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ABSTRACT  

Artemisinins are extracted from extracts of sweet 

wormwood (Artemisia annua L.), natural herbal treatment 

for recurrent fever, and are widely used to treat parasitic 

infection (malaria) in China. Prof. You-you Tu developed 

Artemisinin in the 1960s, earning her the Nobel Prize in 

Philosophy of Medicine in 2015. Artemisinins contain a 

sesquiterpene lactone backbone. Their activity is due to a 

unique endoperoxide group. Artemisinin and its analogs are 

anti-Plasmodium falciparum drugs with the quickest anti-

Plasmodium falciparum activity of any available treatment. 

Even though Artemisinin remains the cornerstone of 

antimalarial therapy, significant hurdles to its sustained use 

and development have emerged. Such limitations include 

prolonged clinical response to artemisinins in malaria and 

initiatives to use artemisinins for non-malarial purposes. 

This review provides an outline of the discovery history of 

Artemisinin. Also, the present knowledge of artemisinins' 

mechanism of action and the need for basic research to 

treat results in malarial and non-malarial situations has 

been high pointed out.  
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INTRODUCTION  

Malaria is a fatal disease that has a broad impact. Since ancient times, it has been one of the 

most public and dangerous transmittable illnesses. (1) Malaria's pathogenic and parasitic 

nature remained unknown until the late 1800s, when Charles Louis Alphonse Laveran and 

Ronald Ross demonstrated its transmissible and parasitic nature.  Their studies proved that 

the Plasmodium protozoa caused malaria by the Plasmodium protozoa and that Mosquitos 

were the primary carriers. Laveran and Ross were the first recipients of the Nobel Prize in 

Philosophy or Medicine for their discoveries. (2) 

Pioneering progress has been made in the fight against the disease decades after their 

findings. ART was discovered due to a battle started by the Taiwanese government in the 

1960s to find malaria remedies. ART and its various analogs are sesquiterpene 

lactone substances (figure 1) obtained from a sweet wormwood plant Artemisia annua. 

L. (figure 2) with a distinctive chemical structure. Their activity is due to a unique 

endoperoxide group. Since its discovery, it has risen to prominence as an essential and 

powerful antimalarial therapy. (3)   

 

Figure 1: ART and its semi-synthetic analogs 
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Figure 2: Artemisia annua L. plant 

ART is a brilliantly exciting drug in many respects. Artemisinin has commanded much 

interest since its dramatic discovery, rooted in Chinese traditional medicine, to its significant 

effectiveness in malaria treatment. Since ART's introduction to the globe, it has piqued the 

public's attention (1). For almost 40 years, ART has been a barrier against malaria, and it lies 

at the heart of all effective antimalarial medicines. (4) 

The discovery and comprehension of ART's antimalarial activity have taken years of research 

from various fields (5). Besides, many attempts to change ART filarial uses have been made, 

which has piqued interest in the drug's future development. (6) 

Considering all that, we believe this is a perfect moment to take a comprehensive look at the 

history of this vital medicine, including its past, present, and future.  

I begin by looking at the history of ART discovery and development, followed by a review 

and discussion of current knowledge of ART's mechanism of action in malarial infection. 

Finally, we pay attention to recent efforts to reuse ART for purposes other than malaria 

treatment. We believe this study will fully explain ART and provide helpful insights into this 

great drug's fundamental challenges.  

History of Discovery  

Artemisia (Qinghao) plants as therapeutic herbs have been documented for thousands of 

years. Artemisia plants were first recorded as a cure for hemorrhoids in (168 BC).  Later, 

during the Jin Dynasty, Hong Ge wrote the Handbook of Prescriptions for Emergency 

Treatments, in which Artemisia was first described as a specialized cure for malarial 
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symptoms. Artemisia was notably specified as a fever treatment in Shi-Zhen Li's 

Compendium of Materia Medica (1518–1593 AD).   

Artemisinin was discovered and developed using this ancient knowledge. Using a potent 

pesticide (DDT) and novel antimalarial treatments such as chloroquine (CQ) improved the 

fight against the illness. In the 1950s, the WHO started a program to manage and eliminate 

the condition, but resistance difficulties were ultimately limited. The evolution of the 

resistance has resulted in a recurrence of such infection, particularly in primarily epidemic 

regions like Southeast Asia and sub-Saharan Africa.  (7)  

As a result of this failure, it seems to be a great need for novel therapeutic medications. 

