Therapeutic potential of artesunate in retinal diseases

e Review Article °

Therapeutic potential of artesunate in retinal diseases:
from mechanism to clinical applications

Ying—Chao Xue'’, Xiao—Long Liv’, Bo-Yu Liu"’, Sheng—Xiang Zhang'’, Qi-Hua Xu', Ling-

Dan Wu'

'The Affiliated Eye Hospital, Jiangxi Medical College,
Nanchang University, Nanchang 3300006, Jiangxi Province,
China

’School of Optometry, Jiangxi Medical College, Nanchang
University, Nanchang 330031, Jiangxi Province, China
*Department of Ophthalmology, Xiamen Humanity Hospital
Affiliated to Fujian Medical University, Xiamen 361000,
Fujian Province, China

Co-first Authors: Ying-Chao Xue and Xiao-Long Liu
Correspondence to: Qi-Hua Xu and Ling-Dan Wu. The
Affiliated Eye Hospital, Jiangxi Medical College, Nanchang
University, Nanchang 330006, Jiangxi Province, China.
xu7ganggang@163.com; lingdan0915@163.com

Received: 2024-02-01 Accepted: 2024-09-11

Abstract

e Artesunate is a derivative of artemisinin, and due to
its high solubility, and it has a broader application in
clinical settings. Extensive research has confirmed that
artemisinin-based drugs show significant activities in anti-
inflammatory, anti-tumor, anti-viral, and anti-angiogenesis
aspects, suggesting that artesunate might have potential
in treating retinal diseases. Currently, the etiology of most
retinal diseases is not fully understood, and there is a lack
of effective treatment methods. This paper summarized the
research progress of artesunate in the treatment of retinal
diseases, including retinoblastoma, choroidal melanoma,
diabetic retinopathy, central retinal vein occlusion,
proliferative retinopathy, and ocular neovascularization.
In addition, the potential applications and future research
directions of artesunate in the treatment of retinal diseases
were also discussed.
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INTRODUCTION

n the 1950s, Chinese scientist Tu Youyou et al'! discovered
I and extracted artemisinin, which rapidly gained global
recognition for its effectiveness against malaria. In recent
years, artemisinin-based drugs have attracted renewed attention
due to their various pharmacological activities, including
anti-inflammatory, anti-tumor, anti-viral, anti-parasitic, and
anti-angiogenic properties. These pharmacological activities

1251 Of course, there

extend beyond the treatment of malaria
are many artemisinin-based drugs, and various derivatives of
artemisinin have emerged with ongoing research, including
dihydroartemisinin, artesunate, artemether, arteether, and
artesunic acid. Compared to artemisinin itself, its derivatives
are faster-acting, more efficient, better tolerated, and exhibit
relatively slower development of parasite resistance', making
them of greater clinical value.

It is worth noting that artemisinin is not soluble in water.
However, artesunate, as one of the most important semi-
synthetic derivatives of artemisinin, is significantly more
soluble in water than artemisinin, dihydroartemisinin, and
artemether. This characteristic is beneficial for the development
of formulations and clinical applications of the drug!’. The
World Health Organization’s (WHO) malaria treatment
guidelines state that a single intravenous dose of artesunate
within the range of 1.75—4 mg/kg has not been observed to
cause toxicity. In addition, artesunate has the advantages of low
cost and easy availability. Therefore, artesunate is considered
the most promising of all artemisinin derivatives and is the
only water-soluble derivative with clinical applications'”.

The ability of artesunate to maintain a high concentration in
the brain, along with its lower neurotoxicity, suggests that this
drug may have unique advantages in treating neurological
diseases'™. This finding provides a new perspective for the
application of artesunate in the treatment of retinal diseases,
indicating its potential for a broader range of therapeutic
applications in clinical practice.

