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Abstract—Species of the genus Artemisia are rich sources of biologically active phytochemicals, 

including terpenoids, flavonoids, phenolic acids, and essential oils, contributing to their diverse 

therapeutic applications. These species have been extensively studied and demonstrated a wide range 

of pharmacological activities such as antimalarial (e.g., artemisinin), antioxidant (e.g., quercetin), 

antimicrobial (e.g., camphor), and anticancer (e.g., artemisinin and its derivatives) effects, 

highlighting their importance in both traditional and modern medicine. Artemisinin, a key 

sesquiterpene lactone, has revolutionized malaria treatment globally. However, research on Artemisia 

faces challenges regarding standardization of extraction methods (such as ethanol, methanol, and 

aqueous extracts being common) and analytical protocols, as well as the need for comprehensive 

clinical trials to validate efficacy and safety. This narrative review provides a comprehensive 

summary of the phytochemical composition and therapeutic uses of various Artemisia spp., 

emphasizing major bioactive compounds and potential mechanisms of action. The findings highlight 

the significant potential of Artemisia spp. as sources for novel natural drug development, calling for 

further clinical studies and standardization efforts to ensure the quality and efficacy of herbal 

products. 
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1. Introduction   

 Medicinal plants have long been recognized as vital resources for human health, contributing 

significantly to the development of modern pharmaceutical agents and providing accessible 

therapeutic alternatives, particularly in developing countries. The World Health Organization 

estimates that approximately 80% of the world’s population relies on traditional plant-based 

medicines for primary healthcare, highlighting the global importance of medicinal plants in 

healthcare systems [1]. 

 Within this context, the genus Artemisia (family Asteraceae) comprises over 500 species widely 

distributed across Asia, Europe, North America, and Africa [2-4]. Species of Artemisia are well-

adapted to diverse ecological conditions and are economically significant due to their applications in 

traditional medicine, agriculture, and the pharmaceutical industry [5]. Among these species, 

Artemisia annua is renowned for its production of artemisinin, a sesquiterpene lactone that has 

revolutionized malaria treatment worldwide [6,7]. Other species, such as A. absinthium, A. afra, and 
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A. vulgaris, have been traditionally used to manage various ailments, including digestive disorders, 

infections, inflammation, and parasitic diseases [8, 9]. 

Despite the recognized medicinal potential of Artemisia spp., the diversity of their 

phytochemicals—particularly terpenoids, flavonoids, phenolic acids, coumarins, and volatile 

essential oil constituents—and the full spectrum of their therapeutic applications have not yet been 

systematically consolidated in a single up-to-date review. Although several studies have examined 

selected compounds such as artemisinin or focused on specific pharmacological activities, 

comprehensive analyses that integrate the broader phytochemical diversity with emerging therapeutic 

fields (e.g., anticancer, antidiabetic, immunomodulatory, and hepatoprotective activities) remain 

limited. Given the growing global interest in natural products as safer alternatives for drug discovery 

and the increasing demand for evidence-based evaluation of medicinal plants a detailed synthesis of 

these aspects is urgently needed.  

   

Figure 1. Morphological characteristics of Artemisia commonly used in traditional and modern medicine [10] 

This review therefore aims to provide an updated and integrative overview of the major 

phytochemicals identified in Artemisia species and their diverse pharmacological activities. Unlike 

previous reviews that focused on specific species, regions, or compound classes, this manuscript 

offers a comprehensive cross-species comparison, highlights newly reported bioactive metabolites, 

and critically evaluates recent advances (2020–2025) in the therapeutic applications of Artemisia. 

Additionally, it identifies key research gaps related to phytochemical standardization, variability 

across species and extraction methods, and the scarcity of large-scale clinical evidence, thereby 

outlining priorities for future research. 

