activity, and decreasing MDA content in the RIRI rat model.
● KEYWORDS: retinal ischemia-reperfusion; Lycium 
barbarum glycopeptide; pretreatment; anti-inflammatory; 
antioxidative; rat
DOI:10.18240/ijo.2024.09.04

Citation: Wu YX, Yin S, Song SS, Liu X, Deng YX, Lu XJ. Retinal 
ischemia-reperfusion injury and pretreatment with Lycium barbarum 
glycopeptide. Int J Ophthalmol 2024;17(9):1599-1605

INTRODUCTION

R etinal ischemia-reperfusion (I/R) injury (RIRI) is a 
prevalent pathological process observed in various 

ocular diseases, including glaucoma, diabetic retinopathy, 
and retinal vascular obstruction[1]. RIRI has the potential 
to induce irreversible damage to the retina, particularly 
affecting retinal ganglion cells (RGCs), which are essential for 
transmitting visual signals to the brain[2]. Therefore, revealing 
the underlying mechanisms of RIRI and developing effective 
strategies for protecting RGCs against RIRI-induced damage 
are crucial for ameliorating visual impairment and enhancing 
visual functionality. Despite extensive investigations into 
oxidative stress, inflammation, apoptosis, and autophagy 
involvement in RIRI[3-6], therapeutic options currently available 
remain limited and unsatisfactory. 
Lycium barbarum (Gouqizi, Fructus lycii, Wolfberry) is a 
widely utilized herbal remedy in daily life. It possesses a 
pleasant taste and gentle properties that serve to regulate the 
liver and kidney meridians while nourishing these organs, 
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replenishing blood essence, and promoting ocular clarity. 
In daily use, Lycium barbarum can be consumed in various 
forms, such as dried berries, tea, or as an ingredient in soups 
and stews. Additionally, it is often taken as a supplement in 
the form of capsules or extracts to enhance its effectiveness. 
Previous studies have demonstrated that extracts derived from 
Lycium barbarum possess a diverse range of pharmacological 
properties, encompassing anti-inflammatory[7], antioxidant[8-10], 
anti-tumor[11-12], and neuroprotective effects[13-14]. However, 
the majority of investigations conducted thus far have 
primarily focused on exploring the therapeutic potential 
of Lycium barbarum polysaccharide (LBP)[15-17]. Lycium 
barbarum glycopeptide (LbGP) is the combination of LBP and 
polypeptides. In contrast to polysaccharides, glycopeptides not 
only provide specific oligosaccharides but also have specific 
information about the amino acid sequence. The bioactive 
peptide has undergone natural selection, resulting in enhanced 
in vivo stability[18]. The in vitro studies have demonstrated the 
inhibitory effect of LbGP on hypoxia-induced apoptosis in 
cardiomyocytes[19]. Furthermore, it also possesses notable anti-
inflammation[20], antioxidant[21] and neuroprotective effects[22]. 
However, the pharmacological effects of LbGP in vivo are 
currently under-researched, particularly its role in rats with 
RIRI remains unclear.
In this study, we investigated the effects of LbGP pretreatment 
on RIRI-induced in rats. Our hypothesis posits that LbGP 
could prevent RIRI damage in rats. To validate this hypothesis, 
subsequent experiments were conducted.
MATERIALS AND METHODS
Ethical Approval  All experimental procedures were 
conducted in the Laboratory of Ophthalmology College of 
Chengdu University of Traditional Chinese Medicine (Key 
Laboratory of Traditional Chinese Medicine Eye Disease 
Prevention and Visual Function Protection of Sichuan 
Province). Animal care and use complied with the American 
Association for Eye Research Statement on the use of animals 
in eye and vision research. This study was approved by 
the Ethical Committee for Experimental Animal Welfare 
of Chengdu University of Traditional Chinese Medicine 
(No.2020-02).
Animals  Sixty male SPF rats (6-8 weeks old, weighing 180-220 g) 
were obtained from the Laboratory Animal Center of Chengdu 
University of Traditional Chinese Medicine and randomly 
allocated to five groups of 12 each using the random number 
table method. The five groups include: the blank group, the 
model group, the 50 mg/kg LbGP group, the 200 mg/kg 
LbGP group, and the 400 mg/kg LbGP group. The rats were 
maintained in the same center under the following conditions: 
temperature 22℃±1℃, humidity 40%±10%, 12:12h light-dark 
cycle, and standard chow and water ad libitum.