Because of the Vietnam War and the high frequency of CQ-resistant cases in this country, the 

American state had undertaken significant efforts. In the same era, the Chinese government 

began investing in malin aria studies. Specifically, Project 523 is a nationwide initiative. Over 

500 experts from around 60 organizations and institutions participated in this project( 8). The 

goals of Project 523 were to screen synthetic chemicals and look for formulas and techniques 

that could lead to the development of new antimalarial medications. (9)  

Tu Youyou's Work 

Professor Youyou Tu was introduced to the Project 523 project in the Chinese province, 

where she examined individuals whose malaria was just diagnosed. Youyou was the leader of 

the research group in 1969. So, Tu came up with the notion of sifting through Chinese herbs. 

She began by looking into the history of Chinese medical classics. Around 2000 medicinal 

herbs were collected and examined by Tu and her team, with 640 be labled as potential "hits." 

Tu's team prepared over 380 extracts from 200 plants (containing Artemisia isolates). These 

extracts were then studied in vivo, with the most unacceptable findings.(1,10) 

According to Ge Hong's book (Handbook of Emergency Prescriptions), Youyou observed 

that the A. annua remedy required drinking the squeezed "juice" of the herb after soaking in 

two litlitres water. Starting from Ge's recipe, which includes the preparation of this juice or 

the herb extract at low temperature, Tu understood that the heat had already degraded the 

plant's active substance; hence she advised extracting the active ingredient with low-

temperature ether. In mice and monkeys, animal studies revealed it was indeed totally 

successful. Tu figured out how to remove it, and her improvements increased the extract's 

efficiency while lowering its toxicity. In October 1971, the resulting chemical was set at 100 
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percent efficient against rodent plasmodium during studies carried out. This fantastic 

outcome was later validated in animal malaria experiments, showing the Qinghao extract's 

efficacy without hesitation. (1) 

The medication development was far from over; however, the success had been achieved. 

Clinical studies of new applicants for medicines for human safety during that period in China 

were challenging because of the country's conditions.  Due to specific conditions in malaria 

research and making the clinical trials quickly, Tu and her workers became the first 

volunteers to test toxicity and dosing. (8)Such an act proved the Artemisia extract's safety and 

effectiveness and permitted clinical studies to start soon in the second half of 1972, her 

team,er team discovered the pure ingredient (Artemisinin) in 1972, saving many lives. Tu 

likewise analyzed Artemisinin's chemical composition and pharmacology. Tu unintentionally 

developed dihydroartemisinin (DIHA) in 1973 while confirming the carbonyl group in the 

artemisinin structure. (11,9)DHA is ART's most effective analog. 

In 1977 and 1979, Tu's research was published (9-13). Her findings on ART used in the 

treatment of malaria were a significant revolution in medical sciences in the 1920s, leading to 

better care in  South Asia, Africa, and South America. 

In the next years, more drug development was done in partnership withcentrescenters around 

China, such as identifying stereo-structure and other derivatization of Artemisinin (14, 15).  

 Then other presentations about ART and its antimalarial activities drew a large audience. In 

1982, the presented results were published (16, 17), and the Chinese medicine's gift to the rest 

of the world was provided. ART and its derivatives were reported to help large numbers of 

infected people in China in the 1980s (1). Even as the issue of drug-resistant malaria grew 

worse everywhere, clinical trials with ART began in several epidemic areas in Asia.  (18-

21). Favorable results drive similar investigations, especially in Africa (22-24). ART-

combination therapy, combined simultaneously, tolerance was excellent, with few toxicity 

and safety problems. 
(25) 

Last but not least, in 2006, the WHO changed its strategy by stating that first-line malaria 

therapy should be ACTs.(26)These ACTs continue to be the most effective and commonly 

used antipalmological treatment. (4) 
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ART's Activity Mechanism 

ART derivatives are the newest hit antimalarial medications licensed and released for general 

use. The principal moiety of ARTs is 1, 2,4- trioxane. (27) This moiety is vital for the 

antimalarial effect of ARTs.  The ineffectiveness of deoxyartemisinin(figure3) against P. 

berghei in mice highlighted the importance of the peroxy group. Other simple peroxides, 

such as monoterpene ascaridol, were soon discovered to have no antimalarial action. These 

findings showed that the peroxy group is a necessary element. It was discovered that the 

molecule had a rare segment -O-C-O-C-O-C=Oandhypothesised that the entire molecular 

skeleton could be crucial for antimalarial activity. When it was discovered that 

dihydroartemisinin (DHA) was more potent than ART but had bad solubility and stability 

than ART, more than 50 DHA derivatives were synthesised and analyzed. (28,29)The first 25 

compounds (in oil solution) were evaluated intramuscularly in mice infected with 

chloroquine-resistant P. berghei.(30) The majority of these compounds outperformed ART and 

DHA in terms of activity. Artemether out performs arteether and others in the ether series. 

