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Therapeutic applications of artemisinin in ophthalmic diseases

Hao Sun a,b,1, Ping Zhao a,c,d,e,1, Lianghui Zhao a,c,d, Zhizhong Zhao a, Haoyu Chen a,  
Cong Ren a,c,d,**, Bin Guo a,c,d,e,*

a Shandong University of Traditional Chinese Medicine, Jinan, Shandong, 250000, China
b Lanling People’s Hospital of Linyi, Linyi, Shandong, 276000, China
c Affiliated Eye Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong, 250000, China
d Shandong Provincial Key Laboratory of Integrated Traditional Chinese and Western Medicine for Prevention and Therapy of Ocular Diseases, 
Shandong Academy of Eye Disease Prevention and Therapy, Shandong, 250000, China
e Postdoctoral Station of Shandong University of Traditional Chinese Medicine, Yingxiongshan Road 48, Jinan, 250000, China

A R T I C L E  I N F O

Keywords:
Artemisinin
Ophthalmic diseases
Bioavailability
Mechanism
Signal pathway

A B S T R A C T

Artemisinin is a sesquiterpene lactone extracted from the chrysanthemum plant, Artemisia annua. 
It is known for its curative effects in the treatment of pulmonary hypertension, leukemia, dia-
betes, malaria, and other diseases, owing to its abundant biological activity. In recent years, with 
the development of plant secondary metabolite research, other potential pharmacological effects 
of artemisinin-based drugs have received increasing attention; in particular, reports of their 
application for the potential treatment of ophthalmology-related diseases have gradually 
increased. Recently, studies confirmed that artemisinin plays therapeutic roles in eye diseases 
through regulation of signaling pathways, such asNrf2/HO-1/Keap1, TLR/MyD88/NF-κb, PI3K/ 
AKT/mTOR, and FASN/Kmal-mTOR/SREBP1, and biological factors, such as protein kinase B, 
AMP-activated protein kinase, tumor necrosis factor alpha, nod-like receptor protein 3, vascular 
endothelial growth factor, malonyl-coenzyme A and cytochrome C. However, since ocular dis-
eases are often caused by various factors, how artemisinin can play a good disease prevention role 
by modulating these factors needs to be further verified, and most of the current studies focus on 
in vitro and animal experiments, lacking sufficient information on clinical trial studies. To better 
explore and perfect the mechanism of action of artemisinin in ophthalmic diseases, and to better 
promote the clinical application of artemisinin, this study reviews the latest progress of artemi-
sinin treatment for uveitis, uveal melanoma, age-related macular degeneration, diabetic reti-
nopathy, ocular neovascularization, and dry eye, and it will provide theoretical support for the 
large-scale application of artemisinin in ophthalmic diseases in the future.

1. Introduction

Artemisinin, a sesquiterpene lactone, is one of the main active components in Artemisia annua. It has various pharmacological 
activities, including antitumor [1], antiviral [2], anti-inflammatory [3,4], antifibrosis [5], antischistosomiasis [6,7], and 
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antineovascularization effects [8]. Before Tu Youyou’s groundbreaking work, people did not know the specific compound artemisinin. 
Tu Youyou’s discovery of artemisinin’s anti malaria properties completely changed the treatment of malaria worldwide and earned her 
the 2015 Nobel Prize in Medicine for this. This greatly increases the research interest of researchers in artemisinin research and further 
expands its application scope. To achieve higher clinical efficacy and reduce side effects, representative drugs of artemisinin de-
rivatives, such as artesunate, dihydroartemisinin, and β-aminoartemisinin maleate, have also been widely studied [10].

Recently, artemisinin showed good prevention and treatment effects on ophthalmic diseases, which has been constantly explored in 
uveitis, uveal melanoma (UM), age-related macular degeneration, diabetic retinopathy (DR), ocular neovascularization, and dry eye 
diseases (DEDs) [11]. However, systematic evaluation of artemisinin application in ophthalmology is scarce, and pharmacological 
studies lack detailed investigations. We summarized the research progress of artemisinin in ophthalmic diseases over the past decade 
by reviewing the relevant literature at home and abroad. Furthermore, we reviewed the physicochemical properties, biological ac-
tivities, and pharmacological mechanisms of action of artemisinin in the treatment of ophthalmic diseases, as well as the research on its 
clinical applications. Our objective was to establish a theoretical foundation for the rational application of artemisinin in ophthal-
mology and drug development.

