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Abstract  

Artemisinin, originally derived from Artemisia annua as an antimalarial 
agent, has demonstrated broad therapeutic potential in recent years. This 

review aims to synthesize current research on artemisinin’s efficacy beyond 
malaria, with a focus on its antiviral, anticancer and immunomodulatory 
applications. Methodologically, the review integrates findings from peer-

reviewed studies, clinical trials and bioengineering innovations to offer a 
comprehensive perspective on artemisinin’s mechanisms of action, thera-
peutic applications and advancements in production. Key findings highlight 

artemisinin’s effectiveness in cancer and viral infections (including COVID-
19), with recent bioengineering innovations enhancing its production 
through genetic modifications in A. annua, transgenic plants and yeast. 

These advancements improve accessibility and underscore the need for 
further clinical research to establish artemisinin’s role as a broad-spectrum 
therapeutic.   
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Introduction  

Artemisia annua  and the uniqueness of artemisinin           

Artemisinin, a naturally occurring compound derived mainly from the 

leaves of the sweet wormwood plant Artemisia annua L. (Fig. 1), has attract-
ed considerable attention in the field of medicine due to its remarkable anti
-malarial properties. This sesquiterpene lactone with its distinctive peroxide 

bridge, has revolutionized the treatment of malaria, particularly in regions 
plagued by drug-resistant strains of the parasite. This structure was identi-
fied in 1975 (1, 2). 

 In 2022, an estimated 249 million malaria cases and 608000 malaria 

deaths were reported across 85 countries. The WHO African Region bore a 
significantly high proportion of the global malaria burden, with 94%  
(233 million) of cases and 95% (580000) of deaths occurring in this region. 

Children under 5 years old represented approximately 80% of all malaria-
related deaths in the African Region (3). The emergence of resistance to 
conventional anti-malarial drugs has fueled the quest for novel and effec-

tive treatment strategies. The World Health Organization recommended 
artemisinin-based combination therapies (ACTs), which incorporate arte-
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misinin or its derivatives, have proven to be a key tool in 
combating this deadly disease. These therapies have not 

only saved countless lives but also aided in reducing the 
transmission of malaria, bringing people closer to the am-
bitious goal of malaria eradication (1-4). The chemical 

structure of artemisinin features a unique endoperoxide 
bridge, which is believed to be essential for its anti-
malarial activity (1, 2, 4). This bridge undergoes a cascade 

of reactions in the presence of iron, generating reactive 
oxygen species that specifically target the malaria para-
site, Plasmodium (4, 5). A comprehensive understanding of 

the chemical properties of artemisinin is essential to max-
imize its pharmacological activity and formulate novel 
drugs utilizing its structure (4). The effectiveness of arte-

misinin (Fig. 2) as an antimalarial drug relies on its precise 
activation and molecular targeting mechanisms (5).  

 The mechanism of artemisinin is initiated through 
the activation of its endoperoxide bridge, which occurs 

when it interacts with heme and iron, key components 
found in high concentrations within the Plasmodium para-
site’s digestive vacuole. This interaction results in the for-

mation of reactive oxygen species and carbon radicals, 
which damage important cellular components, including 
proteins, lipids and nucleic acids. This damage triggers 

oxidative stress, ultimately leading to the death of the par-
asite. The effectiveness of artemisinin to selectively target 
Plasmodium derives from its reliance on the parasite’s 

haemoglobin digestion process, which ensures that 
healthy red blood cells remain intact. By disrupting im-

Fig. 1. Artemisia annua plant from our ongoing research in the Center of 
Genomics and Bioinformatics, Uzbekistan. 

Fig. 2. Mechanism of action of artemisinin against malaria. Artemisinin is activated by heme and iron in malaria parasites, producing free radicals that damage 
key biomolecules and disrupt the parasite's functions, leading to its death. The asterisk denotes the activated form of artemisinin (ART). Abbreviation: Art - 
artemisinin. 
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portant metabolic and structural processes within the par-
asite, particularly at the red blood cell stage, artemisinin 

inhibits the parasite’s ability to replicate, thereby prevent-
ing further malaria symptoms (1, 2, 4, 5). 