After that, activity, stability, toxicity, and cost were examined between artemether, ester 

(R=C2H5) and carbonate, R=n-C3H7). Artemether was chosen for its high lipid solubility 

and good stability than other compounds. Hydrophilic sodium artesunate (ester, 

R=COCH2CH2COONa) was developed (31). In 198, the ART suppository was approved, 

followed by an artemether oil injection and sodium artesunate aqueous injection in 1987. 

Since then, other antimalarial drugs have been developed in China, including DHA, coartem 

(artemether and benflumetol), co-naphthoquine (naphthoquine phosphate and ART), and 

compound-DHA.(8,32)Since the 1980s, ART derivatives, and their combinations have saved 

millions of malaria victims worldwide (mostly in China, Southeast Asia, and Africa). 

Because ARTs can kill drug-resistant P. falciparum, their antimalarial mechanism must be 

distinct from historically utilized antimalarials. It's a fascinating project to figure out how it 

works. There have been a lot of research papers published so far(33-38). ART medicines 

exhibited a clear activity against P. falciparum in the erythrocytic stage both in vitro and in 

vivo, and their morphologic modifications were discovered by Chinese researchers in 

1979(13,39). The major pathophysiological changes generated by ART were swelling and spiral 

distortion of the food vacuole membrane, limiting membrane, and mitochondrial membrane, 

followed by swelling ofthe nuclear membrane endoplasmic reticulum. A sequence of ART’s 

and Fe2+ reactions that involve the intermediate of oxygen-centred or carbon-centred free 

radicals is noteworthy among the latter results obtained in China. (41- 42) The chemists 
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thoroughly researched the interaction of ART with Fe2+ to determine the way of action (43,44). 

According to Scheme1, the main products tetrahydrofuran 3 and 3- 

hydroxydeoxyartemisininfourareobtained were from primary C- centred free radical one and 

secondary C- centred free radical 2. It was found that compounds 3and 4 are the major 

metabolites of ART in vivo or in humans. (45,46) 

The close link between antimalarial activity and primary C-centered free radicals suggests 

that Fe2+-induced peroxide bond cleavage in artemisinins results in C-centered free radicals, a 

highly potent alkylating species. Heme, heme-containing protein, translationally controlled 

tumor-associated protein (TCTP), and sarcoendoplasmic reticulum Ca2+ATPase (SERCA)-

type protein encoded by PfATP6 have all been identified as potential targets. (38) ARTs are 

transported to malarial mitochondria and directly affect their functioning, according to 

Chinese researchers. (47) 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1: Carbon-centered free radical’s formation and ART’s metabolites 
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The procedure of the alkylation of targets was another major topic. Reduced glutathione 

levels are high in malaria-parasite-infected red blood cells (GSH). Abundant GSH may 

protect the pathogen from heme toxicity; Chinese scientists have carried out experiments 

involving artemisinins reacting with cysteine or GSH in the presence of a catalytic quantity of 

ferrous ion. (48-51) 

The efficient isolation and identification of these adducts demonstrated the development of a 

covalent bond in cysteine-artemisinins or GSH-artemisinins adducts. The fact that C-centered 

radicals produced from ART and their analogues can target free cysteine and cysteine residue 

in peptides and proteins. 

Other Therapeutic Applications of ARTs 

ART is a medication of primary concern for repurposing research because of its demonstrated 

safety and availability. When ART was initially publicly revealed, there was a strong rise in 

interest in non-malarial treatments of the drug (52). As ART represents the only licensed 

treatment for malaria, its future benefits in anticancer, anti-inflammatory, anti-parasite, and 

anti-viral remedies have been studied extensively for a long time. (52-55)In terms of cancer 

applications, ART's potency in cancer cultures was originally described in 1993 and has been 

thoroughly researched and developed(56,57).Artesunate was found to have anticancer efficacy 

against fifty-five tumour cell lines, with leukaemia and colon cancer cell lines being the most 

active. There was no cross-resistance to Artesunate in any of the CEM leukaemia sublines 

that were resistant to doxorubicin, vincristine, methotrexate, or hydroxyurea (58). ART and its 

derivatives (Artesunate and DHA) have been shown in both in-vitro and in-vivo studies to 

have specific cytotoxic effects against various forms of cancer. (59)Clinical trials have yielded 

positive results, except in small numbers and on a small scale (60-62). 