Pretreatment of LbGP  The experimental drug LbGP was 
provided by Ningxia Tianren Goqi Biotechnology Co., Ltd., 
Zhongwei, China. Animals were pretreated for 1wk before 
induction of RIRI. The dried LbGP powder was dissolved 
in 0.9% saline to prepare fresh LbGP solutions of different 
concentrations. The LbGP solutions of 50, 200, and 400 mg/kg 
were then administered orally to the corresponding LbGP 
pretreatment groups from 15:30 to 16:30 every day. The model 
group received the same volume of normal saline by oral 
gavage.
Retinal Ischemia-reperfusion Injury  The rat RIRI model 
was made with reference to other studies[23]. The rats were 
anesthetized with 2% sodium pentobarbital (30 mg/kg 
body weight) by intraperitoneal injection. The local corneal 
anesthesia was administered using aubucaine hydrochloride 
eye drops, while the pupil was dilated with compound 
tropicamide eye drops. Subsequently, an anterior chamber 
puncture of the right eye was performed utilizing a 27-gauge 
needle. The needle was attached to a container filled with 
500 mL of sterile saline, which was then elevated 1.5 m 
above the eye to increase the intraocular pressure (IOP). I/R 
was induced for 1h. Retinal ischemia was confirmed by iris 
pallor and loss of fundus red reflex. Reperfusion was indicated 
by the return of fundus red reflex. The vital signs and IOP 
changes of rats were monitored closely during the surgery. IOP 
was measured by Tonolab (Icare®, Vantaa, Finland) to ensure 
consistent induction of I/R. The control group consisted of rats 
that did not undergo I/R surgery. After successful modeling, 
the rats were observed for a duration of 24h. Subsequently, 
abdominal aortic blood sampling was performed under 
anesthesia with 2% pentobarbital sodium (30 mg/kg body 
weight), and retinal tissue from the right eye of each rat 
was collected. Finally, euthanasia was conducted on the rats 
while they were in a deep anesthetic state using the cervical 
dislocation method.
Determination of Serum Alanine Aminotransferase, 
Aspartate Aminotransferase, and Creatinine in Rats  To 
evaluate the liver and kidney toxicity of different doses of 
LbGP, blood samples were collected from the abdominal 
aorta of three randomly-selected rats in each group after 24h 
of reperfusion. The levels of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and creatinine (CREA) were 
measured using an animal biaochemical analyzer (BS-240Vet, 
Mindray, Shenzhen, China).
Hematoxylin and Eosin Staining  Extracted eyes from 
three rats (right eye) per group were fixed in an automatic 
dehydrator (JT-12S, Wuhan Junjie Electronics Co., Ltd., 
Wuhan, China) for paraffin embedding (BMJ-A, Changzhou 
Zhongwei Electronic Instrument Co., Ltd., Changzhou, China) 
and hematoxylin and eosin (HE) staining (RS36, Changzhou 
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Paisjie Medical Equipment Co., Ltd., Changzhou, China). The 
rat retina tissue was then stored at 4℃. Sections (5-μm thick) 
were cut from the paraffin block and dewaxed and rehydrated. 
The sections were stained with hematoxylin for 15min, 
differentiated and returned to blue, and then stained with eosin 
for 5min. After dehydration and transparency, the sections 
were sealed with neutral gum. The retinal tissue specimens 
were scanned by a digital slide scanner (Pannoramic 250, Jinan 
Tangier Electronics Co., Ltd., Jinan, China) and examined 
by microscope. The retinal condition of RIRI rats in each 
experimental group was evaluated by observing the gross and 
specific lesions at 400× magnification.
Western Blotting  Retinal tissue from three rats (right eye) 
per group was lysed with RIPA buffer (P0013, Beyotime, 
China) and centrifuged (12 000 rpm, 10min). Protein 
concentration was measured using a BCA kit (P0009, 
Beyotime, Jiangsu, China) and samples were denatured with 
loading buffer. Proteins were separated by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis and transferred 
to Immobilon-PSQ PVDF membrane (ISEQ00010, Sigma-
Aldrich, Burlington, MA, USA). The membrane was blocked 
with skim milk and incubated with primary antibodies 
for Caspase-3 (1:1000), Caspase-8 (1:1000), and β-actin 
(1:100 000). After washing, the membrane was incubated 
with secondary antibodies and detected by enhanced 
chemiluminescence. Band intensities were analyzed by 
TianNeng GIS software and expressed as relative expression 
levels of target proteins.
Measurement of Superoxide Dismutase Activity and 
Malondialdehyde Levels in Retina  Three retinal tissues were 
collected per group of rats (right eye). Superoxide dismutase 
(SOD) activity was determined by the WST-1 method and 
malondialdehyde (MDA) content was determined by the TBA 
method according to the kit instruction.
Statist ical  Analysis   The data  were presented as 