2. Physicochemical property of artemisinin

Artemisinin is a sesquiterpene lactone compound, with the function of an endoperoxide, colorless needle crystal, molecular formula 
for C15H22O5, and relative molecular mass of 282.34; owing to its chemical structure, artemisinin is insoluble in water but easily 
soluble in chloroform, acetone, ethyl acetate, benzene, and other organic solvents [12–15]. Numerous artemisinin derivatives have 
been developed to achieve higher clinical efficacy and reduce side effects [16] (Fig. 1). The lower water solubility of artemisinin results 
in slow release and absorption of intramuscularly injected drugs, whereas oral artemisinin tablets have poor absorption, low 
bioavailability (only 30 %), poor efficacy, and a short in vivo half-life, which results in poor disease treatment [17–20]. For ocular 
surface drug administration, drug availability is low because of factors such as tear dilution, blood-water, and the blood-retina barrier 
[21–23]. Intravitreal injection of artemisinin increases the local concentration of the drug but is also associated with complications 
such as cataracts, fundopathy, hemorrhage, and retinal detachment [24]. Recently, new drug delivery methods, such as artemisinin 
nanoparticles biological preparation and self-emulsification systems have significantly improved drug bioavailability and safety, 
providing possibilities for expanding their clinical applications [25–27].

Fig. 1. Chemical structures of artemisinin and its derivatives.
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3. Bioactivity of artemisinin

Artemisinin has a wide range of biological activities [28,29], such as antitumor [1] anti-inflammatory [3,4], 
anti-neovascularization [8] and antioxidant [30], and can play biological roles by signal pathways including Nrf2/HO-1/Keap1, 
TLR/MyD88/NF-κb, PI3K/AKT/mTOR, FASN/Kmal-mTOR SREBP1 and physiological processes, such as protein kinase B, 
AMP-activated protein kinase (AMPK), tumor necrosis factor α (TNF-α), vascular endothelial growth factor (VEGF), and cytochrome C.

3.1. Antioxidant activity

Artemisinin is an antioxidant that can exert antioxidant effects through the Nrf2/HO-1/Keap1 antioxidant stress pathway, which 
leads to an increase in Nrf2 nuclear translocation and transcription of Nrf2 target genes, thereby protecting cells from oxidative stress 
[31–34]. Furthermore, artemisinin regulates the expression of caspase-3, PARP, and Bcl-2, improves the activity of intracellular SOD, 
and increases the levels of intracellular antioxidants [35,36]. Huang et al. [37] used hydrogen peroxide to construct an retinal pigment 
epithelium (RPE) cell model damaged by oxidative stress. After intervention with artemisinin at different concentrations, they 
observed nuclear morphology and used a JC-1 probe experiment to determine whether artemisinin could reduce the loss of mito-
chondrial membrane potential of the Adult Retinal Pigment Epithelial cell line-19 (ARPE-19) caused by hydrogen peroxide. Western 
blot analysis revealed that artemisinin promoted the proliferation of ARPE-19 cells by promoting Protein Kinase B (PKB) phosphor-
ylation. Artemisinin reduced the apoptosis in ARPE-19 cells induced via hydrogen peroxide by regulating the expression of Caspase-3, 
PARP, and Bcl-2. During oxidative stress induced by hydrogen peroxide in RPE cells, the expression of Keap1 increased, and the 
expression of Nrf2 and HO-1 decreased. Thus, artemisinin activates Nrf2 through the Nrf2/HO-1 Keap1 pathway to improve the 
antioxidant stress ability of cells [38,39]. This may also explain the damage to mitochondrial DNA in RPE cells and the loss of the cell 
membrane potential transport chain during macular degeneration. The anti-oxidative stress effects of artemisinin provide a new basis 
for clinical studies on oxidative stress injury.