APPLICATION OF ARTESUNATE IN RETINAL
DISEASES

Intraocular Tumors

Choroidal melanoma Choroidal melanoma is the most
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common primary malignant intraocular tumor in adults, and
currently, there are no effective targeted therapeutic drugs
available. Angiogenesis and vasculogenic mimicry play a key
role in the proliferation and metastasis of choroidal melanoma,
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ensuring the tumor receives sufficient blood supply”'”. Geng
et al'" found that artesunate might inhibit the angiogenesis
and vasculogenic mimicry of choroidal melanoma through
mechanisms associated with the inhibition of the Wnt/CaMKII
signaling pathway. This further leads to the degradation
of hypoxia inducible factor (HIF)-10!"”, thereby reducing
the expression levels of vascular endothelial growth factor
receptor 2 (VEGFR2), platelet-derived growth factor receptor
(PDGFR), vascular endothelial growth factor A (VEGFA), VE-
cadherin, and Ephrin type-A receptor 2 (EphA2), successfully
inhibiting tumor cell proliferation, invasion, and migration.

Studies have shown that in primary choroidal melanoma,
the expression levels of WntSa and one of its downstream
effectors, B-catenin, are increased and are somewhat correlated
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with patient survival rates
reduces the protein levels of B-catenin and its downstream
targets (c-Myc, cyclin D1) by inhibiting the phosphorylation
of GSK3p at S9", inhibits the tumor promoting effect
of choroidal melanoma via downregulating EphrinA3"®,
meantime, artesunate induces melanoma cell ferroptosis and
augments antitumor immunity through targeting Ido1"”. All
of these demonstrate potential therapeutic effects on choroidal
melanoma. The efficacy of artesunate in increasing the
apoptosis rate of C918 cells is associated with the MALAT1/
YAP signaling pathway, and combined use with verteporfin
can enhance the above targeting effects"*.

In summary, artesunate may inhibit the angiogenesis and
vasculogenic mimicry of choroidal melanoma by inhibiting the
Wnt/CaMKII signaling pathway, thereby suppressing tumor
cell proliferation. Additionally, artesunate shows targeted
therapeutic effects by regulating the expression levels of
Wnt5a and its downstream effector B-catenin, the MALAT1/
YAP signaling pathway, efc. Current research focuses more on
the mechanism of action of artesunate and experiments at the
cellular level, with a lack of extensive clinical trial support.
The specific mechanisms and effects of the combined use of
artesunate with other drugs (such as verteporfin) require further
study. Future clinical trials could validate the efficacy and
safety of artesunate in actual treatment, explore the combined
therapeutic effects of artesunate with other potential drugs, and
further study the effectiveness of artesunate on different types
and stages of choroidal melanoma, as well as its impact on
disease progression.

Retinoblastoma Retinoblastoma is a common malignant
ocular tumor in infants and young children. In recent years,
significant progress has been made in the treatment of

retinoblastoma, but eye enucleation still remains the most
advanced treatment to date. It was revealed that artesunate
alone showed antitumor effects on head and neck squamous
cell carcinoma cell lines"”, while its toxicity to normal retinal
cells is relatively low, also demonstrating the good safety
profile of artesunate””. In addition, the combination of cisplatin
and iron enhanced the antitumor effect of artesunate and
cisplatin compared with that of each agent alone'”. When used
alone, artesunate acts on multiple molecular targets, regulates
immune activity and cell metabolism, inhibits tumor cell
proliferation, migration, and invasion, and induces tumor cell
cycle arrest, autophagy, apoptosis, ferroptosis, and necrosis”'.
When used in combination with other chemotherapy drugs,
it also has sensitizing and synergistic therapeutic effects™",
Zhang et al® found in a small-scale clinical study that
artesunate is a drug with good safety and certain therapeutic
effects on retinoblastoma. However, its mechanism of action is
not yet clear, and its clinical efficacy lacks large-scale research.
Whether the multiple pharmacological activities of artesunate
can provide new therapeutic targets, and whether there are
differences in efficacy between its sole use and combination
therapy, remain key areas of interest.

Diabetic Retinopathy Diabetic retinopathy (DR) is one
of the most common complications of diabetes, a chronic,
progressive microvascular disease of the retina, posing a
potential threat to vision. In addition to microvascular changes,
inflammation, oxidative stress, and retinal neurodegeneration
can also lead to early diabetic retinal damage™™.