More ART derivatives and analogs have been developed and verified versus human cancer 

cells. Certain substances showed high nano- to micromolar concentrations (54), e.g., DHA 

ether having cyanoarylmethyl group 5 (Figure 3) was particularly active, but its deoxy-

analogue6 (Figure 3) was inactive. As a result, the peroxy group is necessary for anticancer 

action, just for antimalarial activity. (63, 64) Furthermore, the sort of derivative has been 

demonstrated to target the G1 phase of the cell cycle. (65)Artemisinins' anticancer efficacy and 

mechanisms have been extensively explored (66-71), although few clinical trials have been 

published. 
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The immunosuppressive agent was antimalarial chloroquine. As a result, in the 1980s, 

research into ART and its derivatives' immunological activity became a popular topic in 

China. In the beginning, China's laboratories focused on new antimalarial drugs (ART, 

artemether, and Artesunate). Artesunate was tested for rheumatoid arthritis, polymorphous 

light eruption, and chronic actinic dermatitis in clinical trials. For example, when sodium 

artesunate was given intravenously (60 mg/dayfor 15 days a course), it was beneficial in 56 

patients with lupus erythematosus, with effective rates of 94 percent, 90 percent, and 80 

percent, respectively. (72) More ART derivatives were developed and analysed in searching 

for extremely powerful, low-toxic immunosuppressive drugs against T cell activation, 

including SM735,SM 905,SM 933 and SM 9349 (figure 3). (73-77)These ART derivatives have 

been examined in autoimmune disease conditions(78,79). 

During the manufacture of SM 934, SM 1044 was known as a by-product and exhibited 

antileukemia activity in vitro and the animal. (80-82)Alkaline ART could be a new type of 

interesting candidate. 

 

 

 

 

 

 

 

 

 

 

Figure 3: artemisinin derivatives with anticancer or immunosuppressive actions 
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ART has been proven to have potent antifungal activity against herpes and hepatitis B and C 

viruses and other parasite infections such as bilharzia.(83-87)Recently, the importance of ARTs 

as a possible treatment for diabetes was identified due to their effect on stimulating the 

transformation of pancreatic glucagon (producing cells into insulin) secreting cells in rats. 

(88)Several studies reported the Arts' role in type 2 diabetics that have received a lot of interest 

in recent years. ART treatments offer therapeutic potential for diabetes sequelae such as 

diabetic kidney disorders, mental retardation, and diabetic CV disease (89-92) and reduce 

insulin resistance in type 2 diabetes. (93)ART derivatives demonstrated their capacity to avoid 

weight gain, lower the severity of fatty liver, and protect -cells in the pancreas. (93, 95) 

These applications' main mechanisms of action can be explained by the ROS generation and 

oxidative damage of the Endoperoxide Bridge or by endoperoxide- independent cleavage 

model especially shown in immunomodulation cases. It would be essential to understand the 

drug mechanisms and the importance of drug activation conditions under different 

applications. It is also interesting to note that the recurrent studies can be effectively 

conducted in patients and non-infected areas to ensure that intervention or comorbidity is 

precluded. 

CONCLUSION  

Throughout many areas of the world, malaria is the most common disease. Malarial 

monitoring parasites have become practically impossible, dangerous, and ineffective as the 

number of drug-resistant parasites increase. These areas should have access to an effective, 

low-cost Artemisia annua L. medication. The ARTs are a fantastic group of drugs that have 

altered the nature of antiplasmodial treatment. Artemisinin is at the frontlines of the intense 

conflict against the disease menace due to its exceptional efficacy, safety, and availability. 

Since the discovery, the world community has worked together to create an image of therapy 

with distinct qualities which make it nearly the optimum drug against malaria. Artemisinin 

has a wide range of potential applications beyond malaria.  Because of this, we think it's only 

reasonable to try to increase the drug's utility in as many ways as possible. In the case of 

malaria, the mechanism for ART activation and action must be clarified, while its 

pharmacological qualities must be promoted either alone or combined. Together with a 

thorough understanding of artemisinin activity principles, it might be the path to resolving the 

issues with artemisinin resistance. Thus, medicine would resume its purpose to a similar or 

even larger extent in the future. It is expected that future research on Artemisinin will be 
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guided by a thorough knowledge of the various MOAs associated with different disorders and 

systems. For so many years, we genuinely want this contribution of Chinese medicine to help 

those seeking health around the world persist. 
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