 An extremely important new class of antimalarial 
drugs, artemisinin and its derivatives are increasingly used 
worldwide. Artesunate, artemether, dihydroartemisinin 
and arteether are the most important artemisinin deriva-
tives (4). 

History and Discovery            

Artemisinin, a remarkable compound with powerful anti-

malarial properties, has a long history deeply rooted in 
traditional Chinese medicine. The Artemisia genus includ-
ing Artemisia annua, has been used in traditional Chinese 

medicine for centuries, a practice over 2000 years old (1, 4, 
6). These ancient remedies often involved the use of Arte-
misia plants, which were known for their antipyretic prop-

erties. Artemisinin's breakthrough as a key antimalarial 
drug came amid the declining effectiveness of previous 
treatments such as chloroquine. The historical use of Arte-

misia annua, documented as early as 340 AD in the Zhou 
Hou Bei Ji Fang, set the stage for the discovery of artemis-
inin (1, 4, 6-8). In the 1970s, Chinese pharmacologist Tu 

Youyou faced the challenge of optimizing artemisinin ex-
traction from Annua plant, including from fresh leaves. 
Traditional cooking, commonly used in herbal medicine 

extraction, was found to be detrimental to artemisinin 
activity. Tu's innovative approach involved testing various 
conditions and found that diethyl ether or alcohol as a 
solvent at temperatures below 60 °C effectively preserved 
the active components of artemisinin (1, 6). This method 
not only optimized the extraction but also demonstrated 

the remarkable stability of the extracted components, 
with anti-malarial activity largely retained even after 30 
min of boiling (9). Youyou Tu's groundbreaking research 

heralded a pivotal moment in the history of artemisinin. 
Her systematic research into traditional Chinese herbal 
medicine led to the extraction of artemisinin from Artemi-

sia annua. Rigorous testing confirmed its exceptional 
effectiveness against malaria parasites, particularly the 
deadliest strain, Plasmodium falciparum. Tu's discovery 

revolutionized malaria treatment and provided an effec-
tive weapon against drug-resistant parasites (1, 6). Tu 
Youyou's research not only revolutionized malaria treat-

ment but also highlighted the importance of preserving 
and adapting traditional medical practices, setting a prec-
edent for integrating herbal medicine into modern drug 

development. In 2015, Youyou Tu received the Nobel Prize 
in Physiology or Medicine for her groundbreaking work in 
discovering artemisinin, a key antimalarial drug, through 

an innovative approach rooted in traditional Chinese herb-
al medicine. This recognition underscores Professor Tu's 
significant contribution to revolutionizing malaria treat-
ment and combating drug-resistant parasite strains (1, 4, 6
-9). 

 Artemisia annua L. is native to Asia, particularly Chi-
na, Japan and Korea. It has also been introduced and do-

mesticated in various countries, including Poland, Brazil, 

Spain, France, Italy, Romania, the United States and Aus-
tria (10). Despite extensive geographic variation, these 

annual wormwood plants exhibit minimal morphological 
differences, but their chemical component and medicinal 
properties vary across geography (11). Artemisia plant is a 

fragrant annual plant of the daisy family with a smooth or 
finely hairy surface. Its erect, ribbed stem is green or violet
-green, turning brown or violet-brown as it matures. Wild 

plants reach a height of 30–150 cm, while cultivated varie-
ties can grow up to 300 cm. The green or yellow-green 
leaves have a honeycombed glandular pattern, are oval 

and 3 times pinnately divided into small, pointed leaflets. 
The stem leaves of the middle part are twice pinnate, 
while the upper leaves are smaller, simple and dark brown 

(12). The flowers of it are small, 1 to 2 mm in diameter, 
pale yellow and its leaves and flowers have a pleasant aro-
matic odor (7). Artemisia annua L. is an annual short-day 

plant (13). Its chromosome number in the diploid state is 
2n=2x=18 with a nuclear genome sequence of 1.76 Gb (14). 
This plant has a long history of use in traditional Asian and 

African medicine as a tea or pressed juice to treat malaria 
and its associated symptoms (fever, chills) (15). Since its 
identification, more than 600 secondary metabolites have 

been identified in Artemisia annua through extensive phy-

tochemical research (16). 