Currently, clinical treatment of DR primarily focuses on anti-
retinal neovascularization, with methods including laser
photocoagulation, intravitreal injection of anti-vascular
endothelial growth factor (VEGF) drugs, and steroids.
Although anti-VEGF treatment as a first-line method has a
significant effect against neovascularization, a considerable
proportion of patients are not sensitive to such treatments"".
Therefore, there is an urgent need to find other less harmful
and long-lasting therapeutic drugs, and the in-depth study of
the pathogenesis of DR provides more potential targets for
action.

In DR, autophagy plays a key role in regulating oxidative

. . [25-2
stress and inflammation™

! In related studies on DR rats,
it was found that artesunate might alleviate the oxidative
stress and pro-inflammatory factor release in rat retinal
pigment epithelial (RPE) cells under high glucose conditions
by inducing autophagy through the AMP-activated protein
kinase/silent information regulator of transcription 1 (AMPK/
SIRT1) pathway. This mechanism effectively reversed the
inflammation and increased retinal thickness in DR rat retinal
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tissue””**. Additionally, artesunate can inhibit the expression

of matrix metalloproteinase-9 in DR, reduce the levels of
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VEGF and angiopoietin (ANG) in the retinas of diabetic rats,

39 thus demonstrating

thereby inhibiting neovascularization'
a therapeutic effect on DR. It also promotes the expression of
anti-apoptotic factor Bel-2 and cell protective factor Hsp27 in
the retinas of diabetic rats, showing the potential to improve
and protect retinal cell damage"".

Through various pathways, artesunate can exert
autophagy induction, anti-inflammatory, antioxidant, anti-
neovascularization, anti-apoptosis, and cell protective effects,
which hold significant potential in combating DR. However,
current research is primarily based on animal models, and
clinical application data are limited. The long-term efficacy and
safety have not been fully verified in diabetic patients. Future
clinical trials could be conducted to validate the efficacy and
safety of artesunate in human diabetic patients. Additionally,
exploring the combined treatment of artesunate with existing
therapies (such as anti-VEGF treatment) could be a promising
research direction.

Retinal Vein Occlusion Retinal vein occlusion (RVO) is a
common retinal vascular disease, second only to DR, and its
secondary macular edema (ME) is the main cause of impaired
vision or even blindness in patients. The pathogenesis of
RVO is related to various factors, including endothelial
damage within blood vessels, changes in hemorheology and
hemodynamics, as well as intraocular pressure and local
ocular compression. It is also closely related to risk factors
such as age, cardiovascular and cerebrovascular diseases,
arteriosclerosis, hypertension, and diabetes. This suggests that
prevention and treatment of RVO can be approached through
these pathways. Current treatment methods mainly involve
intravitreal injections of long-acting steroids or anti-VEGF drugs,
but their resistance, benefits, and sustainability are limited™?.
Lu et al” established an experimental branch retinal vein
occlusion (BRVO) model in rats using a photochemical
method and evaluated the inhibitory effect of different
concentrations of artesunate on rat BRVO through intravitreal
injection. The results suggest that artesunate may alleviate
retinal damage in BRVO rats by reducing the activity of the
HIF-10/VEGF signaling pathway"”". Research on artesunate
in the treatment of RVO is currently mainly based on animal
experiments, and its effects and safety in humans need further
study. Future research should focus on the mechanism of
action of artesunate, develop cellular models (such as human
retinal microvascular endothelial cells), explore its potential
applications in humans, and assess its synergistic effects with
existing treatment methods.