mean±standard deviation (SD). The data normally distributed 
were analyzed by one-way analysis of variance (ANOVA) with 
post hoc LSD test (for homogeneous variance) or Tamhane’s 
T2 test (for heterogeneous variance) using SPSS 23.0 software. 
The P value less than 0.05 was considered statistically 
significant, and less than 0.01 was considered extremely 
significant.
RESULTS
Liver and Kidney Toxicity of LbGP Pretreatment in Rats  
The serum levels of ALT, AST, and CREA in each group were 
presented in Figure 1. Specifically, AST exhibited a significant 
increase in the model group (P=0.042). 
Effect of LbGP Pretreatment on Tissue Structure of RIRI 
in Rats  Figure 2 illustrated a representative retinal section 
stained with HE 24h after surgery. I/R causes severe damage 
to the retinal tissue, resulting in significant damage to the 
retinal nerve fiber layer (NFL) and ganglion cell layer (GCL). 
Specifically, the arrangement of the inner nuclear layer (INL) 
becomes disordered, the GCL is relatively sparse, and some 
regions show loss of nodal cells or ambiguous morphological 
structures. Severe lesions involved edema in the GCL and 
NFL, and the inner compound layer was also affected. The 
vessels proliferated and expanded to varying degrees inside the 
INL and GCL, and red blood cells were seen in some lumen. 
LbGP pretreatment (50 and 200 mg/kg) showed that there was 
still significant edema in the GCL and NFL of the rat retina 
compared with the model group, but vascular proliferation 
and dilation were slightly reduced. It should be noted that only 
mild edema was observed in the GCL and NFL of the 400 mg/kg 
LbGP group.
Pretreatment with LbGP Inhibited Apoptosis Induced by 
I/R  Compared to the blank group, Caspase-3 and Caspase-8 
protein expression in the retina significantly increased after 
1h of ischemia and 24h after reperfusion in the model group 
(P=0.006, 0.000). However, the 400 mg/kg LbGP group 

Figure 1 Serum levels of ALT, AST, and CREA  LbGP: Lycium barbarum glycopeptide; ALT: Alanine aminotransferase; AST: Aspartate 

aminotransferase; CREA: Creatinine. aP<0.05.
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showed a significant decrease in Caspase-8 protein expression 
compared to the model group (P=0.016; Figure 3).
Pretreatment with LbGP-inhibited Oxidative Stress 
Induced by I/R  The retinal homogenate of the model group 
showed a significant decrease in SOD activity compared to 
the blank group (P=0.001; Figure 4). The 400 mg/kg LbGP 
group demonstrated a significantly mitigated decline in SOD 
activity in retinal homogenate of rats compared to the model 
group (P=0.003; Figure 4). The SOD activity did not exhibit 
any significant disparity between the 50 and 200 mg/kg LbGP 
group (P=0.393, 0.197; Figure 4). Additionally, compared to 
the blank group, the retinal homogenate of the model group 
exhibited a significant increase in MDA content (P=0.001; 
Figure 4). However, the 400 mg/kg LbGP group showed a 
statistically significant reduction in MDA content in retinal 
homogenate compared to the model group (P=0.016; Figure 4).
DISCUSSION
The propagation of Lycium barbarum can be achieved through 
either seed germination or vegetative cuttings. This rare plant 
possesses significant nutritional and medicinal value, and 
serves as both as a source of food and traditional Chinese 
medicine. LbGP is the active ingredient extracted from LBP. 
The activity can reach one to two orders of magnitude of LBP. 
The aim of this study was to examine the preventive effect of 
LbGP on RIRI in an animal model.
Our research demonstrates that: 1) oral administration of 
50, 200, and 400 mg/kg LbGP was not associated with 

hepatotoxicity, nephrotoxicity, or retinal toxicity in rats; 2) 
pretreatment with 400 mg/kg LbGP significantly mitigates 
retinal tissue damage caused by ischemia, and a dose-dependent 
response was observed; 3) pretreatment with 400 mg/kg LbGP 
also dose-dependently reduced retinal apoptosis and oxidative 
stress caused by retinal ischemia injury. These findings 
highlight the protective effect of LbGP on retinal degeneration 
caused by I/R and its potential role in the preventing and 
treating of eye diseases related to RIRI.
Repercussions in blood supply can give rise to morphological 
alterations and impairment of retinal cells[24]. The retinal 
degeneration observed following retinal I/R in rats is 