2. Methodology 

 A narrative review approach was adopted in this study, aiming to synthesize and critically analyze 

current evidence on the phytochemical composition and therapeutic uses of Artemisia species. This 

type of review was selected because it allows for a broad and integrative examination of diverse study 

designs and outcomes, which is essential given the wide variability in phytochemical analyses and 

pharmacological assays across the existing literature. A comprehensive literature search was 

conducted using PubMed, Scopus, and Web of Science to ensure wide and high-quality coverage of 

peer-reviewed publications relevant to the topic [11]. 
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The search strategy utilized the following keywords in various combinations: Artemisia, 

phytochemicals, therapeutic uses, pharmacological activities, essential oils, and medicinal plants. 

Boolean operators (“AND”, “OR”) were used to refine the search, ensuring that articles discussing 

both the phytochemical profiles and pharmacological or therapeutic properties of Artemisia spp. were 

captured. A total of approximately 120 articles were initially retrieved, of which 70 met the inclusion 

criteria after screening titles, abstracts, and full texts for relevance and methodological rigor. 

The inclusion criteria for studies were: 

− Original research articles or reviews published in English between 2020 and 2025. This period 

was selected to ensure the inclusion of the most recent and relevant studies, reflecting 

advancements in analytical techniques and therapeutic applications. Earlier studies were reviewed 

in previous comprehensive reviews, and this review aims to build upon and update the existing 

knowledge base. 

− Studies investigating the phytochemical composition of Artemisia species. 

− Articles evaluating pharmacological or therapeutic activities of Artemisia extracts or isolated 

compounds. 

− Studies with clear methodological approaches and measurable outcomes. Measurable outcomes 

included, but were not limited to, antioxidant activity (e.g., DPPH or ABTS radical scavenging 

assays), extraction yields, concentration values such as IC50 for bioactivity, and pharmacological 

efficacy in in vitro or in vivo models. 

The exclusion criteria were: 

− Articles focusing solely on agricultural, ecological, or non-medicinal uses of Artemisia spp. 

− Studies lacking sufficient methodological details or clear, measurable results. 

− Conference abstracts without full-text availability. 

By applying these criteria, this review provides a focused and high-quality synthesis of the 

phytochemical diversity and therapeutic potential of Artemisia spp., while highlighting gaps in the 

current literature to guide future research. Titles and abstracts of the retrieved articles were screened 

for relevance, followed by a detailed full-text review of eligible studies. Additionally, reference lists 

of relevant articles were examined to identify any additional studies not captured during the initial 

database search, ensuring a comprehensive and thorough review process. Extracted data from the 

included studies covered the Artemisia species investigated, identified phytochemicals, extraction 

and analysis methods, as well as reported pharmacological activities [12]. 

3. Results and Discussion 

3.1. Phytochemical composition 

The genus Artemisia is known for its diverse and rich phytochemical profile, which underpins its 

wide range of therapeutic applications. Several classes of bioactive compounds have been identified 

in Artemisia spp., with significant variation among species, plant parts, and extraction methods [13, 

14]. Comparative findings from recent studies show that A. annua typically exhibits higher 

concentrations of sesquiterpene lactones (e.g., artemisinin), whereas species such as A. absinthium 

and A. vulgaris are richer in flavonoids and phenolic acids, which account for their strong antioxidant 

activities. Similarly, essential oil composition differs markedly between species: A. herba-alba is 

dominated by α- and β-thujone, while A. afra contains higher levels of 1,8-cineole, explaining 

differences in their antimicrobial potency (see Figure 2). 
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3.1.1. Terpenoids 

Terpenoids are among the most abundant and therapeutically significant compounds in Artemisia 

spp. Artemisinin, a key sesquiterpene lactone isolated from A. annua, remains the most well-studied 

example [4, 15]. Comparative analyses indicate that A. annua contains significantly higher 

artemisinin concentrations than other species, while A. japonica and A. scoparia exhibit distinct 

monoterpene and sesquiterpene profiles with strong antimicrobial and anti-inflammatory properties 

[3, 16, 17]. 