Proliferative Vitreoretinopathy Proliferative
vitreoretinopathy (PVR) is the most common cause of failure
in the repair of rhegmatogenous retinal detachment, primarily
due to the formation of extensive fibroproliferative membranes
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in the vitreous on the retinal surface, causing tractional retinal
detachment. Although the mechanism of PVR development
is not yet fully understood, it has been established that
epithelial-mesenchymal transitions (EMTs) of the retinal
pigment epithelium (RPE) play a key role in the formation and
contraction of PVR membranes™> "

In cell studies, Wang et al"* treated adult retinal pigment
epithel cell line-19 (ARPE-19) cells that underwent EMT
with artesunate to simulate the role of artesunate in PVR. The
results suggest that artesunate may inhibit the proliferation,
contraction, and autocrine actions of ARPE-19 cells post-
EMT through the Smad signaling pathway. The study also
found that artesunate could inhibit the proliferation, migration,
and EMT of ARPE-19 cells by reducing the expression of
the phosphoinositide 3-kinase/protein kinase B (PI3K/Akt)
signaling pathway™”. In animal experiments, Wu et al*” found
that artesunate could slow down the EMT process in a rabbit
model of traumatic PVR, and Chen et a/'*" further discovered
that the combined use of luteolin and artesunate was more
effective than artesunate alone, further proving artesunate’s
potential in preventing and treating traumatic prolifertive
vitreoretinopathy.

Regarding the research on artesunate in PVR, current studies
are mainly based on cellular models and animal experiments,
lacking human clinical data. Artesunate has been found to
potentially inhibit the EMT process by affecting the Smad
and PI3K/Akt signaling pathways, slowing the progression of
PVR. However, research on its long-term efficacy and safety
remains insufficient. Future research needs to further validate
the effects of artesunate on a clinical level and explore its
potential for combined therapy with other drugs.

Age-Related Macular Degeneration Age-related macular
degeneration (AMD) includes dry AMD (atrophic AMD) and
wet AMD (neovascular AMD). Currently, intravitreal injections
of anti-VEGF therapy for wet AMD are considered relatively
safe and effective in clinical practice*”. However, studies have
shown that in the treatment of wet AMD with anti-VEGF, there
is an expansion of macular atrophy areas, leading to long-term
decline in visual function in patients. The anti-VEGF treatment
for wet AMD eyes may itself be correlated to some extent
with the degree of macular atrophy'*. Therefore, finding
safer and more effective treatment options is an important
research direction. The pathogenesis of AMD involves retinal
aging damage characterized by the accumulation of vitreous
drusen, changes in Bruch’s membrane and the extracellular
matrix composition, vascular inflammation and dysregulation,
mitochondrial dysfunction and accumulation of reactive
oxygen species, and RPE aging*"!. Thus, treating AMD can
also start from the perspective of preventing and treating
retinal damage.
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Figure 1 Progress in the therapeutic use of artesunate in fundus diseases DR: Diabetic retinopathy; AMD: Age-related macular degeneration;

PVR: Proliferative vitreoretinopathy; BRVO: Branch retinal vein occlusion; EMT: Epithelial-mesenchymal transition; VEGF: Vascular endothelial

growth factor; VEGFR2: Vascular endothelial growth factor receptor 2; PDGFR: Platelet-derived growth factor receptor; VEGFA: Vascular endothelial

growth factor A; AMPK/SIRT1: AMP-activated protein kinase/silent information regulator of transcription 1; TGF-B: Transforming growth factor-;

VE-cadherin: Vascular endothelial-cadherin; EphA2: Ephrin type-A receptor 2; PI3K/Akt: Phosphoinositide 3-kinase/protein kinase B.

Artesunate can reduce oxidative stress in rats by inhibiting the
expression of Caspase-3 and Caspase-9 and suppressing the
expression of apoptosis-related proteins!*”, thereby protecting
retinal morphology. At the same time, artesunate may reduce
oxidative stress damage to retinal ganglion cells induced
by H,0, by activating the PI3K/Akt signaling pathway'*".

Additionally, recent studies have found that transforming
growth factor-f (TGF-) mediates the involvement of
RPE and/or choroidal endothelial cells in the development
of AMD through EMT and endothelium-mesenchymal

U7 Artesunate can inhibit

transition (EndMT) respectively
the proliferation, migration, and TGF-B2-mediated EMT of
ARPE-19 cells by reducing the expression of the PI3K/Akt
pathway"”, which may suggest that artesunate can fight AMD
by inhibiting EMT and EndMT, but further research is still
needed.