Figure 2 Retinal HE staining in each group (×400)  GCL: Ganglion cell layer; INL: Inner nuclear layer; ONL: Outer plexiform layer; HE: 

Hematoxylin and eosin; LbGP: Lycium barbarum glycopeptide.

Figure 3 The expression of Caspase-3 and Caspase-8 proteins of each group  LbGP: Lycium barbarum glycopeptide. aP<0.001; bP<0.05.

Figure 4 The SOD activity and quantification of MDA levels of each 

group  LbGP: Lycium barbarum glycopeptide; SOD: Superoxide 

dismutase; MDA: Malondialdehyde. aP<0.001; bP<0.05.
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characterized by significant cellular loss within the retinal GCL 
and INL of the inner retina[25]. It has also been found that RIRI 
following transient elevation of IOP can induce apoptosis in 
the GCL and INL cells, with disappearance of vacuoles in the 
INL observed after 18h of reperfusion, along with scattered 
condensed nuclei observed in both GCL and INL[26]. In this 
study, we observed significant damage to the retinal NFL 
and GCL following I/R. However, pretreatment with LbGP 
demonstrated a reduction in tissue edema of GCL and NFL as 
well as mitigating the degree of inflammation after I/R (Figure 
1). Notably, among all groups, the 400 mg/kg LbGP group 
exhibited the lowest number of overall retinal tissue lesions. 
Furthermore, previous experiments reported that pretreatment 
with Lycium barbarum extracts also showed preventive effects 
against retinal tissue damage in a rat model of chronic ocular 
hypertension[27].
Additionally, we observed that escalating doses of LbGP 
pretreatment mitigated the upregulation of apoptosis induced 
by RIRI, including the expression of Caspase-3 and Caspase-8 
proteins. The pathogenesis of RIRI involves a complex 
interplay between inflammation and oxidative stress[28]. 
Apoptosis can be triggered by activation of death receptors 
or mitochondria-mediated signaling pathways[29]. Caspase-3 
is commonly used as a reliable indicator for both apoptotic 
pathways. Caspase-8 is an initiator in the death receptor-
induced apoptosis signaling pathway and also regulates 
Caspase-3 cleavage, which plays a key role in mediating 
exogenous pathway apoptosis. Chi et al[30] demonstrated that 
Caspase-8 played a crucial role in regulating the activation of 
NLRP1/NLRP3 inflammasomes during RGCs death induced 
by IOP. Furthermore, the activation of TLR4/Caspase-8/
interleukin (IL)-1β axis was also contingent upon Caspase-8 
production[30]. Therefore, Caspase-8 acts as a mediator in 
IOP-induced RGCs death. LbGP may inhibit the activation 
of TLR4/Caspase-8/IL-1β axis by downregulating the 
expression of Caspase-8 and suppressing proinflammatory 
factor production to achieve retinal protection. Additionally, 
previous studies have demonstrated that Caspase-8 played a 
pivotal role in regulating Caspase-3 activity. Seong et al[31] 

demonstrated the inhibitory effect of resveratrol on Caspase-8 
during I/R injury, which suppresses the expression of 
Caspase-3. Therefore, it can be postulated that the inhibitory 
effect of LbGP on Caspase-3 expression is mediated through 
the downregulation of Caspase-8 levels, thereby demonstrating 
its anti-inflammatory and anti-apoptotic properties.
The role of oxidative stress in the induction of damage during 
apoptosis is of paramount importance[23,32]. SOD activity 
decreased, whereas MDA content increased following retinal 
I/R in this study. However, pretreatment with 400 mg/kg LbGP 
effectively mitigated the decline in SOD activity and reduced 