3.1.2. Flavonoids 

Flavonoids such as quercetin, rutin, luteolin, and kaempferol are widely distributed across various 

Artemisia species and are responsible for their antioxidant and hepatoprotective activities [3, 17, 18]. 

For instance, A. absinthium and A. dracunculus have been shown to contain higher total flavonoid 

content compared with A. annua, correlating with stronger free-radical scavenging activities in DPPH 

and ABTS assays [17-21]. 

3.1.3. Phenolic acids 

Phenolic acids—including caffeic, chlorogenic, ferulic, and p-coumaric acids—are present in 

many Artemisia-based extracts. Their concentrations vary substantially among species; A. annua 

tends to be richer in chlorogenic acid, while A. abrotanum and A. vulgaris often contain higher levels 

of ferulic acid, contributing to stronger anti-inflammatory effects [2, 22]. Their concentration and 

bioactivity may vary significantly depending on the species and extraction conditions [15, 23]. 

3.1.4. Essential oils 

Essential oils derived from Artemisia spp. are complex mixtures containing constituents such as 

camphor, 1,8-cineole, α-thujone, β-thujone, and borneol [24-26]. Their relative proportions differ 

markedly across species and geographic origins. For example, A. herba-alba oils are dominated by 

thujones, while A. afra contains cineole-rich oils, explaining variations in antimicrobial and 

insecticidal efficacy [27-29]. 

 

 
Figure 2. Artemisia spp.: An update on its chemical composition, pharmacological, and 

toxicological profiles. Adapted from [20] 
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3.2. Factors affecting phytochemical composition  

The phytochemical composition of Artemisia spp. is influenced by several factors that directly 

affect the concentration and diversity of bioactive compounds, and consequently their therapeutic 

potency. 

3.2.1. Geographical location 

Climatic conditions, soil type, and altitude significantly influence the biosynthesis and 

accumulation of phytochemicals [30, 31]. Studies have shown that A. vulgaris grown at higher 

altitudes produces higher phenolic content, while A. argyi displays increased essential-oil yield in 

warmer regions. 

3.2.2. Plant part used 

Leaves generally contain higher concentrations of terpenoids and flavonoids compared with stems 

and roots, while flowers often exhibit elevated essential-oil content [32-34]. For example, artemisinin 

is mainly concentrated in the glandular trichomes of A. annua leaves and inflorescences. 

3.2.3. Extraction methods 

Extraction solvents and techniques significantly impact phytochemical yield. Methanolic extracts 

typically show higher flavonoid and phenolic acid recovery, whereas hydrodistillation yields essential 

oils rich in volatile monoterpenes [23, 35, 36]. These differences explain variations in reported 

biological activity among studies. 

Understanding these factors is crucial for the standardization of Artemisia-based products and for 

optimizing the extraction of bioactive compounds for therapeutic applications. 

3.3. Therapeutic uses 

Species of Artemisia have demonstrated a wide range of therapeutic properties attributed to their 

rich phytochemical profiles. Below are the main pharmacological activities of Artemisia spp., 

supported by recent in vitro, in vivo, and clinical studies. 

3.3.1. Antimalarial activity 

The most notable therapeutic use of Artemisia is its antimalarial activity, primarily due to 

artemisinin, a sesquiterpene lactone isolated from Artemisia annua [4, 37, 38]. Artemisinin and its 

derivatives (artemether and artesunate) are highly effective against Plasmodium species and have 

become the cornerstone of artemisinin-based combination therapies (ACTs) for malaria treatment 

globally [39-41]. The mechanism involves the cleavage of its endoperoxide bridge by iron in the 

parasite, generating free radicals that damage vital parasite proteins, leading to cell death [42-44]. 