These research findings indicate that artesunate may protect the
retina by reducing oxidative stress responses and the expression
of apoptosis-related proteins, activate the PI3K/Akt pathway
to mitigate oxidative damage, and fight AMD by inhibiting
the EMT and EndMT processes. As a new anti-angiogenic
drug, artesunate has several advantages over anti-VEGEF,
including being a small molecule, low toxicity, and multiple
targets. Future research should focus on evaluating the efficacy
and safety of artesunate in clinical settings and exploring its
potential mechanisms of action in the treatment of AMD.
Ocular Neovascularization Ocular neovascularization
plays a key role in the tissue development and pathological
progression of various retinal diseases, such as the previously
mentioned choroiditis, ocular tumors, RVO, DR, and PVR. In
normal adult mammals, the vascular system is quiescent, and

the formation of new blood vessels primarily occurs through

VEGF signal transduction driving new capillaries to sprout
from existing vessels. Therefore, VEGF has been identified as
a key factor in angiogenesis, making the VEGF/VEGFR?2 axis
an important therapeutic target™®.

However, the limitations of anti-VEGF treatment, which is
currently the main drug for treating ocular neovascularization,
have raised concerns. Studies suggest that long-term anti-
VEGF treatment might affect the vitality and function of

B9 and

RPE cells'™, cause chronic high intraocular pressure
after a period of continuous anti-VEGFR2 monotherapy,
tumors may rebound, and the adaptive immune response of
tumors limits the efficacy of VEGF/VEGFR inhibitors*".
Additionally, despite the low amount of drugs for ocular
indications delivered locally to the eye, anti-VEGF treatment
may still increase the risk of cardiovascular diseases such
as hypertension and arterial thrombosis in the elderly and/or
diabetic patients”'. These limitations mean that single anti-
VEGEF treatment can no longer meet current treatment needs,
making it necessary to find other safe and effective drugs
against neovascularization.

Li et al®”

neovascularization animal model using a 532 nm laser and

established an experimental choroidal

demonstrated through oral administration that artesunate can
inhibit angiogenesis by downregulating the expression of
HIF-1a and VEGF in the early formation of experimental
choroidal neovascularization, thereby suppressing its
formation and development. Additionally, by downregulating
the expression of VEGFR2, PKCa, and PDGFR™, inhibiting
mononuclear phagocyte recruitment™, artesunate significantly
inhibited choroidal neovascularization and the accompanying
fibrotic scar. Studies have proven that intravitreal injection of

artesunate can effectively reduce the formation of choroidal
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and retinal neovascularization”®!. Furthermore, animal
experiments have shown that artesunate can significantly
inhibit retinal neovascularization in rabbits, with stronger
anterior chamber permeability and longer-lasting effects than
bevacizumab™'. Compared to anti-VEGF treatment, artesunate
has more targets, broader therapeutic pathways, and more
durable effects. These results suggest that as a potential long-
lasting small molecule drug, artesunate, with its multi-target
treatment of ocular neovascularization, could become a new
alternative to current anti-VEGF drugs used to inhibit ocular
neovascularization and improve visual function.
DISCUSSION AND OUTLOOK

Artesunate, a semi-synthetic compound derived from
artemisinin, has shown promising potential in the treatment
of retinal diseases due to its multi-target therapeutic action
and low toxicity. In this review, we summarized the research
progress of artesunate in retinal diseases (Figure 1). Artesunate
has been proven to inhibit neovascularization, tumor cell
proliferation, oxidative stress, and EMT in related studies
of retinal diseases, and has shown significant effects in the
treatment of choroidal melanoma, retinoblastoma, DR, RVO,
and PVR. Particularly in inhibiting the formation of ocular
neovascularization, artesunate demonstrates strong therapeutic
potential and may serve as an effective alternative to anti-
VEGEF therapy. However, most of these studies are limited to
the laboratory environment and lack extensive clinical data
support. Further exploration of the efficacy, safety, and specific
mechanisms of artesunate in human clinical trials is necessary.
Future research should focus on verifying its effects in actual
clinical applications and exploring the potential of combined
use with existing treatment methods.
ACKNOWLEDGEMENTS