Artemisia annua  in Central Asia and in Uzbekistan          

According to scientific literature, there are about 180 spe-
cies of Annua plant in Central Asia, including 47 in Uzbeki-

stan; numerous scientific studies have been carried out on 
them (17-19). 

Phytochemical research in Artemisia  species            

As a result of phytochemical studies, a unique substance, 
artemisinin, has been identified in several Artemisia spe-

cies around the world using various extraction methods. 
Those Artemisia plants were also used for various medici-
nal purposes. These include the following types: A. abrota-

num, A. absinthium, A. anethifolia, A. anethoides, A. austria-
ca, A. aff. tangutica, A. annua, A. apiacea, A. bushriences, A. 
campestris, A. cina, A. ciniformis, A. deserti, A. diffusa, A. 

dracunculus, A. dubia, A. incana, A. indica, A. fragrans, A. 
frigida, A. gmelinii, A. japonica, A. khorassanica, A. kopet-
daghensis, A. integrifolia, A. lancea, A. macrocephala, A. 

marschalliana, A. messerschmidtiana, A. moorcroftiana, A. 
myriantha, A. nilagarica, A. pallens, A. parviflora, A. pallens, 
A. roxburghiana, A. scoparia, A. sieberi,           A. sieversiana, 

A. spicigeria, A. thuscula, A. tridentata,         A. vachanica, A. 
vestita and A. vulgaris (20-42) (Table 1). 

Application of medicine in parasitic diseases             

Schistosomiasis is a significant tropical disease affecting 
millions globally, requiring both humans as definitive 

hosts and snails as intermediate hosts for the Schistosoma 
parasites' lifecycle. Artemisinin and its derivatives, includ-
ing artemether and artesunate, are promising against 

Schistosoma infections, particularly in the context of pra-
ziquantel resistance. Extracts from Artemisia afra provide 
dual effects on the parasite and its snail host. Artemisinin’s 

mechanism, which generates reactive oxygen species, 
offers broad antiparasitic action, effectively reducing in-
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fections from helminths such as Toxocara, Trichinella and 
Echinococcus as well as trematodes and monogeneans, 

which are significant in aquaculture and public health (65). 
Visceral leishmaniasis, caused by Leishmania infantum, 
has limited treatment options. Although artemisinin 

demonstrates antileishmanial potential, its low bioavaila-
bility restricts its use. To enhance its efficacy, artemisinin-
loaded solid lipid nanoparticles have been developed, 

which improve bioavailability and targeted delivery. In 
studies with infected mice, these nanoparticles reduced 
parasite burdens in the liver and spleen by approximately 

85%, alleviating hepatosplenomegaly and suggesting a 
more effective treatment for visceral leishmaniasis (66).  

 Additionally, artemisinin's broad efficacy against 
helminth infections makes it a valuable alternative, partic-

ularly as conventional treatments face resistance and side 
effects. Key applications include its effectiveness against 

Toxocara spp. and Trichinella spiralis, as well as Echinococ-
cus species and Echinostoma spp., providing safer options 

for monogenean parasites in aquaculture (67). 