MDA content. As SOD serves as an indicator of oxidative 
stress and MDA reflects the extent of accumulated damage 
caused by oxidative stress[23,33], I/R can trigger oxidative 
stress in the retina, while LbGP has the potential to mitigate I/
R-induced oxidative stress. Due to the induction of oxidative 
stress, various antioxidation strategies have been investigated 
in the RIRI model. Green tea extract[34], baicalein[35], and 
ginkgo biloba extract[36] have demonstrated efficacy in 
mitigating RGCs loss in rodent models by attenuating 
oxidative stress .
The limitations of this study are evident in the absence of 
examination of apoptosis and oxidative stress pathways. 
Furthermore, only the changes in the levels of apoptotic 
proteins and antioxidant indicators 24h post-retinal I/R were 
observed. Additionally, no comparative analysis was conducted 
between LbGP and LBP. To more comprehensively understand 
the therapeutic protective effect of Lycium barbarum and 
its extracts on RIRI, future studies must use a larger sample 
size, investigate the underlying mechanism, and conduct 
comparative analysis between the two extracts.
In conclusion, LbGP is a potential therapeutic agent for RIRI, 
a condition that can cause vision loss and blindness. In this 
study, we investigated the effects of LbGP pretreatment on the 
retinal tissue of rats with RIRI. We found that pretreatment 
with LbGP protected the retinal tissue from injury by reducing 
the edema and inflammation of the GCL and NFL. Moreover, 
LbGP pretreatment exhibited anti-inflammatory effects by 
down-regulating the expression of Caspase-8 protein in the 
retina, and these effects were dose-dependent. Furthermore, 
LbGP pretreatment enhanced the antioxidative capacity of 
the retinal tissue by slowing the decline of SOD activity and 
reducing MDA content, and these effects were also dose-
dependent. Importantly, we observed no liver and renal 
toxicity in rats with RIRI after LbGP pretreatment at any dose. 
Therefore, LBGP pretreatment may be a promising strategy for 
preventing and treating RIRI.
ACKNOWLEDGEMENTS
We would like to express our sincere gratitude to Ningxia 
Tianren Goqi Biotechnology Co., Ltd., China, for their 
generous provision of LbGP for this study. Furthermore, we 
extend our heartfelt appreciation to all the esteemed colleagues 
who actively participated in this research endeavor.
Foundations: Supported by the National Natural Science 
Foundation of China (No.82174444); the Chengdu 
University of Traditional Chinese Medicine Xinglin Scholar 
Discipline Talent Research Promotion Program Project 
(No.XKTD2022009); the Inheritance and Communication 
Department of Science and Technology Innovation 
Engineering Department of Chinese Academy of Chinese 
Medical Sciences (No.XJ2023001701).



1604

Conflicts of Interest: Wu YX, None; Yin S, None; Song SS, 
None; Liu X, None; Deng YX, None; Lu XJ, None. 
REFERENCES

1 Osborne NN, Casson RJ, Wood JP, Chidlow G, Graham M, Melena 

J. Retinal ischemia: mechanisms of damage and potential therapeutic 

strategies. Prog Retin Eye Res 2004;23(1):91-147.

2 Muthusamy A, Lin CM, Shanmugam S, Lindner HM, Abcouwer 

SF, Antonetti DA. Ischemia-reperfusion injury induces occludin 

phosphorylation/ubiquitination and retinal vascular permeability 

in a VEGFR-2-dependent manner. J Cereb Blood Flow Metab 

2014;34(3):522-531.

3 Mu H, Wang YQ, Wei HY, Lu H, Feng ZL, Yu HM, Xing Y, Wang HJ. 

Collagen peptide modified carboxymethyl cellulose as both antioxidant 

drug and carrier for drug delivery against retinal ischaemia/reperfusion 

injury. J Cell Mol Med 2018;22(10):5008-5019.

4 Souza Monteiro de Araújo D, De Logu F, Adembri C, Rizzo S, Janal 

MN, Landini L, Magi A, Mattei G, Cini N, Pandolfo P, Geppetti P, 

Nassini R, Calaza KDC. TRPA1 mediates damage of the retina induced 

by ischemia and reperfusion in mice. Cell Death Dis 2020;11(8):633.

5 Wu MY, Yiang GT, Liao WT, Tsai AP, Cheng YL, Cheng PW, Li CY, Li 

CJ. Current mechanistic concepts in ischemia and reperfusion injury. 

Cell Physiol Biochem 2018;46(4):1650-1667.

6 Du HY, Wang R, Li JL, Luo H, Xie XY, Yan R, Jian YL, Cai JY. 

Ligustrazine induces viability, suppresses apoptosis and autophagy 

of retinal ganglion cells with ischemia/reperfusion injury through the 

PI3K/Akt/mTOR signaling pathway. Bioengineered 2021;12(1):507-515.