3.3.2. Antioxidant activity 

Various Artemisia species exhibit significant antioxidant properties due to the presence of 

flavonoids (quercetin, rutin) and phenolic acids (caffeic acid and chlorogenic acid) that scavenge 

reactive oxygen species (ROS) and reduce oxidative stress [23, 45, 46]. For example, A. absinthium 

and A. vulgaris extracts have shown high DPPH and ABTS radical scavenging activities, which may 

contribute to their protective effects against oxidative damage-related diseases [47]. 
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3.3.3. Antimicrobial activity 

Essential oils and extracts from Artemisia spp. have demonstrated antimicrobial activity against a 

range of Gram-positive and Gram-negative bacteria and fungi [48-50]. Compounds such as camphor, 

1,8-cineole, and α-thujone are responsible for these activities by disrupting microbial cell membranes 

and interfering with microbial metabolism [26, 51, 52]. Species such as A. herba-alba and A. afra 

have shown activity against Staphylococcus aureus, Escherichia coli, and Candida albicans [53-55]. 

3.3.4. Anticancer activity 

Several Artemisia species have demonstrated anticancer potential in preclinical studies. 

Artemisinin and its derivatives exhibit selective cytotoxicity towards cancer cells by inducing 

apoptosis, inhibiting angiogenesis, and generating ROS in cancer cells [56-58]. Additionally, 

flavonoids and terpenoids in Artemisia extracts have shown antiproliferative effects against various 

cancer cell lines, including breast, liver, and lung cancers [59-61]. 

3.3.5. Other uses 

Beyond their traditional uses, Artemisia species have demonstrated a range of pharmacological 

properties in modern studies. Notably, they exhibit anti-inflammatory activity by inhibiting pro-

inflammatory cytokines and mediators [62]. In addition, Artemisia spp. have shown promising 

antidiabetic effects, primarily through the modulation of glucose metabolism and improvement of 

insulin sensitivity [63, 64]. Furthermore, certain species such as A. absinthium and A. capillaris 

possess hepatoprotective properties, effectively reducing oxidative stress and inflammation in liver 

tissues [20, 65]. 

Table 1. Summary of major phytochemical classes in selected Artemisia species and key factors influencing 

their concentrations. 

Species Dominant Phytochemicals 
Highest in 

(plant part) 
Influential Factors 

A. annua Artemisinin, arteannuin B Leaves & flowers Temperature, light intensity 

A. absinthium Flavonoids, phenolic acids Leaves Soil nutrients, extraction solvent 

A. herba-alba Thujone-rich essential oils Aerial parts Geographical region 

A. afra 1,8-cineole, camphor Leaves Altitude, season 

3.4. Mechanisms of action 

The therapeutic activities of Artemisia spp. are attributed to the diverse bioactive compounds that 

exert their effects through various mechanisms, depending on the target condition. 

3.4.1. Antimalarial mechanism of artemisinin 

Artemisinin, a sesquiterpene lactone from Artemisia annua, exerts its antimalarial activity through 

interaction with iron in the parasite's digestive vacuole, leading to the cleavage of its endoperoxide 

bridge and the generation of reactive oxygen species (ROS) [7, 66]. These ROS cause damage to 

essential proteins and membranes within Plasmodium spp., leading to parasite death [20, 66, 67]. 

3.4.2. Anticancer mechanism of artemisinin 

Artemisinin has shown selective cytotoxicity towards cancer cells due to their high iron uptake, 

which enhances the cleavage of the endoperoxide bridge, producing ROS that induce apoptosis and 
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cell cycle arrest in cancer cells [56, 68, 69]. Artemisinin also inhibits angiogenesis and metastasis by 

downregulating VEGF and MMP expression, contributing to its anticancer potential [56, 57, 70]. 

3.4.3. Antioxidant activity 

The antioxidant activity of Artemisia spp. is primarily attributed to flavonoids and phenolic acids, 

which scavenge free radicals, reduce lipid peroxidation, and enhance cellular antioxidant enzyme 

activities [46, 71, 72]. By neutralizing ROS, these compounds protect against oxidative stress-

associated cellular damage, inflammation, and chronic diseases [73, 74]. 