Antiviral potential of artemisinin          

Antimalarial medications are emerging as promising ther-

apeutic options for a variety of nonmalarial conditions, 
including viral infections such as human immunodeficien-

cy virus, dengue virus, chikungunya fever and Ebola. The 
limited availability of effective antiviral agents for newly 
emerging viruses and drug-resistant strains, such as hu-

man cytomegalovirus, has sparked interest in repurposing 
antimalarials. The antiviral potential of four classes of an-
timalarial drugs, such as artemisinin derivatives, aryla-

mino alcohols, aminoquinolines and antimicrobials was 
evaluated using in vitro, in vivo and clinical data. The aim 
was to explore how these antimalarial medications can be 

repurposed to address the critical need for effective antivi-

Artemisia species Geographical distribution Growth habit Medicinal uses Reference 

A. abrotanum Asia, Asia Minor, Central Asia, Europe and 

Arabian Peninsula Shrub Bronchopulmonary ailments, appetite, ulcers, 

skin diseases, few to name (43) 

A. absinthium Asia, the Middle East, Europe, South Ameri-
ca and North Africa Perennial 

Hepatitis, gastritis, jaundice, wound healing, 
splenomegaly, indigestion, stomach pain, ane-
mia, anorexia, antifungals, antimicrobials, anti-

(25, 44) 

A. anethifolia Northern Asia Perennial Traditional medicine, antidiabetic agents, anti-

bacterial and antifungal activity (39, 45) 

A. anethoides East Asia, Siberia, Mongolia, Northern China Annual or biennial Traditional medicine, insecticidal and repellent 

activities (39, 46) 

A. austriaca Mongolia, China, Europe, Iran; and Central 

Asian countries Annual Used in folk medicine, antiseptic, gastric disor-

ders (47) 

A. aff. tangutica Asia, Central Asia, and in other territories Perennial Folk medicine (25) 

A. annua 
Native to China, Europe and Central Asia 
including Uzbekistan, also naturalized to 
many countries, worldwide except Antarcti-

Annual 
Traditional medicine for centuries, against fever, 
antimalarial (source of artemisinin), antiviral, 
antibacterial, food, cosmetics 

(48, 42) 

A. apiacea Asia, Eastern Asia including China, Korea 
and Japan, China Perennial Antimicrobial, against eczema oxidation, im-

mune, inflammation, and liver diseases, useful 
(49) 

A. bushriences Asia, Iran, Pakistan Perennial Local use in traditional medicine (25, 50) 

A. campestris Asia, Europe, North America and North 

Africa Perennial Antimicrobial, digestive stimulant, anti-

inflammatory (51) 

A. cina Asia, Egypt, Central Asia (Kazakhstan, Kyr-
gyzstan, Uzbekistan) Schrub Antimalarial, antibacterial, antioxidant, anti-

inflammatory, immunosuppressive, anti-
(24, 52, 53) 

A. ciniformis North America, Asia including Iran Perennial Traditional medicine, inhibit AGS cancer cell 

anticancer (54, 55) 

A. deserti Asia, Central Asia, Europe, North America Perennial 
Traditional medicine, antihypertensive, antialler-
gy, antiviral, antitumor, antioxidant, and cytotox-

icity activity against human cervical carcinoma 

(49, 56, 57) 

A. diffusa Asia, Afghanistan, Iran, Kazakhstan and 

Uzbekistan. Perennial Antitumor, breast cancer (58, 59) 

A. dracunculus America, Europe, Asia, Iran, Pakistan, Azer-
baijan and India. Perennial 

Antioxidant, digestive aid, analgesic, hypnotic, 

antiepileptic, anti-inflammatory and antipyretic 
agent and as an effective remedy in the treat-
ment of helminthiasis, used in culinary herbs 

(tarragon) 

(60) 

A. dubia Europe, Asia Perennial In the traditional treatment of microbial infec-

tions, also parasitic diseases, cancer or skin 
(48, 61-64) 

Table 1. Geographical distribution and useful properties of some Artemisia species 
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ral treatments in response to evolving viral threats (68).  
Artemisinin, its derivative artesunate and several other 

compounds were evaluated for their antiviral activity 
against the hepatitis B virus (HBV), leading to a classifica-
tion of their efficacy. Compounds such as daidzein and 

quercetin showed no significant effect on HBV production, 
while others like berberine and tannic acid demonstrated 
a reduction in viral output but were limited by toxicity con-

cerns. Curcumin and glycyrrhizic acid exhibited moderate 
antiviral activity without toxicity. Artemisinin and ar-
tesunate, however, stood out for their potent inhibitory 

effect on viral production with no adverse impact on host 
cells. Furthermore, a combination of artesunate and 
lamivudine demonstrated synergistic anti-HBV effects, 

underscoring their potential as promising antiviral agents 
against HBV (69). 