3.2. Anti-tumor activity

Studies have confirmed that artemisinin reduces the migration and invasion abilities of tumor cells through the PI3K/AKT/mTOR 
pathway, thereby playing an antitumor role. Artemisinin substantially reduces the phosphorylation of PI3K, AKT, and mTOR in tumor 
cells [40,41]. Farhan et al. [42] found that artemisinin reduced the migration and invasion of UM cells in a concentration-dependent 
manner. Further studies have shown that artemisinin significantly reduced the phosphorylation of PI3K, AKT, and mTOR in UM cells. 
This pathway was further inhibited by selective phosphatidylinositol 3-kinase inhibitors (ly294002) or mammalian target of rapa-
mycin (mTOR) inhibitors, which blocked the ability of UM cells with effects similar to those of artemisinin. In this study, the AKT 
activator (Sc79) and mTOR activator (MHY1485) were used to successfully weaken the inhibitory effect of artemisinin on the 
migration and invasion abilities of UM cells, further confirming that the anticancer effect of artemisinin may be mediated by inhibition 
of the PI3K/AKT/mTOR pathway [43]. Phosphorylated retinoblastoma (RB) protein can serve as an intermediate of the E2F tran-
scription factor and cyclin-dependent kinases (CDKs). These proteins ablate the cell cycle as they transition from the G1 to S phase, 
induce G1 cell cycle arrest, inhibit cell division, and exert antitumor effects [44–47]. Additionally, it has been confirmed that [48] 
artesunate, an artemisinin-based drug, inhibited tumor growth, multiplication, and metastasis of choroidal melanoma in vitro by 
downregulating the expression of EFNA3 via the Stat3/Akt signaling pathway.

3.3. Anti-inflammation activity

Artemisinin can exert anti-inflammatory effects by inhibiting the TLR/MyD88/NF-κB signal pathway, resulting in aberrant 
expression of TLR4, reducing B cell activation and plasma cell formation. Additionally, β-aminoartemisinin maleate (SM934), a water- 
soluble artemisinin derivative, can inhibit the expression of IL-6, TNF-α, and IL-1β, promote the secretion of IL-10 by macrophages and 
impede T-cell activation and proliferation, thus producing anti-inflammatory effects [49–52]. Yang et al. [53] developed models of dry 
eye with insufficient tears and hyperevaporative dry eye through subcutaneous injection of scopolamine hydrobromide and benzamide 
chloride. It was found that the expression levels of TLR4, MyD88, NF-KB, and Nod-like receptor protein 3 (NLRP3) in the artemisinin 
derivative SM934 group were decreased. The volume of tear secretion and number of goblet cells increased significantly. Lee et al. [54] 
believed that artemisinin derivative SM934 could comprehensively regulate the abnormal expression of TLR4 and inhibit the acti-
vation of B cells and formation of plasma cells by inhibiting the inflammatory pathway of TLR/MyD88/NF-κB both in vivo and in vitro, 
to recover the secretion of tears, tear film integrity, keratoconjunctivitis, and other symptoms caused by dry eye.

3.4. Inhibiting neovascularization

Artemisinin plays an anti-neovascularization role by inhibiting vascular endothelial growth factor [55,56]. Artemisinin ester can 
downregulate VEGF-A expression by blocking VEGFR2 and PDGFR activation and inhibiting vascular permeability, vascular endo-
thelial cell migration, and angiogenesis [57]. Dihydroartemisinin can reduce mTOR acylation on lysine 1218 (K1218) attenuate the 
activation of mTOR complex 1 (mTORC1) by decreasing fatty acid synthase (FASN) levels in cells, and inhibit of FASN decreasing the 
expression of cholesterol regulatory element-binding protein 1, which inhibits the proliferation of human retinal microvascular 
endothelial cells and neovascularization [58]. In addition, artemisinin inhibits VEGF-induced corneal neovascularization via the AKT 
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and ERK1/2 pathways [59].

4. Applications in ophthalmic diseases

Artemisinin possesses a wide range of benefits for the treatment of senile macular degeneration, DED, DR, UM, RB, uveitis, and 
other diseases and has great application prospects in clinical ophthalmology (Table 1 and Fig. 2).