Foundations: Supported by the Ministry of National Natural
Science Foundation of China (No0.82260210); General Project
of Jiangxi Provincial Traditional Chinese Medicine Science
and Technology Plan (N0.2023B1368); Jiangxi Provincial
Health Science and Technology Program (No.202510055).
Conflicts of Interest: Xue YC, None; Liu XL, None; Liu BY,

None; Zhang SX, None; Xu QH, None; Wu LD, None.
REFERENCES

1 Ma N, Zhang Z, Liao F, et al. The birth of artemisinin. Pharmacology &
therapeutics 2020;216:107658.

2 Wu TC, Feng HY, He MM, et al. Efficacy of artemisinin and its
derivatives in animal models of type 2 diabetes mellitus: a systematic
review and meta-analysis. Pharmacol Res 2022;175:105994.

3 Chemaly RF, Hill JA, Voigt S, et al. In vitro comparison of currently
available and investigational antiviral agents against pathogenic human
double-stranded DNA viruses: a systematic literature review. Antiviral
Res 2019;163:50-58.

4 Zuo SL, Li Q, Liu X, ef al. The potential therapeutic effects of

1150

artesunate on stroke and other central nervous system diseases. Biomed
Res Int 2016;2016:1489050.

5 Huang SH, Galaj E, Wang JF, et al. Repurposing antimalarial artesunate
for the prophylactic treatment of depression: Evidence from preclinical
research. Brain Behav 2023;13(1):¢2833.

6 Rawe SL. Artemisinin and artemisinin-related agents. Antimalarial
Agents. Amsterdam: Elsevier, 2020:99-132.

7 Pinheiro LCS, Feitosa LM, Silveira FFD, et al. Current antimalarial
therapies and advances in the development of semi-synthetic artemisinin
derivatives. An Acad Bras Cienc 2018;90(1 Suppl 2):1251-1271.

8 Zhao KC, Song ZY. Distribution and excretion of artesunate in rats.
Proc Chin Acad Med Sci Peking Union Med Coll 1989;4(4):186-188.

9 Folberg R, Hendrix MJ, Maniotis AJ. Vasculogenic mimicry and tumor
angiogenesis. Am J Pathol 2000;156(2):361-381.

10 Luo QX, Wang J, Zhao WY, ef al. Vasculogenic mimicry in

carcinogenesis and clinical applications. J Hematol Oncol 2020;13(1):19.

11 Geng BC, Zhu YZ, Yuan YY, et al. Artesunate suppresses choroidal
melanoma vasculogenic mimicry formation and angiogenesis via the
Wnt/CaMKII signaling axis. Front Oncol 2021;11:714646.

12 Ma QY, Xu XY, Zhu YZ, et al. Artesunate inhibits vasculogenic
mimicry in choroidal melanoma through HIF-1 o/VEGF/PDGF
pathway. Acta Histochem 2024;126(5-7):152174.

13 Zuidervaart W, Pavey S, van Nieuwpoort FA, et al. Expression of
Wnt5a and its downstream effector beta-catenin in uveal melanoma.
Melanoma Res 2007;17(6):380-386.

14 Yuan YY, Geng BC, Xu XY, et al. Dual VEGF/PDGF knockdown
suppresses vasculogenic mimicry formation in choroidal melanoma
cells via the Wnt5a/B-catenin/AKT signaling pathway. Acta Histochem
2022;124(1):151842.

15 Zheng L, Pan JX. The anti-malarial drug artesunate blocks Wnt/
fB-catenin pathway and inhibits growth, migration and invasion of
uveal melanoma cells. Curr Cancer Drug Targets 2018;18(10):988-998.

16 Yao NN, Ma QY, Yi WD, ef al. Artesunate attenuates the tumorigenesis
of choroidal melanoma via inhibiting EFNA3 through Stat3/Akt
signaling pathway. J Cancer Res Clin Oncol 2024;150(4):202.

17 Liu WY, Zhou HY, Lai WJ, et al. Artesunate induces melanoma cell
ferroptosis and augments antitumor immunity through targeting Ido1.
Cell Commun Signal 2024;22(1):378.