COVID-19 and common viral infections            

The COVID-19 pandemic has spurred interest in artemis-
inin and its derivatives from Artemisia species as potential 

antiviral agents. Studies have shown artemisinin com-
pounds exhibit strong binding to SARS-CoV-2’s main prote-
ase (Mpro), particularly at the Cys145 residue, indicating 

the potential for limiting viral activity through stable inter-
actions and good bioavailability (70). Further, Artemisia 
annua extracts have demonstrated in vitro efficacy against 

SARS-CoV-2 variants, including Omicron, by inhibiting viral 
replication in Vero E6 and human lung cells, supporting 
their potential as a cost-effective treatment option for 

emerging COVID-19 variants (71). Specific compounds 
such as scopoletin and artemisinic acid have shown dose-
dependent antiviral effects against the 3CLpro and Spike 

proteins of SARS-CoV-2, highlighting their utility against 
SARS-CoV-2 variants without compromising cell viability 
(72). In addition to these findings, WHO-supervised clinical 

trials are underway to assess artemisinin's therapeutic 
promise for COVID-19. The importance of enhancing arte-
misinin production via improved biosynthesis and bio-

technological methods is underscored, as demand grows 
for its antiviral applications (73). Research also supports 
artemisinin’s broad-spectrum activity, particularly against 

DNA viruses like cytomegalovirus and herpes viruses, while 
RNA viruses like HIV and hepatitis C respond minimally. 
Notably, artesunate acts synergistically with other antivi-

rals and retains efficacy against ganciclovir-resistant 
HCMV, suggesting a promising future for expanded arte-
misinin-based antiviral treatments (74). These findings 

collectively underscore the need for a deeper understand-
ing of artemisinin’s mechanisms and further clinical trials 
to confirm its potential in viral therapeutics. 

Cancer             

Artemisinin and its derivatives show promising immuno-

modulatory and anticancer properties, effective across 
various cancers viz., colon, non-small cell lung cancer and 
melanoma. These compounds inhibit tumor-promoting 

pathways, such as PI3K/Akt and MAPK, while enhancing 
immune responses through mechanisms like T-cell differ-
entiation and macrophage polarization (75). Dihydroarte-

misinin and artesunate, noted for better bioavailability, 

are effective in these roles but face pharmacokinetic limi-
tations, spurring research into nanoparticle delivery sys-

tems for improved efficacy. Artemisinin derivatives also 
induce oxidative stress, apoptosis and ferroptosis, inhibit-

ing angiogenesis and targeting pathways like Wnt/β-

catenin and AMPK, although potential hepatotoxicity war-
rants careful clinical validation (15). Beyond artemisinin, 
Artemisia annua extracts contain active compounds such 

as chrysosplenol D and arteannuin B, demonstrating effi-
cacy in triple-negative breast cancer models and offering 
affordable options in drug-resistant cancers (76). Given the 

low cost (USD 1 per dose), these treatments could be ac-
cessible alternatives for low- and middle-income coun-
tries, though comprehensive trials are still needed (77). 

Artemisinin's therapeutic scope also extends to kidney 
diseases, particularly in conditions related to inflamma-
tion and oxidative stress, like diabetic nephropathy (78). In 

colorectal cancer, artemisinin induces ferroptosis selec-
tively in cancer cells, showing enhanced effects when com-
bined with linoleic acid (79). Artesunate also exhibits in 

vitro anticancer efficacy, though its effects vary across pa-
tient-derived models, emphasizing the need for tailored 
clinical applications (80). Together, these findings high-

light artemisinin’s potential as a versatile therapeutic, 
though further trials are essential to confirm its broader 
applicability in cancer and kidney disease treatment. 