4.1. Senile macular degeneration (SMD)

Senile macular degeneration, also known as age-related macular degeneration, is a chronic and progressive neurodegeneration of 
retinal photoreceptors, retinal pigment epithelium, and Bruch’s membrane in the macula [65,66]. SMD are usually divided into two 
lesion types: dry (non-exudative) and wet (neovascular). Although the wet type accounts for only 20 % of all SMD cases, 80–90 % of 
wet SMD cause severe visual impairment [67]. In wet SMD, fluid leakage due to abnormal retinal neovascularization leads to sub-
macular hemorrhage and severe loss of central vision. Elevated intracellular iron levels in the retina promote oxidative stress and 
exacerbate SMD [68]. Studies have confirmed that oxidative stress is a key factor in the pathogenesis of SMD. Oxidative stress induces 
the accumulation of reactive oxygen species (ROS) in the retinal pigment epithelium (RPE), leading to retinal dysfunction and 
structural disorders. The accumulation of ROS and obstruction of clearance in RPE cells aggravates oxidative damage and forms a 
vicious cycle [69]. Currently, the mainstay of treatment for wet SMD is resistance to oxidative stress within retinal cells and inhibition 
of neoangiogenesis. Previous studies have confirmed that artemisinin has considerable inhibitory effects on oxidative stress, increases 
superoxide dismutase (SOD) activity, improves antioxidant capacity, inhibits neovascularization, and protects RPE cells from oxidative 
stress damage [70,71]. It was found that artemisinin significantly reduced the potential damage to the mitochondrial membrane of 
human RPE cells (ARPE-19) by interfering with the oxidative stress response induced by hydrogen peroxide [37]. Additionally, 
artemisinin regulates the proliferation of ARPE-19 cells by promoting the phosphorylation of protein kinase B. Other studies have 
shown that artemisinin reduces hydrogen peroxide-induced apoptosis in ARPE-19 cells via the Nrf2/HO-1/Keap1 signaling pathway. 
Artemisinin increases the expression of Keap1, decreases the expression of Nrf2 and HO-1, protects the mitochondrial DNA of RPE cells 
from damage, and prevents loss of the cell membrane potential transport chain in macular degeneration. AMPK plays a crucial role in 
regulating cell survival under stress conditions [72]. Artemisinin, an activation mediator between AMPK and RPE cells, can activate 
AMPK and increase Nrf2 phosphorylation, leading to Nrf2 nuclear translocation and increased transcription of target genes, which can 
protect RPE cells from oxidative damage induced by hydrogen peroxide [73]. Artemisinin has poor water solubility owing to its 
physicochemical properties, and the development of nanoparticle drug delivery systems [74] has greatly improved water solubility 
and corneal permeability, prolonged drug release time, and effectively broadened the ocular utilization of artemisinin. Thus, the 
conditions were created for artemisinin to become a candidate drug for the treatment of SMD.

4.2. Dry eye disease (DED)

DED is a chronic multifactorial disease of the tears and ocular surface that typically causes eye discomfort and visual impairment 

Table 1 
Studies related to artemisinin treatment of ocular diseases.

Active ingredient Models Patient 
type

Result Refs

Artemisinin HRPE cell lines 
D407 and RGC-5

UM inhibits the migration and invasion in UM via the PI3K/AKT/mTOR signaling pathway [42]

SM934 SD rats and C57/ 
BL6 mice

DED Administration of SM934 significantly ameliorated SCOP and BAC-induced DED in rodent 
models

[53]

Dihydroartemisinin C57BL/6J mice DR ameliorates retinal vascular dysfunction in diabetes mellitus via FASN/Kmal-mTOR/ 
SREBP1 feedback loop

[58]

Artesunate Long-Evans rats Uveitis Dose-dependent decreases of infiltrating cells, protein concentration, TNF-D, PGE2, NO, and 
MCP-1 in the aqueous humor by artesunate treatment after LPS injection indicate that 
artesunate can suppress the inflammation of EIU by inhibiting the production of 
inflammatory mediators

[60]

Artemisinin HRPE cell line 
(D407)

SMD Artemisinin is able to reduce H2O2-induced oxidative stress in D407 retinal pigment 
epithelial cells through the regulation of multiple mechanisms including (1) inhibiting the 
generation of intracellular ROS; (2) modulating △ψm and caspase 3/7 dependent pathway; 
(3) activating ERK1/2 signaling pathway

[61]

Artesunate ARPE-19 and CM 
cell

CM Artesunate attenuates the tumorigenesis of choroidal melanoma via inhibiting EFNA3 
through Stat3/Akt signaling pathway

[62]

Artesunate SD rats RB induces mitochondria-mediated apoptosis of human retinoblastoma cells by upregulating 
Kruppel-like factor 6

[63]

Artesunate RB-Y79 and HRPE 
cell line

RB exerts specific cytotoxicity in retinoblastoma cells via CD71 [64]