18 Jiu XD, Liu Y, Wen J. Artesunate combined with verteporfin inhibits
uveal melanoma by regulation of the MALAT1/yes-associated protein
signaling pathway. Oncol Lett 2021;22(2):597.

19 Okamoto H, Yoshikawa K, Shimada A, et al. Artesunate and cisplatin
synergistically inhibit HNSCC cell growth and promote apoptosis with
artesunate-induced decreases in Rb and phosphorylated Rb levels.
Oncol Rep 2023;50(2):154.

20 Zhang YY, Miao LX, Sun YF, et al. Clinical efficacy and safety of
artesunate in the treatment of advanced retinoblastoma. Armed Police
Medicine 2015;26(07):712-715.

21 Wang SY, Wang Y. Research progress on the antitumor mechanism of

artesunate alone and in combination. Proprietary Chinese Medicines



Int J Ophthalmol, Vol. 18, No. 6, Jun. 18, 2025
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

2023;45(03):843-850.

22 Wang D, Liu RX. The IL-12 family of cytokines: pathogenetic role in
diabetic retinopathy and therapeutic approaches to correction. Naunyn
Schmiedebergs Arch Pharmacol 2025;398(1):125-133.

23 Chalke SD, Kale PP. Combinational approaches targeting
neurodegeneration, oxidative stress, and inflammation in the treatment
of diabetic retinopathy. Curr Drug Targets 2021;22(16):1810-1824.

24 Duh EJ, Sun JK, Stitt AW. Diabetic retinopathy: current understanding,
mechanisms, and treatment strategies. JCI Insight 2017;2(14):e93751.

25 Piano I, Novelli E, Della Santina L, et al. Involvement of autophagic
pathway in the progression of retinal degeneration in a mouse model
of diabetes. Front Cell Neurosci 2016;10:42.

26 Gong QY, Wang HY, Yu P, et al. Protective or harmful: the dual roles of
autophagy in diabetic retinopathy. Front Med (Lausanne) 2021;8:644121.

27 Li LH. Study on the effect and mechanism of artesunate on autophagy of
retinal tissue in diabetic rats. China Medical University 2021.

28 Li LH, Chen J, Zhou Y, et al. Artesunate alleviates diabetic retinopathy
by activating autophagy via the regulation of AMPK/SIRT1 pathway.
Arch Physiol Biochem 2023;129(4):943-950.

29 Chen J Li TY, Guan XH, et al. Effect of artesunate on the expression
of angiogenesis factors (ANG) and VEGF in diabetic retinopathy.
Chinese Journal of Coal Industry Medicine 2016;19(02):248-250.

30 Chen J, Guan XH, Yang SS, et al. Effect of artesunate on retinal MMP-9
expression in diabetic rats. Chinese Herbal Medicine 2018,49(5):1106-1109.

31 Li TY, Guan XG, Cao FY, et al. Effect of artesunate on Bcl-2 and
Hsp27 expression in diabetic retinopathy tissues. Genomics and
Applied Biology 2016;35(02):248-253.

32 El Alaoui-Lasmaili K, Faivre B. Antiangiogenic therapy: markers
of response, “normalization” and resistance. Crit Rev Oncol
2018;128:118-129.

33 Lu BW, Xu J, Xie LK, ef al. Inhibition of artesunate on experimental
branch retinal vein occlusion in rats. Recent Advances in
Ophthalmology 2022;42(11):853-857.

34 XU Jing. Based on the HIF-10/VEGF pathway, the molecular
mechanism of artesunate in the treatment of retinal branch vein
occlusion was investigated. China Academy of Chinese Medical
Sciences 2021.10.27658/d.cnki.gzzyy.2021.000002.

35 Cui HY, Lu H. Research progress on the mechanism of epithelial-
mesenchymal transition in RPE cells and the treatment of PVR. Guoji
Yanke Zazhi(Int Eye Sci) 2021,21(12):2104-2108.

36 Shahlace A, Woeller CF, Philp NJ, et al. Translational and clinical
advancements in management of proliferative vitreoretinopathy. Curr
Opin Ophthalmol 2022;33(3):219-227.