7 Ding H, Wang JJ, Zhang XY, Yin L, Feng T. Lycium barbarum 

polysaccharide antagonizes LPS-induced inflammation by altering 

the glycolysis and differentiation of macrophages by triggering the 

degradation of PKM2. Biol Pharm Bull 2021;44(3):379-388.

8 Liu L, Lao W, Ji QS, Yang ZH, Yu GC, Zhong JX. Lycium barbarum 

polysaccharides protected human retinal pigment epithelial cells against 

oxidative stress-induced apoptosis. Int J Ophthalmol 2015;8(1):11-16.

9 Jing L, Hu BW, Song QH. Lycium barbarum polysaccharide (LBP) 

inhibits palmitic acid (PA)-induced MC3T3-E1 cell apoptosis by 

regulating miR-200b-3p/Chrdl1/PPARγ. Food Nutr Res 2020;64.

10 Liang R, Zhao Q, Zhu Q, He X, Gao MJ, Wang YR. Lycium barbarum 

polysaccharide protects ARPE-19 cells against H2O2-induced oxidative 

stress via the Nrf2/HO-1 pathway. Mol Med Rep 2021;24(5):769.

11 Du X, Zhang JJ, Liu L, Xu B, Han H, Dai WJ, Pei XY, Fu XF, Hou 

SZ. A novel anticancer property of Lycium barbarum polysaccharide 

in triggering ferroptosis of breast cancer cells. J Zhejiang Univ Sci B 

2022;23(4):286-299.

12 Ma LJ, Ai FF, Xiao HY, Wang F, Shi L, Bai XH, Zhu YZ, Ma 

WP. Lycium barbarum polysaccharide reverses drug resistance 

in oxaliplatin-resistant colon cancer cells by inhibiting PI3K/

AKT-dependent phosphomannose isomerase. Front Pharmacol 

2024;15:1367747.

13 Mi XS, Feng Q, Lo ACY, Chang RC, Chung SK, So KF. Lycium 

barbarum polysaccharides related RAGE and Aβ levels in the retina 

of mice with acute ocular hypertension and promote maintenance of 

blood retinal barrier. Neural Regen Res 2020;15(12):2344-2352.

14 Yang Y, Yu L, Zhu TY, Xu SW, He J, Mao NN, Liu ZG, Wang DY. 

Neuroprotective effects of Lycium barbarum polysaccharide on light-

induced oxidative stress and mitochondrial damage via the Nrf2/

HO-1 pathway in mouse hippocampal neurons. Int J Biol Macromol 

2023;251:126315.

15 Zhong JX, Jin SS, Wu KS, Yu GC, Tu LL, Liu L. Effect of nano-

selenium loaded with lycium barbarum polysaccharide on the 

proliferation of lens epithelial cells after UVB damage in vitro. Int J 

Ophthalmol 2022;15(1):9-14.

16 Zhu S, Li X, Dang BR, Wu F, Wang CM, Lin CJ. Lycium Barbarum 

polysaccharide protects HaCaT cells from PM2.5-induced apoptosis 

via inhibiting oxidative stress, ER stress and autophagy. Redox Rep 

2022;27(1):32-44.

17 Gao YY, Li J, Huang J, Li WJ, Yu Y. Effects of Lycium barbarum 

polysaccharide on the photoinduced autophagy of retinal pigment 

epithelium cells. Int J Ophthalmol 2022;15(1):23-30.

18 Watt PM. Screening for peptide drugs from the natural repertoire of 

biodiverse protein folds. Nat Biotechnol 2006;24(2):177-183.

19 Hu X, Xu SL. Protective effect of lycium barbarum polysaccharide on 

myocardial cell hypoxic injury. Journal of Nanjing TCM University 

2005;21(4):250-252.

20 Huang YC, Zheng YH, Yang FM, Feng YC, Xu KY, Wu J, Qu S, 

Yu ZX, Fan F, Huang L, Qin M, He ZL, Nie KL, So KF. Lycium 

barbarum glycopeptide prevents the development and progression 

of acute colitis by regulating the composition and diversity of the gut 

microbiota in mice. Front Cell Infect Microbiol 2022;12:921075.

21 Zheng JM, Luo ZH, Chiu K, Li YM, Yang J, Zhou QH, So KF, Wan 

QL. Lycium barbarum glycopetide prolong lifespan and alleviate 

Parkinson’s disease in Caenorhabditis elegans. Front Aging Neurosci 

2023;15:1156265.