3.4.4. Antimicrobial activity 

Essential oils and terpenoids in Artemisia spp. exhibit antimicrobial activity through disruption of 

microbial cell membrane integrity, increasing membrane permeability and causing leakage of cellular 

contents, leading to microbial cell death [48, 75]. Additionally, these compounds can interfere with 

bacterial enzyme systems, inhibiting essential metabolic pathways [52, 76]. 

3.5. Challenges and future prospects 

Despite the wide array of pharmacological benefits associated with Artemisia species, several 

challenges hinder their broader adoption in modern therapeutics. Addressing these limitations is 

essential for fully realizing the medicinal potential of this genus. 

3.5.1. Need for expanded clinical studies 

While numerous in vitro and in vivo studies have demonstrated the efficacy of Artemisia extracts 

and compounds, there remains a significant gap in robust clinical trials. Most existing clinical data 

are limited in scope, scale, and geographic representation. Large-scale, placebo-controlled human 

studies are urgently needed to validate safety, dosage, and efficacy, particularly for artemisinin 

derivatives in non-malarial contexts, such as cancer, diabetes, and inflammatory disorders [20, 37, 

41]. 

3.5.2. Standardization of extraction methods and phytochemical composition 

One of the key limitations in the therapeutic use of Artemisia lies in the variability of 

phytochemical content due to factors such as geographic origin, plant part used, and extraction 

technique. This heterogeneity affects reproducibility and complicates pharmacological evaluation. 

Thus, developing standardized protocols for extraction and quality control of phytochemical 

composition is essential for ensuring consistent therapeutic outcomes and regulatory approval of 

Artemisia-based products [23, 30, 36]. 

3.5.3. Opportunities for new natural drug development 

The rich phytochemical profile of Artemisia spp. offers significant opportunities for the discovery 

and development of novel natural drugs. Bioactive compounds such as artemisinin, flavonoids, and 

terpenoids exhibit multi-target activities and favorable safety profiles, making them attractive 

candidates for pharmaceutical development. Advances in biotechnology, such as metabolic 

engineering and nanoformulations, can enhance the bioavailability and therapeutic targeting of these 

compounds, opening new avenues for drug innovation based on Artemisia [56, 63, 70].    
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3.5.4. Limitations of the review 

This review has several limitations that should be acknowledged. The search strategy was 

restricted to articles published in English and to studies indexed in three major scientific databases 

(PubMed, Scopus, and Web of Science). As a result, relevant research published in other languages 

or indexed in regional or specialized databases may have been unintentionally excluded, potentially 

introducing a language and database-selection bias. Furthermore, the review focused on literature 

published between 2020 and 2025 to highlight recent scientific advances; however, this temporal 

restriction may have led to the omission of earlier foundational studies that offer important historical 

and methodological context for research on Artemisia spp. In addition, variability in methodological 

quality among the included studies—such as differences in extraction protocols, analytical 

techniques, and experimental models—may limit the comparability of results and contribute to 

heterogeneity in the synthesized evidence. These limitations underscore the need for broader, 

multilingual, and more inclusive future reviews to provide a more comprehensive understanding of 

the phytochemical diversity and therapeutic potential of Artemisia species. 

4. Conclusions  

Artemisia species were rich sources of biologically active phytochemicals, including terpenoids, 

flavonoids, phenolic acids, and essential oils. Their diverse chemical composition underpinned a wide 

range of experimentally validated therapeutic uses, such as antimalarial, antioxidant, antimicrobial, 

and anticancer activities. Despite challenges related to standardization and clinical validation, 

Artemisia spp. showed great promise as valuable natural resources for the development of novel 

phytopharmaceuticals. Future research focusing on rigorous clinical trials and standardized extraction 

methods remained essential to fully realize their potential in modern medicine. 
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