37 Mudhar HS. A brief review of the histopathology of proliferative
vitreoretinopathy (PVR). Eye (Lond) 2020;34(2):246-250.

38 Wang ZY, Zhang Y, Chen J, et al. Artesunate inhibits the development
of PVR by suppressing the TGF-f/Smad signaling pathway. Exp Eye
Res 2021;213:108859.

39 Wang ZY, Zhang Y, Wu LD, et al. Artesunate inhibits proliferation and
migration of RPE cells and TGF-B2 mediated epithelial mesenchymal

transition by suppressing PI3K/AKT pathway. Int J Ophthalmol
2022;15(2):197-204.

40 Wu LD, Chen J, Wang ZY, et al. Role of three drugs in traumatic
proliferative vitreoretinopathy in rabbits. Guoji Yanke Zazhi(Int Eye
Sci) 2022;22(6):920-925

41 Chen CM, Zhang Y, Chen ML, ef al. The combination of luteolin and
artesunate in the prevention and treatment of experimental traumatic
proliferative vitreoretinopathy. Recent Advances in Ophthalmology
2023;43(9):680-685.

42 Bakri SJ, Thorne JE, Ho AC, et al. Safety and efficacy of anti-vascular
endothelial growth factor therapies for neovascular age-related macular
degeneration: a report by the American Academy of Ophthalmology.
Ophthalmology 2019;126(1):55-63.

43 Horani M, Mahmood S, Aslam TM. A review of macular atrophy
of the retinal pigment epithelium in patients with neovascular age-
related macular degeneration: what is the link part II. Ophthalmol Ther
2020;9(1):35-75.

44 Nashine S. Potential therapeutic candidates for age-related macular
degeneration (AMD). Cells 2021;10(9):2483.

45 Liu J, Liu FL, Bi JR. Study on the protective effect of artesunate
on ischemia-reperfusion retinal injury in rats. Chinese Journal of
Ophthalmology of Traditional Chinese Medicine 2021;31(5):321-325.

46 Lai L, Qin H. Study on the protective mechanism of artesunate against
oxidative stress injury in retinal ganglion cells cultured in vitro. Chinese
Clinical Pharmacology and Therapeutics 2019;24(10): 1128-1133.

47 Shu DY, Butcher E, Saint-Geniez M. EMT and EndMT: emerging roles
in age-related macular degeneration. /nt J Mol Sci 2020;21(12):4271.

48 Nowak-Sliwinska P, Alitalo K, Allen E, et al. Consensus guidelines
for the use and interpretation of angiogenesis assays. Angiogenesis
2018;21(3):425-532.

49 Brinkmann A, Winkelmann K, Kidckenmeister T, et al. Effect of long-
term anti-VEGF treatment on viability and function of RPE cells. Curr
Eye Res 2022;47(1):127-134.

50 Bracha P, Moore NA, Ciulla TA, et al. The acute and chronic effects
of intravitreal anti-vascular endothelial growth factor injections on
intraocular pressure: a review. Surv Ophthalmol 2018;63(3):281-295.

51 Porta M, Striglia E. Intravitreal anti-VEGF agents and cardiovascular
risk. Intern Emerg Med 2020;15(2):199-210.

52 Li JX, Zhang J, Wei CX, et al. The intervention effect of artesunate
on experimental choroidal neovascularization and its effect on the
expression of HIF-1a and VEGF in retinal choroidal tissue. Chinese
Journal of Experimental Pharmaceutics 2021;27(17):83-89.

53 Zong Y, Yuan YG, Qian XB, ef al. Small molecular-sized artesunate
attenuates ocular neovascularization via VEGFR2, PKCa, and PDGFR
targets. Sci Rep 2016;6:30843.

54 Sheibani N, Song YS, Farnoodian M, ef al. Artesunate mitigates choroidal
neovascularization and scar formation. Exp Eye Res 2023;236:109666.

55 Li C, Feng XX, Wen X, et al. A pilot clinical study of intravitreal
injection of artesunate for ocular neovascularization. J Ocul

Pharmacol Ther 2019;35(5):283-290.

1151