22 Jiang ZF, Zeng Z, He H, Li M, Lan YX, Hui JW, Bie PF, Chen 

YJ, Liu H, Fan H, Xia HC. Lycium barbarum glycopeptide 

alleviates neuroinflammation in spinal cord injury via modulating 

docosahexaenoic acid to inhibiting MAPKs/NF-kB and pyroptosis 

pathways. J Transl Med 2023;21(1):770.

23 Liu L, Sun QL, Wang RB, Chen ZL, Wu JC, Xia FZ, Fan XQ. Methane 

attenuates retinal ischemia/reperfusion injury via anti-oxidative and 

anti-apoptotic pathways. Brain Res 2016;1646:327-333.

24 Kim BJ, Braun TA, Wordinger RJ, Clark AF. Progressive 

morphological changes and impaired retinal function associated 

with temporal regulation of gene expression after retinal ischemia/

reperfusion injury in mice. Mol Neurodegener 2013;8:21.

25 Büchi ER, Suivaizdis I, Fu J. Pressure-induced retinal ischemia in 

rats: an experimental model for quantitative study. Ophthalmologica 

1991;203(3):138-147.

26 Lam TT, Abler AS, Tso MO. Apoptosis and caspases after 

ischemia-reperfusion injury in rat retina. Invest Ophthalmol Vis Sci 

1999;40(5):967-975.

Retinal I/R and LbGP pretreatment



1605

Int J Ophthalmol,    Vol. 17,    No. 9,  Sep. 18,  2024        www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

27 Lakshmanan Y, Wong FSY, Zuo B, So KF, Bui BV, Chan HH. 

Posttreatment intervention with lycium barbarum polysaccharides is 

neuroprotective in a rat model of chronic ocular hypertension. Invest 

Ophthalmol Vis Sci 2019;60(14):4606-4618.

28 Guan LN, Li C, Zhang Y, Gong JY, Wang GY, Tian P, Shen N. Puerarin 

ameliorates retinal ganglion cell damage induced by retinal ischemia/

reperfusion through inhibiting the activation of TLR4/NLRP3 

inflammasome. Life Sci 2020;256:117935.

29 Hajibabaie F, Abedpoor N, Mohamadynejad P. Types of cell death 

from a molecular perspective. Biology 2023;12(11):1426.

30 Chi W, Li F, Chen H, Wang Y, Zhu Y, Yang X, Zhu J, Wu F, Ouyang 

H, Ge J, Weinreb RN, Zhang K, Zhuo Y. Caspase-8 promotes NLRP1/

NLRP3 inflammasome activation and IL-1β production in acute 

glaucoma. Proc Natl Acad Sci U S A 2014;111(30):11181-11186.

31 Seong H, Ryu J, Yoo WS, Kim SJ, Han YS, Park JM, Kang SS, Seo 

SW. Resveratrol ameliorates retinal ischemia/reperfusion injury 

in C57BL/6J mice via downregulation of caspase-3. Curr Eye Res 

2017;42(12):1650-1658.

32 Dilsiz N, Sahaboglu A, Yildiz MZ, Reichenbach A. Protective effects 

of various antioxidants during ischemia-reperfusion in the rat retina. 

Graefes Arch Clin Exp Ophthalmol 2006;244(5):627-633.

33 Zhang ZZ, Qin XH, Zhao XF, Tong NT, Gong YY, Zhang W, Wu XW. 

Valproic acid regulates antioxidant enzymes and prevents ischemia/

reperfusion injury in the rat retina. Curr Eye Res 2012;37(5):429-437.

34 Ng TK, Chu KO, Wang CC, Pang CP. Green tea catechins as therapeutic 

antioxidants for glaucoma treatment. Antioxidants 2023;12(7):1320.

35 Pan L, Sze YH, Yang ML, Tang J, Zhao SM, Yi I, To CH, Lam C, 

Chen DF, Cho KS, Do CW. Baicalein-a potent pro-homeostatic 

regulator of microglia in retinal ischemic injury. Front Immunol 

2022;13:837497.

36 Labkovich M, Jacobs EB, Bhargava S, Pasquale LR, Ritch R. 

Ginkgo biloba extract in ophthalmic and systemic disease, with a 

focus on normal-tension glaucoma. Asia Pac J Ophthalmol (Phila) 

2020;9(3):215-225.