CM, choroidal melanoma; DED, dry eye disease; DR, diabetic retinopathy; EIU, endotoxin-induced uveitis; HRPE: Human retinal pigment epithelium; 
LPS, lipopolysaccharide; RB, retinoblastoma; SMD, senile macular degeneration; UM: Uveal melanoma.
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and substantially affects the quality of life [75]. Although its pathogenesis has not been fully elucidated, several studies have shown 
that the inflammatory response plays a crucial role in the pathogenesis of DED [76]. When the ocular surface barrier function is 
disrupted, the expression of TLRs is considerably increased, and the secretion of inflammatory factors, such as IL-1β, IL-2, IL-9, and 
TNF-α is induced through myeloiddifferentiationfactor88 (MyD88)-dependent activation of nuclear factor κB and mitogen-activated 
protein kinase (MAPK) cascade, which stimulates immune cells and promotes inflammatory cell infiltration [77]. Fortunately, 
anti-inflammatory treatments for moderate and severe DEDs can help break the vicious cycle of ocular surface damage caused by 
inflammation. Artificial tears continue to be used as the first-line treatment for dry eye. However, because their clinical effectiveness is 
limited to supportive adjuvant therapy, they are unable to target inflammation or other causes of dry eye [78]. Artemisinin has 
attracted the attention of researchers owing to its significant anti-inflammatory effects and has been found to play an increasingly 
important role in the treatment of DEDs. Lee et al. [54] confirmed that artemisinin derivative, SM934 topical eye spotting can regulate 
TLR4 expression in vivo and in vitro by inhibiting the TLR/MyD88/NF-κB inflammatory pathway, inhibit B cell activation, and plasma 
cell formation, which can improve symptoms, such as insufficient tear secretion, tear film integrity destruction, keratitis, and 
conjunctivitis. Yang et al. [53] used 0.5 % artemisinin-derived SM934 topical eye-spotting to treat DED and found that the expression 
of TLR4, MyD88, NF-κB, and nod-like receptor protein 3 decreased, whereas tear secretion and goblet cell number increased 
considerably. Moreover, SM934 can promote the secretion of IL-10 by macrophages, inhibit the response of Th1 and Th17 cells, and 
induce the differentiation and proliferation of regulatory T cells (Treg). Additionally, it can inhibit the expression of TNF-α, IL-6, 
MCP-1, MPO in conjunctiva, and TNF-α and IL-1β mRNA in the cornea, then improves the symptoms of DED. SM934 plays an 
important role in various inflammatory and autoimmune diseases [79,80], and in addition to its pharmacological effects, its stability 
and high solubility further ensure the potential of SM934 as an ophthalmic therapeutic agent for DED. This finding has important 
clinical implications for the treatment of DED.

4.3. Diabetic retinopathy (DR)

DR is a major ocular complication of diabetes, affecting the quality of life in 30–40 % of patients with diabetes [81]. Abnormal lipid 
metabolism is a potential risk factor for vascular dysfunction in DR, and dyslipidemia can increase mitochondrial damage in retinal 
endothelial cells induced by glucose toxicity, leading to the senescence of RPE cells [82–84]. Furthermore, FASN plays a key role in the 
progression of insulin-resistant disease in type 2 diabetes, and the inhibition of mTOR in FASN-related signaling pathways can control 
ocular pathological angiogenesis [85–88]. Currently, anti-VEGF drugs such as ranibizumab and bevacizumab are widely used in the 
treatment of diabetic retinopathy. However, the short half-life, high molecular weight, and resistance to these drugs have led to a 
significant increase in the recurrence rate of anti-VEGF therapy, and frequent intravitreal injections further increase the risk of 
endophthalmitis infection [89]. Studies have shown that dihydroartemisinin can reduce the level of FASN, decrease mTOR acylation 
on lysine, and activate mTORC1, thereby inhibiting the proliferation of retinal microvascular endothelial cells and formation of new 
blood vessels [58]. Additionally, it has been shown that artesunate attenuates diabetic retinopathy by activating autophagy through 