Autoimmune diseases            

Artemisinin and its derivatives have shown promising im-

munomodulatory effects relevant to autoimmune and 
inflammatory diseases. These effects are mediated 
through mechanisms targeting T and B cell activity, ex-

panding regulatory T cells and inhibiting key inflammatory 

pathways such as NF-κB, MAPK and JAK-STAT. For exam-

ple, artemether and the synthetic SM934 have been ob-

served to suppress pro-inflammatory cytokines and limit 
pathogenic      T-cell proliferation, showing efficacy in pre-
clinical models of rheumatoid arthritis and systemic lupus 

erythematosus (81, 82). Artemisinin-based sesquiterpene 
lactones further support this anti-inflammatory potential 
by selectively promoting apoptosis in activated T cells 

while sparing resting cells, reducing the risk of broader 
immune suppression. Clinical studies on SM934, which is 
currently approved for clinical trials, underscore the po-

tential of artemisinin derivatives as selective immunosup-
pressive agents with fewer side effects than traditional 
therapies. These findings highlight the versatility of arte-

misinin derivatives as promising candidates for treating 
autoimmune diseases, positioning them as a valuable ad-
dition to future clinical applications in selective immuno-

therapy (81, 82). 

New strategies via bioengineering of plants and micro-

organisms for artemisinin production           

Artemisinin, a valuable medicinal compound extracted 

from Artemisia annua, is constrained by low natural yields 

and high production costs. As the demand for artemisinin 

and its derivatives grows, especially for diverse medical 

applications, there has been a concerted effort to enhance 

its production through synthetic biology and genetic engi-
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neering approaches. In Artemisia annua, the co-expression 

of key biosynthetic enzymes like HMGR, FPS and DBR2 

along with trichome-specific transcription factors such as 

AaHD1 and AaORA, has led to a significant increase in arte-

misinin production, with levels rising by up to 2.2-fold, 

reaching 2.51% of the plant's biomass (83). Additionally, 

overexpression of HMGR and ADS has resulted in a remark-

able 7.65-fold increase in artemisinin content (84). A fur-

ther study found that the expression of β-glucosidase 

(BGL1) enhanced trichome density by 20% in leaves and 

66% in flowers, leading to artemisinin concentrations of 

1.4% in leaves and 2.56% in flowers, with a 5-fold increase 

in the latter (85). Beyond A. annua, significant strides have 

been made in engineering other plants and microorgan-

isms to produce artemisinin or its precursors. For instance, 

transgenic Nicotiana tabacum plants were engineered to 

produce up to 120 mg of artemisinic acid per kilogram us-

ing a chloroplast-targeted genetic construct (86). Moreo-

ver, the introduction of 3 copies of the HMGR gene from A. 

annua into Saccharomyces cerevisiae resulted in enhanced 

artemisinic acid production compared to constructs with a 

single copy of the gene (87). These advancements high-

light the potential of bioengineering in addressing the 

challenges of artemisinin production, contributing to a 

more sustainable and scalable supply for global medical 

needs.   

 

Conclusion  

Artemisinin, originally a pioneering antimalarial derived 

from Artemisia annua, has emerged as a versatile thera-

peutic agent with broad potential across antiviral, anti-

cancer and immunomodulatory applications. Research 

demonstrates its efficacy against viruses like SARS-CoV-2 

and hepatitis B, along with its ability to inhibit tumor-

promoting pathways and enhance immune responses in 

cancer treatments. In autoimmune diseases, artemisinin 

derivatives show promise by modulating immune cell 

functions and reducing inflammation. Advances in genetic 

engineering have further improved artemisinin production 

through modified A. annua, transgenic tobacco and yeast, 

facilitating greater accessibility and cost-effectiveness. 

This evolution in artemisinin’s application underscores its 

relevance beyond malaria, particularly in addressing glob-

al health challenges involving treatment-resistant patho-

gens and complex diseases. As research advances, arte-

misinin is positioned to bridge traditional medicine and 

modern therapeutics, contributing significantly to integra-

tive healthcare solutions worldwide.   
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