Fig. 2. Signaling pathways of artemisinin treating eye diseases.
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regulating the AMPK/SIRT1 pathway [90]. Artesunate interferes with the activation of VEGFR2 and PDGF, thereby inhibiting neo-
vascularization, and its inhibitory effect is stronger and longer-lasting than that of the anti-vascular endothelial growth factor drug 
bevacizumab [91,92]. Moreover, Li et al. [93] found that a single intravitreal injection of 20 μg dose of artesunate in rabbit and 
monkey models can reverse retinal and iris neovascularization, vasodilatation and tortuosity, macular edema, and fluorescein leakage 
after six months. An intravitreal injection of 80 μg of artesunate in a patient with retinal neovascularization at a follow up of 52 weeks 
revealed substantial improvement in retinal neovascularization, optic disc edema, and high IOP. Compared to traditional anti-VEGF 
drugs, artemisinin analogs have the advantages of low molecular weight, high safety, low toxicity, and multiple targets. Artemisinin, a 
new type of anti-angiogenic drug, especially when administered as eye drops or intravitreal injections for the treatment of fundus 
neovascularization, has several advantages worthy of further exploration.

4.4. Uveal melanoma (UM)

UM is the most common primary intraocular cancer in adulthood and is mainly confined to the choroid [94]. Studies have 
confirmed that the PI3K/AKT/mTOR pathway is important for mammalian tumor immunity and plays an extremely important role in 
the evolution of various malignant tumors [95]. In UM cells, activation of the PI3K/AKT pathway contributes to their growth and 
metastasis, and elevated levels of threonine protein kinase B (Applied Komatsu Technology) phosphorylation contribute to a poor 
prognosis [96–98]. The anticancer effect of artemisinin has been a hot topic in academic research, and relevant studies have shown 
that artemisinin has a strong inhibitory effect on uveal melanoma [99]. Research confirms that artemisinin (100 μmol− 1) considerably 
reduced the phosphorylation levels of PI3K, AKT, and mTOR in UM cells and attenuated the migration and invasive abilities of UM cells 
in a concentration-dependent manner, which was comparable to the effects of a selective phosphatidylinositol 3-kinase inhibitor (lys 
294002) or an mTOR inhibitor [42,100]. Additionally, studies utilizing AKT (Sc79) and mTOR (MHY1485) activators to attenuate the 
ability of artemisinin to inhibit the migration and invasion of UM cells reverse-validated that artemisinin exerts its anti-cancer effects 
by the inhibition of the PI3K/AKT/mTOR pathway. Furthermore, artemisinin induces the loss of mitochondrial membrane potential 
and apoptosis in UM cells via this pathway [42]. The results showed that artesunate (80 μmol− 1) could inhibit the Wnt/β-catenin 
pathway, regulate the biological function of tumor stem cells, interfere with tumor progression, and substantially reduce the per-
centage of aldehyde dehydrogenase cells in UM. This reduces the ability of cells to form continuous melanin balls, thereby inhibiting 
UM cell growth [101]. Compared to traditional chemotherapeutic drugs, artemisinin has the advantages of low toxicity, multiple 
targets, fewer side effects, and suitability for long-term use. Thus, artemisinin is a potential drug candidate for the treatment of UM. 
However, more in vivo experiments are needed to explore the optimal dosage and higher therapeutic efficacy of the drug so that it can 
be better applied to the clinical treatment of UM.

4.5. Retinoblastoma (RB)

RB is the most common intraocular malignancy in infants and the second most common pediatric malignancy [102]. Some studies 
have confirmed that the induction of apoptosis plays an important role in RB treatment, which is expected to cure RB [103,104]. In 
recent years, artemisinin has been shown to exert inhibitory effects on various types of cancer [105]. Relevant studies have shown that 
artemisinin can trigger apoptosis and play an active therapeutic role in cancer [106,107]. Willoughby et al. [44] demonstrated that 
300 μmol-1 artemisinin blocks prostate cancer growth and cell cycle progression by disrupting Sp1 interactions with the 
cyclin-dependent kinase-4 (CDK4) promoter and inhibiting CDK4 gene expression. Zhao et al. [64] explored the 200 μmol− 1 antitumor 
activity of artesunate in RB and found that artemisinin exhibited low toxicity in normal retinal cells and high cytotoxicity in RB cells in 
a dose-dependent manner. It can block the G1-phase cellular process of RB cells at low doses and induce the apoptosis of RB cells at 
high doses. Artemisinin also has potential applications in the induction of growth arrest at different stages of cell division. Several 
clinical studies have confirmed the antitumor effects of artemisinin. Yang et al. [63] injected 80 μg/ml artesunate into the vitreous 
cavity of a mouse RB xenotransplantation model and found that artesunate upregulated the expression of KLF6, induced RB cell 
apoptosis, and inhibited the growth of RB tumors in time- and dose-dependent manners. In addition, no significant retinal functional 
damage or structural disturbances were observed on fundus photography, fundus fluorescein angiography, optical coherence to-
mography, electrophysiology, or other ophthalmological examinations. Artesunate was also found to be effective in advanced RB, with 
a favorable safety profile and no adverse reactions such as allergies [108]. Compared to traditional chemotherapeutic drugs, which 
have numerous side effects, high toxicity, and other shortcomings, artemisinin is more suitable for long-term treatment with fewer side 
effects. Therefore, artemisinin is a promising agent for the treatment of RB. However, further studies are required to determine the 
optimal therapeutic dose and efficacy to provide better insights.

4.6. Uveitis

Uveitis is the most common intraocular inflammatory disease and is an important cause of visual impairment worldwide [109]. 
During acute episodes of uveitis, the iris and ciliary body are infiltrated by numerous inflammatory cells and release numerous 
chemokines and inflammatory mediators, such as TNF-α, MCP-1, and IL-6, which further stimulate cellular inflammatory responses 
and exudate inflammatory cells into the anterior chamber [110]. TNF-α is a cytokine involved in systemic inflammation, apoptosis, cell 
death, and immune cell regulation, which plays an important role in stimulating the acute response to inflammation [111]. The 
anti-inflammatory effects of artemisinin have been well-established over the past few decades [112]. Wang et al. [46] utilized 
endotoxin-induced uveitis as an experimental model for human uveitis to investigate the anti-inflammatory effects of artesunate. 
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Artesunate (10 mg kg− 1 and 100 mg kg− 1) can inhibit the release of TNF-α, reduce the concentration of infiltrating cells and proteins in 
aqueous humor, and inhibit the inflammatory response in uveitis rats. However, artemisinin treatment of uveitis has not been well 
studied, and more research is needed in the future to clarify the specific cellular mechanisms of its treatment and provide theoretical 
support for the use of artemisinin in modifying the ocular inflammatory response.

The strong anti-inflammatory, antioxidant, antitumor, antineovascular, and other biological activities of artemisinin and some of 
its derivatives have demonstrated their potential in the prevention and treatment of various ocular diseases, such as diabetic reti-
nopathy, age-related macular degeneration, retinoblastoma, uveal melanoma, uveitis, and dry eye. Artemisinin monomer is insoluble 
in water and only soluble in organic solvents, and its bioavailability is low. Consequently, the current research on the subject is limited 
to cell and animal experiments, and the clinical promotion and application continue to encounter major challenges. With the 
development of artemisinin nanoparticle drug delivery system, artemisinin self-emulsifying systems, the new dosage form of arte-
misinin, and structural modification of artemisinin, its physicochemical properties have been improved, bioavailability has been 
greatly increased, the medicinal value of artemisinin has been continuously explored, and the potential for clinical application is vast. 
This is anticipated to provide a novel perspective on clinical research. Ocular diseases result from a combination of these factors. For 
example, diabetic retinopathy and age-related macular degeneration may be caused by inflammation, oxidative stress, or apoptosis. In 
addition, excessive ROS production can lead to oxidative stress damage and may also lead to mitochondrial dysfunction, thus pro-
moting apoptosis and inflammatory responses. The therapeutic role of artemisinin in the complex pathogenesis of ophthalmic diseases 
needs to be studied to provide a better basis for the treatment of clinical diseases.

5. Conclusions and perspectives

Artemisinin plays an important role in DED, age-related macular degeneration, RB, UM, DR, and other eye diseases because of its 
strong anti-inflammatory, antioxidant, anti-cancer, immunomodulatory, vascular-protective, and other biological activities. There-
fore, it is expected to become a potentially effective treatment option for ophthalmic diseases. However, owing to its poor water 
solubility and low bioavailability, most studies have focused on in vitro and animal experiments, and there is a lack of sufficient in-
formation regarding human studies. Based on a series of technological innovations, such as artemisinin nanoparticle drug delivery 
systems, artemisinin self-emulsifying systems, new dosage forms of artemisinin, and structural modifications of artemisinin, the 
physicochemical properties of artemisinin have improved and its bioavailability has greatly increased. In the future, we need to 
develop new, safe and effective forms of drug delivery to improve the physicochemical properties of artemisinin to expand its clinical 
use in ophthalmology.
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